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Fabrizio Caccia Dominioni 
European Commission, Director 

Chairman, ladies and gentlemen, 

first of all I would like to give you my personal welcome and also on behalf of the 
Directorate General for Energy of the European Commission, which has co
sponsored and co-organized this conference as part of the Community SAVE 
action programme for the promotion of energy efficiency. 
I am delighted to see such a numerous participation by people interested in the 
debate on the rational use of energy in domestic appliances and by experts 
representing several countries and international organizations. 

President Clinton in his recent speech at the White House on 22 October on climate 
change, has highlighted the contribution that more efficient appliances can have to 
solve the issue of climate change. Although, as you know, the European Union 
considers the US position as too timid. 
Perhaps, never before has there been such great attention for energy efficiency, and 
this is due to the debate on climate change and to the almost imminent Conference 
of Parties in Kyoto. Whatever the result will be in Kyoto, it already seems 
demonstrated that there is a link between the earth warming and C02 emission. 
The debate, therefore, has moved on to which measures and policies must be 
adopted to limit and reduce such emissions. 
All the plans and programmes to reduce the C02 emissions recognize energy 
efficiency as a key element. By definition energy efficiency allows us to enjoy an 
equal or even better energy service, such as lighting, clothes washing, cooling, 
heating, using less primary energy resources. Energy efficiency is therefore 
essential for sustainable development, because less harmful emissions of C02 and 
other pollutants are generated, less primary resources are used and at the same time 
the general welfare is maintained I enhanced. 

In 1990, the reference year for the containment and reduction of C02 emission, the 
domestic sector in the European Union contributed about 750 Millions tons of C02 
emissions, this is about a quarter of all emissions. In the Conventional Wisdom 
Scenario, elaborated by the Direction General for Energy of the European 
Commission, the domestic sector emission are forecast to grow by 4% in the period 
1990 to 2004. As you all know, the total C02 emissions of the European Union are 
forecast to grow during the same period by 8%; moreover the European Union 
position for the Kyoto negotiation is for a binding agreement to reduce such 
emissions by 15 %. I do not want to enter into the details of this decision, but I 
would like to draw your attention to the fact that, although the domestic sector does 
not have the highest C02 emission growth rate, all the proposal for policies and 
measures for the reduction of emissions foresee an efficiency improvement in the 
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domestic sector as essential to reach the ambitious objective that I just have 
quoted. In particular, I would like to underline/stress that thanks to the continuing 
introduction of norms for insulation of the building shell, the total energy 
consumption in the domestic sector has grown only by 1 % per year in the last 25 
years, while the electricity consumption in the domestic sector has grown by 86% 
in the period 1973 -1992. This is caused by the continuous introduction of 
appliances into households: today the ownership of the major appliances -
refrigerators and washing machines- has reach the saturation level, while numerous 
new appliances are more and more used in our dwellings: microwave ovens, air
conditioners, satellite receivers, video recorders, battery chargers for mobile 
telephones, etc .. Nowadays the domestic electricity consumption is accounting for 
a third of total electricity consumption in the EU and this share is growing. Each 
individual appliance that we plug to the grid uses energy, even if the majority of 
users are not aware of this. Who will leave a lamp on, when there is no need for it? 
But only few people know that a VCR and hi-fi system in stand-by consume 
continuously 40 watts! 

Recent studies and pilot projects financed by the EU SA VE programme confirmed 
that beside the well "known" major appliances, there are a series of appliances 
which consume energy without our being aware of them, and they now account for 
10 % of total consumption. These studies have also demonstrated that by changing 
a commonly used domestic appliances for the newest and more efficient one, a 
typical domestic household can reduce its electricity consumption by 40 %, or 
about 1200 kWh per year. It is easy to multiply this by 150 millions of household 
in the European Union and realize that the total saving in the European Union 
would be around 1800 TWh per year, this is almost the Italian yearly electricity 
consumption. 
The situation in other industrialized countries, such as Japan, the USA, Canada, etc. 
is not very different from the European Union. If this is the situation in 
industrialized countries, the situation is quite different and much more critical in 
developing countries. Although electricity is available in each country around the 
world, about 2 Billion people do not have yet access to it. In Asia, for instance, the 
electricity demand is growing at an annual rate of about 8 %. People would like to 
have in their houses: lighting, the refrigerator, the television and then all the 
appliances that we have here in our houses in the western countries. The capitals 
needed for investments in power stations, transmission and distribution networks to 
satisfy this growing demand are huge and not available. In addition, this capital 
could be freed to be used for other purpose than expanding the electricity supply 
system. If this electricity demand was met with new solid fuel power stations, those 
would have a big environmental impact in the near future. Therefore even more in 
developing countries it is essential to introduce efficient domestic appliances, 
perhaps associated with decentralized electricity generation system based on 
renewables. 
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Thanks to the technological progress, the energy consumption of domestic 
appliances and of light sources has been continuously reduced in the last twenty 
years. In some cases such as for the fluorescent compact lamps, it has been reduced 
by two thirds with respect to the traditional incandescent lamps. I must 
acknowledge the manufacturers' achievements in producing refrigerators, washing 
machines and lamps which use half the energy of the model produced ten years ago 
and, in addition, it is possible to find on the market televisions that consume less 
than 1 watt in stand-by, when the average consumption of a television is about 7 
watts. However, even today you can find in our shops domestic appliances which 
consume more than double of the most efficient models, and often the high 
consuming model are among the "best sellers". 

Experts talk often of barriers to the penetration of energy efficiency; and among 
those barriers I would like to mention, first of all, the lack of information by the 
domestic appliances users: how many households know how much their 
refrigerator is consuming? or how many households know how to use their 
washing machines correctly, in term of energy consumption? Another barrier is the 
difficulty in buying a more efficient appliance if it is more expensive, due to the 
lack of capital. Often more efficient appliances have a higher purchasing cost, as in 
the case of the fluorescent compact lamp, but the electricity savings are such that 
the higher purchase price is paid back within a few years; therefore the life cycle 
cost, which include the purchase cost and the electricity consumption for its use, 
will be much smaller for an energy efficient domestic appliance. 
In the near future thanks to technological progress, appliances which will use half 
of the today most efficient appliances will be available, for example, 
refrigerator/freezers insulated with vacuum panels or dryers with heat pumps. 
During this conference there will be some presentation on the technological 
potential to further improve energy efficiency and the most recent results achieved 
in the labs. 

The key question for policy makers is how to diffuse these technological 
innovation in the market and make sure that more efficient appliances are used in 
our houses, in a world how to achieve the market transformation. 
At the European Commission we have worked on energy efficiency for several 
years. In particular through the PACE programme, adopted in 1989 and more 
recently through SA VE, we have engaged ourselves to promote the rational use of 
electricity in the domestic sector. Some of you took part to the first workshop we 
organized in Brussels exactly seven year ago, in November 1990, on energy 
efficiency in domestic appliances. That has been a starting point, and the measures 
that have been discussed there - namely the labelling and minimum efficiency 
standards - have been now introduced, even if it has not easy to adopt the 
Directives and implement the programmes. 
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A second workshop concerning minimum efficiency standards was held again in 
Brussels in 1992. Since then several studies and pilot projects on apliances 
efficiency have been carried out; and I would like to quote as example the GEA 
study on refrigerators and freezers, nowadays a " best seller"; this study has been 
used to elaborate the labelling programme and the minimum efficiency standards 
for refrigeration appliances and it has become an example for all the following 
studies for the other domestic appliances. 

Among the actions that we have undertaken, I would like first of all to mention the 
labelling programme for the major household appliances, and which will soon 
cover also lamps. Almost in all Member States, not only the label is shown in all 
sale points, but it is also a useful instrument for consumer organizations to evaluate 
domestic appliances, a very important instrument for utilities to design DSM 
campaigns and an important element in the sales strategy of retailers. In addition, I 
acknowledge with great pleasure that our label has been used as a model in non
European Union countries, for example in the central European countries and in 
some of the countries of the Mediterranean basin. We are now engaged in the first 
comprehensive evaluation of the labelling programme and an important session of 
this conference will be dedicated to the discussion on how to make it more 
effective. 
The second major action has been to establish minimum efficiency standards for 
refrigerators and freezers, the single largest energy consuming domestic appliance. 
But let's me say it: " how difficult it has been for us to implement not very 
stringent standards, but which would in any case result in large saving for 
consumers and for society as a whole. 
The Commission has always proposed the instruments and measures with the most 
favourable costibenefits, which would results in a de-facto efficiency improvement 
in the shortest time possibly without negative impact on interested parties. This is 
why in the last two years we have experimented and used a new instrument: the 
negotiated agreement with manufacturers. Two negotiated agreements have been 
concluded: the first one for televisions and VCRs and the second one for washing 
machine. This will also be the subject of presentations and discussions in the 
following sessions, therefore I will not enter into the details. 

Another instrument I would like to mention are the procurement, that is to say the 
aggregate purchase of large quantity of appliances. The purchasers in aggregating 
their demands can request more efficient appliances or with special features, that 
otherwise would not be available on the market. The Commission is exploring, 
with national experts, ways to use this instrument at European level. 
I would like to make a final consideration that is: the Commission believes that the 
best way forward would be to create partnerships with all the "actors", so to gather 
all the forces needed to achieve market transformation and reduce energy 
consumption. 
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The Commission has managed to create a partnership with domestic appliances 
manufacturers. I believe that it is of the utmost importance to continue and 
strenghten this partnership and extend it to all the other market actors, because, in 
my view, this is essential to reach the consumption reduction objective. 
First of all it is important to work together with electricity and gas utilities. The 
progressive electricity and gas market liberalizations must translate in a bigger 
attention to the individual client and new types of energy services must be 
engineered to respond to the increasing demand of higher added value in the 
services provided. There is the risk that electricity and gas utilities initially will 
focus their attention on their most important client, such as the industrial user, and 
that they will neglect the need ofthe domestic customer, who individually consume 
little, but who together are responsible for about one third of the demand. In the 
worst case it may be that some utilities will make the domestic clients pay for the 
services given to the industrial clients. 

There has been a continuous development in the European Union of Demand Side 
activities in the domestic sector, primarily targeting refrigeration appliances and 
compact fluorescent lamps. These type of activities must be continued and 
expanded to all Member States. In parallel, technical and energy advice services 
and information campaigns must be undertaken by utilities targeted at the domestic 
clients. Moreover, the utilities must adopt new systems for financing and leasing of 
high efficiency appliances, for example with payments through the bill, in such a 
way as to reduce the problem of the higher purchase price or the lack of available 
capitals. 
Another important actor often neglected are the retailers. Retailers have a key role 
in the purchase choice by customers. If the retailers do not mention the possible 
energy savings or if does not draw the client's attention to the energy label, this 
may not influence the purchase choice. Moreover it is important that retailers stock 
high efficiency appliances. I hope that there are several retailers here at this 
conference: one of the scopes of this conference is to have them more active in our 
activities to promote energy efficiency. 
Similarly important are the consumer organizations. For many years these have 
been our allies in promoting energy savings and they have launched several 
information campaigns on this subject. I know that you are numerous at this 
conference and you have a very active role. 

I have talked for too long, but the subject of this conference is very close to my 
heart and to that of my collaborators at the European Commission. I would like to 
conclude by launching an appeal: our activities to promote energy efficiency in 
domestic appliances and lighting must be continued and strengthened. And this is 
very urgent as well, if we want to bring a substantial contribution to the reduction 
of C02 emissions. We, at the European Commission, are going to put all our 
efforts toward this goal, but we need two things: 
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First: a serious and constructive political will to make our proposal operational. I 
think to a long term plan to reduce energy consumption which foresee well defined 
targets for efficiency improvement and a clear time table; 
Second: the full collaboration and participation of all the interested parties: 
manufacturers, utilities, retailers and consumer organizations, 

Thank you for your attention and I wish you a very interesting and useful 
conference. 



Appliances, Energy, and the Environment: The Scale of 
the Issue 

John S. Hoffman 
President, WorkSmart Energy Enterprises, Inc. 

1. Introduction 

Appliances such as refrigerators, stoves, air conditioners, heat pumps, televisions, 
phone answering machines, hot water heaters, lights and home computers all 
consume electricity or gas, all cost citizens significant amounts of money, and all 
indirectly cause large amounts of pollution to be emitted. They also provide critical 
services that improve the quality of our lives. 

The level of appliance penetration varies from country to country, depending on its 
stage of economic development, climate, housing infrastructure, and local tastes 
and desires. Similarly, the services provided by appliances vary, as does the 
efficiency of these appliances in providing those services. 
For example, in the u.S. virtually all homes have refrigerators with automatic 
defrost, many refrigerators have ice making machines, and many homes have more 
than one refrigerator. The average size of a refrigerator is 500 to 600 liters. 
In Europe, refrigerators are smaller, in the 220 liter range, and do not have 
automatic defrost or other auxiliary services. In China, penetration of refrigerators 
in urban areas has reached 70% to 80%, but the majority of the population living in 
rural areas does not yet have this vital appliance. 
Appliance use is certain to grow worldwide. New products are likely to increase 
appliance use in developed nations. As economies grow in developing nations, 
appliance penetration will increase greatly, with households acquiring more of 
everything. 
This growth will increase the demand for power and energy, indirectly adding 
pollution to the local and global environments. 

2. Efficiency is Good 

People desire food preservation, light, music and entertainment, not energy use 
from the appliances that provide these services. No consumer will object to paying 
a lower utility bill for running their refrigerator or television. 
Manufacturers compete to provide appliances to people on the basis of a variety of 
attributes for the products, which partly include energy, but are dominated by other 
features, such as first cost, convenience, appearance, ease of acquisition, ease of 
servicing and reliability. 
All other things being equal, manufacturers would produce the most efficient 
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appliances. After all, less efficient ones simply use more energy to provide the 
services consumers want. 
Other things are not equal, however, and usually, more efficient appliances cost 
more to manufacture. Manufacturers and store owners, therefore, must charge more 
for them. 
When consumers go to purchase appliances they face the difficult task of deciding 
between many options, choosing the one model/product that has, for them, the right 
set of attributes. 
Typically, consumers understand very little about appliance energy use, efficiency, 
or energy costs. Nor, at the time of purchase, do consumers possess means to 
adequately compare the so called 'life cycle cost of owning' products. In fact, 
frequently, they have no reliable source of information about the energy cost of 
different appliance options whatsoever. 
In developed nations, purchases are most often done when an old appliance breaks 
down and forces a new purchase, at a time that purchasers may be budget-limited. 
In developing nations, appliances may be purchased when a family can first afford 
the appliance, not a time likely to elicit extra expenditures for increased efficiency. 
Few consumers view appliance purchases as an investment, in which additional 
expenditures are viewed as paying off handsomely in 'after tax returns'. They may 
even choose to put the price difference between a higher and lower efficiency 
refrigerator in the bank, earning a 5% rate of return, and never realizing that an 
increased expenditure on their appliance might have a return five or ten times as 
high. More often, consumers wish to spend the difference between an efficient and 
inefficient appliance by buying something else now. 
Finally, consumers never consider the impact their purchase decisions have on their 
national economies, where the decision to spend less on efficiency may require 
greater capital spending on the power infrastructure needed to run their inefficient 
refrigerator purchases. How could they? Why should they? 

Most nations have set up a system that assures electricity flow into the house to 
serve that new refrigerator or air conditioner, despite the higher cost of doing that 
than financing the more efficient appliance. Their regulatory systems assure a 
means to finance the capital acquisitions needed to serve for power growth 
resulting from new appliances. No nation has exhibited the same commitment to 
assuring efficient appliances. 
As a consequence of these market inefficiencies, consumer choices in appliances 
are sub-optimal. Everywhere appliances are bought that consume more electricity 
than current technologies would necessitate, that reduce consumer's standard of 
living, that produce more pollution than required for the services, and that reduce 
economic growth, by misallocating capital from the reduction of end use demand 
to supplying power. 



9 

2.1 Efficiency Can be Greatly Improved 

Enough variation already exists in energy use between currently marketed 
appliances that by increasing their market penetration, major reductions in energy 
use could be made. For example, for most uses a compact fluorescent lamp (CFL) 
of 20 watts can replace most 75 watt incandescent lamps, reducing the times a 
person needs to replace the lamp, with no appreciable reduction in lighting quality. 
Consumers would save a net of around $4.00 per year assuming use of 1,000 hours 
per year, a $0.10 per kWh cost of electricity, and a 6% interest rate. A refrigerator 
that saved 200 kWh per year in Europe and cost $50 more to buy would save 
consumers around $14.00 per year. 
With respect to national economies, the total capital expenditure needed to serve 
lighting and refrigeration needs would be reduced about $ 54 by the CFL and $5.00 
by the more efficient refrigerator, assuming that a kW of power, including 
transmission and distribution and other capital expenditures was about $1,200 per 
kW. In developing nations, kW capital costs are almost certainly far higher, when 
railroads, port facilities and other infrastructure expansions needed to develop 
more power are considered 
Greater benefits could be produced by combining existing technologies or 
components into new products. By combining existing components in a 220 liter 
Chinese refrigerator, Fine and Fridley, two consultants employed by several 
agencies on refrigerator design, show that over 240 kWh could be saved annually 
at a cost of$25. I 

Emerging technology could produce even greater gains. For example, improved 
linear compressors and new technologies for cycle efficiency, such as the Lorenz 
cycle, or a proprietary technology developed by WorkSmart that would increase 
cycle efficiency and control of freezer temperatures in two evaporator models, 
could achieve even greater gains in refrigerator efficiency, reducing energy use 
another 20%. Other technologies also have been developed that could produce 
similar gains. 
Refrigerators are not unique; the efficiency of all appliances can be economically 
improved. Inefficient incandescent and fluorescent lamps can be replaced with 
much more efficient ones that already exist in the market. Transformers for small 
appliances, which waste energy in standby mode, could be replaced by ones that 
reduce parasitic waiting loses. Better dehumidifiers, better air conditioners, better 
everything can save consumers money, reduce energy use and associated pollution, 
and spur national economic growth. 

'The fault, my dear friends, is not in the stars (or our engineers or manufacturers), 
but in our institutions, in that they do not create profit incentives for manufacturers 
to make these appliances.' 

I Draft of paper Pollution Prevention at a Profit and the Chinese Refrigerator Industry. 
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2.2 What Would Happen in an Economically Efficient World 

In an economically efficient world, as described by microeconomic theorists, those 
consumers did not choose economically efficient appliances at the time of purchase 
(appliances where the extra cost was less than the savings) would be offered a 
payment to do so, the purchaser securing some portion of the profit from the 
increased efficiency for themselves. 

In such a world, transaction costs would be zero, information would be perfect, so 
that all such trades would be made. With the demand for efficient appliances 
guaranteed, if the cost of producing the efficiency was lower than the cost of 
supplying power and energy, manufacturers would compete vigorously to produce 
the optimal technology. Not only would the best products always be purchased, but 
the dynamics of the economy would be improved so that better products would be 
developed at an optimal rate. Energy efficiency advocates would have nothing to 
advocate because everything would be optimally efficient, and developing more so 
in the future. 
Of course, the real world is a very pale imitation of the microeconomists' theory 
(some would say fantasy). Transaction costs are high, information is imperfect, and 
currently there are no means for investors to transact deals with consumers to 
purchase the efficiency that consumers choose not to, but that would be 
economically justified. So the microeconomic vision is, sadly, 'paradise lost'. 
Might paradise be re-found ? 

2.3 Instruments Used by Governments to Improve Efficiency 

In the United States, the government has successfully used standards to improve the 
energy efficiency of many appliances. Since 1970, 500 liter refrigerators have 
declined in energy use from about 1700 kWh per year to what will be 450 kWh in 
1998, when the new standards take effect. The producer price index for 
refrigerators has declined in real terms as well, with no discemable cost impact 
from standards. Apparently, manufacturers were able to produce economies of 
production that eliminated any signal of cost from their sales prices. As a result, US 
refrigerators are the most efficient in the world, using less than 1 kWh per liter per 
year. Standard making for other appliances in the US has significantly improved 
efficiency. 
Despite obvious successes, however, standards have had their problems. For one 
thing, the setting of standards has been a politically contentious process. 
Refrigerator and other appliance makers have resented the cost and risk associated 
with mandated changes-they see no profit from being forced to change their 
product lines. Plausible evidence exists that the standards have not gone as far as 
they could. Reports from analysts for the US EPA indicate that refrigerators could 
be reduced to 250 kWh for a 500 liter model cost effectively. 
Furthelmore, the companies have had little incentive to introduce major 
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innovations that would improve efficiency, but raise their prices. For example, one 
could conceive of a refrigerator that actually cost no energy-it would act as a heat 
pump to make kitchen hot water (with a Coefficient of Performance of 2, it reduce 
the cost and energy of producing hot water by half compared to electric resistance 
heating). The refrigeration, for such a system, would be free. 
But, why would any manufacturer take on that risk of producing such a model 
given the frequent failures of consumers to spend more for higher efficiency that 
has lower life cycle cost? Similarly, using standards to push such an innovation 
would be very contentious and difficult to do. 

A second strategy governments have employed for winning market acceptance of 
higher efficiency is labeling. In the United States, the Department of Energy 
mandates labels that tells consumers the range of costs of current models and the 
relative position of each model with respect to others. In many countries, labels 
identify models with stars that show relative efficiency. More recently, in the US 
labels that simply announce the model is an 'Energy Star' are appearing on 
refrigerators and other appliances, helping consumers find efficient models more 
easily than complicated labels. That labels can consumer behavior is certain. In the 
US, a redesigned food label is helping create a stronger market for healthy foods. 
A third strategy, government supported R&D, can help develop new technology, 
which sometimes makes its way into products. By absorbing risk, by reaching out 
to researchers outside companies, this effort can succeed in changing product mix. 
It can also, unfortunately, have the opposite effect. To the extent that private 
entities lose opportunities for intellectual property rights, government R&D can 
actually undermine the incentive for private effort to create competitive advantage. 
Companies may fear investing their own capital if they view government as a 
competitor for innovation. 
A forth strategy, to create contests for production of more efficient appliances 
introduced into the market, can also lead to greater advances for efficiency. Both in 
the US, with the so-called Golden Carrot, and in Europe, such prize oriented 
systems have produced some success in inducing better technology into real 
products. 

Despite these successes, however, the reality is we are far from optimal efficiency 
with current products and technologies, further from optimal deployment of 
emerging technologies, and even worse offwith respect to inducing optimal growth 
of new technology. 

And we will remain stuck on this sub-optimal path until we find a means or many 
means to overcome the core barrier to finding our way to the most efficient path of 
technological development and deployment-

the fact that manufacturers do not now profit from increasing efficiency. 
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Until we find ways that allow manufacturers to profit when they increase efficiency, 
that rewarding manufacturers for the risk and cost of innovation, we will not 
achieve the goal of the maximum feasible and desirable energy efficiency. 

2.4 Can Paradise be Found? 

Having diagnosed the disease, can we find the cure? 
I think so. Several options suggest themselves. 
As electricity markets are de-regulated we could set up a system where appliances 
that were better than standards were allowed to bid to meet demands for electricity 
from the pool, such that negawatt hours (kilowatt hours not produced by the 
appliances sold) received payments electricity consumers made for kWh produced. 
Thus, if an refrigerator manufacturer produced a refrigerator that produced a 100 
kWh less than a standard for the year in which it was manufactured, the company 
would be allowed to bid for satisfying demand at the marginal cost of supply, with 
the 'pool' paying manufacturers from a fund created by its buying customers, in 
proportion to the share of savings they received. If the price of producing and 
delivering electricity is $0.05 per kWh, they would receive $5.00 per year for 
delivering a reduction of 100 kWh for the whole life of the refrigerator, 15 years. 
A different solution would be to have a market for reductions made beyond some 
standard, in which consumers agreed to pay some fee each year that was some 
proportion of the energy savings for the appliance. Exhibit 1 shows a system 
W orkSmart is investigating for automobiles in the US, called Miles Per Gallon 
Plus™ , that would perform this function. 
A third solution would be to allow consumers to purchase more energy efficient 
appliances and charge them over their lifetimes to their utility bills, so that they 
experienced the lifecycle costs of products on a month by month basis, never seeing 
first cost sticker. 
Many other solutions exist. Experimentation with different ideas will be needed to 
find the best ones. Analysis needs to be undertaken to determine the best means of 
achieving efficiency for each country and for different appliances. There is unlikely 
to be one best solution for all situations. 

Yet, there are two principles that all solutions should meet-

Providing manufacturers that produce better appliances and technologies with the 
opportunity to profit from those savings, 

and 

reducing the transaction costs andfirst cost aversion that consumers face so that 
incremental capital needed to produce the better appliances flows freely to this 

enterprise. 
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Until the profit motive is harnessed to produce better products, we will all follow 
a sub-optimal path of development. This does not mean that existing instruments 
should be abandoned or discarded. They can and often do serve valuable 
functions. Rather, new instruments need to be created that overcome the barrier 
that existing instruments cannot, that of by providing continual incentive for 
progress to the manufacturers who can produce it. 

Exhibit 1: How MPG Plus (TM) Works 

25 mpg to 40 mpg 

$700 extra 

/ 
Auto 
Company 

$182 
per 
year 

NPV AUTO: 
$630 

$300 
savings 
per 
year 

$210 
extra 

registration 
fee per year 

California 

NPV Consumer: 
$660 



Impact of Energy and Environmental Issues on the 
Globalisation of the Industry and Markets 
Hans Peter Haase, President CECED 

The domestic appliance industry supplies our society with products being a 
cornerstone in building our way of life. Domestic appliances contribute greatly to 
human welfare by alleviating housework, by taking care of an efficient and 
healthy distribution, preselVation and storage of food, by enabling a healthy life 
by maintaining hygiene of textiles and so forth. 

I would like to highlight labor saving for housework and reduced impact on the 
environment with the example of dishwashers. Cleaning dishes in the machine 
instead of manually saves daily on average: 

Working time: between 3 and 5 quarters of an hour - equals some 
45 million hours in the European Union. 

Energy: 1 KWh per day - equals Europe-wide to the output of 2 big 
nuclear power stations. 

Water: some 25 litres - equals Europe-wide to roughly 1,3 
millions of cubic meters per day. 

Comparable benefits are coming more or less from all kinds of domestic 
appliances. 
These benefits for all people all over the world have been realized due to a highly 
developed and efficient appliance industry. In the worldwide scenario the 
European Industry is technologically in the lead. The major companies think on a 
European technology base and they act globally. However, the markets are 
regionally different. The European industry has to respect consumers who behave 
differently - due to their culture, their habits, their nutrition. 
In the European appliance industry some 200 000 people are employed directly 
and another 500 000 people in a broader sense, for instance in the supply industry. 
There is no doubt - our industry is a European industrial asset. 

Household appliances affect our environment within 3 sections of their life: 
- Firstly, during the production process, by consuming 
resources like material, water and energy. 

- Secondly, and mainly during their use in households, 
by consuming energy, water and detergents. 

- Thirdly within the disposal-process, counterbalanced 
by recycling. 
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It must be mentioned that, with a comparable standard of life, the environmental 
impact would be much greater without household appliances - for example by high 
water consumption for manual washing and dishwashing, high traffic emissions 
when procuring fresh foodstuff and emissions when preparing the meals. 
The impacts are mainly caused by the consumption of energy, water and detergent 
during the use of the appliances. For instance energy consumption during operation 
amounts to between 85 and 90% of the total energy consumption of an appliance 
including production and disposal process. Any reduction in this respect would 
have a positive effect on the environment in line with a reduced expenditure for the 
consumers. That is why the improvement of energy efficiency plays such a 
dominant role in our industry. 
Proof of this development can be seen in the following story of success for the 
European market: 
Between 1978 and 1994 the energy consumption of household appliances was 
reduced in an average for 

refrigerators by 40 % 
freezers by 45 % 
washers by 40 % 
dishwashers by 50 % 
electric ovens by 25 % 

The measures taken to reduce energy consumption resulted in a real cost saving for 
the consumers. Two targets, which are difficult to match, could be achieved: 

- cost reduction for the consumer and 
- environment protection by energy saving as a benefit for the 

society. 

We are convinced that the sophisticated European technology is the basis for our 
success in consumer acceptance as well as in environment protection. Having 
achieved all this we feel totally fit for global competition. 
The production of ecologically harmless appliances is more expensive resulting in 
higher purchase prices of the products. However, the consumers realized that it is 
important to look at the total cost of the product during its lifetime and not only at 
the purchase price. 
Moreover, due to the fact that the European industry agreed on making energy 
efficiency visible by labelling, the products have become more easily comparable 
which is leading to a fair competition among the manufacturers. 

As president of CECED, the European Committee of Manufacturers of Domestic 
Equipment I would like to add one important aspect: Household appliances have to 
guarantee perfect performance and not only take care of low consumption rates. 
Industry has to make sure that appliances fulfill the needs and expectations of 
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consumers. The quality of appliances has to be kept and, where necessary, even to 
be improved. 
The European appliance industry plays a forerunning role by combining these 
issues to an environmentally sound and economically efficient target. The totalled 
costs for the consumer, arising from purchase and operating costs for energy, water 
and detergents, will and must be further minimised. 
Another important contribution is how the consumer operates the appliances. 
Industry provides the consumers with all necessary information how to operate 
efficiently, economically and ecologically conscious. Most of the consumers take 
this information into account - but even more has to be done. In order to get more 
and more consumers operate their appliances efficiently, all relevant social groups, 
from education by parents or in schools up to consumer institutions, should help to 
reach this target. 
Ecologically harmless products require intelligent disposal and recycling methods 
in order to close the circulation of material and to reach, at the final stage, the best 
effect for the environment. 
We, as the European household appliance industry, are committed to further 
contribute our part. Our mission is to implement this concept of sustainable 
production, preserving the European industrial base by producing appliances which 
are environmentally harmless and which the consumers can afford. 

Our goals are clear, we have to reduce 
- the consumption of resources for production 
- the consumption of energy, water and detergents during the 

use of appliances in households 
- the negative impact on environment when disposing of the 
appliances by using more material which can be easily 
recycled 

The success mentioned above shows clearly that we are on the right path which we 
should follow continuously. This path will lead us to replace inefficient appliances 
by ecologically harmless products. The European domestic appliance industry has 
the chance to successfully meet worldwide competition on the basis of advanced 
European technology. 
I think that this conference will focus on ways, procedures and techniques to 
achieve the targets mentioned above. 

Let us pursue this path in the spirit of fair competition, with instruments of the 
market and where necessary accompanied by voluntary agreements. 
In view of the challenging targets of the coming hours and days I wish this 
conference full success. 



Energy consumption of household appliances· 

Jean-Marie MORTIER 
Conseur Group 2 

Over the last 10 or 20 years, we have noticed that people are getting more and more 
conscious about their energy consumption, whether it is for heating, warm water or 
household appliances: all the equipment is getting better and more economical. 

1. Lower energy consumption 

The central heating systems which are heating our houses have a much higher 
efficiency nowadays, compared with those used 20 years ago (5-10% more 
efficiency is obtained for gas and oil fuel boilers). Another big difference is that 
nowadays our houses have a much better isolation. The same can be said for the 
heating of water. Only, it has to be said that our living standards are also increasing, 
more and more people are getting central heating, want higher temperatures ... , so a 
part ofthe profit of using more economical equipment will be compensated. 

The decrease in energy and water consumption is quite spectacular when you look 
at electrical household appliances, in particular the dishwashers and the washing 
machines. 

1 Text presented in Florence for the Conference on energy efficiency in household 
appliances 10-14.11.97 
2 Conseur is the group of consumers' associations of Belgium (Test-Achats / Test-Aankoop), 
Spain (OCU Compra Maestra), Italy (Altro Consumo), Portugal (ProTeste) and France 
(Teste pour vous) 
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The graph below shows the consumption per wash for dishwashers using the same 
program ( same temperature ). 
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You certainly can't ignore the decrease in consumption: over the last 25 years, the 
energy consumption has decreased about 50% and this without losing any of its 
performances, on the contrary. The same trend can be found for the washing 
machines. Their energy consumption has also decreased significantly, together 
with improving their performances. 
The water consumption has decreased also which is shown in the following graph. 
It shows the water consumption over the last 25 years. 
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Manufacturers have achieved to lower the energy and water consumption and this 
by improving the washing techniques of the machines. Of course, they were being 
helped by the detergent and washing powders manufacturers. 
Of course, this positive evolution does also have its dark sides. Reality still shows 
some big differences in consumption between the different brands. 
In the most recent washing machine's test done by Test Achats Belgium, the 
energy consumption varies from 0.92 to 1.25 kWh per wash. For the dishwashers, 
these numbers are lAO to 1.80 KWH. 

A new invention of most of the manufacturers was the ECO button, which could be 
found on both the washing machine and dishwashers. 
This ECO button could be used for high temperature washes. It lowered the actual 
temperature but at the same time it increased the actual washing time. This 
compensated the loss of chemical effects or action of the detergents. 
By now most of these ECO buttons have disappeared. Nowadays most of the 
machines will automatically increase their washing cycle when washing at lower 
temperatures. 

1.1 How take energy in account in comparative tests? 

How do we at Conseur Group take the Energy consumption into account for the 
final results? 

There are different ways to achieve this. The first possibility which is used by a lot 
of consumer organisations is to consider this consumption the same as any other 
criteria and give it a certain weighting. This method has definitely its 
disadvantages since the energy consumption is being swamped a bit by the other 
criteria such as efficiency, ease of use, safety etc ..... 

The second way of working, which we use, is to convert the energy consumption 
into a real cost, especially for equipment that consumes a lot of energy. It is being 
added to the purchase price and by using this sum the quality / price ratio can be 
determined. By doing the same for the energy consumption over the life span of the 
machine, we obtain quite important information on the amount of money that will 
be spend. This allows us to give the consumer an important value which he can 
interpret as he wishes. 
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A few examples are given in the table below: 

price energy consumption total consumption total 
costs 

(BEF) (kWh/24 uur) (kWh/I 5 year) (BEF) 

fridge A 15000 1.3 42705 57705 
fridge B 25000 0.9 29565 54565 

(kWh/wash) (kWh112 year) 
washing mach 20000 1.5 28080 48080 

A 
washing mach 30000 1 18720 48720 

B 

From these examples, it is clear that by using the second method a lot of weight is 
given to this criteria. The extra you have to pay for a more economical machine 
will most of the times be compensated by a lower energy consumption, which 
results in a lower electricity bill. 
By our calculations of the total costs, not only the energy consumption is taken into 
account but also the water consumption, detergent, salt etc .... 
Also, for all these calculations, the life span of the machines is related to the actual 
'use'! 

The following assumptions can be made: 

amount of washes/week 
1 
2 
3 
4 
5 
6 
7 

life span 
13 
12 
11 
10 
9 
8 
7 
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1.2 Energy labels : 

Recently, the European commISSIon has developed a label for household 
appliances. This label ( see appendix) has to allow the consumer to make an 
'environmentally conscious' choice, when buying those appliances. 
As far as we were able to check them, we can say that the energy classes in which 
the machines are divided are quite realistic and are not made to make life easy for 
the manufacturers. 
At first sight, they give interesting and valuable information. Only, reality is shown 
to be different. 
Since 6/1 0/96, this label has to be on every cooling appliance, but until now some 
manufacturers still refuse to go through the effort of applying these labels. A 
second and worse problem is that most of the labels state wrong information. 

The table below shows results that are published or will be published soon. They 
give the percentage of equipment of which the label state a higher energy class than 
the ones we found. In brackets you can find how many classes they were wrong) 

Tested in Countries Type False Number 
indication of classes 

difference 
1996 Belgium Freezers 50 2-3 

1997 Belgium Fridges 50 1-2 

1997 Belgium Fridge freezers 40 1 
1997 Spain Italy Fridge freezers 60 1-3 

Portugal 

Three conclusions have to be made here: 

o the consumer can't yet rely on these labels for deciding which brand 
he's going to buy! 
• Energy labels are giving only a partial information to the consumers, 
nowadays where quality is getting better and better consumers have to 
take in account also easy of use, life cycle etc . 
• Labelling by manufacturors can only be trusted when they are regulary 
controlled by official bodies and consumer's organisations. 



Appliance Energy Efficiency: 
Opportunities, Barriers, and Policy Solutions 

Steven Nadel 
American Council for an Energy-Efficient Economy 

1. Introduction 

Substantial progress has been made in recent years in improving the energy 
efficiency of appliances. In the U.S., for example, the energy use of major 
appliances has decreased by 25-65% over the past 25 years (see Figure 1). 
However, for many products in the U.S., appliance energy efficiency has stagnated 
in recent years due to the presence of many market barriers and the lack of a 
significant policy push. In other markets, such as China, appliance energy 
efficiency continues to make significant strides. In both the U.S. and Chinese 
markets, there are large remaining opportunities to increase the efficiency of 
appliances, if market barriers or policy inertia can be overcome. This paper reviews 
the technical opportunities for improving appliance energy efficiency, discusses 
barriers that constrain appliance efficiency improvements, and discusses policies 
that have shown potential for overcoming these barriers. Since it is not possible to 
discuss the entire world in a survey paper as short as this one, we focus on the U.S. 
and China as illustrative of opportunities and barriers in the developed and 
developing world. 
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Figure 1. U.S. Residential Appliance Energy Use Intensity: 1972-1996 
Source: ACEEE analysis based on data provided by Association of Home 
Appliance Manufacturers, Air Conditioning and Refrigeration Institute, 
and Gas Appliance Manufacturers Association. 
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2. Technical Opportunities for Improving Appliance 
Energy Efficiency 

Technical opportunities for improving appliance energy efficiency can be illustrated 
with an examination of several representative products-refrigerators, room air 
conditioners, clothes washers, dishwashers, and color televisions. As noted above, 
we focus on the U.S. and Chinese markets as representative of developed and 
developing countries respectively. 

2.1 Refrigerators 

The energy use of U.S. refrigerators has declined more than 60% in the last 25 
years but changes in U.S. refrigerator minimum efficiency standards will reduce 
refrigerator energy use by approximately 25% below current levels and further 
improvements are possible. Opportunities for increasing refrigerator efficiency can 
be illustrated with a 424 liter (15 cubic foot) automatic defrost refrigerator-freezer 
which, while small by U.S. standards, overlaps with the large end of the European 
market. The current U.S. minimum efficiency standard for this unit is 636 
kWh/year. I As of July 1,2001, the U.S. minimum efficiency standard for this unit 
will decline to 448 kWh/year. Maytag is already marketing a unit that is rated at 
437 kWh/year; independent testing of this unit indicates that consumption may be 
only 408 kWh/year (Wisniewski and Pratt 1997). This latter value is 36% less 
energy than required under the current U.S. standard. These efficiency 
improvements are made possible by many different measures including improved 
compressors and elimination of electric heating elements between the fresh food 
and freezer compartments. Furthermore, analyses by the U.S. Environmental 
Protection Agency (U.S. EPA) indicate that it should be possible to reduce energy 
consumption of a unit of this size to 300 kWh/year or maybe even 200 kWh/year 
through such improvements as adaptive defrost controls, further compressor 
improvements, new refrigeration cycles and refrigerants, advanced door and gasket 
designs, and thicker and/or higher k-factor insulation (USEPA 1993). 

I Using the U.S. test procedure, which results in energy consumption measurements 
approximately 30% higher than measurements obtained using the European test procedure 
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2.2 Room Air Conditioners 
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Figure 3. Energy Efficiency Improvements in U.S. and 
Chinese Room Air Conditioners. 
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The energy efficiency of room air conditioners has increased substantially around 
the world. In the U.S., the average Energy Efficiency Ratio (EER-Btulhour of 
cooling capacity divided by electric energy input) has increased from 5.98 in 1972, 
to 9.08 in 1996 (A HAM 1997). By 2001 this average is likely to climb 
above 10.0, driven by new room air conditioner minimum efficiency standards that 
take effect for the 2001 cooling season.3 Further efficiency improvements are likely, 
driven by continued improvements in compressor efficiency and new 
"microchannel" heat exchangers (based on automobile radiator technology) that 
permit greater heat exchange surface area to be packed into a finite volume 
(Modine 1996). 

In China, room air conditioners come in two basic types-window units and "split" 
units in which an outdoor condenser is linked to a separate indoor wall-mounted 

3 The new efficiency standards, which take effect October I, 2000, require an EER of 9.7 or 
9.8 for the most commonly sold room air conditioners. However, increasing EER to 10.0 
provides a marketing edge of a two-digit EER, so we expect most new room air conditioners 
to have an EER of 10 following the effective date of the standard. 
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evaporator. The split units now account for a growing majority of sales. In China, in 
1993, the average room air conditioner had an average coefficient of performance 
(COP-watts!hour of cooling capacity divided by electric energy input) of 
approximately 2.6 (equivalent to an EER of approximately 8.8). Chinese room air 
conditioners are nearly as efficient as U.S. models since most major Chinese 
manufacturers use international-level technology made available as part of joint 
venture and licensing arrangements with major international manufacturers. 
However, even these efficiencies can be increased significantly. A 1995 analysis 
estimated that COP could be increased to approximately 3.2, a 22% improvement, 
by using a more efficient compressor, rifling all heat exchanger tubes and lancing 
all fins, modestly increasing coil face area and airflow, and increasing the diameter 
of the suction line. Relative to a typical current unit, the more efficient unit would 
have a simple payback period to consumers of approximately three years. Even 
greater energy savings are possible with several measures that better optimize 
performance under part-load conditions. However, current testing procedures only 
cover full-load performance, so there is little incentive for manufacturers to 
optimize part-load performance, even though the majority of air conditioner 
operating hours are under part-load conditions (Nadel et al. 1995). 

2.3 Clothes Washers 

In the U.S., energy use of clothes has declined approximately 40% over the past 25 
years.4 However, these improvements are all in vertical axis machines that 
predominate in the U.S. market (e.g. approximately 98% of sales). European 
horizontal-axis clothes washers have been imported into the U.S. in small 
quantities, which can reduce energy use by an additional 50% or more but these 
machines generally have a smaller capacity than American machines (e.g., 47 liters 
vs. 78 liters). Recently, major U.S. manufacturers have begun to introduce 
American-sized horizontal axis machines. These machines use more energy per 
cycle than European machines, but when adjusted for differences in capacity, the 
American machines are generally more efficient. Furthermore, the European 
machines often contain internal electric water heaters; whereas in the U.S. the 
majority of homes have gas-fired water heaters. On a primary energy use basis, use 
of gas water heaters where feasible can save energy as long as the gas water heater 
has a higher efficiency than the power generating plant. 
The new American machines also have higher spin-speeds than the traditional 
American machines, resulting in better water extraction than typical American 
machines although not as good as many European machines. Improved water 
extraction reduces clothes dryer energy use. Table 1 compares the efficiency of 

4 These energy use figures are based on the U.S. test procedure which incorporates energy 
used to heat water and operate the washer but does not include energy use by clothes dryers. 
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horizontal-axis American washers with European washers that are sold on the U.S. 
market. 

Table 1. Comparison 0 19l - lClenCY fH' h Effi . ot es as ers on t e .. ar et. CI h W h h US M k 

Manu- Model(s) Capacity kWh/ Energy 
facturer (liters) cycle Factor RMC 

Frigidaire Gallery 75 0.63 4.18 ~55% 

Gibson 

Maytag Neptune 81 0.73 3.94 47% 

Amana LTA85A 79 0.84 3.35 NA 

Creda CWA242 47 0.56 2.95 39% 

Miele W1903, 48 0.62 2.72 39% 
W1918, 0.67 2.52 36% 
W1930 0.67 2.52 36% 

Staber HXW2301 55 0.71 2.71 55% 

Asko vanous 45 0.61 2.62 39-49% 
0.62 2.56 49% 

A verage vertical axis 77 2.22 1.23 62% 

Notes: Energy Factor is capacity-adjusted kWh/cycle. Units are cubic 
feet/kWhlcycIe. 5 The higher the Energy Factor, the more efficient the machine. 
RMC is remaining moisture content at the completion of the spin cycle, measured 
as a percent of the dry weight of the clothes. 

Source: Compiled by ACEEE from Consortium for Energy Efficiency, Pacific 
Northwest National Laboratory, California Energy Commission, and Association of 
Home Appliance Manufacturers data. 

Further improvements in efficiency beyond the best units now being sold are likely 
to be marginal. The challenge will be to get typical units up to the performance 
level of the most-efficient units. 

5 These units can be converted to liters by multiplying the Energy Factor ratings by 28.3. 
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In China, clothes are generally washed in cold water, so washer energy use is 
minimal. However, as warm- and hot-water wash increases in popularity, 
differences in energy use between vertical and horizontal axis washers will become 
more important. Presently, most clothes washers in China are vertical axis or "two
bin" machines in which clothes must be manually moved from a wash-cycle bin to 
a spin-cycle bin (Nadel, 1995). 

2.4 Color Televisions 

Color televisions are frequently designed and manufactured on an international 
basis, with multinational manufacturers selling models throughout the world. There 
are some regional differences due to differing standards for broadcasting, remote 
control operation and power supply, but these regional differences are relatively 
minor from a manufacturing point of view. With color televisions, there is some 
variation in energy use between models when the television is on, but much greater 
variation in energy use when the television is switched om All televisions use 
some power when switched off, in order to maintain memory and clock settings 
and be able to sense an "on" signal from a remote control. The most efficient color 
televisions consume less than 10 kWh/year in standby mode, while inefficient 
televisions can consume more than 80 kWh/year in standby. These trends are 
illustrated in Figure 4. 
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Thus, efforts to reduce television energy use should probably target standby power. 
Reducing standby power to low levels appears to cost just a few dollars. Both the 
USEPA and the European Commission Directorate General for Energy are 
developing programs to reduce standby energy use of televisions and video cassette 
recorders (Sylvan 1997). 

2.5 Overall Savings Potential 

In 1993, the U.S. residential sector consumed 10.6 EJ of energy, including 4.4 EJ 
for just refrigerators, air conditioners, clothes washers (including water heating) 
and televisions (EIA 1995). Based on the discussion above, if we assume that 
refrigerator, air conditioner, clothes washer, and television energy use can be cost
effectively be reduced by 50%, 20%, 60%, and 15% relative to current average 
models, then U.S. residential energy use can be reduced by 1.5 EJ from just these 
four appliances, a savings of 15% of total residential energy consumption 
(ignoring, for simplicities sake, future growth in the appliance stock and increases 
in average appliance size). When efficiency improvements to space heating 
systems, water heaters, clothes dryers and dishwashers are added to the analysis, 
savings can easily exceed 20% of current U.S. residential energy use. 
In China, potential savings from appliances account for a lower share of residential 
energy use as residential energy use is dominated by central heating plants, coal 
stoves, and lighting. However, looking at just electricity use, 40%, 20% and 15% 
reductions in refrigerator, air conditioner and television energy use respectively (as 
per the discussion above) would amount to approximately a 15% reduction in 
electricity use in the Chinese residential sector (based on end-use data for 1994 in 
Nadel et al. 1997). As appliance ownership continues to grow in China (e.g., 
refrigerator and room air conditioner production grew at an annual average of 12% 
and 70% respectively from 1 990-1996-Nadel et al. 1997), potential energy 
savings from improved appliances will also continue to grow. 

3. Barriers to Appliance Energy Efficiency 

While opportunities to increase appliance energy efficiency are substantial, barriers 
to such improvements are also large. Many of the major barriers are discussed in 
the following paragraphs. This discussion emphasizes the U.S. market but parallels 
to China are also discussed. 

Third-Party Decision Makers. Appliances are frequently not purchased by the 
person paying the energy bills, and thus the purchaser has little incentive to pay 
more for an efficient model. In the U.S., in rental housing, appliances are generally 
purchased by the landlord, but the tenant frequently pays the energy bill. Similarly, 
in new homes, appliances are frequently purchased by home builders, and not by 
home buyers. In China, this is less a problem as residents generally both purchase 
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appliances and pay energy bills. However, in some housing, energy use is master 
metered and tenants do not directly pay their energy bills. 

Short-Term Ownership. The average American moves once every five years; 
owner-occupied housing units are sold every eight years on average (Reid 1980). 
Many appliances last 15 years or more. Frequently, when homes are sold, the 
appliances are sold to the new owner. In this situation, consumers cannot be certain 
that when they move they can recover the value of high-efficiency appliances. 
Thus, consumers who think they may move before new appliances wear out have 
reduced incentive to purchase improved-efficiency appliances. In China this is less 
of a problem as households move infrequently and when households move, they 
generally take appliances with them. 

Manufacturer Design Practices. Manufacturers are interested in maxlmlzmg 
profits, not efficiency. High-profit items tend to be those with added features, so 
development of new features often receives more attention than development of 
improved efficiency. Even when high-efficiency models are developed, the high
efficiency models often are included in "premium" products that contain extra non
energy-related features that add to the cost of high-efficiency models but do not 
provide extra value to consumers. For example, a recent analysis prepared for the 
U.S. Department of Energy on residential water heaters found that high-efficiency 
gas water heaters generally also included a much longer warranty, which 
contributed to substantially high consumer costs than a standard-efficiency water 
heater (Barbour et al. 1996). This barrier also applies in China to some extent, as 
many of the most efficient appliances are produced by high-quality, high-end 
manufacturers whose products command a price premium. 

Manufacturer and Retailer Stocking Practices. Manufacturers and retailers are 
increasingly trying to reduce costs, with the result that the number of models 
produced and stocked are being reduced. For example, in 1996 and 1997, several 
U.S. manufacturers took many of their highest-efficiency refrigerators off the U.S. 
market as part of cost-cutting programs. As a result of these stocking practices, 
high-efficiency models are not produced by all manufacturers nor are they 
regularly stocked in many stores. In China too, most retailers stock only some of 
the many models that are on the market. 
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Panic Purchases. In developed countries, most appliances are purchased when the 
old appliance wears out. New appliances must be purchased quickly-before the 
food spoils or before the next load of laundry needs to be done. As a result, many 
consumers must purchase from dealer stocks. When high-efficiency appliances are 
not stocked, consumers are not able to purchase these models because few 
consumers have time to wait for a "special order" item. In developing countries 
such as China, this barrier is increasing in importance as sales of many appliances 
increased substantially in the 1980s and many of these appliances now need 
replacement. 

Lack of Consumer Awareness. Many consumers are unaware of the significant 
differences in energy consumption between different appliance models. Even 
where energy consumption is listed on a label, the labels may have limited impact 
as they are perceived as confusing or inexact by many consumers and salespeople 
(du Pont and Lord 1996, Harris and Casey-McCabe 1996). Even consumers who 
are aware that there are efficiency differences between models may be unaware of 
how to compare different appliances on a life-cycle cost basis. This barrier is 
probably greater in China than in the u.s. as China presently does not have an 
appliance labeling program whereas the u.s. has had a program for more than a 
decade. 

Nature of Purchase Decisions. Consumers consider many factors when they 
purchase appliances including manufacturer reputation, convenience, design 
features, color and styling. Efficiency rarely ranks near the top of this list. For 
example, in one of the more complete surveys of this type, Dyer and Maronick 
(1988) found that 28% of consumer's surveyed considered energy efficiency to be 
important in their recent refrigerator efficiency decision, behind size (mentioned by 
59% of purchasers), defrost mode (33%), color/appearance (32%), and price 
(28%). In China, one market study on refrigerator purchases found that reliability, 
cooling speed, and noise were the most important purchase characteristics, 
following by energy efficiency (O&M 1995). 

Lack of Capital. Improving product efficiency generally adds to product cost. 
Some consumers lack the capital to purchase more efficient appliances, even when 
energy bill savings will rapidly pay back the higher purchase price. Lack of capital 
is probably a larger barrier in developing countries such as China where appliance 
prices are frequently equal to many months salary. 

Obsolete or Limited Test Procedures. Energy efficiency claims are frequently 
substantiated with energy use testing and labeling. In some cases test procedures do 
not give credit, or give inadequate credit for some energy-saving features. 
Examples include measures to improve part-load performance in room air 
conditioners and dirt sensing controls in clothes washers and dishwashers. 
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4. Policy Solutions 

In order to help overcome these barriers, three major types of policies have been 
pursued in the U.S. and elsewhere-labeling, fmancing, and minimum efficiency 
standards. In this section, experience with these different policy interventions are 
briefly reviewed. 

4.1 Labelling 

Labeling programs can take several forms. Most common are comparison labels 
which report the energy use or annual operating cost of an individual model and 
usually some form of comparison to other models being sold. Such labels are now 
in use in Australia, Brazil, Canada, the European Union and the United States. 
These programs have seldom been evaluated, and when they are evaluated, 
evaluations tend to identify the proportion of consumers who find the labels 
"helpful" or "influential" (which can range from 35-75% (Harris and Casey
McCabe 1996). In Brazil, refrigerator energy use was reduced by about 15% from 
1985-1993. The labeling program appears to be a significant contributor to these 
changes as many inefficient models were withdrawn from the market shortly after 
labels were introduced, and some new high-efficiency models were introduced as 
well (Geller et al. 1997). Thus, the Brazilian labeling program appears to have been 
helpful in motivating manufacturers to make simple changes to their products. In 
more developed countries, where simple improvements were made long ago, 
comparison labels are likely to have more modest impacts. 

Another type of label is an endorsement label which provide a single "seal of 
approval" for products that meet or exceed established criteria. Examples of 
endorsement labels include the Energy Star, Power Smart, Blue Angel, and 
EcoLabel programs. The latter two include environmental criteria besides energy. 
Endorsement programs have also seldom been evaluated. Among the programs that 
have been evaluated are two utility-sponsored refrigerator labeling programs in the 
U.S. and the USEPA Energy Star Office Equipment program. The refrigerator 
program evaluations found that labeling combined with intensive promotion can 
increase sales of endorsed refrigerators by 23% and 12-15% respectively (Nadel et 
al. 1994). Market surveys conducted for the USEPA program indicate that 70-95% 
of personal computers, computer monitors, and printers are Energy Star compliant 
(Dataquest 1996). Discussions with manufacturers indicate that more than 70% of 
copy machines and nearly 100% of fax machines are Energy Star complint (Fanara 
1997). At the beginning of the Energy Star program, virtually none of this 
equipment met the Energy Star criteria. However, improving products to Energy 
Star levels was easy and inexpensive and thus many manufacturers changed entire 
product lines. Experience to date indicates that such high participation rates cannot 
be achieved with more expensive product improvements, such as high-efficiency 
refrigerators as discussed above. 



33 

4.2 Financing 

Financing programs also take several forms. Most commonly in the U.S., rebates 
are offered by utilities for purchase of high-efficiency appliances including 
refrigerators, air conditioners, and clothes washers. Evaluations of the most 
effective of these programs indicate that up to 60% of appliance purchasers 
participate in these programs. However these programs are not cheap: budgets 
typically are several million dollars annually for programs operated in just part of 
one American state (Nadel et al. 1994). Furthermore, once rebates end, there is a 
tendency for purchases of high-efficiency appliances to decline somewhat (see for 
example ECW 1997). 
Loan programs can be an alternative to rebates. However, loan programs tend to be 
more difficult to administer, and in consumer surveys, most consumers express a 
preference for rebates over subsidized loans (Nadel and Geller 1996). Loan 
programs typically have a lower participation rate than rebate programs. For 
example, a recent review of U.S. utility air conditioner programs found several 
rebate programs with participation rates of over 40% of air conditioner sales; the 
best loan program only had a 10% participation rate (Neme 1997). 

4.3 Minimum Efficiency Standards 

Minimum efficiency standards for appliances have been enacted in Australia, 
Brazil, Canada, China, Europe, Japan, Korea, Mexico, the Philippines, Russia and 
the U.S. (Nadel 1997). Programs can be mandatory (i.e. government law or 
regulation) or voluntary (i.e. agreements with manufacturers). Experience in the 
U.S. is that efficiency standards can save large amounts of energy, are cost
effective to consumers and government, and can be implemented without adverse 
impacts on appliance features or reliability. The impact of standards on the U.S. 
market is illustrated by Figure 1, which shows how most improvements in 
appliance efficiency take place in the years immediately preceding the effective 
date of a new standard. Since 1994 when the last U.S. appliance standard took 
effect, the average efficiency of appliances sold in the U.S. have been stagnant. 
Evaluations of the U.S. standards program estimate that the program will save 1.31 
EJ annually by 2000 (1.24 quadrillion Btu), have an average benefit-cost ratio to 
consumers of 3.2, and result in energy savings worth more than 1000 times 
cumulative government expenditures on the program (Geller 1995). On the other 
hand, proposals to significantly increase the stringency of some standards have 
been highly controversial and temporarily derailed the program (Nadel and 
Goldstein 1996). 

While most countries have adopted mandatory standards, Brazil, Japan and Korea 
have successfully used voluntary standards. In this countries, standards are 
essentially voluntary in name only; failure to meet standards is likely to result in 
substantial embarrassment or the imposition of mandatory standards. In countries 
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with truly optional voluntary standards (e.g., India), impacts have been limited 
(Nadel 1997). 

Conclusion 

Large improvements in appliance energy efficiency have already been achieved in 
many countries around the globe. Still, for many product types, there are 
opportunities to reduce appliance energy use by 25-50% relative to typical 
appliances being sold today. On an overall basis, appliance energy improvements 
can reduce current U.S. residential energy use by at least 20% and current Chinese 
residential electricity use by at least 15%. Many barriers stand in the way of 
achieving these savings, but labeling, financing, and minimum efficiency standards 
have all successfully overcome some of these barriers and spurred appliance 
energy savings. 

Labeling programs are most effective when efficiency improvements are easy and 
inexpensive for manufacturers to make. Reducing standby energy use of color 
televisions may be one such opportunity. For more expensive improvements, 
labeling programs can cause an increase in market share, but are unlikely to 
influence the majority of the market. Well-designed rebate programs can impact 
approximately half of annual appliance sales, but these gains are not cheap, and 
gains are likely to erode once programs end. Loan programs can also be helpful but 
are generally not as effective as rebates. Of the policy options, minimum efficiency 
standards have proven to be most effective in promoting appliance efficiency 
gains, although attempting to set standards too high can ignite controversy and 
potentially derail the standard-setting process. 
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Energy efficiency in the domestic sector, what can 
utilities do? 

Angelo Camplani, ENEL 

1. The nature of the efficiency issue; how utilities are 
addressing it 

Back in April 1994, during a stimulating workshop on "Energy Futures" organized 
by the strategic think-tank of the European Commission's Energy Directorate, a 
relevant question was raised. 

A "Sherlock Holmes" expert asked: 

~ why does the energy saving potential not materialize, in spite of expectations 
and dedicated ingenuity? 

~ are we facing some basic economic principles? or, 

~ are we missing much-needed advice by economic experts? 

No economists came forward to pick up the challenge; maybe, they were too busy 
providing politicians with prize-winning liberalization advice. The question has 
since been floating in the rarefied atmosphere of intellectual issues. Utilities have 
been attempting to address it, jointly with other stakeholders. 

In the meantime, five years have added to the fifteen already passed since the oil 
shocks and the birth of the virtual and "soft" energy source: "savings". Gains 
measured as reduction in energy intensity (minus 15-20% 199611980) are 
ascribable to technology advances and to structural changes in styles of production, 
rather than to a more efficient reallocation of energy sources on end-use markets 
and to reduction of the gap between best and average/obsolescent technologies. 

Revisiting the energy flows in modem societies may provide a hint towards 
shaping an answer to the efficiency issue, obviously only tentative and subject to 
validation in the field. 

For energy, to fulfil its aim of changing conditions under the guidance of human 
activity, modem societies have built a rather complex flow from raw materials in 
deposits, through a number of energy conversions, to the implementation of actions 
or the provision of services. 
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Two critical passages of this flow embody substantial potential savings: 

~ when energy undergoes its last conversion into motive power, heat, lighting, 
chemical energy 

~ when it materializes actions/services and "fades away" into the environment as 
low-grade heat. 

2. The search for the best available policies - utilities 
are contributing to their viability 

A blueprint for fostering savings in the household sector, that is emerging in the 
real world in a fragmented way but would benefit from a rational, all
encompassing approach, must focus on these two passages, keeping in mind: 

~ the sheer size of the "energy decision makers"; we heard this morning that one 
hundred and sixty million families impact end-use energy consumption with 
both day-to-day and investment decisions; 

~ families, once customers, are now clients of utilities or others (Energy Source 
Companies -ESCOs), as the liberalization drive changes cultures, approaches 
and rules; 

~ energy decisions must address not only welfare, as in the past, but sustainable 
development. 

The implications are: 

~ we are confronted with a mass "market"; competitiveness on prices and quality, 
plus customer retention are the drivers; individual decisions must aggregate 
towards an environment-friendly economic growth (the deep nature, with 
globality, of S.D.); 

~ the best available policies must be identified, designed, implemented, 
monitored and realigned periodically. 

A conceptual frame that breaks down the course of action into four domains may 
help the current blueprint: a kind of "laissez faire" with corrective measures on the 
side of the environment; the drain that collects the failures of the past: Italian 
nuclear policy, German/Spanish indigenous coal, generalized costly distortions 
under the shields of security of supply, efficiency, general interest; the S.D. 
policies, the subject of our reflection within the domain of energy/the household; 
command and control policies, aimed at the environment and fostered under the 
theory of "market failures". 
Climate change: it is dangerously shifting from to and the United States must be 
credited for prudence. To foster viability for moving towards the solution of the 
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problem (as everybody sensible is looking for) is probably more important today, 
than setting targets that leave the why, the how and the when unanswered. 

3. Energy services: an option preferred by utilities to 
address savings 

How to move this very large mass of energy operators into the upper right domain? 
Utilities, that pursued and experienced early and more recent approaches to 
Demand-Side Management and Integrated Resource Planning are now getting 
ready to face the challenge of energy services. Taking stock of the lessons learned, 
they intend first of all to move away from mandatory procedures towards fair, 
efficient markets, with sharp essential rules. 

The energy operator - the utility's/energy supplier's client today- has, within the 
current rulemaking frameworks, a range of choices. Typically, investment 
optimization focuses on solutions that may have various degrees of environmental 
performance. Risk avoidance, investment/current expenditure ratio, information, 
easy availability, local advice, inertia are all factors that may shift the decision in 
one direction or another. 

But gains, estimated by utilities to be larger, may arise from novel market 
structures; we got a lot of suggestions in this direction this morning. These 
structures must be coupled with optimal rules, a challenge in its own right to be 
picked up by Authorities. S.D. requires consensus policies, jointly developed and 
then easily applied. 

The energy service concept has one and foremost winning argument: as efficiency 
is placed within the service provider's business, it hits the bottom line. kWh', cubic 
meters of gas, liters of gasoil become cost factors for ESCOs and their savings 
directly translate into gross profits. 

But the S.D. character of energy services is not guaranteed as such; rulemaking 
must join. 

In fact, the potential role of electricity for S.D. goes beyond the "energy service" 
concept; it involves recycling and a number of system issues; the point here is that 
bringing much of this potential into the market arena favors effectiveness, 
durability of results, timeliness of action. The spectrum of problems is such that it 
would be unwise to rule out command and control policies, but it is important to 
keep their share down. The EU economic policy, the construction of the single 
space, the treaties are hinged on market discipline and market rules and any energy 
problem solved by going in the opposite way is most probably counterproductive. 
The lessons learned from DSM, but also from other issues, also point to the market 
way. 
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In a nutshell, the S.D. energy services will depend on the success of multilateral 
efforts. The gains on binomial efforts, i.e. Authorities-utilities, Authorities
manufactures, are already acquired. Now, we should expand to multiple 
partnerships. Achieving the best available policies is essential: this means rules 
only where they are needed, as far away from the market-place as possible, so 
flexible as to keep all reasonable options open, etc. 

Another important issue -as we have heard- is balancing long term vs. short term; 
is this an area of monetary policy? Energy services -transferring investment 
capability where needed into ESCOs' hands- substantially increase the rate of 
return (pay-back times from one/two to five years) but this is not enough. Kicking
off markets is another issue that calls for multipartner cooperation. 

The matter of rules includes one and foremost issue, splitting natural monopolies 
from free-market areas. The pathway chosen at the European level through the 
electricity directive is in the right direction. But further progress is needed. The 
medium term aim is: "fully open supply", limited open generation (with 
subsidiarity constraints of security of energy imports) and regulated "wires". The 
immediate need is balanced deregulation in all areas of source competition, gas vs. 
electricity, vs. oil products; the time gap between the electricity and gas directives 
must then be kept to a minimum (the US followed the reverse procedure). Finally, 
the specific nature of energy, which calls for energy policy, must be continuously 
recognized to keep in check the level of interference with market forces. 

4. Recycling and utilities 

Utilities' role in recycling is a less defined issue; we are in the backstage, neither 
leaders not co-leaders in this field. If recycling progresses deeper into the 
productive system (for example, devices are designed for recycling and returned to 
manufacturers at the end of their life), electricity is a preferred candidate for a 
number of back-end operations of the future "closed" cycle of materials 

Interest is keen for various reasons: 

=> opportunities for appropriate use of electricity for recycling; 

=> possible routing of scrap material towards electricity operations (municipal 
waste); 

=> effectiveness of electricity for final disposal of non-recyclable waste; 

=> best trade-off between raw materials and primary energy inputs into the energy
wise recycling society. 
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5. Information and utilities 
Results within reach are in the compass of information and behaviors; utilities' 
clients may act immediately and save 6% of C02 emissions under their direct 
responsibility, i.e. 2% of the emissions of the "System-country". 

The image is the one of the "zealous family" that by itself may substantially 
contribute to a problem that the Administration is mandated to solve; when energy 
services become a reality, all families will be "zealous" through their energy 
service providers. 

The direction is S.D.; let us progress along it and when "energy services" 
materialize, the spread of this culture will be ready to choose from "do-it-yourself' 
to relying on ESCOs, even for financing. 

6. What can utilities do? 
The above remarks point to one leitmotiv: utilities must help develop a sustainable 
energy development culture and "blueprints" along all axes: 

=> conceptual frameworks; 

=> advice on rules; 

=> fostering of new markets, backing actions with ideas and non-material support; 

=> helping towards a much wider stakeholders' co-ordination; 

Utilities are among those best placed to foster a sustainable development society; 
they know that value enhancement of their expertise goes that way; they are ready 
to put their capacity at the service of conceiving plans and conducting cooperative 
actions in the proper direction. 
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1. Introduction 
During the last several years, there has been much interest around the world in 
improving the energy efficiency of residential appliances. Methods to obtain this 
improvement include labeling, energy efficient appliance procurement (e.g., the 
work of Nutek in Sweden and the Golden Carrot in the United States (US», 
demand side management (DSM), voluntary agreements, and minimum energy 
efficiency standards. A number of countries have utilized voluntary targets or 
minimum energy efficiency standards as one method to reduce residential and 
commercial sector electricity demand. That demand reduction can result in fewer 
new power plants being built (and concomitant reductions in capital outlays) and a 
reduction in emissions of carbon dioxide. Since world demand for major 
appliances is projected to continue to grow, especially in developing countries, 
some countries have focused their efforts on programs to reduce appliance energy 
consumption; otherwise, electricity demand in the residential sector will continue to 
grow rapidly. This is particularly true in the developing countries where demand is 
growing most rapidly due to increasing saturations of certain appliances. Energy 
efficiency targets and standards have also been developed for lighting, commercial 
sector appliances, and motors I however, this article covers only appliances, water 
heaters and space conditioners in the residential sector. 

There is a large global potential energy savings (and concomitant carbon emission 
reduction) to be derived from energy efficiency standards for appliances and 
lighting equipment used in residential and commercial buildings. There have been 
several studies to estimate potential global energy savings from efficiency 
standards. Table 1 shows the results of an IPCC study that looked at measures to 
mitigate climate change2 • Total baseline global primary energy use in buildings 

I U.S. Environmental Policy Act of 1992, Public Law 102-486, October 24, 1992, 
Washington DC, U.S 
2 Technologies, Policies and Measures for Mitigating Climate Change, Intergovernmental 
Panel on Climate Change, edited by R. Watson, November, 1996 
A. Meier and 1. Hill, Energy test procedures for appliances, Energy and Buildings, Vo1.26, 
July, 1997 
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(both residential and commercial) is shown along with estimates of projected 
reductions in energy use from standards and codes. In 2050, there is also an 
estimate of additional reductions that could be achieved through R&D 
breakthroughs. This study did not look at individual countries but instead applied 
an estimated percentage reduction (15.5% in 2010, 21% in 2020 and 32% in 2050) 
to total global energy use in buildings. These percentage reductions were estimated 
by considering the use of market-based programs and mandatory standards for both 
thermal integrity and equipment in residential and commercial buildings. 

Table 1: Global Primary Energy Use and Energy Savings in Buildings (EJ) 

1990 2010 2020 2050 
Electric 51 69 79 109 
Generation 
Direct Fuel Use 62 83 95 152 
Total Baseline 112 151 174 261 
Total with Codes 112 128 138 137 
and Standards 

This paper discusses the present status of energy efficiency targets and standards 
for residential appliances. Heating and cooling products are included in this 
summary; lighting and computers are not. Energy efficiency standard is defined 
here as either an energy performance requirement on a product that can be 
confirmed through a designated test protocol or as a prescriptive requirement (e.g., 
gas clothes dryers shall not utilize continuous burning pilot lights). The energy 
performance requirement can take the form of an energy efficiency minimum or a 
maximum allowable energy use. The test protocol or test procedure describes the 
manner in which the energy efficiency or energy use is to be measured in a testing 
laboratory. Test protocols are not the subject of this article, but are summarized in 
another article. The author has endeavored to obtain the most up-to-date 
information for this report; however, due to fast changing conditions around the 
world, some errors and omissions may appear in this overview. 
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2. Energy Efficiency Standards 

2.1 History 

In North America, the first comprehensive energy efficiency standards for 
appliances were established in the State of California, US in the late 1970s. These 
efficiency standards were followed by additional ones in several other states. 
Eventually, this heterogenous mix of standards in various states motivated 
appliance manufacturers and efficiency advocates to negotiate national consensus 
standards; these consensus standards were enacted into law as part of the 1987 US 
National Appliance Energy Conservation Act (NAECA)3 . Manufacturers decided 
that it would be easier to meet one national standard than to produce and distribute 
models for different states. The first significant national appliance standards took 
effect under NAECA in the US in 1990. These were for refrigerators, freezers, 
water heaters and room air conditioners. 

Some European governments introduced legislation to limit the energy consumption 
of domestic appliances during the nineteen sixties and seventies; however, much of 
this early legislation was weak, poorly implemented and had little impact on 
appliance energy consumption4 • France introduced mandatory minimum energy 
efficiency standards for refrigerators in 1966 and for freezers in 1978. Russia 
introduced mandatory energy efficiency standards in 1976 and Poland is reported to 
have had mandatory minimum energy efficiency standards for a range of electrical 
appliances from as early as 1962. During the late nineteen seventies and early 
eighties, pressure to harmonize European trading conditions led to almost all of this 
nationally based legislation being repealed5• It appears that the Russian Federation 
does not have any energy efficiency standards for residential appliances at this time 
but is working on establishing new standards. 

2.2 Types of Standards 

Energy efficiency standards can be either mandatory or voluntary in nature. They 
can be in the form of a minimum allowable energy efficiency, a maximum 
allowable energy use or an average sales weighted value5 . Standards can be 

3 National Appliance Energy Conservation Act, Public Law 100-12, March 17, 1987. 
4 P. Waide, B. Lebot, and M. Hinnels, Appliance energy standards in Europe, Energy and 
Buildings, Vol 26, July, 1997 
5 H. Nakagami and B. Litt, "Appliance Standards in Japan", Energy and Buildings, Volume 
26, July, 1997. 
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performance based or prescriptive in nature. Performance type standards state 
allowable energy use or energy efficiency according to a specified test protocol 
whereas prescriptive standards require the presence of some feature ( such as a cold 
rinse option in a clothes washer) or absence of some feature (such as, no pilot light 
in a gas-fired clothes dryer). A test protocol would not be needed for a prescriptive 
energy efficiency standard. 

A number of countries currently have minimum energy performance standards 
(MEPS) or are in the process of developing them. There are two commonly used 
approaches to developing MEPS; the statistical approach and the 
engineering/economics approach. The former approach evaluates the range of 
products available in the marketplace and then establishes standards that reduce 
energy consumption by eliminating the least efficient models. The percentage of 
models eliminated can sometimes also be based on the desire to have a specified 
number of manufacturers that can produce the minimum efficiency product. The 
other approach, engineering/economics, assesses the costs of improving the 
efficiency of a particular product by changes in design and establishes standards 
that are technologically feasible and economically justified. The statistical approach 
is often used when standards are first considered and the engineering approach is 
often used for updates and modifications to the initial standards6 . 

2.3 Overview 

Table 2 summarizes the status of residential appliance energy efficiency standards. 
The nature of the standard (mandatory or voluntary), when it takes effect (if not yet 
effective), and the products affected are shown. Presently, the United States and 
Canada have the most extensive set of mandatory MEPS. These efficiency 
standards are being harmonized between the two countries. Additionally, Mexico is 
in the process of harmonizing their refrigerator and room air conditioner efficiency 
standards with the U.S. and Canada. In Western Europe, the European Union has 
finalized energy efficiency standards for refrigerators and freezers, they will take 
effect in late 1999. The EU is now considering standards for clothes washers and 
dishwashers. Australia will have energy efficiency standards taking effect for 
refrigerators, freezers and water heaters in 1999. They will likely attempt to 
harmonize with New Zealand. As can be seen from the table, other countries have, 
or are about to have, some selected efficiency standards for a few products. Other 
countries considering new or revised efficiency standards include Colombia, 
Ghana, India, Iran, Mexico, the Philippines, the Russian Federation, South Africa 
and Thailand. 

6 I. Turiei, T. Chan and 1. McMahon, "Theory and Methodology of Appliance Standards", 
Energy and Buildings, Volume 26, July, 1997. 
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Table 2: Status of Resi entia Appliance Energy E d . ( l' lClency tan ar s ffi' S d d 

Country/Region Mandatory/ Products Comments 
Voluntary 

Australia M RlFR&WH Effective 1999 
Brazil V RlFR 
Canada M All Similar to US 
China M R,CW&RAC Revisions being considered 
EU M RlFR Effective 1999 
India V RlFR&RAC Revisions being considered 
Japan V RAe 
Korea V R&RAC 
Mexico M RlFR&RAC Similar to US 
Philippines M RAC 
US M All 

* Products considered are refrigerators (R), freezers (FR), clothes washers, 
dishwashers, clothes dryers, cooking, water heaters (WH), room airconditioners 
(RAC), and central air conditioning (A/C). M = mandatory and V = voluntary 

2.4 Status by Country 

In this section, some information is provided about standards in each of the 
countries listed in the table above. Details of the standards can be found in another 
paper7 • Standards for the same product in different countries should not be 
compared if they were not developed in conjunction with the same test protocol. 

Australia 
In 1995, Australian energy ministers agreed to implement energy performance 
standards for refrigerators, freezers, and electric storage water heaters, to take effect 
in 1999. The specific energy performance standards are described in a paper by 
Harrington and Wilkenfeld8 . 

China 
China has established minimum energy performance standards for refrigerators, 
clothes washers and room air conditioners. There are also efficiency standards for 
less energy intensive appliances such as fans, rice cookers, televisions and irons. 

7 I. Turiel, Present status of residential energy efficiency standards: An international review, 
Energy and Buildings, Vol. 26, July, 1977 
8 L. Harrington and G. Wilkenfeld, "Appliance Efficiency Programs in Australia: Labeling 
and Standards", Energy and Buildings, Volume 26, July, 1997. 
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The standards for refrigerators vary as a function of unit size. For a 180 to 209 liter 
refrigerator-freezer, energy use must be less than or equal to 1.3 kWh per day (475 
kWhlyr). The Chinese State Bureau of Technology Supervision (SBTS) has begun 
to develop a new minimum efficiency standard for refrigerators. The new standards 
will likely be similar in format (but probably not as stringent) to the forthcoming 
European Union standards. 
China presently has efficiency standards for clothes washer electricity use. In China, 
cold water is used for washing clothes. For a two-tub washer with an automatic 
wash/rinse cycle control, the maximum energy use is 32 Wh/kg of clothes. For an 
automatic washer, the maximum energy use is 38 Wh/kg . Two-tub machines 
consist of one bin for washing the clothes and a second for spinning the clothes to 
extract excess water prior to drying. Clothes must be manually transferred from one 
bin to the other. 
Air conditioning is a major new electricity use for those households that can afford 
it. China has minimum energy efficiency standards for room air conditioners and for 
split system units. The standards require a coefficient of performance (COP) of 
2.20-2.32 for window units (depending on cooling capacity) and 2.30-2.44 for split 
system units. In the early 1990s, a proposal was made to raise China's minimum 
COP for room air conditioners to 3.1. That proposal was not accepted at that time. 
China is now reconsidering modified standards for room air conditioners. 

Europe 
The European Union has finalized (effective October, 1999) mandatory energy 
efficiency standards for refrigerators and freezers and is working on a voluntary 
target value scheme for clothes washers and dryers. At the present time, there are no 
mandatory minimum energy efficiency standards in the central Eastern European 
states but standards do exist in the Russian Federation for refrigerators and boilers. 
A paper by Waide et al describes these standards and target values5. 

India 
India has voluntary efficiency standards for both refrigerators and air conditioners. 
For refrigerators the maximum allowable energy use is a function of capacity. Table 
3 shows the standards9 . For room and split air conditioners, Table 4 shows the 
maximum allowable power 
demand for various cooling capacities lO 

9 Status Report for Selected Domestic Appliances: Summary and Recommendations, Mis 

Kirloskar Consultants Ltd., Pune, India, 1997 
10 Room Air Conditioner Specifications, Part I Unitary Air Conditioners, and Part 2 Split 
Air Conditioners, Bureau of Indian Standards, New Delhi, India, December, 1992. 
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T bl 3 M . a e : axlmum All bl E owa e nerg) se or e ngerators In n !a U fi R fl· . I d· 

Refrigerator Capacity (Liters) Maximum Allowable Energy Use (kWh/yr) 

65 548 

66 to 165 456 

166 to 300 821 

Table 4' Maximum Allowable Power Demand for Air Conditioners in India 
Rated Cooling Capacity Unitary Split System 
(kcallhr) Power Demand (kW) Power Demand (kW) 
1500 l.10 1.7 
1501 to 2250 1.40 1.7 
2251 to 3000 1.60 1.7 
3001 to 3750 2.00 2.6 
3751 to 4500 2.40 2.6 
4501 to 6000 3.20 3.4 
6001 to 7500 4.25 4.5 
7501 to 9000 5.2 5.4 

Japan 
Japan has a labeling requirement for refrigerators and freezers and is considering 
labels for many other products. They have established voluntary target energy 
efficiency standards for air conditioners, fluorescent lamps, copiers and televisions. 
These standards are described in an article by Nakagami and Lite. The existing 
efficiency standards are being revised and expanded. 

Korea 
The Korean government has established a mandatory labeling system and voluntary 
efficiency standards for refrigerators, refrigerator-freezers and air conditioners. In 
September of 1992, the government, under energy management law, issued 
regulations for the main energy-consuming products: refrigerators, air conditioners 
and lighting. The methodology employed both statistical and engineering analyses 
to develop efficiency standards and target values. 

Latin America 
At this time, there do not appear to be any mandatory appliance minimum energy 
efficiency standards in Central or South America. Several countries, such as Costa 



50 

Rica, Colombia, Chile, Peru and Brazil have shown some interest in pursuing 
standards. In Brazil, there are voluntary energy efficiency standards for 
refrigerators, freezers, and fluorescent lamp ballasts. 

North America 
In this section, energy efficiency standards in Canada, Mexico and the United States 
are discussed. Canada's first set of Federal level energy efficiency standards came 
into force in February of 1995. Individual provinces had established standards 
previous to the Federal efficiency standards. The Federal energy efficiency 
standards apply to refrigerators, freezers, clothes washers, clothes dryers, 
dishwashers, water heaters, cooking products, furnaces, air conditioners and heat 
pumps, lighting products and motors. Most of these products are regulated at levels 
consistent with those in the U .S.11 
Mexico has established energy efficiency standards for refrigerators (not for 
freezers), room air conditioners and motors. Labels are required for refrigerators 
and air conditioners. The labels contain features found in both EU and U.S. labels. 
Each model is ranked on a scale of A to E and the annual energy use or efficiency is 
also provided. Mexico utilizes test protocols very similar to those of the U.S. and 
has established energy efficiency standards similar to those presently existing in the 
U.S. Mexico is in the process of developing other energy efficiency standards for 
incandescent lamps, well pumps, washing machines and televisions. The U.S. 
energy efficiency standards are described below. 
In 1987, the U.S. Congress passed the National Appliance Energy Conservation 
Act2 (NAECA). Under NAECA, manufacturers of certain residential appliances 
must meet legislatively specified energy conservation standards by certain dates. 
There are thirteen product types covered under NAECA. The products are: 
refrigerators, refrigerator-freezers, and freezers; room air conditioners; central air 
conditioners and heat pumps; water heaters; furnaces; dishwashers; clothes washers; 
clothes dryers; direct heating equipment; kitchen ranges and ovens; pool heaters; 
television sets and fluorescent lamp ballasts. For each product type, there are 
subcategories of appliances differing in fuel type or some other characteristic 
affecting energy use; these are known as product classes. For example, gas and 
electric clothes dryers are in separate product classes. The NAECA legislation 
mandates periodic updates of these initial standards. Thus far, there have been 
updates for refrigerators, freezers, clothes washers, dishwashers, clothes dryers, and 
room air conditioners. 
The energy efficiency or energy use for each product type is measured according to 
test protocols established by the Department of Energy (DOE). Some prescriptive 
standards for clothes washers, clothes dryers, and dishwashers took effect on 
January 1, 1988. The requirements were: no pilot lights for gas clothes dryers, 

11 J. P. Des Rosiers, "The Canadian Experience in Regulating Energy Efficiency", Energy 
and Buildings, Volume 26, July, 1997. 
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availability of a cold rinse option for clothes washers, and availability of an option 
to dry without heat for dishwashers. Most models of these products already satisfied 
these standards when NAECA was written. In 1994, revised standards for clothes 
washers, clothes dryers and dishwashers became effectivel2 • In January of 1990, 
energy efficiency standards for refrigerators, freezers, room air conditioners, pool 
heaters, direct heating equipment and water heaters took effect. Standards for 
central cooling and heating equipment took effect in 1992 and 1993. Minimum 
energy efficiency standards for refrigerators and freezers first became effective in 
1990. They were updated in 1989 with new standards that became effective in 
1993. New standards that will be effective in July, 2001 have been finalized\3 

3. International and Regional Cooperation and 
Harmonization 

Harmonization of test protocols and energy efficiency standards is already taking 
place on a regional basis (e.g., within Europe, in North America, and possibly 
AustralialNew Zealand). Regional harmonization of test protocols and energy 
efficiency standards have been discussed in a number of meetings and workshopsl4 
15 16 

Some of the major barriers to regional or international harmonization of energy 
performance specifications (energy efficiency standards or energy efficient 
procurement activities, such as government purchasing), are listed below: 
1. Different test protocols 
2. Differences in climate 
3. Characteristics and usage differences for some products 
4. Differences in electricity or fuel prices 
5. Differences in cultural attitudes with respect to voluntary or mandatory 
specifications 
6. Differences in state of the art of manufacturing companies in a region. 

12 Notice of Final Rulemaking for Three Types of Consumer Products, Federal Register, 
Vol. 56, No. 93, May 14,1991, pp 22250-22279. 
13 Notice of Final Rulemaking for Three Types of Consumer Products, Federal Register, 
Vol. 56, No. 93, May 14,1991, pp 22250-22279. 
14 Workshop on Energy Labeling and Efficiency of Household Appliances, Stockholm, 
Sweden, May 6, 1991, Presentations published by NORDNORM, Copenhagen, Denmark, 
15 International Appliance Energy Efficiency Standards Meeting, International Energy 
Agency, Paris, France, May 30-31,1995. 
16 Regional Policy Workshop on Energy Efficiency Standards and Labeling, Organized by 
UNESCAP and UNDP in collaboration with IIEC, Singapore, September, 1994. 
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Summary 

There is widespread interest throughout the world in improving appliance energy 
efficiency. Methods to reach that end include energy labeling, energy efficiency 
standards and market conditioning (e.g, energy efficient procurement and DSM 
programs). Energy efficiency standards, which started out as an action to reduce 
demand for energy in individual countries, has now become a subject of regional 
and even worldwide dimension, particularly in the context of global climate change 
mitigation. Mandatory energy efficiency standards are in place for some appliances 
in China, Canada, Mexico, the Philippines and the United States. Standards for 
refrigerator/freezers will take effect in Australia and the European Union in 1999. 
Voluntary energy efficiency standards are in place for refrigerators in Brazil, India 
and Korea and for air conditioners in India, Japan and Korea. 
Table I showed potential global energy use reductions from codes and standards in 
buildings. If individual country data can be assembled, a more accurate approach to 
estimating potential reductions in energy use and carbon emissions would be to 
perform a bottom-up analysis for energy using equipment on an end-use basis in as 
many large developing countries as possible. The impact of standards would be 
assessed as more efficient appliances replaced existing stock models and new 
purchases that increased saturation rates were made at higher efficiencies than 
would otherwise be the case. This approach would show the slow but steady 
buildup of annual energy savings from efficiency standards or other programs to 
improve energy efficiency. 
A number of international agencies are showing interest in fostering improvement 
in appliance energy efficiency, such as the International Energy Agency (lEA), the 
U.S. Agency for International Development, (USAID), the Asian Pacific Economic 
Council (APEC), and the multilateral development banks such as the World Bank. 
In the near future, such efforts will likely focus on regional cooperation such as has 
already occurred in Western Europe and North America. The potential benefits of 
regional cooperation in developing labels or efficiency standards include potential 
sharing of expensive testing facilities by countries and easier (and less expensive) 
trade across borders if labels and efficiency standards are harmonized. 
Disadvantages of harmonization are that it could take longer to come to agreement 
on common labels, market incentives or energy efficiency standards and if 
standards are established, they might not be at the most appropriate level for each 
country in a region, but rather will embody some compromises. 
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The U.S. Department of Energy's Appliance 
Energy Efficiency Process Improvement Effort 

Deborah E. Miller, Special Assistant to the Assistant Secretary 
Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy 

1. Background 
Minimum energy efficiency standards for appliances have had a relatively long 
history in the United States, albeit a tempestuous and, at many times, politically 
charged one. After the oil shocks of the early 1970s, the U.S. Congress passed the 
Energy Policy and Conservation Act of 1975 (EPCA), setting energy conservation 
targets for residential appliances. This legislation was strengthened by 
amendments to EPCA in 1978 which directed the Department of Energy (DOE or 
Department) to prescribe minimum efficiency standards for certain household 
appliances. The statute provided that within five years of prescribing an appliance 
efficiency standard, the Department had to determine whether the standard should 
be amended. It also required that each proposed standard's maximum efficiency 
level must be "technologically feasible and economically justified" as well as 
allowed states to set their own standards if they had a "significant interest" in 
doing so. 
As a reaction to a decision by the anti-regulatory Reagan Administration to issue 
"no standard" standards in the early 1980s, the Natural Resources Defense 
Council and other petitioners including the State of California, sued the 
Department for its failure to prescribe "substantive" standards. The U.S. Court of 
Appeals found for the plaintiffs and, in its decision, laid out an important 
framework for a stringent appliance standards program which, to this day, 
provides important guidance for the Department of Energy. 

It is against this backdrop that interested parties (commonly referred to as 
"stakeholders") - appliance manufacturers, energy efficiency and environmental 
groups, utilities, and states - began negotiations to develop a proposal for a 
Federal program which would eventually form the basis for the National 
Appliance Energy Conservation Act of 1987 (NAECA). NAECA set standards 
and established schedules for mandatory review of standards for each covered 
product while strengthening the Federal preemption of states in appliance 
standards matters. 

Residential products covered under NAECA included refrigerators and freezers, 
room air conditioners, central air conditioners, clothes washers and dryers, and 
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establish minimum standards for commercial and industrial equipment, including 
commercial heating and air-conditioning equipment, water heaters, and electric 
motors. 

The appliance standards program initially enjoyed relatively broad stakeholder 
support. The program represented real energy savings which pleased 
environmental and energy efficiency groups and others, while appliance 
manufacturers supported Federal standards because they replaced disparate state 
standards that would have placed higher and higher costs on manufacturing. 
Reuben Autery, president of the Gas Appliance Manufacturers Association, in a 
speech in 1995, called the proliferation of state standards a "nightmare scenario." 
Said Autery, "The consumer as well as the manufacturer would lose with that 
scenario, as loss of efficiencies in production and distribution would result in 
higher prices." The support from each of these sectors, however, would soon 
diminish as the Department's appliance program faced serious organizational, 
budgetary, and analytical problems which slowed the issuance of standards. 

As the leader of the appliance standards process improvement team, I had the 
unique opportunity to work with (and sometimes cajole) a talented group of 
individuals toward moving the appliance standards program from certain death to a 
model of reinvention. In the balance of this paper, I will discuss how the 
Department's standards-setting program became the focus of controversy, the 
Department's corrective actions, and the lessons we've learned. 

With the upcoming Climate Change talks in Kyoto, Japan in December, energy 
efficient appliances again come to the forefront as important technologies to help 
combat global warming. It is my hope that, through our experiences, government 
organizations responsible for promoting the move toward energy-efficient 
appliances in their countries, will benefit from the lessons learned from this 
ongoing process of institutional reinvention. 

2. A Program in Trouble 

The appliance standards program is an important component of a three-pronged 
strategy that also stresses research and development and voluntary (or market-pull) 
programs. 

After being at the Department of Energy for only a short time, then Assistant 
Secretary Christine Ervin determined that the appliance standards program was in 
trouble. Even though DOE had developed a revised process for expediting 
rulemakings through its own decision-making apparatus, the Department had had 
only limited success in reviewing and updating appliance standards. In fact, by the 
end of 1994, only updated minimum standards for refrigerators and freezers and 
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minimum standards for clothes washers, clothes dryers, and dishwashers had been 
completed. With the heavy load of test procedures and appliance efficiency 
standards required by EPCA, and relatively flat funding, the Department continued 
to fall behind in the rigorous schedule prescribed by Congress. With the addition of 
certain commercial products covered under EPAct, the program's problems had 
been only exacerbated. 

Many manufacturers were highly critical of DOE's standards-setting process. In 
late 1994, the Department published proposed standards for eight products. The 
proposal was met with intense opposition from industry, which claimed that it 
contained faulty analysis and data. In all, DOE received over 5,000 responses 
during the comment period. After additional evaluation and political pressure, the 
Department acknowledged that portions of the proposal were problematic and 
responded by terminating the television standard and withdrawing the ballast and 
water heater standards for reanalysis and review. 

In early 1995, Assistant Secretary Ervin asked me to devise a strategy to deal with 
the program's problems. My first step was to bring together an intra-agency team 
of professionals to work with the program office. It has been my experience that 
team efforts often produce the best product. This team was to reconfirm that point 
time and time again. The appliance team expanded and contracted based upon need 
but was represented primarily by Michael McCabe, Director of the Office of Codes 
and Standards; Douglas W. Smith, Deputy General Counsel for Energy Policy; and 
Mark Friedrichs, Deputy Director of the Policy Office's Energy Efficiency, 
Alternative Fuels and Oil Analysis program. It was critical that this 
interdisciplinary team be engaged for it was these elements of the Department's 
decision-making process that had to agree to and participate in the new strategy. 

In the meantime, the need for this reinvention became more and more obvious. 
During the spring and summer of 1995, rumblings were coming from Congress that 
Department regulations would make it impossible for consumers to purchase an 
oven that could "cook an 18 pound turkey on Thanksgiving" or, more seriously, 
that our proposed standards would push companies out of business and cost 
American jobs. 

A wide array of stakeholders entered the fray, both for and against the program. 
Energy efficiency and environmental groups, some states and a few manufacturers 
including Whirlpool Corporation, supported the program, its budget and were 
against the moratorium. In an article in the New York Times on October 13, 1995, 
Howard S. Geller, Executive Director of the American Council for an Energy 
Efficiency Economy, wrote, "If Congress has its way, the Government will no 
longer be able to push manufacturers to make more energy efficient appliances -- a 
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change that will rob consumers of billions of dollars of energy savings and hurt the 
environment." 
Most other manufacturers, with varying degrees of participation, pressured the 
Congress against the program with claims that the Department's regulations were 
tantamount to "production bans." Industry expressed grave concerns about the 
program, and asked Congress to intervene. Some in industry just wanted a "time 
out" on the issuance of standards, but other major appliance manufacturers 
believed that with the anti-regulatory sentiment in the 104th Congress, they might 
be able to greatly weaken or kill the program. Among the claims they made were 
that the Department: 

• Used a decision-making process that was neither transparent nor 
understandable. 

• Failed to consult with stakeholders during the standards-setting process, 
especially at the beginning and during the analytic phases. 

• Did not seriously consider alternatives to rulemaking. 
• Relied on analysis and computer models that few people understood or 

trusted. 
• Failed to consider the effects of standards on small and medium-size 

manufacturers and the cumulative effects of multiple standards on 
manufacturers that produce several covered products. 

• Emphasized "maximum technology," basing standards on prototypes and 
unproven technologies without regard for practicability. 

In the end, after much debate and political positioning, Congress placed a 
moratorium on proposing or issuing energy conservation appliance standards for 
one year. 

3. The Path to Progress - The Process Improvement 
Effort 

The process improvement effort actually had begun well before members of the 
104th Congress first convened. In response to the National Performance Review's 
Regulatory Reform Initiative of 1993 led by Vice President Al Gore, Jr., the 
Department had begun a six-month process to streamline and otherwise improve its 
regulatory efforts. Management had worked with program staff to implement these 
recommendations. Staff from the Office of Codes and Standards were organized 
into teams and began meeting earlier and more frequently with senior DOE staff to 
get guidance on unresolved issues. Program staff made other changes to the way 
rulemakings were conducted, including being more consultative with stakeholders 
and encouraging "consensus rulemaking" (agreement among all outside interests) 
whenever possible. 



But after years of miscommunication 
and mistrust these piecemeal efforts 
were not enough to make the 
difference. What the Department 
needed was a high-profile, public 
process improvement effort in which 
the Department and the public could 
work toward a mutually agreeable 
solution. The process improvement 
team decided to bring together 
interested parties and to employ a 
neutral party (or facilitator) to lead 
the meetings. The team believed this 
would help the Department and its 
stakeholders to overcome years of 
mistrust and competing objectives to 
develop a solution. 
At the same time, the Department 
initiated an informal research effort 
and began a series of preliminary 
meetings to identify opportunities for 
improving the rulemaking process, 
standards priority setting, analysis 
methods, and Department decision 
making. The Department engaged 
Arthur D. Little (ADL), a well
known consultant, to help it with its 
work. 

When the Department announced its 
formal process improvement effort in 
the fall of 1995, it was obvious that 
we had our work cut out for us. That 
challenge entailed bringing to the 
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Critical Dates in the Process 
Improvement Effort 

September 1995 
DOE announces the process improvement 
effort to stakeholders. 

November 
DOE conducts a stakeholder meeting 
initiating the process improvement effort. 

January 1996 
DOE conducts stakeholder meeting on 
planning. 
DOE conducts stakeholder meeting on 
input/analysis. 

February 
DOE conducts a stakeholder meeting on 
decision making. 

March 
DOE holds a public workshop on the process 
improvement effort. 

April 
DOE distributes to stakeholders a draft 
interim report on the process improvement 
effort. 

May 
DOE holds a public meeting on the 
manufacturer impact analysis and the 
development of the interpretive rule. 
DOE publishes a draft interpretive rule and 
report. 

June 
DOE holds a 
interpretive rule. 

July 

public meeting on the 

DOE publishes the interpretive rule III the 
Federal Register. 

table groups with widely varying interests and somehow replacing 
miscommunication and cynicism with communication and trust. Among those 
invited to participate in the core planning group for the process improvement effort 
were key representatives of energy efficiency and environmental groups, appliance 
manufacturers and their trade associations, state energy offices, and utilities. 

The group dynamics would prove to be complex and extraordinarily challenging. 
On one end of the spectrum were energy efficiency and environmental groups as 
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well as some states and utilities which historically had applied constant pressure 
toward standards-setting. On the other end were manufacturers, who months earlier 
had lobbied Congress for a moratorium. To complicate matters, there were 
conflicting interests even within the ranks of manufacturers: one had developed 
high-efiiciency products, anticipating new standards; others had invested otherwise. 
Each would do whatever it took to protect its market share. 

On November 21, 1995, the Department held its first organizational meeting of the 
core planning group. This meeting was extremely difiicult, and it took herculean 
efforts by facilitator Doug Brookman to manage the anger into more productive 
dialogue. Our bottom line objective at this first meeting was to get the core group 
participants to agree to help us develop an agenda for discussion, debate and 
possible resolution. At the end of a very long day, we had achieved our first goal
to schedule a series of fast-track meetings for early 1996 which would bring these 
interested parties together for much discussion and debate. All meeting agendas 
and other content would be dictated by consensus of the group, wherever possible. 

On January 3, 1996, the Department held the first of those important discussions, 
which focused on the planning of standards activities. Two weeks later, there was a 
second meeting to discuss input and analysis, and at the February 13 meeting, the 
topic was decision making. 

While each meeting was productive, in retrospect, I cannot say that any of them 
were easy. There were constantly changing group dynamics, hidden agendas, and 
debates. But, with the help of a dedicated and innovative staff, the Departmental 
appliance standards process improvement team, we were able to develop a wide
ranging group of recommendations that had the tacit support of most of the 
participants. 
After the initial core group meetings were completed, the Department compiled the 
findings and presented them in draft to a broader stakeholder group at a public 
meeting of about 150 people conducted on March 19-20, 1996. Once again, what 
startled the Department was the degree of hostility to the program and even to the 
core group's findings. The lesson that was learned was simply that even though the 
Department had worked with many of the stakeholders' representatives, nothing but 
face-to-face contact, and the rebuilding of trust and communication, would sufiice. 
Based on the results of this important meeting, the Department issued a draft 
interim report on the process improvement effort. The interim report was 
distributed to the public and comments on the draft process were solicited. I After 

Ervin, C. (1996). Results of the Appliance Rulemaking Process Improvement Effort (Draft). 
Washington, DC: U.S. Dept. of Energy. Available from the Office of Energy Efficiency and 
Renewable Energy. 
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some minor revisions, the final report was then sent to Congress to document our 
work. 

One of the greatest concerns of some of the stakeholders was the temporary nature 
of the political leadership at the Department. Since most of the key decision makers 
at the Department were appointed by the President, the feeling was that there was 
nothing which prevented a different group of decision makers from ignoring the 
process. The Department made the decision to codify these new procedures in a 
"process rule" which would be published in the Federal Register? Even in this 
effort the Department worked with its stakeholders in drafting the language of the 
rule, which was published on July 15, 1996, less than a year after the formal process 
improvement began. 

4. The Improved Process - A New Paradigm for 
Regulators 

Through this process rule, the Department of Energy institutionalized several 
aspects of the new rulemaking process. These commitments can be grouped into 
three categories: procedural, analytic, and interpretive. 

Procedural -- provide for early input from stakeholders; increase the predictability 
of the rulemaking timetable; reduce the time and cost of developing standards. 

Analytic -- increase the use of outside technical expertise; eliminate problematic 
design options early in the process; conduct a 
thorough analyses of impacts; use transparent and robust analytical methods. 

Interpretive -- fully consider nonregulatory approaches; articulate policies to guide 
the selection of standards; support efforts to build consensus on standards. 

The most important element of the new process is the level at which it involves 
stakeholders. The entire rulemaking process was redesigned with stakeholders in 
mind. Interestingly, it can be justified in much the same way standards can. 
Standards often result in a higher purchase price - or first cost - to the consumer, 
but these costs are recovered from lower operating costs. The redesigned process 
also involves a higher first cost - this being that most of the work occurs at the 
beginning of the process - and the payoff occurs later. In the old paradigm, DOE 
developed the standard or test procedure with limited consultation, then submitted it 
for public approval, with the result that DOE was put in the position of having to 

U.S. Dept. of Energy. Energy Conservation Program for Consumer Products: Procedures 
for consideration of New or Revised Energy Conservation Standards for Consumer 
Products. 61 FR3694 (July IS, 1996). Government Printing Office. 
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beginning of the process - and the payoff occurs later. In the old paradigm, DOE 
developed the standard or test procedure with limited consultation, then submitted 
it for public approval, with the result that DOE was put in the position of having to 
defend its decisions and sometimes revisit its analysis. The new process involves 
the stakeholders from the start, and by the time DOE publishes a notice of 
proposed rulemaking, many of the key issues will likely be resolved. In stark 
contrast to the old process, stakeholders now participate in the development of the 
market analyses and technology characterization, the screening of design options, 
the engineering analysis (using a conventional design-option approach or, in 
response to manufacturer requests, cost-efficiency curves), the life-cycle cost 
analysis, and the national benefit analysis. These steps will occur before the 
advanced notice of proposed rulemaking is published. 

Further, stakeholders now participate in the development of the analyses of impacts 
on manufacturers, consumers, utilities, and the environment. The focus of the 
analyses is no longer on averages, but on ranges. So, for example, the Department 
is increasing its consideration of the variability of economic impacts on significant 
subgroups of manufacturers and consumers. 

The Office of Codes and Standards has developed an analyses framework that is 
customized to each rulemaking. The framework describes the major components of 
the methodology and identifies relationships among the various sections. It 
includes summaries of past events, status reports of current analysis, discussions of 
key issues, DOE's perspective on these issues, and requests for additional 
stakeholder input. The framework enables staff and all stakeholders to follow the 
analysis. 

The priority-setting process is now more public and transparent and sets priorities 
based not only on potential energy savings, but also with consideration of other 
economic and environmental factors. The first priority-setting meeting under the 
new process was held in June 1996. 

Finally, the Department created an advisory committee to guarantee stakeholders 
access to the process and to oversee the general process improvement so there is 
continuous evaluation of the changing needs of the new process. Stakeholders are 
welcome to address their concerns about the process to the committee. 

5. Lessons Learned 

In retrospect, what did we do right? Much of this is common sense that was once 
ignored by government. 



Staff interdisciplinary teams 
work well - Our team proved 
to be innovative and responsive 
and has stayed together as we 
continue to face implementation 
challenges and keep your 
strategy flexible so that it can 
evolve as new circumstances 
arise. 

Communication early and often 
with the public is critical -
Even though the Department 
must make the final policy call, 
getting input from a variety of 
interests is not only helpful, but 
absolutely critical, if 
government policies are going 
to be made in the context of 
real-world experiences. Get the 
input early before your agency 
gets fixated on one direction. 

Make your processes as 
transparent as possible - In 
this newly evolving paradigm 
of a more benign and 
responsive government, there is 
value in working with the 
public to develop a process that 
is understandable. 

Do the right thing - No one 
could have predicted the end 
result of our process 
improvement. We believed that 
we would succeed (even under 
extreme political pressure) 
because we were doing the right 
thing opening up the 
process, trying to understand 
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Implementation of the New Process 

June 1996 
DOE conducts a public meeting on 1997 priority 
setting. 

August 
DOE distributes the priority listing for comment. 
DOE reopens the comment period for refrigerator 
standards. 

November 
DOE conducts clothes washer standards workshop. 
DOE conducts manufacturing impact analysis 
workshop. 
DOE publishes the priority listing in the Federal 
Register. 

January 1997 
DOE convenes first Advisory Committee meeting. 
DOE conducts motors test procedure workshop. 

February 
DOE conducts water heater test procedures 
workshop. 

March 
DOE conducts manufacturing impact analysis 
workshop. 
DOE conducts ballast standards workshop. 

April 
DOE publishes new refrigerator standards. 
DOE conducts plumbing products test procedures 
workshop. 

June 
DOE convenes second Advisory Committee 
meeting. 
DOE conducts water heater standards workshop. 

July 
DOE consults with stakeholders on priority listing 
for 1988. 
DOE conducts clothes washer standards workshop. 

September 
DOE distributes draft priority listing. 
DOE conducts room air conditioner standards 
workshop. 
DOE conducts central air conditioner test procedure 
workshop. 

the concerns of our stakeholders, and developing a process that was more user 
friendly. 
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Conclusion 

The Department of Energy succeeded in bringing together stakeholders 
representing a wide range of interests many of which were in conflict. We 
addressed stakeholder concerns, persevering through a process that was initially 
characterized by distrust and enmity. In less than one year, we published a process 
rule that won wide support among the public and policy makers. We succeeded in 
moving from a process that was adversarial and closed to a process that is 
cooperative and open, with extensive opportunity for dialogue. 

In the end, the Department always will face challenges with setting energy 
efficiency standards for appliances. Industry does not like government regulation, 
but for now, regulation is necessary to reach certain policy objectives. We too 
prefer market-driven programs - when they are as effective. With the Climate 
Change challenges faced by all nations, efficient appliances do have an important 
role to play in decreasing energy use. And, as we continue to develop market
driven initiatives and pursue research and development, we will strive to meet our 
regulatory responsibilities in a manner that is accessible and effective. 
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Impact of U.S. Energy Efficiency Requirements on 
Appliance Industry 

Charles Samuels, AHAM 

The United States (US) government program requiring certain major appliances 
(dishwashers, freezers, refrigerators, refrigerator-freezers, ranges, room air 
conditioners, clothes washers and clothes dryers) to meet minimum energy 
efficiency requirements probably accelerated structural changes in the industry 
that were looming in any event and significantly altered the investment cycles of 
the industry. 

1. Background on Industry Conditions Prior to Energy 
Efficiency Standards 

The us major appliance industry in the early 1980's was a mature industry in 
terms of markets, products and technology. The market for major appliances was 
highly saturated with product ownership at nearly 100% for refrigerators and 74% 
for clothes washers. (See Chart 1) 

Industry shipments of all major appliances (dishwashers, clothes washers and 
dryers, ranges, microwave ovens, freezers, refrigerators, refrigerator-freezers, 
room air conditioners) were around 40 million units and compared to 35 million 
units in 1978. These appliances were produced in 96 domestic factories. 
Production capacity exceeded the market for major appliances. 
This translated into depressed dollar sales for major appliances when compared to 
other consumer products. At the retail level, where one nationwide chain 
accounted for nearly one-third of industry sales, this condition led to a market 
conditioned to compete primarily on the basis of initial frrst cost. 

Consolidation of appliance manufacturers was underway in the early 1980's with 
the entry of White Consolidated Industries (WCI) into the industry through the 
purchase of Westinghouse and Philco-Ford and the subsequent purchase of White 
by Electrolux, which already owned the range manufacturer Tappan, in 1986. 
Much more consolidation was to follow. However, appliance manufacturing was 
overwhelmingly US owned and imports constituted less than two million units, 
two-thirds of which were microwave ovens. 
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The basic electro-mechanical technology employed in major appliances had 
changed relatively little since the introduction of automatic clothes washers, self
cleaning ovens and self-defrosting refrigerator-freezers in the 1950's and 60's. 
The microwave oven is the youngest major appliance and it was introduced to the 
consumer market on a broad basis in 1967. The industry had evolved away from 
regular model line revisions and product investment cycles were increasingly 
driven by individual company internal considerations rather than external, 
market -driven considerations. 
Energy efficiency of major appliances was not a significant marketing factor 
because energy costs in the US were relatively low compared to other developed 
countries; due to relatively abundant natural resources in some parts of the 
country and public policy in the remainder. 

2. Impact of the Energy Efficiency Standards Program 

The us industry supported the legislation creating the appliance energy efficiency 
standards program out of a concern to retain the benefits of a single domestic 
market for its products. Advocates of appliance energy efficiency threatened to 
achieve state-by-state energy efficiency standards; thereby destroying the large 
homogenuous market that manufacturers had grown to rely upon. 

Appliance manufacturers would have preferred that a national energy labeling 
program and/or voluntary energy consumption reduction program precede a 
mandatory program. In fact, the industry was working with New York State on a 
room air conditioner labeling and promotion program; but it became apparent that 
several states were likely to enact mandatory performance programs before the 
results of labeling or voluntary programs could be tested. 
A Federal appliance program would also introduce a pattern of predictability as to 
the timing and, initially, the level of performance required. These considerations 
are extremely important in an investment intensive industry such as large 
appliance manufacturing. 
Enactment of the National Appliance Energy Conservation Act in 1987 set the 
industry down the road to a significant new operating environment that may not 
have been accurately anticipated by the industry. 
As the administrative officer of the industry's trade association, AHAM, it seems 
clear to me that the appliance energy standards program contributed significantly 
to the acceleration of the industry consolidation and, at the same time, to the 
restructuring of the industry to include new niche producers, several of which are 
non-US owned. 

Industry consolidation was accelerated because the market did not compensate 
manufacturers for the increased investment in product development and 
manufacture that was required by the implementation and the periodic upward 
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revision of the energy efficiency standards. This development favored the larger 
companies who have better access to investment capital and the ability to spread 
the investment over a larger production base. 
An investment in energy efficiency becomes a forced investment in a feature that 
gives little or no competitive advantage (since all manufacturers must meet the 
standard) and has little demand in a marketplace that remains extremely ftrst -cost 
sensitive. 

Evidence that appliance manufacturers have not received compensation for their 
investment can be found in data comparing the overall Consumer Price Index for 
all items with the major appliance index. 1982 is the base year. (Chart 2) 
Clearly, the rapid consolidation of the US appliance industry that occurred 
between 1986 and 1992 was not primarily driven by the energy standards program 
but the program's existence had to have influenced the "sell" side of 
thetransaction as smaller manufacturers contemplated the investment 
requirements looming ahead because of the program. Likewise, the depressed 
sales value of the "last company out" must have been a factor. On the "buy" side 
of the equation, the energy standards program increased the value of an expanded 
production base upon which to spread the investment cost. It was during this 
period that Whirlpool, Maytag, and GE made purchases of one or more 
competitors to become dominating full-line producers, with Electrolux. 

Today, these four major appliance manufacturers account for nearly 90% of 
domestic sales. 

This consolidation was followed by the "eaning out"of production capacity in 
North America. Our studies indicate that in 1985 there were 96 appliance plants 
in the United States. Today, we count 22. In Canada the rationalization of 
production was just as rigorous. 

A review of government data on capital expenditures history for the industry's 
three major product categories--laundry, refrigerator-freezers and cooking--gives 
some perspective on how the cost of being in the business rapidly increased in the 
period when energy efficiency standards also became an operating discipline. 
(Chart 3) 

The capital investment was up as much as three times the 1977 rate for these 
products. 

This is not entirely related to energy efficiency improvement costs because during 
this period there has been intensive investment by these emergent appliance 
giants for head-to-head competitive reasons, but I believe the necessity of product 
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reinvestment due to government requirements accelerated the frequency and 
scope of the product investments seeking competitive advantage. 
There has been during this period an influx of new appliance competitors, several 
of which are European-based. These companies have established beachheads in 
some cases by offering energy efficient products that they had marketed for many 
years in their home markets but had considered unsuitable for the US market until 
the government energy requirements "brought the market to them," so to speak. 
These companies have, with relatively little investment in product technology, 
entered the market offering efficiency levels unique to the US market but standard 
in the European market. 

Summary 

The US major appliance energy efficiency standards program has changed the 
energy performance of the products produced for the US market dramatically. 
The following charts on refrigerator, room air conditioner, clothes washer and 
dishwasher energy consumption illustrate this fact (the horizontal line indicates 
the year a new standard was implemented). (Chart 4, 5, 6 and 7) 
However, manufacturers have, for the most part, absorbed the cost of achieving 
these standards because market conditions allow little pass through of costs and a 
mandatory standards program dampens the opportunities for utilizing energy 
efficiency for individual brand advantage. 
This combination of increased capital investment requirement and minimum 
return on that investment has increased the rate of consolidation of the industry 
and also provided entrance opportunities for non-domestic manufacturers who 
have been given a competitive opportunity. 
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CHART! 

Major Appliance Ownership Number (in millions) and Percentage of United 
States Households with Product 

1970 (a) 1982 (b) 1990 (c) 1996 (d) 
Product Num .. % Num .. % Num .. % Num .. % 
Refrigerators 63.3 99.8# 83.4 99.9 92.1 97.7 94.5 95.6 

Washers 45.1 71.1 61.5 73.6 80.9 85.9 92.9 93.9 

Dryers 26.4 41.6 54.6 65.3 75.9 80.6 81.5 82.4 
Electric 18.6 29.3 42.3 50.6 56.6 60.1 60.4 61.1 
Gas 7.8 12.3 12.3 14.7 19.3 20.5 21.1 21.3 

Electric Ranges/ 25.8 40.6 48.4 58.0 59.5 63.2 51.9 52.5 
Cooktops ## 
Dishwashers 12.0 18.9 37.2 44.5 50.8 53.9 56.3 56.9 

Freezers 17.9 28.2 35.7 42.8 42.8 45.4 41.9 42.4 

Gas Ranges/ 
Cooktops ## 36.6 57.7 35.7 42.7 37.1 39.4 33.3 33.7 
Room Air 
Conditioners 16.9 25.0 22.6 27.0 30.5 32.4 30.4 30.7 
Microwave Ovens 

Neg. Neg. 21.4 25.6 77.9 82.7 89.5 90.5 

(a) 1970 appliance saturation data, 1970 Census of Housing Series HC(SI)-6 
except those products marked with # (see separate footnote) 

(b) 1982 appliance saturation data, Appliance Magazine, September 1993 
© 1990 appliance saturation data, Home Appliance Saturation and Length of 

First Ownership Study, 1996, NFO Research, Inc. 
# Merchandising Week data 
## Cooktops not included in 1970 or 1982 data 
NOTE: Number of households with product based on US Census Bureau 
projections of occupied housing units in relevant year (98.9 million in 1996). 
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CHART 3 

u.s. Major Home Appliance Industry New Capital Expenditrues (in millions 
of dollars) 

Laundry Refrigerator- Cooking 
Year Equipment Freezers Equipment 

1977 27.3 46.9 36.1 

1982 35.1 79.1 51.5 

1987 73.4 100.3 79.6 

1988 93.2 133.6 92.6 

1989 59.4 172.6 63.2 

1990 54.6 101.9 84.7 

1991 82.2 168.7 95.7 

1992 93.6 187.4 82.9 

1993 73.5 139.9 82.6 

Source: 1992 Census of Manufactures and Annual Surveys of Manufactures 
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The U.S. Experience in Appliance Energy Efficiency: 
Successful Past, Challenging Future 

David M. Nemtzow 
Alliance to Save Energy 

The U.S. has extensive experience promoting the energy efficiency of appliances: 
governmental and non-governmental, mandatory and voluntary, successful and 
unsuccessful. Efficiency efforts for appliances and other equipment have saved 
the U.S. economy nearly as much energy as have automotive fuel economy 
standards. But the future of these efforts is in question as the U.S. remains in a 
period of stable energy prices and supplies, yet with heightened concern about 
ambient and global air emissions. 

The United States has more than twenty years of experience promoting the energy 
efficiency of appliances and related equipment. These activities include the 
following: 

1. Mandatory energy efficiency performance standards; 
2. Mandatory labeling of energy performance for all appliance models; 
3. Labeling of the most efficient models within an appliance class; 
4. Innovative financing and other financial subsidies for purchasers of efficient 

appliances; 
5. Educating the public about the merits of and options for choosing efficient 

appliances; and 
6. Numerous energy efficiency, energy, consumer and environmental policies 

that indirectly promote the production, marketing and/or purchase of energy
efficient appliances (e.g. air quality regulations). 

This presentation will examine the U.S. experience within three of the above 
areas. 

1. Labeling the most efficient models within an 
appliance class 

Since 1993 the U.S. Environmental Protection Agency (USEPA), and more 
recently the U.S. Department of Energy (USDOE), has allowed manufacturers to 
use an "Energy Star" label. The goal of the Energy Star labeling program is to 
complement the existing U.S. labeling regime (that precisely reports the energy 
performance of all appliances) by readily identifying for consumers the highest
performing models with a brightly colored logo. The use of the label by manu
facturers is completely voluntary although it can only be used on models that 
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are determined by USEPA and USDOE to be highly efficient, typically the top 
quartile of models within a class. The Energy Star label is applied to refrigerators, 
dishwashers, clothes washers, and room air conditioners, as well several other 
types of equipment, including computers, office equipment, HV AC, and lighting. 

Principal benefits: non-mandatory, market-oriented, simple and clear for 
consumers. 

2. Innovative financing for purchase of efficient 
appliances 

Since the 1970s various parties in the U.S. have provided low-cost financing and/or 
direct subsidies for purchases of many types of efficient appliances. This approach 
has been effective, particularly at accelerating marketplace acceptance of new, 
highly efficient technologies. However, the direct rebate payments offered by 
many U.S. utility companies are relatively expensive and - accelerated by the 
possibility of retail electric competition and its attendant pressure to cut expenses -
utility companies are dramatically curtailing them. Various parties in the U.S., 
including mortgage lenders, are now exploring innovative methods to finance the 
purchase of efficient appliances without ongoing subsidies; it is currently unclear 
whether these efforts will succeed. Principal benefits: non-governmental, non
mandatory, enormous potential if successful. 

3. Mandatory energy efficiency standards, at both the 
state and federal levels 

Since the 1970s various states and the federal government have instituted 
regulations that mandate the energy performance of various appliances and other 
equipment. The goal of the standards are to save large amounts of energy by 
aggressively responding to various market imperfections. This approach has been 
controversial almost from its inception and has led to numerous statutes and 
lawsuits; additionally, a key element of the U.S. experience has been the 
jurisdictional debate (state "versus" federal; Congress "versus" USDOE). Since 
1987 the standards have been set at the federal level (after largely pre-empting the 
authority of state governments in this arena); this current regime sets minimum 
standards directly in the law and requires USDOE to periodically set more stringent 
standards, should a review determine the need for doing so. Federal standards now 
exist on a long list of appliances - including most laundry and cooking equipment, 
refrigerators, HV AC, and water and pool heaters - as well as lighting, electric 
motors and other types of equipment. Principal benefits: very large energy 
savings, invisible to consumers, effective. 



European Union Efforts to Promote More Efficient 
Appliances 

Paolo Bertoldi 
European Commission, Directorate General for Energy 

1. Introduction 

Given electricity particular importance in the energy sector, with electricity 
generation accounting for about 35 % of total primary energy use and about 30 % of 
all man-made CO2 emissions, the European Council adopted on 5 June 1989 a 
Decision establishing a Union action programme for improving the efficiency of 
electricity end-use, PACE. The Decision calls for the Commission to manage actions 
within the Member States by playing a co-ordinating role and, where appropriate, 
leading its own actions. 
Under the PACE programme a number of different actions are being pursued in the 
domestic, commercial and industrial sectors. These actions in the different areas are 
all based on a common principle : they must be economically viable and achieve 
energy savings, i.e. the efficiency improvement cost must be paid back in a 
reasonable time by the electricity saved (Bertoldi 1995). 
During the initial phase of the programme particular attention has been paid to the 
domestic sector, because it accounts for about 30 % of total electricity demand in the 
European Union. In addition it was indicated by experts working for the 
Commission that the traditional barriers to penetration of energy efficiency 
technologies were particularly difficult to overcome in the domestic sector. 
This paper focuses on policy options and measures to transform the market and 
foster the penetration of more efficient domestic appliances. The need of 
governmental action to transform the market is, at present, subject of long 
discussions among policy-makers in the European Union: several policy-makers 
claim that 'if energy efficiency is economically viable it should happen by itself' and 
insist on the need to reduce legislation and governmental intervention in economic 
affairs, this has largely affected energy efficiency policy and programmes and it has 
resulted in an increased use of non-regulatory options such as voluntary agreements. 

2. The Market Transformation Process 

Energy efficiency improvement is a rather complex phenomenon, which is affected 
by the decisions of different actors : manufacturers, retailers, consumers, 
professional consultants, etc. Although energy efficiency is economic in that 
investments are repaid in a few years, the measures actually taken to improve energy 
efficiency in general, and electricity end-use in particular, are far less than the 
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economics justify: this is partly because the relevant decision making is dispersed 
between the different actors. As illustrated in several studies (Hirst 1990; Nadel 
1994; Reddy 1991), there are several barriers to the penetration of energy efficient 
products such as: consumers' lack of both information and capital for investment, 
very high rate of return for energy efficiency investments, equipment owner not 
paying for running costs etc. As a result of market failure to achieve the 
'economical' efficiency improvements, governments have implemented policy and 
programmes to remove barriers to energy efficiency. 
Several studies have demonstrated that large potential exists for improving efficiency 
of domestic appliances, for instance vacuum panel refrigerators could halve the 
energy consumption. The question now is, how should these technological 
improvements be diffused through the market? 
As a matter of fact the largest single electricity-consuming domestic appliances, 
refrigerators are now available in models which are far more economic, at little 
extra cost. Indeed it is estimated that if all efficiency improvements which are 
economic to the consumer, that is with a payback period of three years or less, were 
incorporated in domestic refrigerators, almost 40 Terawatt-hours (TWh) a year of 
electricity could be saved in the Union, which is about the total electricity 
consumption of Ireland and Portugal. No generation plant has a three year payback, 
but because of the divided responsibilities between generator, consumer, and 
appliance manufacturer, the optimal investment mix is not automatically pursued. 
Although in recent years the energy efficiency of major domestic appliances has 
improved, appliances with much lower efficiency are still widely available on the 
European market. In the present paper the actions taken for refrigeration 
appliances, washing machines and home electronics are reported; other activities are 
ongoing at the moment on electric water heaters and air conditioners. In the Union 
a coherent strategy has been developed to transform the market using a combination 
of policy tools. 
It is widely accepted (Engleryd 1995; Geller 1994; Swisher 1994) that to enhance 
the average efficiency of domestic appliances present today on the market a range of 
different actions is needed, in order to exploit the full energy efficiency potentials of 
the available technology. Market transformation in terms of energy performance is 
the goal of any energy efficiency action. All the various instruments (minimum 
efficiency standards, labelling, incentives, procurement etc.) are intended to interact 
and influence the market, which, as we have seen above, in the case of energy 
efficiency does not function well enough on its own, because of the above described 
barriers. Consumer information could be effective in shifting the whole energy 
efficiency distribution curve: however the effectiveness of energy labelling schemes 
is more difficult to evaluate than for other policy measures, because labelling relies 
heavily on consumer behaviour; Labelling actions focus customers' attention on 
running costs and other environmental aspects of the equipment, thus enlarging the 
market share of efficient equipment. To eliminate the 'bad' equipment from the 
market minimum efficiency standards, setting the lowest acceptable performance 
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level, are a well known and tried method. Technology procurement, which also 
includes incentives aimed at both customers and manufacturers acts on the higher 
end of the market by accelerating and expanding the penetration of new and more 
efficient products into the market place. 
Other policy tools such as DSM actions, fmancial incentives, grants, etc. have also 
an important role to play, but are not part of the PACE 'tools box', because they are 
more effective when implemented at national or local level and, indeed, several 
actions have been carried out in Member States; therefore these policy options are 
not presented or discussed in the paper. 

2.1 Minimum Efficiency Requirements 

Minimum efficiency requirements (or maximum energy consumption limits) are a 
very powerful and effective tool in transforming the market: they act on the low
efficiency end of the market and are particularly effective when consumers are not 
influenced by information and labels (Nadel 1994). In the European context the 
introduction of minimum efficiency requirements presents some additional aspects. 
One of the aims of the European Union is to create an internal market for, inter alia, 
tradable goods : Member States cannot introduce national legislation which may lead 
to barriers to trade unless justified on the basis of very limited criteria such as 
protection of human health, environment etc .. Some Member States (Denmark and 
the Netherlands) which have a more ambitious energy efficiency policy have, as 
required by the European Treaties, notified the Commission of their intention to 
introduce in their territory minimum efficiency requirements. The Commission has 
the power to stop the introduction of national legislation, if it establishes that it is not 
justified according to the criteria laid down in the Treaties. To solve the conflict 
between the 'internal market' and energy efficiency policy, one solution is to 
introduce common minimum efficiency requirements throughout the Union. 
However the introduction of mandatory minimum efficiency requirements must be 
agreed by a qualified majority of Member States, this is facilitated if it presents a 
favourable costlbenefit ratio for the whole Union (the impact of minimum efficiency 
requirements is also evaluated at national levels to make sure that no Member State 
would be disadvantaged). 

2.2 Voluntary Agreements 

Several Member States have insisted on the use of more flexible instruments, in 
particular voluntary agreements by manufacturers to reach the same objective of 
minimum efficiency standards, in term of energy savings. European appliances 
manufacturers have also indicated their strong opposition to regulatory approaches 
and their willingness to the conclude voluntary agreements to achieve energy 
savings. Industry has highlighted the advantages of having a business driven 
process, which would favour cost-effective solutions and which would allow 
manufacturers to have a pro-active role in setting quantified criteria, in 
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implementing the measures and achieving the results. On the other hand, voluntary 
agreements might present advantages also for public authorities as voluntary 
agreements could be more flexible and quick to implement than regulation. 
Voluntary agreements can be a valid alternative to the introduction of legislation, if 
they include the following three elements: i) commitments by manufacturers 
accounting for most of the appliances sold on the Union market ( 80% at least), ii) 
quantified commitments to significant improvements in the energy efficiencies of 
the appliances they produce over a reasonable timescale, and iii) an effective 
monitoring scheme with some degree of independence to monitor the energy 
efficiency improvements achieved. 
Two voluntary agreements have been negotiated by the Commission with the 
European manufacturers associations and recently concluded : the first to reduce the 
stand-by losses of TVs and VCRs, the second to reduce energy consumption of 
washing machines. The essential elements of voluntary agreements are : i) 
commitments by manufacturers accounting for most of the appliances sold on the 
Union market ( 80% at least), ii) quantified commitments to significant 
improvements in the energy efficiencies of the appliances they produce over a 
reasonable timescale, and iii) an effective monitoring scheme with some degree of 
independence to monitor the energy efficiency improvements achieved. 

In addition, the voluntary agreement covers only products of participating 
manufacturers; each voluntary agreement must be open to the participation of 
manufacturers (plus retailers with their own brand and importers) neither member of 
the European Manufacturers Associations nor based in the Union. It must be added 
that for white goods the market share of imported goods is relatively low (less than 
5 %) and the two largest manufacturers outside the Union are considering joining the 
voluntary agreement. While for TVs and VCRs all the major producers worldwide 
have European subsidiaries, which are member of the European Manufacturers 
Association. Therefore, it must be concluded that in the present situation and for 
the products so far considered there is not the risk that imported goods would be 
advantaged and could increase their market share in the Union. Different would be 
the situation for other products such as lamps. The technical background for the 
Commission to negotiate a voluntary agreement is the same as in the case of 
mandatory minimum efficiency standards, i.e. the negotiation would be based on a 
exhaustive technical/economic analysis. 

2.3 Labels 

Although the environmental and energy issues are rising in the priority list of buying 
criteria, the present-day purchase decision is still dominated by the price and the 
brand name. In addition, it is quite common that purchase decisions are "forced" by 
sales staff, who often have different commissions on different brands and therefore 
they tend to induce customers to buy the products on which they can maximise their 
profits. One of the main barriers to the penetration of energy efficient appliances is 



83 

lack of consumer awareness, information, and technical knowledge on energy 
consumption of individual appliances and possible energy savings. 
To increase consumers' awareness and persuade them to make the rational choice, a 
European energy labelling scheme for domestic appliances has been established. A 
common European energy labelling scheme minimizes the cost to manufacturers and 
maximizes the impact on consumers. The scheme requires showrooms and mail 
order catalogues to display energy information labels which rank appliances in 7 
efficiency classes. 
So far labels have been adopted for refrigeration appliances, driers and washing 
machines; lamps and dishwashers will be adopted in 1997, while labels for ovens, 
electric water heaters and room air conditioners will be elaborated during 1998. 
However for a labelling scheme to be effective it has to be promoted to the general 
public, to make them aware of the existence of the label and to make them to 
understand its meaning. The responsibility to promote the EU labelling scheme 
shall be shared among public authorities (both at national and local level, for 
instance by using energy agencies) utilities, and the retail sector. A big effort is 
being made to increase consumer awareness of the labels and to train retail staff 
through pilot projects in Member States. The first evaluation of the impact of 
labelling in the European Union has been carried out in France and covers the sales 
of a large French retailer (about 3% of the market). The evaluation shows that 
there has been a shift toward sales of more efficient appliances: 27% of 1994 sales 
of refrigerators were in categories A,B, and C, while in 1995 the percentage raised 
to 42 %; it is important to note that this was also combined with an undertaking by 
the retailer to offer more high-efficiency appliances and to train its retail staff on 
energy efficiency issues. The role of utilities in promoting the energy label should 
also be strengthened. Utilities should use the label in their DSM activities in the 
residential sector and should link grants towards more efficient appliances to the 
efficiency classes of the label. 

2.4 Technology Procurement 

Technology procurement acts on the higher end of the market by accelerating the 
penetration of products into the market place (Engleryd 1995; Geller 1994; Nilsson 
1992; Nilsson 1994). Technology procurement aims at encouraging new products to 
meet the demand (in this case for energy efficiency) that existing products on the 
market are unable to fulfil. Technology procurement is used to match producers' 
and consumers' perspectives, in order to make the market work more efficiently 
with regard to energy efficiency. The idea is that a group of knowledgeable and 
influential purchasers, defmed as a 'buyers group', formulate product specifications 
and let producers compete to meet these demands. It is important to notice that in 
the European context, 'buyers group' can be constituted both by 'fmal' owner of 
appliances or by any intermediate 'actor' (e.g. OEM, retailers, etc.) in the product 
path from manufacturers to fmal users. One option that is thoroughly investigated is 
whether retailers could act as a buyer group. Technology procurement is part of 
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market-pull actlVltles, characterized by showing manufacturers a large potential 
markets (important buyers) and by providing manufacturers with consistent 
efficiency targets. Technology procurement have been proven successful in 
introducing new appliances (refrigerators) in the market both in the USA, through 
the Golden Carrot competition (a consortium of US utilities promoted a technology 
procurement for a super-efficient domestic refrigerator-freezers: this has resulted in 
a new refrigerator 25 % more efficient) and in Sweden in the technology 
procurement run by Nutek, the national energy agency. 

3. Actions in the Domestic Sector 

3.1 Refrigeration Appliances 

The first appliances for which action was taken are refrigerators and freezers, the 
largest electricity consuming domestic appliance in the Union, with a total 
consumption of about 120 TWh per year (about 20% of total domestic electricity 
consumption). The statistical analysis performed by the Group for Efficient 
Appliances (GEA, 1993) was used to establish the efficiency classes of the energy 
label, which was introduced on 1 January 1995. The technical-economic analysis 
(GEA, 1993) showed that the minimum life cycle cost corresponded to about a 50% 
reduction in energy consumption of the 1993 'base case' model. 
The GEA report indicated that the best policy measure to achieve the largest part of 
the potential saving was to introduce mandatory maximum consumption limits; the 
report also suggested adopting a dynamic approach with the introduction of more 
stringent efficiency requirements over time in such a way to follow technological 
progress. The cost/benefit analysis evaluated the impact on manufacturers and 
consumers of possible levels of minimum efficiency standards. It showed that the 
maximum price increase, which would not reduce sales of new refrigerators was 
about 2 %. Accordingly, the first level corresponding to a 15 % efficiency 
improvement was chosen to keep the price increase below 2 %. Because the number 
of models to be redesigned or phased out was about 50 %, to avoid imposing an 
excessive burden on manufacturers an implementation time of three years was 
foreseen. The European legislation (Directive) to introduce minimum efficiency 
requirements should was adopted in September 1996. The first level will come into 
force on 1 september 1999. The introduction of the first level will result in a total 
amount of 10 TWh saved in the first three years. 
A second level of a further 25 % efficiency improvements (40 % efficiency 
improvements on 1993 levels) to come into force about three years later was 
discussed but not accepted in the [mal legislation; this would have resulted in an 
average pay-back time of 3 years; although this is far from the full economic and 
technical potential available, it still represents a significative energy saving 
amounting to 40 TWh per year or about 2 % of the total Union electricity 
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consumption by year 2020. However, it has been decided that at the time of the 
entry into force of the first level a new technical-economic analysis will be carried 
out to establish the technical/economic situation and market distribution at the time. 
To evaluate the impact of individual policy actions a database has been set up with 
1994 sales data (TNO, 1996). The analysis of the 1994 data has shown that during 
the period 1992 (the year of the model based database, used for the GEA analysis) 
to 1994 an average 4% efficiency improvement had occurred, this is partly the 
effect of manufacturers getting ready for the introduction of the refrigerator label (1 
January 1995), especially taking into account that during the same period the phase
out of CFC happened, with a negative impact on energy efficiency (Waide, 1996). 
To evaluate the impact of the labelling programme, the monitoring of the EU 
market in 1995 and 1996 is performed by the using a sales weighted database. This 
would allow also to evaluate trends in energy consumption and price; also other 
trends which have a direct impact on energy consumption, such as variation in the 
average volume, shift in market shares of each category, etc. will be monitored. 

3.2 Wet Appliances 

The market assessment, saving potentials and technical-economic analysis were 
completed by mid 1995 by the Group for Efficient Appliances (GEA, 1995). Based 
on the results of the market assessment the efficiency classes for the labels for 
washing machines and driers have been defmed; the labels is mandatory as from 1 
April 1996; for dishwashers some additional work is needed to defme the energy 
measurement standard. The total energy consumption of wet appliances in the Union 
is around 60 TWh and is estimated to increase to 70 TWh by year 2015, if current 
trends continue. The analysis concluded that technically feasible and economically 
viable efficiency improvements on the average European machine, defmed as the 
'base case' model, are of the order of 25% for washing machines, 33% for 
dishwashers and 10% for driers. If appropriate policy measures were implemented 
to achieve the full economic and technical potentials, the total electricity 
consumption of wet appliances is estimated to be, by year 2015, 20 TWh lower 
than the 'business as usual' scenario. 
Because of the significative energy consumption, the large savings and the 
availability of measuring standards, it was decided to concentrate the initial effort on 
washing machines. The analysis indicates that there is quite a substantial difference 
in average energy efficiency between Northern and Southern Europe, this difference 
is partly explained by consumers' awareness and information on environmental 
issues and partly by different climatic and socioeconomic situations. A more refmed 
sensitivity analysis (Van Holsteijn en Kemna 1996) was carried out using different 
European prices for water and electricity and regional 'base case' models (reflecting 
the average washing machine performance for each region) to check if the 'optimal' 
European model (energy consumption of 0.23 kWhlKg for the '60°C' cotton cycle) 
would be the rational choice for the different groups of consumers in the Union. 
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Based on the above analysis and on discussion with manufacturers the Commission 
has negotiated with manufactures a voluntary agreemepts to reach a European 
average consumption of new models of 0.24 kWhlKg by year 2000, allowing for 
higher consumption in the Southern countries (i.e. by allowing machines with spin 
speed lower than 600 rpm to have higher energy consumption limits) and marketing 
the more efficient appliances in the Northern. Given that the 1994 average 
consumption of new models was 0.296 kWhlKg the introduction of the voluntary 
agreement would results in an about 15% efficiency improvement. This approach 
shows the most favourable costlbenefit analysis, because of lower price increases; 
the negotiation has been concluded during the summer 1997. The first stage will 
start on 1.1.1998 with the phasing out of washing machines in class G, E and F and 
as from 1.1.2000 washing machines in class D, with speen spid bigger than 600 rpm 
will also be phased out. 
In addition, some other 'soft targets' have been included in the agreement, relating 
to certain features that may only be appropriate for certain groups of customers or 
regions, or which present particular marketing problems. For washing machines 
these include: promotion of hot and cold fill which is almost universal in the United 
Kingdom, but is not in practice available in other areas where 'cheap' hot water 
(from gas, district heating, etc.) would make it cost effective; promotion of high 
spin speed, which makes sense for users of tumble driers, but the extra expense is 
not justified for those, in particular in Southern Europe, who dry in the open air; 
research and development of mUlti-component detergent systems, which, by 
allowing the various elements of detergents to be added only as they are needed, 
could give better washing results, or alternatively, a lower use of (hot) water, or 
lower wash temperatures. 
Beside the manufacturers commitment to develop and market high efficiency models 
incorporating the above described features, it is important that the penetration into 
the market is facilitated. To accelerate the penetration into the market of these 'soft 
targets' technology procurement is the most appropriate policy option. Negotiations 
are continuing to persuade large domestic appliances retail chains to participate in 
competitions for high efficiency washing machines incorporating the 'soft targets' , 
which are relevant for their local market. Other efforts would be concentrate on 
drier and in particular to promote gas fired drier and drier using heatpumps. 

3.3 Consumer Electronics 

The analysis (Novem 1995) of the present power load and saving potential for 
televisions and video recorders was completed in 1995. It indicates that large 
savings can be achieved with a reduction of the stand-by power from the present 
average of 8 Watts, for televisions, and 10 Watts, for video recorders. The best 
policy option would be a maximum consumption limit for the stand-by mode. Given 
the fast changing technology, voluntary agreements allow for flexibility and are 
more rapid in following technological evolution than mandatory standards 
implemented through legislation. Negotiations have been concluded to reach an 
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agreement on maximum stand-by consumption of 10 Watts for televisions and for 
video recorders by 1 January 1999 combined with a sales weighted average per 
company of 6 Watts to be reached by year 2000. The sale weighted average would 
be progressively reduced towards 3 Watts to be reached by year 2009. This gives 
manufacturers flexibility in their implementation regarding how they achieve the 
desired result and how they would cover the extra cost of compliance since high
endlhigh-cost sets will have very low standby values, allowing the low-end to have 
higher than the average value to keep these sets competitively priced thus 
minimising the cost impact on the consumer. The application of this measure will 
result in cumulative saving of 35 TWh by year 2010 once all the current appliances 
have been replaced. 
Energy labelling of television and videos is still under consideration because of the 
difficulty of establishing energy efficiency criteria in the on-mode; for the stand-by 
mode, the voluntary agreement will only allow the marketing of the more 'energy
efficient' models (although this is very similar to a minimum efficiency standards, it 
will not be encoded in legislation, but voluntarily accepted by manufacturers, who 
are signing the agreement). Technology procurement could further accelerate 
market penetration of the more 'energy efficient' models with stand-by consumption 
ofless than 1 Watt. 

3.4 Other Appliances 

A market assessment, saving potentials evaluation and technical economic analysis 
for electric storage water heaters will be completed during the first part of 1997. 
Following these analyses the best policy options will be chosen, from preliminary 
indication minimum efficiency standards (Le. to prescribe a minimum level of 
insulation) will yield the largest savings. Future investigation will cover room air 
conditioners and ovens. Domestic lighting has also been investigated and the only 
policy options so far envisaged are mandatory energy label and procurement; at 
national level several incentive schemes targeting the widespread used of compact 
fluorescent lamps (CFL) both for consumers and manufacturers have been proposed 
as part of utility DSM campaigns and governmental efforts to reduce energy 
consumption in the domestic sectors. 

Conclusions 

This paper has illustrated the activities undertaken in the Union under the 
SAVE/PACE programme. A variety of different policy options have been 
investigated, proposed and implemented, each designed to achieve the potential 
energy savings. The process of establishing the best actions to achieve the savings is 
similar for all the sectors described above: independent experts evaluate the actual 
consumption, the potential savings and the technical-economic feasibility. The 
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fmdings and results are discussed with manufacturers, national administrations and 
other interested parties to reach a consensus on the analysis and best policy 
measures. 
The paper has illustrated that the current appliances and equipment sold in the Union 
are still far from the 'economical' optimum energy efficiency level. The potential 
savings are quite large; the actions described in the paper, if fully implemented, 
would lead to an electricity savings of 70 TWh per year or about 3 % of total Union 
electricity consumption. 
There are several barriers to the introduction of more efficient appliances, both in 
the domestic and commercial sectors and this justifies the European Commission's 
efforts in the promotion of energy efficiency. The paper has illustrated that a 
combination of different but complementary policy tools, such as minimum 
efficiency standards, labelling and procurement are needed to transform the market. 
Although market forces are used whenever possible to contribute to market 
transformation, some legislative measurers are also needed and, in the case of the 
European Union, minimum efficiency standards yield the largest energy savings at 
the lowest implementation cost. Given the present political climate, which favours 
deregulation, preference in each sector is given to voluntary agreements with 
manufacturers for the introduction of labels and maximum consumption limits. To 
this end a framework to establish voluntary agreements with domestic appliances 
manufacturers has been developed. 



The CECED Commitment for Clothes Washers 

Luigi Meli, CECED 

I would like to thank the European Commission DG XVII for having organised 
this Conference and given the opportunity of presenting to you the content of the 
Voluntary Agreement that manufacturers have implemented for Washing 
Machines. If you don't mind, I defme it a Voluntary Agreement, at least in my 
opening chart, and not Negotiated Agreement because I want to underline the pro
active manufacturers contribution. Obviously we fully share Mr. Bertoldi's view 
that the agreement is the result of a joint effort and negotiation; lets say that the 
perspective is a bit different. From the manufacturers standpoint is still and really 
a voluntary effort which is made to contribute to the implementation of energy 
efficiency programmes, within the general targets set up at political level. 

Underlining the voluntary side of the agreement, we do not want to disregard its 
other facets: obviously we negotiated, obviously we feel that there is a 
commitment within the Voluntary Agreement. From this standpoint, I may 
comment that the manufacturers' commitment has always been effective, since 
our fIrst proposal was tabled ; each step in the negotiation represented a further 
consolidated commitment. 
Before entering into the analysis of the Agreement content, let me introduce a 
profIle of the CECED federation. 

1. What is CECED ? 

CECED is the European Federation of Domestic Appliance Manufacturers. It 
combines both direct manufacturer membership, 10 major manufacturers are 
represented, and National Trade Associations from 13 countries mainly within the 
Union plus Norway, Switzerland and Turkey outside the Union. Its product scope 
covers Large Appliances (the traditional White goods), Small Appliances and 
heating ventilation and air-conditioning. Weare therefore in the foreground of 
discussion whenever we talk about Energy Efficiency in domestic uses. 
There is a number of reasons-why manufacturers have worked for the 
implementation of a voluntary agreement for washing machines. Some speakers 
said that legislative solutions are better, I think that a number of points should be 
considered. 
• previous experiences, such as the directive on refrigerators and freezers, show 

how easily market distortion may be introduced on such a complex item; 
manufacturers do not share the positive evaluation made by some speakers on 
the preparatory study on which the Directive is based; We had quite a lot of 
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• 

discussion with the Commission on that. The voluntary agreement provides a 
much more efficient process and negotiated conditions are implemented in a 
much shorter time-frame; 

• Experience made in other Countries cannot be automatically transposed; 
Europe and United States are two completely different situations. The 
European Union is struggling and fighting to build up a single market; the 
United States are one market. This makes a real difference. 
Also if we consider the situation from a pure technology evolution standpoint, 
the American legislation has not proven to be more effective than the market
driven evolution we had in Europe up to now: for instance washing machines in 
the USA are today more efficient than 10 years ago but still less efficient than 
the horizontal-axe European ones. Market reaction and acceptance is a key 
factor to be considered. 

• implementation time is shorter; Time factor for the implementation of energy 
programmes is crucial. The Voluntary agreement involves the manufacturers 
Development Departments since the very beginning making them aware of the 
incoming transformation. 

Finally it has been mentioned that the American experience was very good 
because it was invisible to consumers. I do not share this point of view. It is key 
that the Energy Efficiency targets are visible to consumers because this represents 
just the first step. When we talk about climatic changes and reduction of CO2 we 
have to tackle energy consumption which is something different from energy 
efficiency. Energy consumption and, consequently, savings are in the consumers' 
hands. 
Energy Efficiency deals only with the appliance technology: Energy Efficiency is 
the first step. If we want to reduce emissions then we have to deal with consumers 
and make the issue visible to them. If it is not visible we have lost our cause 
because Energy Consumption will grow in spite of Energy Efficiency. This has 
happened every time, everywhere. 
Another point which is important is the issue of performance. A washing machine 
is bought because it washes, not because it consumes less energy or, even, because 
it is cheaper than another one. The performance is the key criterion for a consumer 
choice, and therefore there should be a level of flexibility on performances which 
must be considered. This is easier within a voluntary, negotiated approach. We 
think that it is very important that manufacturers keep their responsibilities in 
terms of customer satisfaction and they are challenged by consumers and by the 
other competitors on that. This cannot be maintained within a regulatory 
framework. 
These are the key reasons-why manufacturers started working on voluntary 
agreements. Actually our decision to start dates form late 1994 when a statement of 
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intention was announced to the Commission. In one year the targets were 
presented, and Product Departments started immediately working for implementing 
the targets along side the negotiation with the Commission. This has brought to an 
outstanding acceleration on the results. 

What is the situation on washing machines today? 120 million units installed all 
over Europe, with a penetration of 95% in average. In a nutshell: a mature, 
saturated market. The total Energy Consumption estimated of 38 Twh/year which 
represents 2% of the European electricity bill. The commercial offering is 
articulated in more than 4000 models. 

The CECED Voluntary Agreement was built on the principle of exploiting the 
potential visibility and impact of the Energy Label. Manufacturers are convinced 
that it is a good tool for market transformation. The label data declaration is 
governed by law and constitutes an established frame providing means for effective 
market surveillance by the National Authorities. 
By the end of 1999 appliances with energy consumption class equal or 
higher than D will be voluntarily withdrawn by participants from 
production or import. D class will be allowed only for less than 600 rpm 
and equal or less than 3 kg. 
In addition to that, a production weighted Energy Consumption target has been 
established: it will be 24 Kwhlkilo of clothes washed at European level, by year 
2000. This represent a 20% reduction compared to the GEA study on washing 
machines run in 1994 and the other studies committed by the European Union. 

The evolution of the average production weighted energy consumption 
will be monitored every year through a notary system, starting in 1998. 
A number of supporting measures complete the agreement and it is not 
needed, now, to mention them all. The main ones are: 

• Set up and updating of a database containing the relevant energy data for all 
the washing machines sold in Europe; database which will be made available to 
the European Authorities. 

• Extensive information towards the consumers to increase their awareness on the 
relevance of washing habits on energy consumption. 

• Support the development of a new measurement standard for the 40° cycle 
which corresponds closer to the evolution of consumer habits. 

• Development of proper standards for infrastructural options such as the hotfill. 

The voluntary agreement we officially announce today covers already more than 
90% of the market. By the end of the year the coverage will be even higher as 
contacts are in place with other producers and non European manufacturers may 
participate as well. 



The EACEM Commitment for Tvs and VCRs 
Wim Bruens, EACEM 

Introduction 
The importance of the issue is the following. Because of the many hours of standby 
per day this function consumes a considerable percentage of the total consumption. 
For an average TV it can be up to 30 % and for an average VCR it can be up to 90 
% of the total consumption. 
Our companies are contributing to the environmental aim of lowering the standby 
power consumption for TV and VCR. 
In the last few years, we have already lowered the standby power consumption for 
TV and VCR and will increase the speed of reduction. 
In order to make progress with an commitment, we propose to split up the standby 
power consumption. 

- passive (remote control) 
- active (able to communicate) 

1. Consequences for the Industry 

Why Industry Offered a Commitment 
* The industry wants to contribute to lowering the energy consumption. 
* Low standby sets have no impact on customer quality. 

The Industrial Situation 

Market Trends 
Polarisation towards low end and high end 
products. 

-Industry believes logo or labelling will not effect 
end-users, and will therefore not be effective. The 
maximum financial savings for a consumer will 
be about 5 ECU per year for a TV or VCR. 
To develop an A to G label for the savings will not be effective. 

Severe Competition 
Many European manufacturers have already withdrawn from the market, as it is an 
extremely competitive one. 
European Targets 
Only European (or worldwide) target will be possible. (Product differentiation far 
too costly) 
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Where are we 
1. Currently, passive standby power consumption is in the range of 1 to 15 

Watts. 

ii 
iii 

high end 
medium end 
low end 

1 - 5 Watts 
3 - 10 Watts 
5 - 15 Watts 

2. The lead time of development and production of a new chassis is approx. 
5 years. 
This means: 
After the year 2000 we will have chassis with more than 6 Watts. 

Remarks: 
Per company we have 2 to 5 new chassis per year. 

n This long lead time is also the core of the solution of the sales 
weighed average. 

iii The average standby power consumption for TV sold at this 
moment is between 7 and 8 Watts. 

Cost Consequences 
To achieve 1 - 3 Watts 5 ECU/product 
To achieve 3 - 7 Watts 3 ECU/product 

Remark: 
1. These are costs for putting components into the product. 
2. Currently, many companies have chassis of more than 7 Watts. 

Profit 
Profits are 1 % to 2 %. 
For a product of 500 ECU this is a profit of 
5 to 10 ECU. 

Price points 
Price points are widely used in our business. This means that it is not possible to 
pass on such costs to the consumer. 

Impact on Manufacturers 
We estimate that for European products there are 

about 200 chassis types for CTV 
and 70 chassis types for Video 

would require redesign for all models to be below 6W. 
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This would potentially cost industry 200 million ECU in costs. 

What does Redesign Require 
1. New power supply circuit design 
2. New circuit testing 

the new circuit part 
ii relationship with other circuits 

3. New printed circuit board design 
4. New printed circuit board tooling 
5. Testing 

internally in the company 
ii possibly approval body testing 

6. Redesign product packaging 
(all the information going into the chain, to explain the difference between the old 
and new situation) 

The Solution 

What is the Best Way to Reduce 
Two options: 
1. Improving the average per company 
2. A target for the best (20 %) in class 

Eacem Commitment, 
Company Average Values 

Summary 
EACEM is concerned that a best in class target value does not work for manufac
turers and therefore does not improve the situation for Europe. 
Knowing all the mentioned problems, we are proud to say that discussions amongst 
manufacturers have produced the following commitment. 

For TV and VCR (for passive standby) 
maximum value 10 Watts 
company average less than 6 Watts 
sold in a calendar year 
and sales weighed 
timing 
verification 

by 2000 
by independent company on an annual basis 
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Reasoning 
1. With this commitment we are improving 80 % of the market. 
2. We wish to set a maximum value to prove that industry is serious in its 

environmental improvements. 
3. The same value for TV and VCR is easier to understand. 
4. We believe that the VCR target is tighter than the TV target. The reasons 

for committing the same values are: 
it conveys manufacturers' commitments to improvement in 
energy conservation; 

ii videos are far longer in standby than TVs (therefore perceived to 
be a bigger concern); 

iii the same standard is easier to remember. 

Why a Two Stage Approach 
• We believed there must be a maximum value to prove that industry are serious 

in tackling this issue; a lOW standby value is too high. 
• An average value was chosen to give manufacturers flexibility in how they 

implement the commitment. 

Competition Aspects 
For a commitment of this nature to be acceptable it would have to be accepted by 
DG IV Competition. 
We formally applied for negative clearance I notification in accordance with form 
AlB in Council Regulation No. 17. 
DG IV has no objection, meaning DG IV agrees with our system. 

Differences between Eacem & Gea Schemes 
Eacem 
Is a push scheme and is anticipated to affect 80 % of the market. 
The electronics industry do not believe that standby power is a key decision factor 
in the purchase of new products. Not at least for the coming years. 
Therefore industry wanted to do something in the meantime and developed our 
proposal. 

Gea 
Is a pull scheme and works on the principle to rewarding the best 25 % of the 
market, assuming that all manufacturers want to be in this 25 %. 

Conclusion 
The two schemes will operate side by side. 
When the customers ask for lower standby, manufacturers will increase the 
production of low standby costs. 
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Watts 

Push 

~ Watts 

Conditions for Success 
1. An independent company 

a. will collate the sales figures and standby power consumption values per 
year and calculate a company average and EACEM average; 

b. will perform a check on these data; 
c. will supply these data to EACEM and the EC. 

2. EACEM members cover 80 % of the sales. 
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3. EACEM will make non-members aware of this commitment and request them 
to sign up to it. 

4. Producers will inform consumers. 
5 One scheme and one target should be introduced in all EU countries. 

Date of implementation should be the same in all EU countries. 
6 EACEM agrees to have a two yearly meeting with DG XVII to review progress and 
to discuss further steps of lowering the passive standby power consumption ofTVs. 

Advantages 
1. In fact we start immediately. 

Due to sales weighed! 
2. An average per company of 6 Watts means that the average of industry 

(EACEM) will be lower. Some companies are already lower. 
3. The average from about 7 Watts (sales per year now) to 6 Watts is 20 % 

improvement. 
4. The start of the year 2000 is in fact 31-12-1999. 
5. Most of the producers will have to improve. 
6. The producers are already fulfilling this value, will remain on their low level 

knowing the average value per company will go down further. 
7. It will provide a reliable database starting now. 
8. It will provide a monitoring from 1997 onwards. 

Results Achieved 
Support and Market Coverage 
Currently signed by 16 manufacturers. 
• AIWA UK Ltd. 
• Bang & Olufsen 
• Grundi gAG 
• Hitachi Home Electronics Europe Ltd. 
• JVC Europe 
• Loewe Opta GmbH 
• Mitsubishi Electric UK Ltd 
• Panasonic Europe Ltd. 
• Philips Sound & Vision 
• Pioneer Electronic Europe NV 
• Samsung Europe HQ 
• Sanyo Corporation 
• Sharp Corporation 
• Sony Europe 
• Thomson Multimedia 
• Toshiba 
The above manufacturers have approx. 80 % of the market. 



98 

Data from Independent Consultant 
Status per Nov. 97' for annual data 96 for TV 
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Data from Independent Consultant 
Status per Nov. 97 for annual data 96 for VCR 
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Appliance Energy Labels from Around the World 

Lloyd Harrington, Energy Efficient Strategies, Australia 

1. How do Consumers Use Energy Labels? 

When considering the fonnat and potential impact on consumer behaviour of 
infonnation programs such as energy labelling, it is important to appreciate how 
infonnation is used. One of the key assumptions about infonnation acquisition by 
consumers is that additional infonnation will only be sought when the perceived 
benefits of this infonnation outweigh the costs (and effort) required to collect it. 

The two main mechanisms used for acquiring new infonnation are passive 
infonnation acquisition (interrupts: incidental or accidental infonnation 
collection, and low involvement learning: most commonly advertisements) and 
active infonnation acquisition, where a consumer seeks out particular infonnation 
on products. Before consumers can actively seek infonnation on a product, they 
need to be aware of the product's existence - this is almost always acquired 
through passive infonnation acquisition. Product attributes that are highly 
variable across retailers and over time, such as price, are usually acquired through 
active search (Beales et aI, 1981). 
When searching for infonnation regarding a particular topic, consumers can build 
on existing knowledge (internal search), or they can undertake a new external 
search. External sources used during the purchase of new appliances are typically 
direct inspection (retail visits - viewing products, viewing labels, discussions with 
sales staff), seller controlled sources (advertisements, product literature and 
promotional material), and third party infonnation sources (consumer magazines, 
government product listings, word of mouth). From a consumer perspective, 
infonnation that is already internalised is nearly always preferred over new 
external searches for infonnation, as this requires minimal effort. 

Some key consumer considerations in the development of infonnation programs 
regarding energy consumption and related attributes are: 
• consumers need a basic level of understanding before they can acquire new 

infonnation on a particular issue (eg; if a consumer cannot understand the 
concept of energy efficiency, they are unlikely to absorb any infonnation 
about energy efficiency which they may encounter passively); 

• consumer perceptions regarding price and variations in the market are critical 
-if a consumer believes there is little variation in price or energy efficiency in 
the market place, they are unlikely to actively seek further infonnation on 
these attributes before making a purchase decision (because there are no 
perceived benefits); 
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• if consumers retain a large store of internal information (ie; one that is readily 
accessible), they are unlikely to actively seek additional new external 
information when they are about to make an appliance purchase - this is a 
particular problem if the store of internal information is incorrect, biased or out 
of date; 

• external information sources which maximise their impact on appliance 
purchases will be those that are easy to understand and readily available at the 
time of an appliance purchase. 

Various authors have examined consumer behaviour during the purchase of 
durable goods such as appliances and have grouped consumers into types 
(Westbrook and Fornell, 1979). Some common types include: 
• Objective shoppers - commonly make several store visits and rely heavily on 

objective (third party) information sources such as energy labels, appliances 
lists and consumer magazines. Tend to be the most well educated segment. 

• Moderate shoppers - make few retail visits and moderate use of independent 
sources - typically older consumers and urgent replacement purchases. 

• Store intensive shoppers - many store visits, with some reliance on advice from 
personal sources - typically younger consumers. 

• Personal advice shoppers - few store visits, little consultation of objective 
information, heavy reliance on personal sources - often urgent replacement 
purchases. Tend to be the least well educated segment. 

Obviously, the design of any energy labelling program would need to consider 
these main consumer segments and how to most effectively provide them with 
information that will assist in their purchase decision. The provision of energy 
labels on appliances in retail stores will have some impact for those groups that 
tend to make retail visits. However, in these cases, consumer comparisons are 
largely limited to the stock on display on the retail floor in stores which are visited: 
comparison of different products on display in different stores is dependent on the 
consumer's ability to remember the relevant information from previous visits. 
Consolidated lists of appliances, complete with energy consumption and energy 
cost information, are a powerful independent source of information which can 
quickly provide consumers with the key information that they are seeking 
regarding energy consumption. Lists have the advantage that they can be broken 
up into suitable categories of appliances (eg frost free refrigerator/freezers of 400 
to 500 litres) and within that category, models can be sorted by decreasing 
efficiency or increasing energy consumption. This tends to quickly draw consumer 
attention to the best energy performers in that market segment so that active 
consumers can seek the particular product of interest in a retail store. Lists also 
have the advantage that they can provide more detailed information on energy 
costs and other performance attributes than is possible on an energy label. As all 
related models are grouped, comparison is relatively easy and fast. 
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For consolidated lists of appliances to be most effective, they should be available at 
the right time in the search process, which for some groups of shoppers will be well 
in advance of the final store visit. While they should be readily available at points 
of sale, other modes of distribution are also necessary to increase the probability 
that consumers will obtain and use the list when they are in the process of selecting 
an appliance. Needless to say, the lists must also be comprehensive, accurate and 
up to date. Consolidated lists of appliances with energy information are widely 
available in the USA, Europe and Australia. Energy labelling lists for appliances in 
Australia can now also be found on the Internet at http://netenergy.dpie.gov.au 
Together, energy labels and consolidated lists of appliances can have a marked 
influence on three of the four identified consumer types - objective, moderate and 
store intense shoppers. Personal advice seekers are likely to remain fairly 
unaffected by any type of energy labelling program, but this is not of great concern 
as they constitute only a limited proportion of the market, and if labelling is 
generally effective, it is likely that their adviser will have been influenced by it in 
any case. 

1.1 Why do Consumers Need to Know About Energy 
Consumption? 

Some product attributes are readily observable on inspection by the consumer, or 
readily available in product literature, while other attributes are not at all obvious. 
For example, in the case of a refrigerator, the volume available for the storage of 
food is clearly visible to a consumer when the unit is inspected in a showroom. 
Product information also gives storage volumes and external dimensions (this 
information is essential for installation). Conversely, inspection of an appliance 
such as a refrigerator does not reveal its energy consumption, energy efficiency or 
standard of performance. In fact, the determination of these performance attributes 
requires careful testing and sophisticated equipment, which is not readily accessible 
to the consumer. Energy consumption is the key determinant of operating cost or 
most appliances and is therefore of primary concern to the consumer. For 
dishwashers and clothes washers, water and detergent costs are also significant 
operating costs (these often more than energy). 

Information on non-observable attributes can only be obtained by consumers where 
the manufacturer chooses to provide such information or where there is a 
requirement for the information to be disclosed, such as through an energy 
labelling program. Where such non-observable attributes are declared (and 
therefore become visible to consumers) and where even a small market segment 
responds to these attributes (so called informed consumers), manufacturers tend to 
concentrate on improving the rating of those observable and visible attributes at the 
expense of other non-observable attributes. 
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1.2 Relationship Between Appliance Performance and Energy 
Consumption 

The declaration of energy consumption values without reference to other 
performance attributes has the potential to seriously mislead consumers. Some 
performance attributes are clear cut and easy to specify in conjunction with energy 
consumption information. For example with clothes dryers, standard test 
procedures specify an initial and final moisture content for a clothes load and this 
constitutes a definition of "wet and dry clothes" for the purposes of comparative 
energy consumption and efficiency. In the case of refrigerators, the definition of 
suitably cooled space for the storage of food is a complex one and is defined 
through a series of tests in the ISO refrigerator standards (operation temperature 
performance tests). However, for clothes washers and dishwashers, the issue of 
what constitutes clean clothes and dishes is a vexed one and to some extent 
subjective. What is acceptable in one country may not be acceptable in another. 

There are two fundamental approaches to the issue of the interrelationship between 
performance and energy consumption. The approach adopted in Australia for the 
energy labelling program is that the standard test procedure specifies a minimum 
acceptable performance level for each of the key performance attributes. Thus for 
clothes washers and dishwashers, the standard specifies a minimum soil removal 
and washing index as a mandatory performance requirement. This minimum 
acceptable level has been developed on the basis of reasonable consumer 
expectations. Thus manufacturers are able to modify the performance of their 
appliances to meet the required minimum performance standards while achieving 
the minimum energy consumption possible. This creates a so called "level playing 
field" for performance when comparing energy consumption values on the energy 
label. Naturally, the relevant performance tests need to be highly reproducible and 
repeatable for this approach to be successful. 

An alternative approach has been adopted in Europe as the basis for their energy 
labelling program. No minimum performance levels are prescribed in either the 
European standards or the European Commission Directives, but both the 
performance and the energy consumption are declared on the energy label and on 
the information fiche that accompanies the appliance. While this has the advantage 
of being less prescriptive (in terms of mandating a minimum performance levels), 
it has the disadvantage of possibly providing too much information for the 
consumer to compare (eg is a clothes washer with a D energy rating and an A wash 
score better or worse than a model with an B energy rating and a C wash score?). 
Although on a particular clothes washer there will be a trade off of wash 
performance versus energy (to some degree), analysis of the European database of 
clothes washer models and ratings has shown that it is most common for the wash 
performance and the energy performance to be the same rating (ie clothes washers 
with B rated energy most commonly have a B rating for wash performance as 
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well). Those models that achieve higher washing and energy ratings are 
technically more advanced and are therefore likely to have a higher cost. 
The USA has a slightly different approach again in that there are no minimum 
performance levels prescribed and no performance declarations necessary (in fact 
performance measurements are not required at all for most products that carry an 
energy label). However, the US test procedures are very prescriptive in terms of 
defining capacity and energy consumption and many argue that this effectively 
stifles much potential manufacturer innovation in terms of product design. The US 
test procedures also have problems with some of the more advanced products. For 
example, some dishwashers on the market now have fuzzy logic soil load sensors 
in the recirculating water systems to help determine when to stop the washing 
operation. As the US test procedures specify washing with an unsoiled load during 
the measurement of energy consumption, these machines only operate with very 
short cycles and achieve unrealistically high energy ratings. Another example of 
the US energy labelling requirements being unable to cope with product innovation 
occurred when an off-shore manufacturer sought approval in the USA for a clothes 
washer energy label. Under the current requirements, the model would have to 
have been tested over 1,000 times to include all consumer programmable options! 

1.3 Types of Energy Labels 

Energy labels generally fall into two main types: 

• comparison labels - where key information on energy consumption and/or 
performance is shown for comparative purposes. Additional measures of 
energy efficiency (eg a star or efficiency rating) may also be shown. This type 
of system works best when it is mandatory for all products to carry a label (so 
that poor performers can be identified and readily avoided by consumers). 
Examples of this type of label can be found on appliances in Australia, Europe, 
USA and Canada, as well as a number of Asian countries (eg Philippines, Hong 
Kong, Thailand and Korea). Comparison labels tend to be sponsored by 
governments, although there are exceptions. 

• endorsement labels - help consumers distinguish between a range of similar 
products by providing a "seal of approval" for products which meet or exceed 
some established criteria. Supplier participation in these programs tends to be 
voluntary and endorsement labels tend not to disclose much information on 
energy or performance (although this is often available through lists of 
endorsed products). It is a system which operates on the principle - "we know 
what is good, trust us" and works best if only a limited proportion of the market 
carries an endorsement. Primary examples of endorsement labels are the US 
EPA Energy Star program for office equipment (but this is becoming so 
universal that it has lost the advantage of endorsing only the better products), 
Swiss Energy 2000 (E2000) program (office equipment and appliances) now 
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used in several European countries, Power Smart in Canada, Green Seal in the 
US (environmental), Blue Angel in Germany (environmental). Minimum 
performance criteria may be based on a range of criteria and may include 
energy consumption and energy efficiency. They tend to be set such that only 
the top 10% to 40% of performers can achieve endorsement to produce 
maximum market impact. An exception here is the Energy Star program, 
which because of recent US government IT purchasing requirements, has now 
become a defacto industry standard (ie a form of MEPS). Endorsement labels 
can be sponsored by governments, but sponsorship by utilities, industry and 
environmental groups is also common. 

Comparison labels operate best when they are mandatory. Experience has shown 
that where labelling is not mandatory or where mandatory provisions are not 
enforced, energy labels on appliances with lower ratings are actively removed by 
retailers to improve their chances of selling the product. Key program design 
issues to consider (after Harris et aI, 1996) when designing energy labelling 
programs are: 
• comparison or endorsement or both? 
• format of label - accuracy versus complexity 
• emphasise either energy consumption or cost indicators? 
• how is appliance performance handled? 
• what is the most trusted source of labels - authoritative 
• need for verification 
• updating of efficiency criteria to account for market changes 
• energy only versus eco-labels (multi-criteria, cradle to grave analyses) 
• marketing the label - buyer awareness & response 
• retailer participation - sales training 
• manufacturer versus buyer acceptance of energy labelling. 

1.4 Key Data for Energy Labelling 

The purpose of an energy label is to convey key information to a consumer to assist 
them in a purchase decision. It therefore stands to reason that there are likely to be 
key differences in the type of information that it is necessary to convey to the 
consumer, depending on their socio-economic, physical and cultural context. 
Differences in language and to a lesser extent, literacy, are also key factors that will 
influence the design and presentation of an energy label within a particular culture. 
A key (but by no means obvious) difference between energy labelling programs is 
the assumptions that lie behind the calculation of the energy consumption and 
related performance data shown. Many energy labels have built into them 
assumptions about the frequency and duration of use for the calculation of energy 
consumption and related parameters. For example in the case of clothes washers, 
the data shown on some energy labels is based on an assumed number washing 
loads per year. Such estimates are usually based on surveys and data collected 
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from the country or region where the energy label is to be used. In the case of 
Europe, the energy and water consumption is shown on a per wash basis leaving 
the consumer to calculate a typical annual energy consumption, should they wish to 
do so. This was presumably done as washing frequency varied considerably across 
the European Union. 

It is argued by some analysts that the energy label will/should be of most economic 
value and most interest to customers who use their appliances most intensively, so 
it may be appropriate for values on the label to be calculated for a higher than 
average frequency of use - also, large "annual" figures for energy consumption and 
cost will have a greater influence on consumer decisions than small "daily" 
numbers. For example, 10 year running cost data (expected minimum appliance 
life) is shown on energy labelling brochures in Australia. This demonstrates the 
potential contradiction between energy labels as a consumer information program 
and as a policy measure for increasing energy efficiency. 

The economics of energy efficiency is a key area of consumer interest with respect 
to energy labelling. Most consumers express interest in the cost of energy used to 
operate an appliance. However, conveying this information through an energy 
label has many problems including variations in energy tariffs within a country and 
in time. In addition, consumers can easily confuse cost information shown on 
energy labels as it is often unclear whether the figures relate to the cost of energy 
or the savings (Patterson, 1991). Some consumers also mistakenly believe values 
on an energy label to be related to the appliance purchase price. These problems 
prompted the US to change from a label that primarily showed energy cost data to 
one that shows energy with some costs. 

The selected program or type of operation on the appliance for the purposes of 
energy labelling will also dramatically affect the data on the energy label. For 
example, in the case of clothes washers again, the "typical" program used in 
Europe for cotton garments in the 1980's was a 900e wash. By the 1990's, 600 e 
was more common and this is the wash program now specified for the European 
energy label. The trend towards lower washing temperatures in Europe continues, 
and a program with a 400e wash temperature is now quite commonly used. This 
mirrors documented trends towards lower wash temperatures in Australia over the 
past 15 years. In 1995 about 45% of wash loads were "warm" (nominally 40°C) 
while over 50% were "cold" (ie: no internal heating or external hot water -
nominally 15°e to 200 e) (Harrington 1997, Harrington & Wilkenfeld 1997). This 
is a significant trend, as for a typical clothes washer around 80% of the total energy 
is water heating (or the energy embodied in external hot water drawn into the 
machine). As the Australian clothes washer standard, for the purposes of the 
energy label, specifies a warm wash, there is now a substantial discrepancy 
between the energy shown on the energy label and the actual in-use energy 
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consumption in many households. Such trends, although gradual, make it quite a 
challenge to keep the information on an energy label up to date and accurate. 
Incidentally, the trend to cooler washing temperatures also undermines the case for 
minimum energy performance standards for clothes washers, since as wash 
temperatures fall, so do the real energy differences between models, and between 
vertical axis/impeller machines and drum machines. 

The appliance most commonly labelled is the refrigerator, including refrigerator
freezers and separate freezers. In most cases the energy shown on a refrigerator is 
for continuous operation for 1 year, although many parts of Asia seem to prefer a 
monthly energy consumption figure (possibly due to monthly electricity billing 
cycles). While there is little scope for variations in discretionary use (these are 
limited to door openings and external food loads), the actual test procedure can 
have a substantial impact on the measured energy consumption. The two main test 
procedures used in the world today for the determination of energy consumption of 
refrigerators are ISO and the US AHAM (and a number of closely related 
procedures eg the one used in Australia and New Zealand is modelled on the 
AHAM test). The biggest single difference between these procedures is the 
ambient test temperature which is 25°C for ISO Temperate (most commonly used 
climate rating) and 32°C in AHAM (and ISO Tropical). While many analysts 
argue about which of these procedures is more relevant for their local climate and 
usage conditions (with respect to energy labelling), both procedures are deficient in 
that they do not provide sufficient data to enable a refrigerator's performance to be 
predicted across a range of external temperatures - climate is the single most 
important influence on a refrigerator's energy consumption. 

The test procedures used to determine the energy consumption (and where 
relevant, the performance) of an appliance can also have a large influence on the 
measured energy consumption. Factors such as ambient temperatures (for 
refrigerators and air conditioners), minimum wash temperatures (dishwashers and 
clothes washers) and initial moisture content (clothes dryers) are all critical. While 
some of these parameters are specified in international standards, these do not 
always suit regional or national requirements for energy and performance testing. 
Often a national standard will contain test conditions that are specific to and 
reflective of local climate and or consumer usage patterns. 

One of the most obvious differences between energy labels results from differences 
in language. The European Commission has successfully managed to achieve a 
harmonised energy label across its 15 member states by using a model specific data 
strip that contains only non-language performance information. This is affixed to a 
language specific background which explains these performance measures. In fact 
the European appliance energy label is now being used in many parts of Eastern 
Europe, even though these countries are not yet members of the European Union. 
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Labels that resemble the European energy label are being considered for use in 
places like Iran, although the differences in language and alphabet (eg direction of 
script) may complicate layout. 

If an energy label is to have a significant impact on the purchasing decision of 
consumers, it is important for it to be supported with an information program that 
reinforces the message that energy is an important characteristic to consider in the 
purchasing process. Information programs can take the form of brochures or lists, 
advertising campaigns, retailer support programs and various forms of direct 
marketing. Such information campaigns need to be tailored to reach consumers in 
the most appropriate form and at the most appropriate time. Receiving information 
after an appliance has been purchased or when a consumer is not considering the 
purchase of an appliance is of little value. Clearly, such an information campaign 
also needs to be designed to suit the literacy levels of consumers and information 
sources that they commonly used. Therefore the energy label and the information 
programs that support it are necessarily very culturally and language specific. 

1.5 What are the Prospects for Harmonising Energy Labels? 

Given the wide range of climatic and cultural influences and language specific 
needs across different regions, it would appear that the prospects for harmonised 
energy labelling programs around the world are poor. In fact, trying to harmonise 
the energy label itself is likely to lead to a reduction in the potency of the labelling 
message and may make it somewhat irrelevant to local conditions. So while the 
"harmonised" energy label for Europe is quite an achievement (in administrative 
terms at least), the label is quite complicated and lacks the consumer salience of 
some of the national labelling programs in other parts of the world. 

What are the advantages of harmonising energy labels? If a single energy label 
could be used for all parts of the world, there would be some small advantage in 
terms of label printing costs, but given that these are a very minor component of 
total appliance production costs, the benefits are likely to be small. In any case, 
language differences will necessitate different language backgrounds in different 
regions. Even the harmonised European energy label requires up to 10 separate 
language backgrounds, (this could expand with the formal inclusion of various 
Eastern European countries into the program) so the benefits of a harmonised label 
is limited. 
Given that language will necessitate fundamental differences in energy labels in 
different regions (even if climatic and cultural variations are ignored), the prospects 
for a harmonised label around the world appear poor. However, a major 
component of any energy labelling program is the testing required to determine the 
key performance data to be shown on the energy label (capacity, energy 
consumption, etc.). For most product types there are generally a range of national 
or regional test procedures that are sufficiently different so as to require retesting of 
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products to meet the requirements of local energy labelling programs. Where a 
manufacturer wishes to import or export products to or from such regions there is a 
need to retest to meet local requirements - this is a significant cost and an 
impediment to free trade of products. 
Therefore we find that there are distinct benefits, in terms of reduced testing costs 
for manufacturers and improved trade prospects, that could arise out of uniform 
and harmonised test procedures that are used to underpin national or regional 
energy labelling programs. However, such test procedures must be able to take 
into account all technologies on the world market and adequately deal with 
variations in local usage patterns and regional climatic variations. Hence a single 
test (or possibly a few minor variants of a single test) could be used as the basis for 
energy labelling programs around the world. In some cases this may require 
additional calculations or computer simulation to estimate the performance under 
specific local conditions, but this is a minor additional expense. Any test standard 
which cannot adequately characterise an appliance's performance under a range of 
typical conditions is not a suitable candidate for a harmonised test procedure. 
Ideally, such test procedures should be based on international standards. 
Unfortunately, there are few instances where international standards are able to 
account for regional and cultural differences in appliance use and most are 
therefore inadequate in their role as an international test procedure. It is imperative 
that all regions around the world actively participate in the international standards 
development process of IEC and ISO to ensure that regional needs are met and the 
positive benefits of energy labelling are maximised. 

1.6 Overview of Energy Labels in Use Around the World 

This section provides some limited information from energy labelling programs in 
operation in different parts of the world. It is not an exhaustive list, but provides 
examples from some of the larger and better known programs. 

1.6.1 Australia 

Implementing Agency: State Governments (electric), Australian Gas Assoc. 
Program Type: comparative label, electric mandatory, gas voluntary 
Appliances Labelled: refrigerators, freezers, dishwashers, clothes washers, clothes 
dryers, gas water heaters, gas space heaters. 
Date Labelling Commenced: 1986 (electric) mid 1980's (gas) 
Primary Colours: electric: yellow, red (diai), black and white (blue A/C cooling) 
gas: blue, red (dial), white and black 
Rating System: energy (generally kWh/year), 1 to 6 stars (6 best) 
Approximate Dimensions: 110mm high, 90mm wide 

1.6.2 Europe 

Implementing Agency: European Commission, Brussels 
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Program Type: comparative label, mandatory 
Appliances Labelled: refrigerators, freezers, clothes washers, clothes dryers, 
washer-dryers, dishwashers (1998). 
Date Labelling Commenced: 1994 (progressive) 
Primary Colours: white background, black writing, green-red rating scale 
Rating System: energy (kWh/year or cycle), efficiency rating A to G (A best) 
Approximate Dimensions: 250mm high, 11 Omm wide 

1.6.3 USA 

Implementing Agency: Federal Trade Commission (Department of Energy) 
Program Type: comparative label, mandatory 
Appliances Labelled: furnaces, refrigerators, refrigerator-freezers, freezers, water 
heaters (electric, gas, oil), clothes washers, dishwashers, room air conditioners, central 
air conditioners, heat pumps. 
Date Labelling Commenced: 1975 
Primary Colours: yellow background, white insert, black writing 
Rating System: energy (kWh/year), lowest & highest energy for similar products 
Approximate Dimensions: 190mm high, 135mm wide 

1.6.4 Canada 

Implementing Agency: Natural Resources Canada 
Program Type: comparative label, mandatory 
Appliances Labelled: clothes dryers, clothes washers, washer-dryers, dishwashers, 
electric ranges, freezers, refrigerators, room air conditioners. 
Date Labelling Commenced: 1978 
Primary Colours: white background, black writing 
Rating System: energy (kWh/year), lowest & highest energy for similar products 
Approximate Dimensions: 150mm high, 130mm wide 

1.6.5 Korea 

Implementing Agency: Ministry of Trade, Industry & Energy 
Program Type: comparative label, mandatory 
Appliances Labelled: freezers, refrigerators, room air conditioners, fluorescent 
lamps, fluorescent ballasts, incandescent lamps. 
Date Labelling Commenced: 1992 
Primary Colours: yellow & white background, red (dial), black writing 
Rating System: energy (kWh/month), efficiency rating 5 to 1 (1 best) 
Approximate Dimensions: 85mm high, 60mm wide 

1.6.6 Thailand 

Implementing Agency: Electricity Generating Authority of Thailand (EGA T) 
Program Type: comparative label, voluntary 



Appliances Labelled: refrigerators, room air conditioners. 
Date Labelling Commenced: 1995 
Primary Colours: yellow & green background, red & green dial, black writing 
Rating System: RF kWh/year, AC power, efficiency rating 1 to 5 (5 best) 
Approximate Dimensions: 130mm high, 100mm wide 

1.6.7 Philippines 

Implementing Agency: Department of Trade & Industry 
Program Type: comparative label, mandatory 
Appliances Labelled: room air conditioners. 
Date Labelling Commenced: 1993 
Primary Colours: gold background, black writing 
Rating System: power (Watts), EER (kJ/hour/Watt) 
Approximate Dimensions: 140mm high, 100mm wide 

1.6.8 Hong Kong 

Implementing Agency: Electrical and Mechanical Services Department 
Program Type: comparative label, voluntary 
Appliances Labelled: refrigerators, room air conditioners. 
Date Labelling Commenced: 1995 
Primary Colours: blue, orange, yellow and white background, black writing 
Rating System: energy (kWh/year), efficiency rating 5 to I (l best) 
Approximate Dimensions: l40mm high, 100mm wide 
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Understanding consumer behaviour: the implications 
for UK policy 

Brenda Boardman, Environmental Change Unit, University of Oxford 

1. Background 

The EU Energy Label was introduced in the UK, as required by the Commission, 
in January 1995 for cold appliances (refrigerators, fridge-freezers, freezers). It has 
to be displayed at the point of sale, whether that is in a shop or a catalogue. Each 
appliance is ranked from A - G according to its efficiency (consumption per unit 
volume) under standard, test conditions. The tests are carried out by the 
manufacturers and the annual consumption is also given in kWh, but no running 
costs (partly because electricity prices vary substantially within and between 
countries). The cold appliances were the first of several groups to be covered by 
the Energy Label, under a 1992 EC framework directive (Table 1). In October 
1996, washing machines and tumble dryers were the second group of appliances to 
be labelled in the UK. Most of this paper is based on evidence and information 
about the cold appliances, with some references to these two wet appliances. 

Table 1: EU policy on Energy Labels for domestic appliances 

Appliance 

All 

Cold 

Wet 

Lighting 
Water 
heaters 

Date 

1979 

1992 

1995 

1999 

1996 

Details 

Directive (79/530/EEC) on voluntary energy 
labelling 

Mandatory energy labelling Framework Directive 
(92/75/EEC) 
Labelling of refrigerators, fridge-freezers and 
freezers becomes effective 1/1/95 in UK 
Revision of label categories, to coincide with 
mandatory minimum standards 

Labelling of washing machines and tumble dryers 
became effective on 1/9/96 in UK 

1998 Labelling of washer-dryers becomes effective 
3111198 in UK 

1999 
2000 

? 

Labelling of dishwashers becomes effective 1/1199 

Labelling of light bulbs 
Labelling to be agreed, pending report on European 
study on Domestic Electric Stored Water Heaters, 
chaired by EV A 
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The EU Energy Label is predominantly about relative energy efficiency. This is 
most similar to the Australian and New Zealand label which ranks the efficiency of 
the machine on a scale of 1-5 stars: the more stars the better. The US label states 
the energy consumption for the machine and identifies where it comes in the range 
from similar-sized machines. It is implicitly about energy efficiency, but does not 
use that measure or phrase and emphasises energy consumption. 
Perhaps the most distinguishing feature of the EU Energy Label is that it is multi
coloured: from green to red in seven bands, whereas the American and Australian 
labels have more text and fewer colours. The large font used for the A-G efficiency 
rating also makes the EU Label stand out, with a clear, primary message. The 
washing machine label contains categories for wash performance and spin speed -
both rated A -G. 

'The label has got like a rainbow effect, and it's got lots of information on there, 
but I don't really know what the information was.' (Oxfordshire resident) 

The consumption information on the labels varies between appliance groups: the 
cold appliances are rated on the basis of kWh pa (a figure usually in the hundreds), 
whereas the wet appliances are kWh per cycle (a unitary figure). For light bulbs, 
the consumption will not be given, merely the power demand (in Watts) and, 
separately, the output (in lumens). The concern has been, therefore, for more 
precise technical data and, by default, not for information that is easy for the 
consumer to use. The net effect is a lack of coherence between the labels, which 
would have facilitated the cumulative learning experience of consumers. By 
implication, the efficiency category will become of greater importance for people, 
with limited opportunities for cost-effectiveness or carbon dioxide calculations. 

2. Compliance 
Although the EU Energy Label was required from January 1995 on the cold 
appliances, no systematic survey was undertaken to establish what proportion of 
appliances were correctly labelled. This will form part of the research currently 
being undertaken by the ECU on behalf of the Commission, for all 15 member 
states - the ELCAEC project - although it cannot provide historical data. 
With the wet appliances, three surveys were undertaken for the decade team to 
establish the proportion of machines with a clear and accurate label, starting two 
months after the label was made compulsory in the UK (Table 2). As required by 
the legislation, the label has to be clearly displayed on the front or the top of the 
machine. Whilst three-quarters of all appliances were labelled, there was a distinct 
variation according to the economy of the area (left-hand column). With those 
consumers living in areas of declining prosperity having shops with the lowest 
level of labelled equipment. It is not clear why there should be a lower level of 
compliance over the five month period, but by May 1997, only 2 out of 58 
machines had an Energy Label. The labels are required only on stock acquired after 
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September, so there may be a lot of old stock and a slow rate of turnover in some 
shops. 

Table 2: Wet appliances with an Energy Label, by economic prosperity of the locality, UK, 
January - May 1997 (% of appliances) 

January March May 
Declining 50 31 3 
Stable 78 78 78 
Thriving 68 75 76 
Not stated 84 

Average 72 75 76 

Base: At least 3,000 appliances in each time period, in eight stores, in each of 
twelve UK regions/towns 
Source: CA report for decade team 

In a small number of cases, the label was not complete and either the background 
or the model details (the black right-hand strip) were not present, or the whole label 
was for the wrong model. In each of the surveys, these errors were found with less 
than 10% of all labelled machines. Therefore, about two-thirds of the washing 
machines and dryers were correctly labelled, seven months after labels were 
introduced into the UK. 
The level of compliance is important, as no consumer can be influenced by 
something that is not there. The high level of compliance demonstrated in Table 1 
is encouraging, together with the slight improvement over the five months. 
However, as the report states, there may be a group of stores where resistance to 
labelling remains high. 
The individual manufacturers (where more than 10 machines were found in a time 
period) had compliance rates varying from 32-96% of appliances inspected. As 
some shops managed to have 100% of the machines from a manufacturer correctly 
labelled, it implies that in some cases the problem of non-compliance is due to 
retailer indifference. In other cases, the manufacturers may not have supplied the 
labels. The responsibility for non-compliance between manufacturers and retailers 
has not been firmly established. 

3. Publicity 

During the first 18 months after the Energy Label was introduced in Britain for the 
cold appliances, there was no coverage of the scheme in the national press, major 
magazines, on television. In March 1996, there had been an advertising campaign 
in the newspapers to establish trust in both the EU Energy Label and the Ecolabel. 
Other national support has consisted of distribution 0.5 million A5 explanatory 
sheets mainly to retail outlets and advice workers. Overall, there has been little co-
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ordinated government publicity about the label. Consumer groups gave some 
coverage, though this was mainly questioning the accuracy of the label in Which? 
magazine. The key pressure groups gave no coverage at all. 

4. Consumer response 
In a survey of 100 people in Oxfordshire, who had already bought a cold appliance, 
most consumers had little or no prior information on the Energy Label, before 
seeing it in the shops. Fifty-two of these consumers could remember seeing the 
label, a few months later - it is not known what the compliance level was - and the 
35 who found the label useful bought appliances that were, on average, 20% more 
efficient than those chosen by people who were not influenced by the label 
(Boardman 1997; Boardman et al 1997a). It is not known what these consumers 
would have bought in the absence of labels (it may be that some consumers would 
have bought efficient appliances in any case). Some, but not all, of the changed 
purchase pattern may be attributed to the Energy Label. At a maximum, a 20% 
improvement in efficiency by 35% of customers would result in a 7% drop in 
electricity consumption across the whole market. 

'What I liked about it was that it was very clear. We could compare for ourselves. ' 
(Oxfordshire resident #8) 

This response from consumers is particularly impressive as many will have gone 
into the retail shop expecting all appliances to be of similar efficiency. For this 
reason, other people may not be recognizing the importance of the Energy Label, if 
their preconceptions are still intact. 

'If there hadn't been the label on the Jridge-freezer, I would not have thought about 
it [energy efficiency).' (Oxfordshire resident #47) 

In a wider survey, 59% (of 223) respondents said that the Energy Label explained 
the appliance's energy efficiency in a way that they could easily understand. The 
evidence from UK consumers is that a substantial number of people can access the 
information on the Label and are prepared to use it when making their purchases. 
Social characteristics can be used to differentiate between groups in the population. 
This is commonly done on the basis of socio-economic groups. A more 
comprehensive approach, including levels of education, age and knowledge of 
environmental issues, resulted in four segments of Oxfordshire consumers who 
were known to have bought a fridge or freezer. These consumers were interviewed 
both individually and in groups (focus groups). Of these four segments, the 
Concerned Professionals were most likely to respond to the Energy Label and to do 
so for environmental reasons: 
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'We intended to get one in the sale, but when we got there, we noticed the labels on 
the fridges _ and I hadn't got the conscience to buy one that was not efficient. It 
was the second most expensive in the shop.' (Oxfordshire resident #J J). 

The Elder Thrifties were people of retirement age who were motivated by cost
effectiveness and careful use of resources and bought more efficient appliances for 
these reasons. 
'The younger generations are used to disposable things and things that don't last 
very long and I think they have grown up in a time of plenty and so they have got 
this easy-come, easy-go attitude_we older people who were brought up before and 
during the war realize that, well we were made to be more careful. (Thrifties focus 
group) 

The Strugglers are on a low income and have no choice but to purchase the 
cheapest appliances; they are not generally concerned about energy efficiency and 
not convinced that more expensive equipment provides a better level of service. 
'I've been to Miele [it had been established that Miele is an expensive brand] and 
seen demonstrations - but I think, well, does it do the job better than what my 
things do. (Strugglers focus group) 

The fourth group are the Younger Aspirants, who lack environmental concern and 
are unlikely to be concerned about saving money. They are more responsive to 
peer group views and to perceived status: 
'1 tend to go a lot more on word of mouth than I do on anything that's actually 
written. 
Yes! [two or three respondents together] 
I might ring a friend who's bought something and say, "Is it any good?" (Aspirants 
focus group) 

In Oxfordshire, consumers found the large range of appliances in some shops to be 
a source of stress. 
'Yes, shops get bigger and bigger. It takes you longer and longer to walk around 
them. It's tiring and then when you have finished you are so confused _ you don't 
know what to choose. ' (Strugglers focus group) 

People reported that the label helped them choose from the range and to speed up 
decision-making. So long as consumers understand that an 'A' is, in some abstract 
sense, superior to a 'B', consumers can respond regardless of their understanding of 
energy efficiency or even energy and environmental connections (Banks pers 
comm). 
One group that cannot respond to the Energy Label are those consumers that 
purchase second-hand equipment. In the UK this is 23% of all acquisitions of cold 
appliances. Policies have to be designed specifically to enable this group - the 
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poorest households - to obtain more economical and efficient appliances. The 
Energy Saving Trust have a national scheme to replace 50,000 working, but 
inefficient, refrigerators in the homes of low-income families for £25 (37 ECU) 
with a C-rated refrigerator. As 65% of cold appliances in low-income homes are 
faulty - a total of 6 million machines in the UK - this scheme needs to be much 
larger. 

5. The retail environment 
The role of retail staffis important as many cold appliances are 'distress' purchases, 
bought when the old machine has broken down. There is little time to undertake 
careful research, so information at the point of sale is particularly influential. 
'_ sometimes we have just bought something, because there isn't time to go out and 
get the information, ' (Professional focus group) 

The data on the Energy Label can be used to demonstrate the cost-effectiveness of 
buying a more efficient appliance with lower running costs. Most people expect the 
higher rated appliances to be move expensive, although across the whole UK 
market, there is no correlation between purchase price and energy efficiency. 
Consumers can obtain lower consumption, for free, but only through the careful 
use of the Energy Label. The retail staff have not, so far, been able to provide 
customers with this level of support. 
'Dream on! They seemed to understand it less than I did!' (Oxfordshire resident #5) 
'I don't think the sales assistants are very aware - they can't explain anything to 
you.' (Oxfordshire resident #10) 
The least efficient model on the market consumes at least twice as much energy, 
per unit volume, as the most efficient, in all categories of refrigeration appliances. 
This, and the benefits of lower running costs, can be displayed most easily with an 
interactive computer display in the shops, such as the ELDA system developed by 
Copenhagen Energy and being extended by Scottish Hydro Electric. Otherwise, it 
is quite difficult to use the label data for cost-effectiveness calculations in the shop, 
unless the retail staff have their own calculations guide; the latter has been 
developed by the Energy Saving Trust, for the UK. 
The problem of poorly informed retail staff is compounded by consumer suspicion 
of the commission structure and the effect this has on advice. For the labels to be 
more effective, they should be supported by retail staff and the commission 
structure. It is not clear whether this is true at the moment, though this will also be 
researched through ELCAEC. 
'I think it also depends whether the salesperson is on commission /ike they are in 
Curry's or Dixons. I would never buy anything in those stores ever, and they're told 
to push certain lines and I was always suspicious of it _' (Professionals focus 
group) 
Senior management support is crucial if retailer education programmes to improve 
staff awareness of energy efficiency issues are to be effective and these should be 
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accompanied by the development of a company policy for commission on the sales 
of energy efficient products. Positive endorsement of the Energy Label in Scottish 
Hydro Electric showrooms resulted in an 11 % improvement in the energy 
efficiency of the average model stocked in one year. 
There has been no analysis in the UK of which machines are stocked by retail 
outlets. An analysis of quarterly sales data for the GB (UK excluding Northern 
Ireland), obtained from GfK, shows that there has been a shift from Ds to Cs 
consistently over the whole of 1995-6. This has probably resulted from - or been 
caused by - the drop in price of the C-rated fridge-freezers. At the beginning of 
1995, 
Cs were the most expensive category, but during the first two years of the Energy 
Label the average price paid for a category C fridge-freezer has fallen markedly. 
Although the price of Cs has dropped, they still remain more expensive than Ds 
and this price change cannot wholly explain the movement of sales from D to 
C.There are no As on the UK market and the sale of B-rated appliances has hardly 
changed. The latter is particularly strange as, for at least the first five quarters, the 
price of B-rated appliances were below that of the C category machines. One 
implication is that the retail outlets were not stocking any or many B fridge
freezers, although national sales figures show an adequate range of models. As 
with compliance, it is important to know whether consumers had a wide choice of 
energy efficiency categories in the shops. 
'{DJ was the highest rating for the smaller fridge-freezers.' (Oxfordshire resident 
#7). 

6. Manufacturers 

The publicity given to inaccurate labels by the Consumers' Association in its 
magazine, Which?, has added to consumer mistrust of institutions, whether 
manufacturers or governments. 

'Well, what it is telling you is the average yearly running costs. It's open to 
misinterpretation, which is what Which? is saying - that certain manufacturers 
distort it slightly. , 

~ whereas government and large industry, _ weill think of them as being crooks.' 
I'm very distrustful of the government - J must say - on any environmental issue. 
(Aspirants focus group) 

The Government's advertising campaign in March 1996 was the only attempt to 
instill confidence in the Energy Label and this was probably too short-lived to have 
a major effect on consumer perceptions. There has been no media publicity about 
trying to get manufacturers to produce more accurate labels to demonstrate to 
consumers that the Government is concerned. 
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The manufacturers are producing more efficient equipment as demonstrated by the 
proportion of models in the A-C categories, during the first two years of the Energy 
Label (Table 3). It is difficult to distinguish between the influence of 
manufacturers, retailers and consumers when considering the changes in sales data. 
The change in the range of models available may be the best indicator of 
manufacturer reactions to 

Table 3: Models on the GB market by EU Energy Label category, QI 95 and Q4 96 

Fridge-freezer 

Refrigerator 

Chest freezer 

Upright freezer 

Models available in 
Q195 (%) 

A-C D-G 

33 67 

68 32 

18 82 

41 59 

Source: Boardman et al1997a 

Models available in 
Q4 96 (%) 

A-C D-G 

37 63 

45 

29 

71 

55 

The introduction of the Energy Label. It is not possible to state whether this is a 
faster rate of introduction of more efficient models than previously - comparable 
data were not available until the models were assessed for the Label categories. 
The manufacturers could respond to the imposition of the mandatory Minimum 
Standards in September 1999 in a variety of ways and the overall impact of the 
regulation will depend upon the models offered in the period after September 1999. 
The DECADE team's view is that the best response will be achieved if manufacturers 
are aware of further policies, such as revisions to the Energy Label categories and a 
second round of standards. Then the historical pressure to improve the efficiency of 
appliances will be continued. 

7. The effect on consumption 

Between 1970-96, electricity consumption in the average appliance sold dropped 
by 18-52%, depending on the type: refrigerator, fridge-freezer or freezer. The total 
consumption of electricity by cold appliances in the UK has stabilised and is now 
falling. This is despite the increasing numbers of households and demands for 
improved levels of service, for instance frost-free appliances. Demand has not 
stabilised in the other appliance groups but continues to grow, showing, by way of 
contrast, that policy has already begun to influence future cold appliance 
efficiency. 
Since 1990, policies on the EU Energy Label, minimum standards and phasing-out 
of CFCs and HCFCs have been discussed and enacted. The individual impact of 
each cannot be differentiated from the influence of the others, though the net effect 
has been a strong and continuing rise in the efficiency of the average appliance 
sold. The average consumer was buying a more efficient machine at the end of 
1996, than was being bought at the beginning of 1995 and this was true for all 
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seven types of cold appliance. The new purchase used 20% less electricity than the 
old machine it replaced. 
The cold appliance market is very price competitive - over 1995-6, the only type of 
appliance to increase in price, in real terms, was the larder refrigerator. The others 
dropped in price, sometimes in absolute terms. Over the two years, the average 
energy consumption of cold appliances has decreased while the average price has 
fallen in real terms. Improvements in efficiency have not been at an additional cost 
to the consumer. 
Over the first two years of the Energy Label, the energy consumed by the average 
new cold appliance sold dropped by 0.75%. This is the combined effect of two 
separate trends: the average appliance consumes 4.4% less electricity; but the 
proportion of each appliance group purchased has changed, with more consumers 
choosing higher energy-consuming equipment, such as frost-free. Without the 
decline in electricity used by individual appliances, total consumption would have 
increased. 
Based on Oxfordshire consumers, the maximum possible effect of the EU Energy 
Label was identified as a 7% improvement in energy efficiency, where retail staff 
had not been trained. An informed and supportive retail environment produced an 
11 % change in energy efficiency, over one year, in Scottish Hydro Electric 
showrooms. If retail education, nationally, doubled the number of consumers who 
gave energy efficiency more priority, either for environmental or economic 
reasons, there could be a 10-14% improvement in the efficiency of the average 
cold appliance sold each year. All of these 1.5 million households would have 
reduced running costs. 

8. Developing a strategy 

The savings that accrue as a result of the interplay between policies have been 
identified for the cold appliances. This experience has been expanded by the 
DECADE team to demonstrate the benefits of more efficient lights and appliances 
(Boardman et al 1997b). The market transformation concept provides a useful 
policy framework, as it emphasises the importance of a strategic approach. Isolated 
policies have a limited impact, whereas, when planned together, they can create a 
powerful synergy. Successful strategies can only be assembled by taking into 
account the special circumstances of each appliance group. The appropriate 
package and sequence of policies is specific to each product sector and is 
determined both by the characteristics of the appliance group and by the major 
policy objectives. 
Several clear policy insights emerge from the analysis in 2MtC (Boardman et al 
I 997b): 

EU Energy Labels, based on harmonized test procedures, are prerequisites 
for effective policy in most, but not all, appliance groups; 

procurement helps manufacturers to bring forward improved products 
by constructing an initial market; 

financial incentives (rebates) can be used both to establish a market for 
new, efficient products and to ensure that low-income households have access 
to more efficient lights and appliances; 
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a rolling programme of minimum standards and revisions to the EU 
Energy Label are the main drivers that will ensure the spread of the technology 
further into the market; 

both mandatory minimum standards and voluntary agreements can be 
based on efficiency levels that imply no net extra cost to the consumer. 

Clearly a strategy for energy saving will also take into account other issues such as 
such as certainty of energy savings, cost (to government, consumers and 
manufacturers) and equity between income groups. 
In order to progress from the theoretical framework to demonstrate how savings 
could be achieved in practice, three scenarios have been developed. For each 
scenario the effect of a combination of EU and UK policies has been modelled for 
each appliance group to give estimated electricity and carbon dioxide savings for 
the UK. The cost of the scenarios to government has also been estimated, as have 
the savings to the consumer. 
Scenario 1 assumes that there is strong political support for carbon dioxide 
reductions, both in Europe and the UK. The scenario envisages a systematic 
programme of European legislation, starting forthwith and including minimum 
standards of efficiency for a number of products. For such a programme to be 
realized would require the commitment of a majority of Member States, possibly in 
the form of a Framework Directive. This scenario provides savings of up to 2.7 
MtC in 2010 - hence the report is conservatively titled 2MtC. Scenario 1 represents 
the fastest feasible introduction of the efficient technologies identified. The other 
two scenarios provide lower levels of saving, as a result of a weaker policy stance 
in Europe and the absence of a Framework Directive on Minimum Standards. 
Reducing consumption in domestic lights and appliances can be achieved more 
rapidly, more cheaply and with greater certainty than in most other areas of energy 
use. The policy strategy in Scenario 1 could obtain for the UK an important 2 MtC 
saving from more efficient lights and appliances and provide a policy lead in 
Europe to assist with general European reductions in C02 emissions. However, the 
opportunity to achieve these savings depends upon extremely strong political 
commitment and support from manufacturers, and a willingness to act promptly 
and decisively. 

Conclusion 

The EU Energy Label is the visible face of policy for the consumer as it allows the 
more efficient models to be identified and purchased. The other policies (minimum 
standards and CFC phase-out were being discussed concurrently with the label 
implementation on cold appliances) impact directly, and solely, on the 
manufacturer. 
The growing recognition is that policies are interactive: the effect of the whole 
strategy is greater than the sum of the achievements from individual initiatives. An 
energy label is the necessary precursor for most other policies and provides useful 
information for consumers, but its maximum effect depends upon informed and 
supportive retail staff. The range of appliances stocked by retailers can only come 
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from the models manufactured, but is strongly influenced by perceived consumer 
demand. The manufacturers respond both to legislative requirements and customer 
preferences. This circle of influences has yet to become properly established and 
powerful. 
The lessons learnt from the detailed study of the impact of policy on electricity 
consumption in cold appliances can now be applied to all domestic appliances and 
lighting. A coherent strategy could deliver significant savings of carbon dioxide as 
a contribution to the British target of 20% by 2010 and the European aim of 
achieving a 15% cut. This strategy has been developed by the DECADE team, as 
Scenario 1, in the new publication 2Mte - two million tonnes of carbon. 
EU Energy Labels are under-exploited. A third of all consumers in an Oxfordshire 
survey found the information relevant and used it when making their purchase. The 
remaining customers needed assistance, because of uncertainty about the relevance 
of the information for them or its independence. In many retail outlets this 
assistance was not available, as the staff were not trained or had other priorities. 
Consumers are being disenfranchised, particularly in deprived areas, because either 
the label (on wet appliances) is absent or incomplete. In more prosperous areas, 
coverage is improving and two-thirds of wet appliances were correctly labelled 
seven months after the Energy Label became mandatory in the UK. 
The expectation is that as the Energy Label is extended to ever more groups of 
appliances, then the impact will be reinforced: as consumers recognize, and 
perhaps seek out, the label. This will be reinforced in 2000 when light bulbs are 
labelled, as these are purchased frequently. The greater consumer awareness that 
energy efficiency does vary could have implications for the extension of labels to 
other purchases, for instance houses and cars. 
Consumer trust in the Energy Label will have to be nurtured by national 
governments as stories about inaccurate information result in uncertainty and need 
to be rebutted with clear and positive action. In addition, the label is becoming 
more complex and moving away from transparent information. For instance, with 
light bulbs, the proposed label does not contain any consumption data, only 
technical information and an efficiency category. This will require well-informed 
retailers and aware consumers. 
The two most important features of the Energy Label are that, for policy, it 
provides the underpinning to most other initiatives and thus allows a strategy to be 
developed. Secondly, for consumers, the Energy Label is the visible expression of 
energy efficiency policy. It confirms that there are, indeed, variations in the 
efficiency of appliances and enables people to incorporate concern for the 
environment or for lower running costs into their purchase decisions, if they so 
wish. 
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The EU-Labelling Scheme: Does it Really Work for 
Consumers? 
P. Sieber, Director, Stiftung Warentest, Germany 

The answer to this question could be just one sentence: 

• No, until now it doesn't work sufficiently. 

But then we have to add the questions: Why? What must be done by the 
Commission? What must be done by the national governments? What can be done 
by other non-governmental organisations? 

To explain my basic answer to the headline of my paper and to answer the 
additional questions I want to report on the actual situation in Germany for energy 
labels on cold appliances and on washing machines. The remarks are based on a 
survey which has been undertaken in August this year, so the results are quite 
actual. Originally the survey on cold appliances has been initiated and financed by 
the European Commission, and the work was organised and co-ordinated by the 
Oxford University. The practical part of the survey in Belgium, France and several 
southern European countries has been done by my colleagues of Test Achats in 
Brussels, the head organisation of the Conseur-Group. We at STIFTUNG 
WARENTEST, the consumer test organisation in Germany, had been asked to add 
similar infonnation for cold appliances offered in Germany. We were pleased to do 
so, and we used this activity to gather additional and more detailed information on 
the situation for washing machines on our own. 

To understand the results it seems to be helpful to have a short look to the policy 
framework in Germany (s. slide I). The EU Directive 92175/EEC on the framework 
of mandatory energy labelling of household appliances was converted to national 
German law - the "Energieverbrauchskennzeichnungsgesetz" (En VKG) - not 
earlier than in summer 1997. The directives giving the details for the different 
groups of household appliances, e. g. 94/2/EC for refrigerators and freezers or 
95112/EC for washing machines, need to be transformed to German law by an 
additional "Energieverbrauchskennzeichnungsverordnung" (En VKV). This 
En VKV passed the German Bundesrat, the representative of the foreign countries 
in Germany, just a few days ago, on 17th of October 1997. So it will come to force 
on 1 st of January 1998 for cold appliances and for washing/drying appliances. The 
dishwashers still have to wait until I st of June 1998 to get a mandatory energy 
label. 

So in short: At the very moment and during our survey in August this year energy 
labels on cold appliances and on washing machines have been voluntary in 
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Gennany. In close future they will be mandatory, but still then the declaration of 
the noise level will be voluntary. 

What did we find when looking for energy labels on refrigerators, freezers and 
combinations? We checked ten shops in two different cities in Gennany, 
representing independent retailers, supennarkets, big chains and mail order 
companies. All samples of cold appliances found have been included into the 
investigation (s. slide 2). It was a total of 335 models, a good mixture of mainly 
fridges, not much less fridge-freezers and some 80 pure freezers. The result was 
not sufficient for a complete consumer infonnation, but it was not too bad for 
voluntary labelling: Slightly more than 60% of the cold appliances have been 
correctly labelled! 
Let's have a look to the incorrectly labelled models. In about 18% of all cases we 
could find neither the data strip nor the colour label, simply nothing, like in old 
days of "Iook-to-the-nicely-shaped-handles". It is not much more helpful if there is 
the colour label only to be found, but maybe the consumer will ask what it means 
and enforce the retailer to look for the missing data-strip. In slightly more than 
17% of all cases we found the data-strip only, sometimes incomplete and 
sometimes hidden inside the appliance. That is better than nothing, but should be 
improved as soon as possible to a complete and properly placed correct energy 
label. 
Nevertheless, more than 60% correctly labelled models at the moment give hope 
for close future. And it is definitely better than in many other EU-countries, as a 
short look to the next slide (s. slide 3) shows. The same study proves, for example, 
that in Spain or in Belgium at the moment less than 30% cold appliances could be 
found correctly labelled. More details will be offered, I'm sure, when the 
responsible group at Oxford University will have been able to evaluate the whole 
survey. Until now we must state that the energy label for cold appliances, for that 
sort of household appliances with which the whole affair was started in 1994 with 
the respective EU Directive, is still in a starting phase. The way to be gone is 
different in different countries - as so often - but the situation is not hopeless. 

Now let's have a closer look to the results of our investigation of the labelling 
situation of washing machines (s. slide 4). Again the background is a survey in ten 
shops in two different Gennan cities. We found a total of296 models, a mixture of 
frontloaders (more) and top loaders (less) in a broad price range. About 40% of 
them have been correctly labelled, not too bad when we remember that the 
respective EU Directive 95112 is from not earlier than 23'd May 1995. About three 
quarters of the incorrectly labelled models did show neither the data-strip nor the 
colour label, and in a few cases we could find the data-strip only, sometimes when 
looking into the drum. 
It is quite interesting to differentiate between the different sorts of retailer outlets 
investigated. At independent retailers we only found about 5 % correctly labelled 
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washing machines. They didn't seem to be too much interested in using this new 
source of information and they argued that the customers are not asking for this but 
only would be interested in the price. And it adds some work and some trouble, at 
first to completely get the labels, then to keep them clean - the data-strips are from 
paper, they become dirty or arrive crumpled up, and before delivery you have to 
take them off the appliance without damaging the surface. 
The situation was somewhat better in supermarkets and in outlets of big retailer 
chains. There we came close to the average of our survey, almost 40% of the 
models found have been correctly labelled. Like in all sort of shops in about three 
quarters of incorrect labelling the reason has been the complete missing of 
everything. In most of the remaining cases you could find the data-strip only. The 
individual remarks we asked for have been close to those of independent retailers. 
Especially they complained that it is almost impossible to get a new data-strip if the 
original one is damaged, and that some manufacturers are delivering data-strips 
only with the better appliances, not with those offering only a "C" or worse for 
energy consumption or the washing ability. However, in some cases we heard that 
the staff is quite fond of the labels and keen to place them properly visible because 
this is a very helpful means for giving advice to the customers. 

The best situation we found in two big department stores and in the showroom of a 
mail order company. With more than 85% correctly labelled models the situation 
was not far from being perfect. The reasons we heard: Our management is 
interested in fulfilling the coming regulations as early as possible in order to 
demonstrate a consumer-friendly information policy - and - this helps to sell some 
of the more expensive models, because it's easier to calculate the sum of price and 
costs over an average lifecycle. Additionally in one department store there was a 
complaint that in almost all cases still the noise values are missing. Many 
customers are interested to compare noise levels because the washing machine has 
to run overnight and they want to find out which one is disturbing the least. 
The last point gives one important hint: The energy labels as they are only can give 
a limited information. The energy consumption value shown is valid for just one 
program, what about the others? The same for the washing ability and for the water 
consumption. The spinning ability is shown, but what about the rinsing ability? The 
noise level - if shown! - is based on a pure measurement but not taking into 
account subjective elements as disturbing frequencies or peaks. 
So if I'm asked again: Does the EU energy labelling scheme really work for 
consumers? I now like to give a somewhat more detailed answer: 
It does not work sufficiently well yet, even in Germany, where the situation is 
comparatively good, but it is on it's way to serve as good as it will be able to do. 
And this leaves enough space for testing organisations as STIFTUNG 
WARENTEST in Germany or Test Achats in Belgium to perform extensive 
comparative tests in order to fully inform the consumer. 
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Actual Situation of Energy Labelling: 

1. The Policy Framework in Germany 

22 September 1992 

~ National German law: 

05 July 1997 

21 January 1994 

23 May 1995 

23 May 1995 

19 September 1996 

16 April 1997 

~ National German law: 

01 Januar 1998 

EU Directive 92/75 EEC on 
the framework of 
mandatory energy labelling 
of household appliances 

Energieverbrauchsk 
ennzeichnungsgesetz 
(EnVKG) 

EU Directive 94/2/EC on 
refrigerators, freezers and 
combinations 

EU Directive 95112/EC on 
household 
machines 

washing 

EU Directive 95/13/EC on 
household tumble dryers 

EU Directive 96/60/EC on 
household washer/dryers 

EU Directive 97117/EC on 
household dishwashers 

Energieverbrauchskennzeic 
hnungsverordnung 
(EnVKV) 



Actual situation of energy labelling 
(August 1997) 

Total 

absol in% 

Number of 296 

Country Product 
Germany 

Subtotal Subtotal 
indip. Superm. 
retailers Chains. 

absol. in % absol. 

91 128 

129 

Group: 
Washing machines 

Subtotal. 
Dept.! sto 
Mailord. 

in% absol. in% 

77 

_ ~~~~_s~!~~~~~_ ~?_~~!~ _________________________________________________________________ . 
Correctly labelled 119 40,2 5 5,5 48 37,5 66 85,7 
models - - -- ---- - - - -- - - - - - - - - - - - - -- - - - ------- ----- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - ---_. 
Incorrectly labelled 177 59,8 86 94,5 80 62,5 11 14,3 
models 

--- - - -- ---- - - ----- - - - --- - - - -- - - - - - - -- - - - - - ---- - - - - --- --- - ---------- - - - - --- - - - - - -- - - -- - _. 
Colour label only 3 

------------------------------------- ---------------- ---------------------------------_. 
Data strip only 35 17 0 
Neither data strip 137 46,3 18 73,6 61 47,7 9 11,7 
nor colour label 

---- --- - - --- -- - - - - - - - - - - - -- - - - - ---- - - - - - -- - - - - - - -- - - - - - - - - - - - - - -- - - - - - - - - -------- - - - -- _. 
Incomplete data 2 67 
_ ~!~ip __________________________________________________________________________________ . 
Correct label but 0 
put on a not visible 

))?_s}!~?I1 ______________________________________________________________________________ . 
Correct label but 0 
hidden by another 
thing -The -label IS -ins{de ----17 ---------- ---------------- ---------------------------------_. 
the appliance 

--- - ------- - - - - - - - - - - - - - --- - - ----- - -- - - - - - --------- - - - - - - -------- - - - - - - - - - - - - - - - - ----- -. 
Other label 3 7 10 0 
Other error 
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Actual situation of energy labelling 
(August 1997) 

Country Product 
Germany 

Fridges Freezers 

Number of investigated models 136 86 
Correctly labelled models 77 56 
Incorrectly labelled models 59 30 
Colour label only 1 1 
Data-strip only 26 15 
Neither data-strip nor colour 28 14 
label 
Incomplete data-strip 0 0 
Correct label but put on a not 0 0 
visible position 
Correct label but hidden by 0 0 
another thing 
The label is inside the appliance 15 12 
Other error 16 6 
Other label 11 7 

Actual situation of Energy Labelling 

Group: 
Fridges/Freezers 

Fridges- Total Total 
Freezers in % 
113 335 
72 205 61,2 
41 130 38,8 
2 4 1,2 
17 58 17,3 
19 61 18,2 

1 1 0,3 
0 0 0 

0 0 0 

10 35 10,5 
10 32 9,6 
12 29 

Product Group: (July to August 1997) Fridges/Freezers/FF 

Germany Spain Belgium 
Number of investigated models 335 454 343 
Correctly labelled models 61,2 28,9% 27,4% 
Incorrectly labelled models 38,8 71,1% 72,6% 



Making the Market Force Work: The E-rated 
Appliances Programme 

Linda Sandahl 
Pacific Northwest National Laboratory 

1. Mission 

The u.s. Department of Energy (DOE) established ENERGY STAR®Partnerships 
to help speed the market introduction and increase the market penetration of highly 
efficient building equipment, including appliances, using voluntary programs. 

2. ENERGY STAR Label 

The U.S. Environmental Protection Agency (EPA) created the ENERGY STAR 
name and logo and has licensed their use to DOE. DOE has created partnerships 
with major national appliance retailers, independent retailers, appliance 
manufacturers, energy utilities, manufactured home producers, the Federal Trade 
Commission, and the U.S. EPA to support a number of program activities. The 
ENERGY STAR label is now being used on a wide range of appliances -
everything from refrigerators to computers, to light fixtures - to help consumers 
identify products that are energy and resource efficient 

3. Barriers to Market Acceptance 

Highly energy-efficient appliances face a number of well known barriers in the 
marketplace, including high first cost, lack of service infrastructure, quality and 
reliability concerns, low product availability, and lack of customer knowledge 
about the existence of and bene tits associated with these appliances. ENERGY 
STAR Partnerships involves a number of activities that address these challenges. 
This presentation provides a brief overview of how ENERGY STAR Partnerships 
has successfully engaged market forces to promote the development and market 
penetration of energy- and resource-efficient appliances in the United States. Also 
discussed are the lessons learned associated with relying on market forces to 
implement one of the ENERGY STAR Partnership Projects: the ENERGY STAR 
Partnership Program for Manufactured Homes. 

4. Key Program Elements 

DOE's ENERGY STAR Partnerships includes four main program elements: 
Emerging Technology Demonstrations, ENERGY STAR Appliances, Volume 
Purchases, and the ENERGY STAR Appliance Program for Manufactured Homes. 
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4.1 Emerging Technology Demonstrations 

The emerging technology demonstrations provide an opportunity to measure the 
energy savings of new technologies, as well as improve manufacturer, utility, and 
consumer confidence in the quality and reliability of new technologies. In March 
1997, DOE gave every resident in the small midwestern town of Bern, Kansas 
(pop. 200) a chance to trade in their old washing machine for a new high-efficiency 
Neptune model clothes washer produced by Maytag. The goals of the 
demonstration project were to measure the energy and water savings and to educate 
consumers about the benefits of these new technology machines to accelerate their 
market acceptance. According to Maytag the Neptune washer reduces water use 
by 40%, reduces energy use by up to 65%, and reduces drying time by extracting 
up to 30% more water during the spin cycle than conventional washers. 

4.2 ENERGY STAR Appliances 

ENERGY STAR sales promotions increase the awareness of energy-efficient 
appliances by educating consumers and increase consumer confidence in 
manufacturers' claims about efficiency by providing a trusted, third-party 
certification. DOE works with participating retailers, utilities, and manufacturers 
to establish a nationwide consumer education program that includes point-of
purchase promotional materials, local and national advertising, low-interest 
consumer fmancing for high efficiency products, and training programs for retail 
sales personnel. Over 1,200 retail stores are now labeling ENERGY STAR 
refrigerators, dishwashers, clothes washers, and room air conditioners with the 
ENERGY STAR label. 

4.3 Volume Purchases 

Another DOE ENERGY STAR activity is to help groups of interested buyers come 
together to approach manufacturers about purchasing large volumes of new energy 
efficient appliances. The demonstrated markets these volume purchase agreements 
provide can help convince manufacturers to set up production lines, increase 
product availability, and establish service and warranty infrastructures for new 
products. Often the buyers can negotiate lower prices for new technology - prices 
that are close to the price of conventional products. 
DOE helped broker a volume purchase of 20,000 energy-efficient refrigerators by 
the New York Power Authority for New York public housing. Each refrigerator is 
using 578 kWh per year less on average than the replaced refrigerators and saving 
$39.25 per year in electricity operating cost. General Electric won a competition 
for a contract to sell over 70,000 new-to-the market energy-efficient refrigerators 
for installation in numerous U.S. housing authorities. As of September 1997, over 
47,000 energy-efficient, apartment-sized refrigerators were installed in 40 cities in 
15 states. At a savings of 650 kWh/year over the refrigerators they are replacing, 
the net total electricity savings from these refrigerators is ~30 million kWh/year, 
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and at 8 cents/kWh the electricity cost savings is ~$2.4 million/year. The net total 
estimated carbon savings (C02 emissions) is about 17,000 tons/year. 

4.4 ENERGY STAR Appliances for Manufactured Homes 

In 1995, Pacific Northwest National Laboratory and state energy offices in Oregon, 
Washington, and Idaho started an ENERGY STAR appliance program for DOE in 
the northwestern United States. This program (originally called the e-Rated 
Appliance Program) was a partnership between DOE, the Oregon Department of 
Energy, appliance manufacturers, and the region's manufactured home producers 
and home dealers. Appliances featured in the program included high performance 
dishwashers, clothes washers, and refrigerators. 

Manufactured homes are defined as transported structures that are built on a 
permanent chassis and are regulated by the U.S. Department of Housing and Urban 
Development (HUD). The HUD code is pre-emptive so HUD-code housing is not 
subject to local or state codes (76 FR 13590). ENERGY STAR Partnerships 
targeted manufactured housing for a number of reasons: 1) Manufactured homes 
comprise nearly half of all new housing starts in the Northwest. 2) Manufactured 
homes are built by relatively few companies compared to the site-built industry. 
Therefore a large number of homes can be influenced by working with a few 
builders. 3) Since 1983 the manufactured housing industry in the Northwest has 
been involved with DOE and the region's utilities in a number of studies and 
programs to improve energy efficiency. At the peak of involvement, all of the 
region's 18 manufactured home builders were participating in the program and 
every new manufactured home produced in the region was built to strict envelope 
conservation standards. Although the $1,500 utility incentive ended in 1995, 
approximately 60% of all new manufactured homes produced in the Northwest still 
meet the Super Good Cents standards. 

Under the original e-Rated appliance program, home manufacturers agreed to offer 
e-Rated appliances from the factory (which typically meant adding a new appliance 
supplier). Each home manufacturer was required to have three home retailers 
attend sales training on the appliances and the dealerships were required to display 
the appliances in a showroom setting. The original program specifications were 
very high - only expensive, foreign appliances met them. Program staff provided 
retailer training and held at least one sales event per dealer. Program staff attended 
home shows and promoted program and industry partners. Although Northwest 
utilities provided a small amount of promotional support, the program was 
designed so that success was not dependent upon the use of rebates or financial 
incentives. Non-energy benefits of ENERGY STAR appliances, such as superior 
performance, improved comfort, and convenient financing were promoted along 
with energy and resource efficiency. 
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Originally five manufactured home partners signed up, seven Oregon home 
retailers stocked the appliances and attended sales training, and about 100 
ENERGY STAR high-efficiency appliances were sold. All but one of the 
manufacturers later dropped out of the program. A number of obstacles led to the 
demise of the original program. The appliance producers participating in the 
program were not accustomed to supplying the manufactured home industry and 
did not provide an adequate level of service from the industry's perspective. Most 
Northwest utilities withdrew promotional support due to industry restructuring so 
the promotional budget was not sufficient to build awareness among consumers. 
In 1997, the appliance program for new construction was revamped under the 
ENERGY STAR name. The program still focuses on refrigerators, dishwashers, 
and clothes washers, but a new category, energy-efficient lighting, is being added. 
ENERGY STAR efficiency levels, which are slightly less stringent than the e-Rated 
specifications, were adopted. Because the energy efficiency requirements were 
relaxed and because U.S. manufacturers have since introduced additional models 
that meet the ENERGY STAR specifications, home manufacturers are now often 
able to obtain ENERGY STAR qualifying appliances from their current appliance 
suppliers. No requirement is made for retailers to stock ENERGY STAR 
appliances. Table 1 summarizes the energy specifications for the ENERGY STAR 
program. Manufactured home producers that want to participate in the program 
must agree to offer ENERGY STAR appliances, either as an optional upgrade or as 
standard appliances, in the homes they sell. The manufacturers commit to 
incorporating ENERGY STAR appliance information into their standard product 
literature. Although all major U.S. appliance manufacturers now make high
performance appliances that qualify as ENERGY STAR appliances, these 
appliances are not typically included in the selection of appliances made available 
to the manufactured home industry. Unless the appliances can be ordered as part 
of the home producers' yearly appliance contract, it is unlikely that the ENERGY 
STAR appliances will be available at a competitive price because they would not 
benefit from volume discounts. As part of the ENERGY STAR program, we have 
been working with appliance manufacturers to make ENERGY STAR appliances 
available to the manufactured home industry. Some appliance manufacturers, 
especially May tag, have been particularly supportive in making ENERGY STAR 
appliances available direct from the factory to manufactured home producers. 
Since manufactured home producers generally do not like to add or switch 
appliance suppliers, getting a commitment from appliance manufacturers to offer 
ENERGY STAR appliances to their manufactured home producers is very 
important. PNNL's role in the program, on behalf of DOE, is to act as a facilitator 
between interested parties and provide support including promotional and 
consumer educational materials designed to create consumer awareness. PNNL 
also works with the Washington State University Energy Program and the Idaho 
Department of Water Resources, organizations that implement the Super Good 
Cents (SGC) program with manufactured home producers in Washington and 
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Idaho, to deliver the ENERGY STAR Appliance Program for manufactured homes 
in the Northwest. As mentioned previously, SGC is a voluntary program designed 
to promote the installation of energy-efficiency measures in Northwest 
manufactured homes. 

TABLE 1. Energy Specifications for the ENERGY STAR Appliance Program 

Appliance 

Dishwasher 

Clothes 
Washers 

Refrigerators 

ENERGY STAR Specification 

- energy factor of at least 2.5 
ft3/kWh/cycie 
- water factor of no more than 11.0 
gallons/ft 3/cycle 
These washers require only about one
half the energy to operate and use 17 to 
25 gallons of water per load compared 
to 38 to 50 gallons of water consumed 
by a typical new washing machine. 
They also require less detergent and 
bleach. 

- at least 20% more efficient than the 
U.S. DOE standard. One model 
exceeds the standard by over 40%. 

5. Lessons to Remember 

Current DOE Standard 

1994 - energy factor = 

0.46 cycles/kWh 

1994 
I. I 8ft3/kWh/cycie 

1993 - varies by 
ze 

and model, 
see 10 CFR 

30.32 

We have identified a number of market-related "lessons to remember" associated 
with design and implementation of this program. Many of these lessons are 
relevant to other energy-efficient appliance programs. 
Clearly define what you are offering to your partners. At the start of any program 
it is often hard to articulate what you will offer in terms of program support. For 
example, when we first started approaching manufactured home producers about 
the ENERGY STAR Appliance Program for manufactured homes, we had very 
little program literature produced; we found that we had a difficult time getting 
their attention and getting them to view what we were describing as a "real" 



136 

program. Once we had brochures and press releases to show them, they showed 
more interest. Examples of promotional support that can be offered include 
hosting dealer events, participating in home shows, preparing press releases, 
brochures, and consumer information, and providing technical support to 
manufacturers. 
Clearly define the role of the industry partners. In addition to defining what the 
program will offer, you must clearly define the industry partner's role. In our 
program, manufactured home producers must make ENERGY STAR appliances 
available from the factory, must provide retailers with pricing information, and 
must include ENERGY STAR products in standard product literature. It is a good 
idea to agree to these terms in writing. For example, with ENERGY STAR a 
Memorandum of Understanding (MOU) was developed to formalize the 
partnership between manufactured home producers and PNNLlDOE. 
IdentifY how your program enhances your partner's business. Your partners are 
interested in things like increasing their sales and improving their bottom line. In 
the manufactured home industry, producers and retailers are interested in selling 
homes. Participation in the ENERGY STAR Appliance program can help them 
differentiate their homes from the competition since not all producers offer high
performance appliances. Promotional events create visibility for retailers and bring 
people into the show room, and the association with earth-friendly, energy-efficient 
home components can help improve a company's overall image as a good 
corporate citizen. 
Understand the market position and corporate strategy of potential partners as it 
relates to energy efficiency. Some companies position themselves as efficiency 
leaders while others focus on minimum requirements and low first cost. 
Understanding a company's market position can help you determine whether or not 
it is a likely program partner. Since some companies are better candidates than 
others, this will help target resources on those companies that have the most 
likelihood of participating. Corporate strategies that stress environmental 
friendliness are also consistent with an energy efficiency message. 
IdentifY an industry "champion" in as many channels as possible. Successful 
implementation of voluntary energy-efficiency programs often can be attributed to 
the involvement of an industry person(s) who was willing to "champion" the 
project at their company. It takes time and effort to put a project in place and if 
you can't get the attention of at least one person at an organization, then success is 

unlikely. 
Understand the power of different industry channel members. In addition to 
identifying a "champion" in industry and the corporate strategy of the various 
market participants, it is important to recognize the power structure of the industry 
since some participants have leverage over others. In the manufactured housing 
industry, large retailers are often very influential when it comes to convincing 
manufactured home builders to offer certain products. Since retailers are the 
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closest link to consumers, they are key in the ENERGY STAR Appliance program 
to convincing manufacturers to offer ENERGY STAR appliances in homes. 
Introducing changes to building practices can be problematic. Homebuilders are 
very sensitive to costs, therefore anything that increases costs is a tough sell. Costs 
are not limited to the incremental cost of upgrading to a more efficient product. 
Costs can include additional time required for installation or increased inventory 
costs. On the other hand, anything that will reduce any of these costs can be used 
in favor of getting the homebuilder to make a change to a more efficient product. 
Also, in the manufactured housing industry, introducing a product that must be 
installed on site during home set up is a drawback since this can lead to quality 
control problems. 
Don't focus solely on energy savings. Remember, this is not a good primary 
argument to use when recruiting industry members, and research has shown that 
low energy consumption is not on the top of the list of attributes consumers are 
looking for in appliances. Instead, stress how a quiet energy-efficient dishwasher 
will reduce noise and improve comfort in an open floor plan. Stress how you'll 
increase usable space in utility rooms with an energy-efficient, stackable clothes 
washer, or show how publicity from program participation can boost the 
company's image. 
Understand purchasing cycles for the products in question. Manufactured home 
corporate contracts for appliances are generally negotiated on a yearly basis. This 
has a number of program implications. For example, manufacturers may be legally 
obligated to purchase from an exclusive supplier over the duration of the contract. 
Also, prices on ENERGY STAR products from the appliance manufac-turer are 
generally lower if they are negotiated as part of the homebuilder's national 
contract. Therefore, timing is important. Don't miss out on the opportunity to help 
influence what products are included in a homebuilder's yearly appliance contract. 
This is likely true for a number of other energy-related products that are purchased 
in large volumes. 
Need proven, available products for a large market impact. It is important that a 
variety of appliances be available from a number of suppliers so that home builders 
have a choice when selecting energy-efficient products to offer as part of the 
ENERGY STAR appliance program. Ideally, ENERGY STAR appliances will be 
available from a manufactured home builder's current supplier since switching or 
adding suppliers is generally undesirable. Also, it is important that products are 
proven in the marketplace. When the ENERGY STAR Appliance program began, 
very few domestic appliance manufacturers offered qualified products; most were 
expensive, unfamiliar foreign brands that consumers were not familiar with. The 
one manufactured home builder that offered ENERGY STAR appliances direct 
from the factory experienced delivery problems, and another that was interested in 
participating found the appliance supplier to be unreliable, and eventually decided 
against continued participation in the program. 
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In June 1973, the State of California published a report entitled Energy Dilemma -
California's 20-Year Power Plant Siting Plan. The main conclusion of that report 
was that: 

The installed electrical generating capacity in California will need to be 
increased from 33,000 megawatts to about 105,000 megawatts during the 
20-year planning period from 1972 to 1991. About 70, 000 megawatts of 
new generating capacity, including out-ofstate coal capacity, will have to 
be built to meet the projected needs of Californians through the end of 
1991. 

This meant that in 20 years the generating capacity for electricity used by 
Californians would have to be tripled. At the same time electric generating utilities 
were finding it increasingly difficult to find suitable sites for their generating 
plants. The report suggested that new generating capacity should be divided 
between several energy sources. Forty thousand megawatts of capacity was to be 
met by about forty nuclear power plants at fourteen sites. The report included 
several maps indicating why these plants should not be located in specific areas. 
These included maps showing population centers, critical air quality areas, areas 
that were environmentally sensitive, and areas where cooling water was or was not 
plentifully available. The most dramatic map was one that showed earthquake 
epicenters and faults. It looked as though a spider had stepped into an ink well and 
then walked all over the map of California--California, like Italy, is a seismically 
active area. 

Recognizing the vast potential problems that could result from this fast growing 
demand, the California Legislature passed a law that would set up an agency called 
the California Energy Commission with responsibility for planning for and 
approving construction of electrical generating power plants. This agency was 
assigned five specific responsibilities: 

I 1516 Ninth Street, Sacramento, CA USA 94814-5512. Mr. Martin can be 
reached at +1.916.654.4039 (fax: -4304) and MMartin@energy.state.ca.us. Mr. 
Wilson can be reached at +1.916.654.5056 (fax: -4420)and 
JWilson@energy.state.ca.us. 
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• Planning and Forecasting, 
• Energy Resources Conservation, 
• Power Facility and Site Certification, 
• Research and Development, and 
• Energy Shortage Contingency Planning. 

As part of Energy Resources Conservation, the Commission was authorized and 
required to ''prescribe, by regulation, standards for minimum levels of operating 
efficiency .... The standards shall become effective one year after the date of 
adoption. No new appliance may be sold or offered for sale in the state, unless it 
has been certified by the manufacturer thereof to be in compliance with the 
standard. .. " 

The Commission adopted its first standards (for refrigerators, refrigerator-freezers, 
freezers, room air conditioners, and central air conditioners) in November 1976 and 
manufacturers started certifying their products the following year. The next year 
standards were adopted for additional products (gas furnaces and boilers, water 
heaters, showerheads, and faucets.) 
In 1977, a database of appliances certified to the Commission was developed using 
a simple word processor. As technology improved, the entries were transferred to 
a Data General mini computer using an Oracle database application. The 
Commission is now in the process of transferring the data from the Data General to 
a PC LAN (personal computer, local area network) system using a FoxPro database 
application. 
The Commission's database contains information on equipment size, energy use, 
and other pertinent data. The data is supplied by the manufacturers of the 
equipment and currently contains about 65,000 entries in fourteen data files: 

1. Fluorescent Lamp Ballasts 
2. Boilers 
3. Central Air Conditioners and Heat Pumps 
4. Computer Room Air Conditioners and Spot Air Conditioners 
5. Control Devices 
6. Dishwashers, Clothes Washers, Clothes Dryers, Ranges and Ovens 
7. Central Gas Furnaces 
8. Gas Space Heaters 
9. Plumbing Fittings and Fixtures 
10. Pool Heaters 
11. Refrigerators, Refrigerator- Freezers and Freezers 
12. Room Air Conditioners and Heat Pumps 
13. Gas and Oil Water Heaters 
14. Electric Water Heaters 
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Until about 1994, this data was published in eleven volumes (a directory for 
cooking and washing products has never been published). When these were piled 
one upon another they made a stack 10.5 centimeters (four inches) high. The 
Commission was required to charge people who wanted this information the cost of 
printing--a full set cost US$105 (equivalent to about 180,000 Lira). Checking, 
printing and mailing these directories was a great strain on staff time, and 
invariably the directories became out of date by the time they were published. 

When the Commission staff wanted to determine specific information such as the 
most efficient or least efficient model in a particular class, they could query the 
database to extract this information, and, indeed, sort the data. in any order they 
chose. For those with only the printed directories, sorted as they were by 
manufacturer and brand, such a task was much more difficult. The staff realized 
the value of the electronic data and so, on a number of occasions, provided the data 
to others in diskette form. The receiver of the diskette was thus able to manipulate 
the data in the same manner that the Commission staff could. 

The next step was to make the data available by electronic bulletin board service 
(BBS) to the user. This had the great advantage that the data could be updated 
every two weeks and thus the user was ensured of having current data, in a way 
that was not possible using the printed directories, or indeed the diskettes. The 
only cost to the user was the cost of a long distance phone charge to connect to the 
modem at the Commission office. During this period the number of users grew 
from five to 200. This has since been replaced by the ftp (file transfer protocol) 
system which is described below. 

Our most recent advance was to develop a California Energy Commission web 
page in 1996, which is at: www.energy.ca.gov. The appliance efficiency databases 
can be found by clicking through the hypertext links, or going straight to: 
www.energy.ca.gov/efficiency/appliances. 

The text of the appliance web page reads: "This database is updated once a month. 
The Energy Commission will eventually have its entire 65,000-item appliance 
database on-line with user friendly interface allowing more detailed searches for 
information on refrigerators, freezers, air-conditioners, furnaces, etc. The entire 
database is available for downloading via anonymous FTP at: 
ftp://energy.ca.gov/pub/efftech/appliance. 

Users can click on items to access listings of the top-most energy efficient 
furnaces, air-conditioners and heat pumps, refrigerators, freezers, and wine chillers. 
These appliances exceed the California and national standards by at least 10 
percent. Some appliance categories may not have models that exceed these 
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standards. Listings are arranged by most efficient (highest percentage above 
standards). The five listings are: 

• High-Efficiency central air conditioners, 
• High Efficiency heat pumps, 
• High-Efficiency central gas furnaces, 
• High Efficiency room air conditioners, and 
• High Efficiency refrigerators, refrigerator-freezers, freezers and wine 

chillers" 

Thus the user of the web site has the choice of downloading an entire database 
using the ftp site, or looking at the much smaller selection of more efficient 
models. To access the former, the user clicks on the links or goes straight to: 
ftp://energy.ca.gov/pub/efftech/appliance/. 

The FTP site has a file called README.TXT , which explains the database and 
associated files in detail: 

"APPLIANCE CERTIFICATION DATABASE FILES 

This FTP site is comprised of files that contain all of the data found in the California Energy 
Commission's Appliance Certification Database. There is model specific data listed on 14 types of 
appliances. The following is a list of the appliance files available (the number in parenthesis after the 
appliance type is the approximate number of models in the file): 

Ballasts (450 models) 
Boilers (7,200 models) 
Central Air Conditioners and Heat Pumps (13,500 models) 
Control Devices (1,000 models) 
Cooking and Washing Appliances (1,200 models) 
Central Fan-Type Furnaces (11,700 models) 
Gas Space Heaters (3,000 models) 
Plumbing Fittings and Fixtures (10,000 models) 
Pool Heaters (200 models) 
Refrigerators/Freezers (3,700 models) 
Room Air Conditioners, Package Terminal AlC, Package Terminal Heat Pumps (3,700 models) 
Spot Air Conditioners and Computer Room Air Conditioners (600 models) 
Water Heaters (Electric) (2,500 models) 
Water Heaters (Gas) (5,800 models) 

In addition, there are manufacturer files, which provide the actual names of the manufacturers and 
brands corresponding to the three letter codes used in the files. 

DESCRIPTOR FILES 

There are descriptor files for each of the 14 appliance types, which list the field names in the database 
files and a description of what specifically is in each field. The descriptor files are in text (.TXT) 
format and are contained in their own directory (DESCRIPTORS) in this FTP site. These files can be 
viewed online so you can determine exactly what will be in each of the databases before downloading 
them. 
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DATABASE FILE FORMATS 

The information found in the 14 appliance files is available in three different formats to allow you to 
choose the one which fits your needs. Each of the three formats is in a different subdirectory on this 
FTP site. The three formats are shown below: 

I) Database Format - These files are in a DBF format that can be opened in any database software (for 
example, FoxPro, dBase IV, Paradox, Access). These files can also be opened in any spreadsheet 
software (for example, Excel, Lotus, Quattro Pro). However, some of the appliance files are very large 
and spreadsheet software have difficulty opening and manipulating these files. Since these files are in 
a database format, they have field names for each of the data fields. If the files are opened in a 
spreadsheet, the field names will show up as column headers. The manufacturer file in the database 
format has been split into two files: one with manufacturer codes/names only and one with brand 
codes/names only. 

2) Comma Delimited - (Example: XXX,YY,ZZZZZ, I11I ,2222,33,44,5,666) 
This file format has no field names or column headers. There is a single manufacturer file, which 
contains manufacturer and brand codes with corresponding names. 

3) Unstructured ASCII - (Example: XXXYYZZZZZ1111222233445666) 
This file format has no field names or column headers. There is a single manufacturer file, which 
contains manufacturer and brand codes with corresponding names. 

The files have been named to make them easily identifiable by format. Files ending with "_DBF.lIP" 
are zipped database files, "_COM.ZIP" are zipped comma delimited files, and ".ZIP" are zipped 
unstructured ASCII text files. 

UNZIPPING FILES 

All of the files are compressed (or "zipped") to save disk space and transmISSIOn time. The 
compression method used is PKZIP. The files can be unzipped using either PKUNZIP (DOS version) 
or WizUnZip (Windows version). Both of these utility programs are available for download in each 
of the three subdirectories for the different file types. The PKUNZIP utility program has a help file 
that you can access after you download it by typing PKUNZIPIh. 

PKUNZIP (DOS version) -
If you want to use the DOS version, use the following procedure after you have downloaded the file 
PKUNZIP.EXE: 

I. Copy PKUNZIP.EXE to the directory in which you have the zipped Appliance Files (.ZIP, 
_COM.ZIP, _DBF.ZIP). 

2. As an example, we will use BAL_DBF.ZIP to show you how to unzip a file. 

Type PKUNZIP BAL_DBF.ZIP 

This will unzip the file BAL_DBF.ZIP and place it in the current directory. There will now be a 
file with the 

name BAL.DBF. 
3. You now have the database file for BALLASTS. 

WizUnZip (Windows version) -
If you want to use the Windows version, use the following procedure after you have downloaded the 
file WUNZIP.EXE: 
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1. Start Windows 
2. Create a directory called WUNZIP using the File Manager 
3. Copy the file WUNZIP.EXE to the directory you created in step 2 
4. Switch to the directory you created in step 2. 
5. Select Run from the File menu and type WUNZIP.EXE 
6. Delete the file WUNZIP.EXE from the directory created in step 2 
7. Exit out of the File Manager and open the Main Program Group 
8. Select New from the Program Manager File menu 
9. Select Program item and then choose OK 
10. Select Browse, select C:\ WUNZIP\wizunzip.exe and then choose OK 
11. In Description, type WizUnzip and then select Change Icon 
12. Pick an icon and choose OK 
13. Choose OK once more and you now have a program item called WizUnzip 
14. Double click on the icon and you are ready to go 

Each of the fourteen directories also contains a description of the database fields. 
The following is the one for the refrigerator, refrigerator-freezer, and freezer 
directory: 

REFRIGERATORS, REFRIGERATOR-FREEZERS, AND FREEZERS DESCRIPTION OF 
DATABASE FIELDS 

MFG = MANUFACTURER CODE 
BRAND = BRAND CODE 
Two- or three-letter codes which indicate the manufacturer and what brand a specific model is sold 
under. In some cases the names are the same. A database of manufacturer and brand codes is 
available for download. 

MODEL = MODEL NUMBER 
Sometimes a manufacturer chooses to reduce the number of identical entries by use of an asterisk. An 
asterisk in a model 
number means that any character (including a blank) can be found in that position. This technique 
may only be used with models which have identical data except for the model number. 

STYLE = STYLE 
BF = Refrigerator-freezer with bottom mounted freezer 
KU = Kitchen Unit 
SS = Refrigerator-freezer with side mounted freezer 
UF = Upright Freezer 
SI = Refrigerator-freezer with side mounted freezer and through the door ice service 
DD = Double Door 
WC = Wine Chiller 
CF = Chest Freezer 
SD = Single Door 
TF = Refrigerator-freezer with top mounted freezer 
TI = Refrigerator-freezer with top mounted freezer and through the door ice service 
IF = Refrigerator with internal freezer 
CR = Chest Refrigerator 

DEFROST = DEFROST TYPE 
A = Automatic Defrost 
M = Manual Defrost 
P = Partial Automatic Defrost 
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TYPE = TYPE 
RE = Refrigerator 
RF = Refrigerator-freezer 
FR = Freezer 

FRESH_VOL = FRESH FOOD VOLUME (cubic feet) 

FRZR_ VOL = FREEZER VOLUME (cubic feet) 

TOTAL_VOL = TOTAL VOLUME (cubic feet) 

HEIGHT = HEIGHT (inches) 

WIDTH = WIDTH (inches) 

DEPTH = DEPTH (inches) 

ANNUAL ENERGY CONSUMPTION (non-commercial only) 

AEC_LOW = LOW ANNUAL ENERGY CONSUMPTION (kWh) 

AEC_HIGH = HIGH ANNUAL ENERGY CONSUMPTION (kWh) 

AEC_MEAN = MEAN ANNUAL ENERGY CONSUMPTION (kWh) 
For non-commercial products, this data is shown in kilowatt hours per year. If the product has an anti
sweat heater switch, the Low, High and Mean values will appear. When the product does not have an 
anti-sweat heater switch, only the mean value will appear. The lower this mean value, the more energy 
efficient the unit. 
ANTI SWEAT = ANTI-SWEAT HEATER SWITCH 
If the unit has an anti-sweat heater switch, this column will have a "Y". Ifno anti-sweat heater switch, 
this column will 
have a "N". 

COVERED = CONSUMER PRODUCT 
If the appliance is regulated by the National Appliance Energy Conservation Act as specified in 42 
U.S.C. Section 6292, this column will be entered "Y". Ifnot so regulated, then an "N" will appear. 

DAILY = DAILY ENERGY CONSUMPTION - (commercial units only) 
For commercial units, their energy consumption is shown using kilowatts per day. 

CFC FREE = CFC FREE 
If the manufacturer has provided information that the refrigeration system is CFC free, a "Y" for yes 
will appear in 
this column. If the manufacturer has chosen not to provide this information, an "N" for no will appear 
in this column. 

AEC_STD = ANNUAL ENERGY CONSUMPTION STANDARD (kWh) 
The maximum value allowed by federal law that any unit may have appears in this column. This 
number varies with each unit, based on style, type, defrost type and volume. There are no such 
standards for commercial models. 

IMA CDATE = ADD DATE 
This is the date this model passed the Commission's editing program and was added to the database. 
(Format: Day, Month, Year as DD-MON-YY) 
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Anyone, from anywhere in the world, who wants to use the system, may request 
help by sending an E-mail messagetoefftech@energy.ca.gov or phoning the 
Energy Hotline at +1.916.654.5106. Users may download the data as often as they 
wish in order to be sure that they have the latest information. 

Alternatively the user can access lists of efficient appliances by clicking the 
appropriate titles. The follow are two sample pages from those lists. Note that the 
printouts have been reduced in size to fit on the pages required for this paper and 
only include the first page in each case due to limitations on the number of pages 
allowed for this paper. 
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ROOM AIR CONDITIONERS WITH COOLING 
ONLY 

fhe Room Air Conditioners In this listing have an EER of 9.2 or greater and are 
certified to the California Energy Commission for sala in California. 

Appliances contained in this daJabase should not be consideled an endorsement 0/ any 
product, model or brand name by the Cali/ornia Energy Commission, it's management 
or staff. 

lnfonnation for data below: 

• Data ordered by descending EER. 
• An asterisk (*) in a model number means that any character or number (including a blank) can be 

found in that one position. 
• EER" Energy Efficiency Ratio 
• COP,. Coefficient ofPerfonnance 
• I fon = 12,000 BtulHr 

This list is current as of' 10/1197 

IBRANDNAME I MODEL NUMBERllvOL T AGE ~OLING IEERI 
\(VOlts) PACITY 

(Dtufllr) 

COLD POfNT ICP08SAE 11 115 II 8S0~!E.] 
COLD POfNT ICPIOSAE 11115 II I0500j[gj] 
IFRIEDRICH IlsMIOHIOA 11 115 II 10300lCTIl 
COLD POINT ICP08sA 11115 II 880010 
I FRIEDRICH IIss09HIOA 11115 II 9000j0 
IFRIEDRICH IIsS07HIOA 111 15 II 720010 
ICOLD POINT IlcPIOSA 11115 II 105001110.71 

IDYNAZONE IIMs87oS/C870C 111 15 II 87001110.71 
IWHITE-WEST1NGHOUSEliwA VI57S I A 11115 II 150001[ill 
IGIBSON IIGAVI58SIA 

IBI 
150001[~ 

r ORE 

1106.9751590 111 5 I 150ool[ID] 
GlDAlRE IFAVI57WIA 11115 I 150001110~51 
ED RICH ISM14HIOA 11 115 I 140001110.5 

SANYO IEso911 11115 II 90ool[!Q] 
ICOLD POfNT IIcPI2sAE 11115 II lISOOI@] 

ISANYO ~IESI211 11 115 ] 120001~ 
IAMANA 1114c2MD 1[15 II \3700111 0 AI 



Top Freezers 

The refrigerators/freezers in this listing are 15 % more effident than federal and 
Calirornia standards and they are certified to the California Energy Commission for 
sale in California. 
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I 
\ 

Appliances contained in this database should not be considered an endorsement of any 
product. model or brand name by the California Energy Commission, it's management 
or staff. 

Volume < 17 cu. ft. 

Information fur data below: 

• Data ordered by descending % over standard. 
• Defrost Type: P - Partial Defrost; M - Manual Defrost; A • Automatic Defrost 
• Based on California average 11.5 centslkWb 
• An asterisk (*) in a model number means that any character or number (including a blank) can be 

found in that one position. 

This list is currenl as of ' 10/1/97 

IBRAND NAME 
1~l\lODEL 
. DEFROS Jl;UMBER IlvoLIIANNUAJIANNUALII~VER I 
ITYPE I 1([13) Ilkwh IIENERGyllSTD I 

ICOST($) I 
IMAGIC CHEF IIA II CTL151 IAEA 1114.961437 50.261 31.31 

IMAGIC CHEF IBICTLl511AEW 1114.96 437 50.26 1 3Uj 
MAGIC CHEF A ICTNl51lAEA 11 14.961 437 1 50.2611 31.31 

;-G!CCHEF~ IICTNI511AEW 1114.9611437 II 502~1 3ul 
'GENERAL ELE IITBH I4DAS J~ ~~S7"1 20_61 

RCA II~THI 4CYS JI1 4441 496 57_04 1 20.61 

IKENMORE IIA 1~6) . 96842· 11 14.441 496 57.04 1 20.61 

HOTPOfNT IIA IICTHI4CYS II 14.4 496 1 57.04 11 20.61 

HOTPorNT IIA . IICTHI4CYT 1114.4411496 1 57.0411 20.6! 

IRCA IIA IIMTHI4CYT 1114.4411496 II 57.0411 20.6! 

IGENERAL ELECTRlC IIA I TBH14SAT 

~~~6 I 57.0411 20.61 

tGENERAL ELECTRIC IIA I TnI-{14DAT 96 1 57.0411 20_61 

IGENERAL ELECTRIC ]A IITBHI4SAS 101496 II 57.0411 2Q.61 
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In 1995 the California Energy Commission took a step to ensure that the 
information it was providing was as accurate as possible. 

For many years, the Air-Conditioning and Refrigeration Institute (ARI) has 
conducted a certification and verification program for almost all air-conditioners 
except residential type room air-conditioners. For many years the California 
Energy Commission staff had been suggesting to ARI staff that we should make 
full use of ARI's excellent certification and verification program by having ARI 
submit the data to CEC on behalf of its members. This started happening in 1994. 
ARI routinely tests a huge number of air-conditioners. As a result of that testing, a 
few models are required to be rerated because they did not meet the claimed 
performance. Beforne 1994, these changes would appear in the ARI Database, but 
were not always carried over promptly (or at all) into the CEC database. Today, 
ARI provides the data to CEC electronically by diskette, thus ensuring consistency 
between ARI and CEC data. 

A similar arrangement was made with the Gas Appliance Manufacturers 
Association for residential size gas and oil furnaces and boilers, and for residential 
size gas, oil and electric water heaters. Today, GAMA provides the data to CEC 
electronically by diskette, thus ensuring consistency between GAMA and CEC 
data. There appears to be great potential for similar arrangements on a national and 
international basis. 

The web site information is particularly useful to someone wanting to buy an 
energy-efficient appliance, first because the lists of models only include the more 
efficient models, and second, because the accessing of the web site is so simple to 
anyone with Internet access. 

We are here to discuss this with you because we recognize that the more efficient 
use of energy in Europe does just as much to reduce potential global warming as 
does more efficient use of energy in California. First we are anxious to share the 
information from our electronic database to anyone on the planet who may find it 
useful to protect the environment. Second we are anxious to enroll partners in this 
effort who will themselves compile and share electronic data. In many cases we 
can share the task of obtaining and verifying the accuracy of information with other 
organizations. 

Conclusion: Appliance Efficiency Data has been an essential element of enforcing 
the CEC's appliance standards, and important to helping builders comply with the 
CEC's building efficiency standards. We hope that using the web will increase the 
availability of this data to the public, who can use it to make their own appliance 
purchasing decisions. 



Changing patterns of air conditioning in Japan 

Harold Wilhite, Ressurskonsult, Oslo, Norway 
Hidetoshi Nakagami and Chiharu Murakoshi, Jyukankyo Research Institute 

1. Introduction 

Japanese air conditioning patterns have changed significantly over the past 30 
years. The changes can be linked to increasing affluence and the consequent 
changes Japanese life patterns, but also to changes in the style and content of the 
Japanese dwelling. The advertising media has contributed to the changes by 
reshaping perceptions of what it is to be a modem Japanese family. 

These same trends are evident in many parts of the world: significant changes in 
the home and its contents, in the life pattern of occupants and the use of artificial 
cooling. These changes have obvious energy, environmental and climate 
consequences. In this paper we discuss the rapid diffusion of air conditioners in 
Japan and the implications for energy consumption an peak load. We use results of 
an ethnographic study to illuminate some of the important social and cultural 
aspects of the changes, exploring the role of advertising. Finally, we discuss the 
research and policy ramifications. As in the case of private transport, air 
conditioning is a service which is deeply anchored in a changing socio-economic 
fabric. We argue that from a sustainability perspective, the rapidly growing 
demand for space cooling requires a policy framework which goes beyond a 
narrow focus energy efficiency and aims at curbing or diverting demand for the 
service. 

2. Evidence for Changing Use Patterns 

Figure 1 shows the dramatic increase in the installation of air conditioners in 
Japanese residences since the 1960's. From a level of 3 air conditioners per 100 
households in 1967, the numbers had increased to 100 per 100 households by 
1988, and 150 per 100 households in 1993, a fifty fold increase in less than 30 
years. 
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Over the same period, there have been significant improvements in the energy 
efficiency of air conditioners (figure 2), 
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Fig.2 Source: JyukaResearch Institute(1995) 
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Improvements can be attributed to technical innovations such as the electronic, 
variable speed air conditioner (1981) and the heat pump (1982). Efficiency 
standards, implemented in 1984, have stimulated improvements in efficiency 
(Nakagami 1994). 

In spite of improvements, the efficiency gains have far from offset the growth in 
total energy use due to diffusion of air conditioners and increases in running time 
(figure 3). Peak loads associated with air conditioning have also increased 
dramatically, putting upward pressure on the dimensioning of energy supply. 
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Fig 3 - Source:TEPCO(1992) 

There are reasons to believe that these trends will continue in Japan and may 
represent possible futures for many developing countries. Potential for continued 
diffusion in both urban and rural areas is considerable, while at the same time 
experts agree that the energy efficiency of new air conditioners are approaching a 
technical limit. 

3. Factors Behind the Changes 

An analysis of national demographic data and results of an ethnographic study 
conducted by the authors in 1994 in Fukuoka point to these as the major factors 
behind changes in air conditioning patterns: wealthier households, changing 
building designs, and changing home culture. 
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3.1 Increasing Affluence 

Disposable household income doubled from 1974 to 1984 (then slowed to about 
2% per year over the last decade). Prices for air conditioners rose at the same pace 
as the rise of the consumer price index (CPI) until around 1986, then began to fall 
and are today 20% cheaper on average than they were in 1986. Electricity prices 
have not changed much since 1980. Thus households have gotten richer, while 
both the price tag and the running costs for air-conditioners have declined 
somewhat. This sheds some light on increases in use of air conditioning, but is by 
no means the whole explanation for the 50 fold increase. 

3.2 Changing Building Design 

The traditional Japanese home differs in a number of ways from the modem North 
American and European home. The typical traditional building is designed to 
capture passive solar heat in the winter, while low overhanging roofs and shutters 
provide shade in the summer time. With the exception of the northern province of 
Hokkaido, the traditional building shell is not well insulated. Houses are designed 
to provide effective natural ventilation in the summer months, which can be 
regulated through opening and closing sliding panel doors in both the building 
building's shell and between rooms. 

In the 1950's and 1960's, building practices began to change, emulating North 
American building styles. Today, in Tokyo and other large and medium-sized cities 
like Fukuoka (population about 1 million), traditional houses are the exception 
rather than the norm. Modem homes and apartments do not take advantage of 
natural ventilation. The large majority do not use shading or other traditional 
cooling methods. Changes in building styles have made artificial cooling a 
necessity to make homes habitable in the hot summer months. 

3.3 The Changing Culture of the Home 

The layout, appliances and activities in the traditional Japanese home differ in a 
number of ways from the Western equivalents. Cooking, bathing, clothes washing, 
and dish washing practices are all different from the typical Western style (Wilhite 
et al 1996). Many traditional appliances are also different, including bathtubs, 
toilets, kitchen equipment and heating equipment. 

Western styles began to influence Japanese residences on a large scale in the 
1950's. By 1955, so-called «corporation» apartments, with Western bathrooms and 
kitchens, were in demand. Virtually all of the major modem Western appliances 
were introduced in the 1950's and early 1960's (refrigerator 1950; vertical drum 
washing machine 1950; black and white television 1952; cylinder-type vacuum 
cleaner 1953; transistor radio 1956; color television, juicer, electric blanket, steam 
iron 1960; dishwasher and microwave 1961) (Nakagami 1994). Domestic 
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production of air conditioners was started in 1952, but the air conditioner did not 
penetrate the home market until the early 1970's. 

As of today, Western-style appliances and practices have replaced their traditional 
Japanese equivalents for many activities in the home. Three exceptions are space 
heating, bathing and lighting practices. Their resistance to change can be related to 
their cultural significance, but there is evidence that even these deeply anchored 
cultural practices are beginning to change (Wilhite et al 1996). 

3.4 The Changing Social Role of the Air Conditioner 

A widely shared view among Japanese is that artificially cooled air is bad for the 
health. Of the 16 households studied in the ethnographic study, 14 had air 
conditioners. Of those that had them, half expressed that in the past they had used 
them sparingly because they felt that air conditioning was unhealthy. Why then are 
people buying and using air conditioners? We found evidence of a changing view 
of the modem family and the social role of appliances in the Japanese home. 

One of the households provides an illustrative case. An older couple who lived in a 
traditional Japanese house expressed exasperation with the fact that their daughter 
(who had moved away from home) kept pressing them to buy an air conditioner. 
The parents communicated to the daughter repeatedly that they were comfortable 
in the summer heat and that they were concerned about the aesthetic damage which 
would accrue from putting an air conditioner in the wall of their living room. The 
daughter was well aware of her parents objections, but she intended to go through 
with the project nonetheless. Her motive was clearly not to increase her parent's 
physical comfort, but rather to provide physical evidence to friends and neighbors, 
in the form of the air conditioner, that she was exercising her filial responsibility. 

This and other examples from our study draw attention to the increasingly 
symbolic role of the air conditioner in the social construction of the home. It has 
become a symbol of modernity, well-being and success. People are buying air 
conditioners to satisfy a number of goals. Increased comfort is only one of them. 

3.5 The Role of Advertising 

Rigorous marketing has supported both the physical and symbolic changes 
associated with air conditioning penetration. In order to get insights into 
advertising strategy, we analyzed a comprehensive sampling of Mitsubishi print 
advertising covering the period from 1965-1995. We examined both the text and 

images used in the advertisements, looking at the messages conveyed by both.2 

2 We are grateful to Mitsubishi, which provided us with hundreds of examples from the 30 
year period. 
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In the written text accompanying advertising, there are two topics which were 
emphasized consistently throughout the entire 30 year period. The first is simply 
that the air conditioner increases indoor comfort. The second concerns technical 
developments, examples being timers, remote control, combined heater/air
conditioning units, the «double fan», the «quick start», various improvements on 
remotes and timers, and so on.3 

Apart from these relatively straightforward links between the technology, comfort 
and convenience, there was one message repeated often in the early period (1965-
1978): the air conditioner would be quiet and non-obtrusive. It would not disturb 
the traditional aesthetic of the Japanese home. Interestingly, the early images were 
almost all designed to convey this point that the air conditioner could be 
unobtrusively adapted to the traditional dwelling and lifestyle. In a typical 
advertisement, everything in the image was traditional Japanese - "tatami" floors, 
sparse furnishings, women in kimono - and, the air conditioner humming in the 
background. The message was that the Japanese home and family could retain their 
traditional style and have an air conditioner too. 

This strategy changed abruptly about 1970, when images stopped showing 
traditional home interiors and began showing modem, Western-style interiors. 
What it meant to be Japanese was redefined in these images as having a home full 
of modem appliances, among them the air conditioner. The dress and activities of 
the Japanese people in the advertisements over this 20 year period are consistently 
Western. The home interiors consist only of Western furniture, appliances and 
room furnishings. Decidedly Western items like coffee tables equipped with 
whiskey, glasses and ice, are frequently repeated. Paintings on the walls are 
Western/modem. All of these are contrary to traditional Japanese notions of 
aesthetics, relaxing or entertaining. 

These Western-grounded images dominated until 1990. From that point, we see the 
reemergence of a Japanese style. Now the housewife is not in Kimono, as in the 
early ads, but rather in casual Western clothing styles. She is surrounded by 
appliances, relaxing while the appliances accomplish her chores and the air 
conditioner keeps her cool. 
Apart from this progression of re-definitions of the Japanese home, only two other 
images appear with any regularity. One is the association of the air conditioner 
with cool, mountainous outdoor scenes. Another associates the air conditioner with 
healthy, sporty people, perhaps a conscious strategy to combat the notion that 
artificially cooled air is unhealthy. 

3 As an aside, we noted that energy efficient air conditioners were emphasized in only two 
brief time periods, the first from 1976-80, after the energy price shocks, and the second in 
the most recent period from 1992-95. 
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To sum up, while the text messages emphasize the physical rewards and 
convenience, including the increased physical comfort, a «healthy» inner 
environment, and the compact, quiet, unobtrusive nature of the technology, the 
images have worked on changing the social and symbolic sides of the home and 
the role of the air conditioner. There is no objective measures of how much impact 
these have had on people's attitudes, or to their willingness to buy. The fact that the 
company made huge investments in media and advertising must mean that at least 
they felt that it was making a difference. The evidence from our ethnographic study 
shows that with the exception of a few households in the older age groups, the 
preferred home of today has lots of appliances, among them the air conditioner. 

4. Space Cooling and Sustainability 

Space cooling is not the only energy service in the home which can be linked to 
transitions towards Modem (Western) dwelling norms. This can also be said of 
other home services such as lighting, culinary, mobility and entertainment services. 
Individually and cumulatively, these energy services contribute climate gases, and 
are linked to resource depletion and other regional environmental problems. 
When it comes to air conditioning, technologies for delivering space cooling are 
not going to get much more efficient (there is some potential for increased 
efficiency through substitution with heat pumps where possible). Given the 
dramatic increases in demand and the economic, building and advertising trends 
which encourage the increases, there is reason to be pessimistic about the impact of 
energy efficiency alone in curbing further increases. For this and some other 
problematic services like private transport a broader policy approach may be 
necessary which incorporates instruments which aim at curbing demand for the 
service. 
For air conditioning, the tradition and know-how for building designs which 
exploit natural cooling still exist in Japan. A long term "service reduction" strategy 
would include using incentives and other instruments to redirect the evolution of 
building design towards buildings suited for natural cooling. In the short term, 
better management of the home cooling load should be encouraged, including the 
nearly lost traditions of shading, window sashes, plants, and evening ventilation as 
well as new technological innovations like thermostatic timers. Changes in the 
clothing norms might be encouraged in the workplace.4 Economic instruments to 
make air conditioning more expensive might be appropriate, but one cannot expect 
people to tum off air conditioning in buildings which are designed for artificial 
cooling. 

4 There was a government effort in the 1970's in Japan to encourage more casual dress. 
This has been renewed recently in a campaign to promote «Casual Friday», a day in which 
clothing standards at work are relaxed. 
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None of these long or short term goals can ignore the plethora of contrary 
messages in media and advertising. Energy policy instruments are not inserted into 
a neutral environment, but rather one in which the vast majority of messages 
encourage increased consumption. A broader analytic framework is needed which 
accounts for this. It would imply increased attention to the social and cultural 
nature of consumption (largely ignored in the past, see Lutzenhiser 1993 
andWilhite 1994) and the role of media. There should be a greater integration with 
perspectives from consumer research and the sociology of technology (see for 
example McKenzie and Wajcman 1985; Mackay and Gillespie 1992; Pantzar 1996, 
Wilhite and Lutzenhiser 1996). The ways in which this broadened perspective can 
be useful for policy needs to be developed. There are discussions underway 
sponsored by the International Academy of Environment (Giovannini, 
forthcoming), the Norwegian Research Council (Haaland and Wilhite 1996) and 
the European Science Foundation (see Ger et al forthcoming). 

5. Conclusion 
The main message in this paper is that for some important home energy services, 
air conditioning among them, energy efficiency aims run contrary to a central goal 
of many societal institutions, which is to encourage more consumption of: 

energy services (space cooling, space heat, lumens, refrigeration, etc.) 
energy appliances (air conditioners, space heaters, lighting fixtures, 
refrigerator/freezers) 
energy to build and to run the appliances 

This is not to say that energy efficiency efforts are not important. On the contrary, 
given the dimensions of the environmental challenges, they are more important 
than ever. But an energy policy framework must begin to address the issue that the 
symbolic association of material modernity and modem lifestyle still generate a 
constant undertow of change in the direction of increased demand for services and 
away from achievement of sustainable energy consumption. While continued 
pressure on standards, labeling and accelerating diffusion of efficient technologies 
remain paramount, the politically tougher decision to acknowledge that trends in 
some energy services must be curtailed, and to develop a specific policy approach 
for curtailing them, is paramount. 
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End Use Measurement Campaigns of Electricity 
Specific Uses in the Residential Sector 

Olivier Sidler 

1. Specific Electricity Consumption in the Residential 
Sector - What's at Stake 

In the majority of European countries thermal building regulations have been in 
place for more than twenty years which has resulted in a very significant reduction 
in heating requirements for new houses. However, over the same period the 
ownership and energy consumption of electrical appliances has grown 
spectacularly without being the subject of any similar energy performance 
regulations. The breakdown of average household energy bills between connection 
charges, subscriptions, and energy usages for housing situated in temperate 
climates such as France shows that: 

• for households constructed since 1982 which are not electrically heated, 
electrical appliances account for the same proportion of the total energy bill as 
space heating, see figure 1 (subscription charges are included in the 'fixed posts'). 

Figure I 
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• optimising the choice of energy for heating and the construction of the building 
shell can be reduce the global energy bill for households to around 50 F (including 
VAT) per m2. See figure 2. 

However, the proportion of the energy bill attributable to electrical appliances 
under these circumstances rises to around 40%. Figure 3 compares the structure of 
a typical household energy bill in 1990 (see also Figure 1) and that for very 
thermally efficient houses constructed in 1996. 
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If the electricity consumption of the thermally efficient households exceeds the 
average value adopted for this evaluation (-1680 kWh/year) and reaches for 
example 3000 kWh/year the contribution of electrical appliances in the bill 
normally exceeds 50% (see Figure 4.) 
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Figure 3 
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Figure 4 

Conclusion: for newly constructed households in France the most important 
component of the energy bill is not heating as is generally thought but electrical 
appliances which can cost up to two times as much as heating (except when the 
heating is electric). Electrical appliances are in fact the only area where there is a 
rapid and cost effective means of lowering household energy bills. 

Interestingly, the authorities responsible for the construction of public and social 
housing in France (state or local collectives) are increasingly requiring building 
designers to lower the running costs of their buildings. Greater knowledge of 
appliance electricity consumption is thus required. With co-funding from the 
European Commission, the French energy and environment agency ADEME, has 
initiated the first large scale in situ electrical appliance measurement campaigns in 
France, described below. 
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2. The CIEL campaign: a photograph of the current 
situation 

2.1 Methodology and means 

The measurements were carried out using an ingenious and novel system known as 
DrACE. This system allows the energy consumption of each appliance to be 
measured via a discreet meter plugged in series with the appliance. Measured data 
is transmitted every ten minutes to a data receiver using power line carrier 
technology that requires no action by the occupants. Every night each household's 
central data receiver automatically downloads its data by modem to a remote 
storage computer. 

114 households and 874 appliances, comprising 31 basic appliance types, were 
monitored for a period of one month each during the CIEL campaign. A vast 
questionnaire was completed giving specific information for each household and 
their equipment. A powerful data analysis tool was developed to enable efficient 
processing of the relational database. 

2.2 The principal information gleaned 

A - Creation of a library of electrical appliance characteristics 

The following information was gathered for each appliance type: 

• the power demand behaviour, 
• the distribution of annual energy consumption, 
• the hourly load curve, 
• a first assessment of seasonal variations in energy consumption for certain 
appliances 
• the modes and frequencies of use, 
• standby power demand, 
• the characteristics of the operating cycles, 
• a comparison of measured and tested appliance energy consumption (when the 
latter was known) 
• the relationship of appliance energy consumption with age, 

B- Hierarchy of appliance energy consumption 

The study has allowed an accurate hierarchy of appliance energy consumption to 
be established for the main appliance types. This has enabled a better assessment of 
the energetic importance of each appliance type, for example, to confirm that 
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clothes irons don't represent an important source of electricity consumption in an 
average home, see Figure 5. 
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Figure 5 

C - Discovery of unforeseen sources of energy consumption 

One of the major revelations of the CIEL campaign was to discover the high levels 
of electricity consumed by individual gas- or oil-fired space heating boilers that use 
electricity for water pumping, ignition and systems control. The large majority of 
the circulation pumps in these boilers were incorrectly controlled and therefore 
consumed far more electricity than they should. 

Other discoveries of note were the high levels of electricity consumed by fans used 
for mechanical ventilation, aquariums and appliances in standby mode. These latter 
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can be found in some unexpected locations such as compensating resistance heaters 
in refrigerator-freezers, and can be surprisingly major energy users such as the 
cumulative standby energy consumed in audio-visual appliances which can exceed 
500 kWh/year, see figure 6. 

Daily time Annual 
Appliances Standby load spent in consumption 

(W) standby mode (h) (kWh/an) 

TV I 8 -13 18 53 - 86 
VCR I 5 -19 23 42 -160 
Antenna 

I 
1-2 18 7 -14 

amplifier 
Decoder I 10 -14 22 80 -112 

Sate lite dish I 14 -15 18 92 - 98 
electronic control 
HiFi I 0-18 23 0-151 

____ '_.0' •• ' •• 

Total 274 - 621 

Figure 6: Stanby electricity consumption of audiovisual equipement 

D - The difference in measured and estimated values 

The CIEL campaign has also allowed comparisons of estimated annual energy 
consumption based on user estimates of the frequency of their appliance use per 
operating mode with the measured (real) appliance energy consumption. 
Consumption estimates based on user reported usage levels were found to produce 
appreciable errors in all cases. For example, the average error for clothes-washer 
energy consumption was 44%. As a result it appears that this traditional method of 
estimating national appliance energy consumption is too unreliable to continue to 
be used and should be replaced by data supplied from end-use measurement 
campaigns. 

2.3 The main conclusions 

o - Without pretending to be representative of the national situation, the CIEL 
campaign has nevertheless allowed the evaluation of the energetic stakes for 
appliances, the discovery of unexpected phenomena and the establishment of a 
hierarchy for action, most notably identifying the energetic importance of each 
appliance type. 
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@ - The establishment of appliance energy savings potentials by: 
... Replacing appliances. For example, cold appliances, lighting and gas- or oil-fired 
boilers account for between 55 and 60% of household electricity consumption, yet in 
each case energy efficient technologies are available . 

... Changes of behaviour. The impact of changing user behaviour was not evaluated; 
however, avoiding the use of standbys found in televisions, VCRs, parabolic dish 
decoders and the Canel Plus (Satellite TV) decoders would produce an annual energy 
saving of 400 kWh per household (with an average saving of 100 kWh per 
appliance). 

8 - The study has shown that research should be carried out to investigate the 
possible savings from hot-fill clothes-washers and dishwashers, which could save up 
to 80% of the electricity consumed by these appliances, and to explore the means of 
reducing losses in pumps and fans that are used in millions of buildings. 

e - The role of user information which seems to be essential for the enactment of 
effective DSM strategies. The most effective means of disseminating technical and 
economic information to the largest number of users should be identified. 

3. The ECODROME project: an evaluation of energy 
savings 

3.1 Description of the project, method and means 

The ECODROME project was carried out in the Dr6me region of France. It involved 
measuring appliance electricity consumption in 20 households over a 2 year period 
using the same measurement system applied in the CIEL campaign. 

The project was conducted in collaboration with the HLM office of the Dr6me and 
the 20 households were chosen under their guidance. Project funding was principally 
provided by ADEME and the European Community, however, the project also 
received important material assistance in the form of appliances supplied by 
manufacturers. 

All the plug-loads and the electric light circuit were monitored for the first year. At 
the beginning of the second year all the appliances and light bulbs were replaced by 
the most efficient equipment fulfilling the same level of service available on the 
European market. 
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3.2 Principal technical findings concerning the operation of the 
in situ appliances 

• the appliance annual energy consumption results based on the monthly data in 
the CIEL campaign are confirmed by the annual data from the first year of the 
ECODROME campaign, 
• seasonal energy consumption has been examined for the principal appliances, see 
Figure 7 example of the freezers, 
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Figure 8 

• specific seasonal aspects of lighting energy consumption have been examined, 
• the long term study of television standby use has shown that half of all 
televisions use the standby mode and a quarter use it frequently such that on 
average the standby mode accounts for 13.8% of total TV energy consumption 
although in one household it was as high as 72%, 
• breakdown of average hourly and monthly load from the grid perspective for 
specific electrical uses, see Figure 8 example between 7 p.m. and 8 p.m. 

3.3 Measured energy savings from the use of efficient appliances 

• the energy consumption of cold appliances (refrigerators, freezers and their 
combinations) during the second year was reduced by a factor of 3.2 compared to 
the first year. On average each household saved 725 kWh/year, see Figure 9. 

• The use of low energy light bulbs (CFLs) reduced the average light-socket power 
demand by a factor of 5 and the average energy used for lighting by a factor of 4.0. 
It should be noted that not all the existing bulbs could be changed for low energy 
bulbs and that the reported result was achieved despite the fact that halogen lamps 
were left in place (there is no simple substitute for halogen lamps at the present 
time). On average energy worth 244 kWh/year per household was saved on the 
lighting circuit alone. See figure lO. Iflamps independent of the lighting circuit are 
included the average savings was 340 kWh/year. 
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Figure 9 Figure 10 

• Correctly regulating the boiler (which took 5 minutes) in such a way that the 
circulation pump is controlled by the ambient thermostat, reduced the boiler's 
electricity consumption by a factor of 3.6, producing an average energy saving per 
household effected of227 kWh/year, see Figure 11. 

• Using an efficient clothes-washer reduced the average energy consumed for 
clothes-washing by a factor of 1.39, and produced average energy savings of 70 
kWh/yearlhousehold. 

• Efficient clothes-dryers used 1.38 times less energy for clothes-drying than the 
models which were in situ, but it's worth stressing that the clothes-washers had also 
been replaced by high spin speed models (1300 rpm) which is likely to have 
lowered the drying requirement. 
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• For the three main sources of energy savings, cold appliances, boilers and 
lighting, the average saving per household from the substitution of existing 
equipment by efficient equipment was 1026 kWh/year (see figure 12). This was 
achieved without counting the savings from the substitution of efficient lamps 
which weren't on the lighting circuit. Even though the electricity consumed by 
some end-uses increased during the second year compared to the first and some 
households had non-specific uses of electricity such as for cookers and localised 
electric heating, the average electricity saving per household was still 1192 
kWh/year, see Figure 13, which represented an average saving of 36.4% of the 
annual total, see Figure 14. It's worth mentioning that standby electricity 
consumption was generally not disused in the second year and that this still 
represents an area with large potential for electricity savings. 
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3.4 Individual and national energy savings 

See figure 15. 
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These results indicate that the average annual energy savings per household from 
the use of efficient equipment and the deactivation of standby modes is 1800 
kWh/year (for several households in the Drome higher savings were attained, in 
one case savings of2219 kWh/year were made from only three end-uses) 

Extrapolating the measured savings to estimate potential national savings indicates 
the very important role of cold appliances for which 12 TWh/year could be saved 
in France simply by using more efficient equipment. Lighting is also important 
with potential national energy savings of 7.7 TWh/year. In total, these results 
indicate that more than 26 TWh/year could be saved in France that constitutes 
more than half the annual national electricity consumption in this sector. This 
is achieved without any technological innovation but just by the means identified 
and measured in the ECODROME campaign. 

However, it is interesting to note that large immediate energy savings could be 
realised by re-regulating the control of space heating boilers pumps (1.21 
TWh/year) and by avoiding use of the standby mode in audio-visual appliances 
(3.85 TWh/year): in total 5.1 TWh of electricity could be saved per year 
without needing to buy any new appliances and without needing any new 
equipment to be installed (proper control of the boiler circulation pumps is 
always possible with the existing boiler stock and only takes a few minutes to 
enact). 
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I 
HOUSEHOLD ENERGY SAVINGS AND POTENTIAL FRENCH 

NATIONAL SAVINGS 

Appliances 

Cold appliances 

Lighting 

Boilers 

VCRs 

Satelite TV decoders 

Satelite dish controllers 

Clothes-washers 

Clothes-dryers 

TVs (standby) 

Average saving per 
household 
(kWh/an) 

725 
340 
227* 

118* 

96* 

95* 

70 

56 

from 0 - 145 ; average 
over all 

sets: 21* 

National saving 
(TWh/an) 

12.00 

7.72 

1.21 

1.75 

0.48 

0.95 

1.42 

0.22 

0.67 

Total 1727 - 1872 kWh/an 26.4 TWh/an 

Figure 15 
*Imediate potential energy savings: 

- Average per household = 536 - 681 kWh/an 
- National average = 5.1 Twh/an 

It's not sensible to extrapolate these results to offer an estimate of energy savings at 
the European level because the efficiency of the stock of appliances in each 
country is very different. It is not clear whether phenomena such as the poorly 
regulated boilers are found across Europe or not: although they seem to be 
confined to the southern European countries this still needs to be confirmed. 

Finally the potential European savings from reducing standby energy consumption 
are very large as these are found in homes across the whole European Community. 

4. What are the strategies for tomorrow? 

Two issues standout in the preceding analysis: 

• the dominant contribution of electrical appliances to the household energy bill in 
new French housing. Electrical appliances seem to be the only sector where large 
cost effective reductions in the energy bill can be made over the short-term. 
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• the potential energy savings are very large; they can exceed 50% of total 
electricity use and on average are close to 40 % simply via equipment substitution. 

An important parallel issue is that the head office of the French ministry of 
Housing has requested building designers to create housing with very low running 
costs as a consequence of the economic crisis. 
It therefore seems necessary to expand upon the dynamic created by the end-use 
measurement campaigns. 

4.1 Actions already undertaken 

• the establishment of international contacts, under the auspices of ADEME, in 
order to know the results of similar experimental campaigns in other countries and 
to consolidate our results. As a result of the high expense of such measurement 
campaigns, it is necessary to exchange results and experiences even though the 
climate of economic liberalism is transforming producers and managers of energy 
into competitors. 
• the provision of measured field data for use in end-use demand forecasting 
models to improve their predictive quality 
• supply of data on appliance usage, power demand, standby, energy consumption, 
etc. to designers of domestic photovoltaic systems . 

• provision of practical advice covering: 
- collaboration with social housing authorities to: 
*modify the wiring of boiler control circuits under their domain 
*conceptualisation of a low energy bulb location system 
*modification of housing design to provide space in the kitchen to hold a 

66 cm wide (in place of 60cm) super-insulated refrigerator, or to supply renters 
with efficient natural clothes drying apparatus to avoid the need to use electric 
clothes-dryers, or to ensure there is a hot and cold water supply for dishwashers, 
etc. 

- creation of a design guide for very low energy housing 
- the purchase of 1.2 million low energy lamps by a large urban 
community 

• inclusion of appliance electricity charges in architectural competitions in order to 
encourage measures that will enable their reduction. 

4.2 Actions still needed 

• Informing the public of the real energetic priorities: the French are concerned 
about their electricity bills but as they are given a minimum amount of information 
they tend to ignore the stakes concerning electrical appliances, the existence of 
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efficient appliances on the market and the information on the European energy 
label. 
• Informing heating engineers and installers about the correct mode to control 
boiler circulation pumps but also appliance retail personnel who have little 
motivation to explain the benefits of buying efficient appliances. 
• The need for European manufacturers to undertake research aimed at reducing 
the losses in fans and pumps. 
• Orientation of DSM strategies towards the areas where the largest savings can be 
obtained, namely, cold appliances and lighting. Yet also re-targeting research, for 
example for c1othes- and dish-washers to where the main energy savings are to be 
found i.e. via the use of lower temperature detergents and through the availability 
of hot-fill machines. 
• Enactment of measures to realise the immediate energy savings potential from 
the reduction of standby use and improved boiler control. These include public and 
professional sensitisation schemes, better equipment control and improved energy 
performance for new buildings. 
• Measures to improve the performance of replacement appliances (refrigerators, 
lights, etc.). These might include minimum energy efficiency standards for new 
appliances, efficient appliance rebates and zero interest loans for their purchase, 
etc. 



Survey of Uses of Domestic Appliances 
in United Kingdom 1996 

Andrea Klag, Principal Scientist 
Consumers' Association UK 

1. Introduction 

Domestic appliances are essential products in the life of all consumers directly or 
indirectly. Understanding how domestic appliances are produced and used is a 
crucial part of the work of CA in order to fulfil its mission: 

empowering people to make informed consumer decisions 

achieving measurable improvements in goods and services 

In order to establish what is important to consumers and how they use products, a 
postal survey and a follow up diary exercise were carried out by Consumers' 
Association Survey Centre from September 1996 to January 1997. The results of 
this survey will assist to: 

• direct the development of test methods and programmes to reflect typical 
usage 

• provide a basis for the evaluation of results taking empirical evidence of 
consumer priorities into account 

• provide a basis for campaigning for revisions to standards 

• campaign to ensure information the EC energy labelling gives to the consumer 
is correct and meaningful 

2. Survey Methodology 

Self completion questionnaires and diary form sheets were developed by scientific 
and research staff. The questionnaires were sent to 10000 households representing 
the UK population. The selection of households was undertaken for CA by a 
geodemographic marketing database consultancy. In addition, 850 diaries were 
completed by previously sampled respondents during one week usage of the 
appliance they were selected to monitor for us. 



172 

3. Scope 

The main objectives were to collect detailed information on domestic appliance 
usage, background information on buying domestic appliances, satisfaction with 
the machines and general information on the households. The survey covers tumble 
driers, washing machines, dishwashers and vacuum cleaners. Diaries during one 
week of use were completed for washing machines, tumble driers and dishwashers 
in order to monitor the use of the appliances. 

4. Response rate 
The overall response rate was approximately 29%, which is typical, in our 
considerable experience, of postal surveys among the general public. This is 
sufficient to provide reliable information about consumer behaviour. 

5. Results 

This paper summarises the main findings for tumble driers and washing machines. 

5.1 Tumble Driers 

5.1.1 Buying criteria and importance of price 

More than half of the respondents (54%) said they were looking for the 'Best value 
for money' when buying a new tumble drier. Nearly one in three (31 %) considers 
their specific requirements more important than cost and only one in seven (15%) 
would select the cheapest machine. Ignoring price, the most important buying 
criteria are drying performance, ease of use, size and reputation for reliability, 
whilst energy consumption plays only a minor role. Details are given in the 
following chart. 

5.1.2 Frequency of use 

The frequency of using a tumble drier is not surprisingly directly correlated with 
prevailing climatic conditions. A higher percentage of respondents dry only one or 
two loads in a tumble drier under good weather conditions, compared with under 
bad conditions. The average under good weather conditions is four loads per week. 
Under bad weather conditions a relatively high proportion of households dry eight 
and more loads per week in a tumble drier. The average is six loads per week. An 
itemised breakdown is shown in the following graph. 
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5.1.3 Programmes used 

More than one in three (37%) households used the programmes cotton cupboard 
dry, cotton iron dry and synthetics iron dry most often. Synthetics cupboard dry is 
used by one in four (24%). 
EN 61121 specifies test methods to measure the performance of the programmes 
cotton cupboard dry, cotton iron dry and easy care dry, synthetics iron dry is not 
taken into account. The EC energy label gives information about the cotton 
cupboard dry programme, which is one of the most used programmes. 

5.1.4 Load sizes and compositions 

The load sizes and compositions are derived from the diary exercise, where the 
respondents recorded during one week which items are dried in which tumble drier 
load. In conclusion three different load sizes and compositions of distinct types of 
items and fabrics were compiled for the programmes cotton cupboard, cotton iron 
dry and easy care. The weight of the loads varies from 2 kg to 3.3 kg, which is 
approximately half of the manufacturers claimed maximum load size for cotton. 
EN 61121 requires loads consisting of homogenous materials at a maximum 
weight recommended by the manufacturer for tumble drier performance testing. 
Unfortunately, the programme synthetics iron dry is only available on some sensor 
drier models and the typical synthetic programme load is therefore specified for the 
easy care dry programme. 

5.1.5 Energy consumptions based on standard conditions and typical 
conditions 

The analysis and evaluation of the diary exercise demonstrates that typical use and 
the test conditions specified in EN 61121 differ significantly. The consequence is, 
that the specific energy consumption claimed on the EC energy label does not 
correlate with figures measured under typical conditions. It is on average 0.06 
kWh/kg lower. The following diagram compares the average energy consumption 
measurements of 16 tumble driers based on EN 61121 and the average energy 
consumption of 14 tumble driers measured under typical test conditions. 

5.2 Washing Machines 

5.2.1 Buying criteria and importance of price 

The results were similar to those for tumble drier users. Over half of the 
respondents (57%) chose the 'Best value for money' option. For 38%, specific 
requirements are more important than cost and only 6% would select the cheapest 
machine. Disregarding the price, the most important buying criteria among the five 
most important, are washing performance, reputation for reliability and ease of 
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use. Only one in six respondents considered energy consumption to be among the 
five most important criteria. 

5.2.2 Frequency of use 

The average number of loads washed per week is seven, but 34% of the 
respondents use their washing machine at least eight times in one week. Details are 
given below. 

5.2.3 Programmes used 

The most often used programme in one week is cotton 40°C with 37%. The 
synthetic programmes at temperatures of 40 DC, 50 DC and 60 DC come to 40% and 
the cotton 60 DC to 14% of the uses. Only 3% of washes used the cotton 95 DC 
programme. The EC energy label is based on the 60 DC cotton cycle, which does 
not reflect the most frequent application by the consumer. The consequence is, that 
the information of the label does not reflect typical usage. 

5.2.4 Detergents 

Regarding the use of detergents, the main finding is the replacement of big box 
powder by compacts. Compact powder and liquid are dosed in the container 
supplied with the detergent and placed directly in the drum. 54 % of the detergent 
is biological. EN 60456 specifies big box powder, placed in the dispenser draw for 
performance testing of washing machines. A more specific breakdown is given 
below. 

Detergent n:Ue Dosage 
Compact powder 38% 
Container in the drum 67% 
Concentrated liquid 25% 
Container in the drum 97% 
Big box powder 22% 
Dispenser draw 66% 
Regular liquid 16% 
Biological 54% 
Non biological 46% 

5.2.5 Load size and compositions 

The load sizes and compositions result from the diary exercise, which monitored 
during one week which items are washed in which programme. Two different load 
sizes and compositions of distinct types of items and fabrics were established for 
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the programmes cotton 40°C and synthetics 40 °C. The loads weigh 2 kg and 3.3 
kg, which approximately half of the manufacturers claimed maximum load size for 
cotton. 

5.2.6 Energy consumptions based on standard conditions and typical 
conditions 

A detailed study of the survey data shows that typical consumer usage and the test 
conditions specified in EN 60456 are not equivalent. From that, it can be deducted 
that the specific energy consumption given EC energy label is not linked to typical 
usage of washing machines by the consumer. The graph below gives a comparison 
of the energy consumption of 19 washing machines measured according to EN 
60456 and under typical test conditions. The actual energy consumption per kg 
load is at least 30% higher for each cotton programme, but comparing the most 
used programme (cotton 40°C) with the standard programme (cotton 60°C) the 
actual energy consumption per kg load is about 20% lower that what the EC energy 
label states. 

6. Next steps 

CA considers it important to develop test methods, test programmes and evaluation 
criteria on the bases of consumer habits surveys in order to provide information 
enabling the consumer to make informed buying decisions. We want to see that the 
EC energy labels, which is a useful means to provide clear consumer information at 
the point of sale, is developed in order to reflect typical usage of the appliances. 
We see a need for the committees responsible for standards and energy labelling 
for a more typical approach taking consumer behaviour into account and hope the 
findings of this paper will assist in the process. It is recognised that this paper 
relates to the UK. However, other European countries may be similar. Consumer 
information has to be meaningful, typical, accurate and understandable 



Experience of the Stadtische Werke AG (the Municipal 
Utility of the City of Kassel, Germany) with Rebate 
Programmes for Energy-Efficient Household 
Appliances and Lamps Over the Last 4 Years 

GUnther Frey, Stadtische Werke AG Kassel, Gennany 

1. Introductory Notes 

Please penn it me to commence with a brief presentation of our company and the 
city of Kassel (201,500 habitants). Geographically speaking, Kassel is in the centre 
of Gennany and thus right in the middle of Europe. 

Kassel is on the fringe of the North Hessian highlands on the Fulda river. 

Kassel is the city of the world-famous Documenta art exhibition, which has again 
accompanied us for 100 days this year. The symbol of our city is the monumental 
Hercules statue above the WilhelmshOhe castle with its unique cascades and 
beautiful hill park. Hercules is illuminated by a laser beam from the city centre, 
thus the red and blue rays in our emblem. 

In short, Kassel is a city of culture and tradition, but also of new ideas and 
innovation. 

Our municipal utility, the Stadtische Werke AG, is part of a 100% public owned 
local authority undertaking, the Kasseler Verkehrs- und Versorgungs-GmbH. We 
supply electricity and district heat to Kassel, and natural gas and drinking water to 
Kassel and a number of peripheral municipalities. Today we also provide our 
customers with energy services, including, beyond energy advice, also direct heat 
services and energy-efficiency services. A telecommunications subsidiary has 
currently being established. In addition, we operate our own transport 
undertakings, which provide modem and environmentally sound transport services 
in the Kassel region and within the wider North Hessian transport operator 
grouping. The transport undertakings also operate consulting services. We further 
carry out thennal waste disposal for Kassel, and in future for the region, too. All in 
all, we are thus a municipal service company with a wide array of tasks. 

Energy conservation has gained a high priority through the Energy Action Plan 
(Energiekonzept) drawn up in 1992 by the city of Kassel and the Stadtische Werke 
AG utility. 

The energy-efficiency plan, as a part of the overall action plan, stipulates 
environmentally sound energy services in concrete tenns. With a particular view to 
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climate protection concerns and our target of reducing CO2 emissions by 25% by 
the year 2005 (with a 1990 base year), the energy-efficiency plan has outlined the 
avenues by which technically and economically promising savings potentials can be 
realized. 

A forecast revealed that in addition to the further development of district heat with 
combined heat and power generation (CHP) and of natural gas supply, energy
efficiency efforts on the heat and electricity demand side would be necessary in 
order to achieve our CO2 reduction target. 

We thus started to develop energy-efficiency programmes, for instance, we 
developed arrangements for the direct supply of heat to housing associations and 
private-sector property developers - termed direct heat services. In the meantime, 
these services also include an industrial heating plant that provides process heat, 
and soon the complete power supply of the municipal hospital. Energy performance 
contracting in the form of so-called lighting service arrangements has in the 
meantime been realized in numerous cases. We are thus on the path towards 
becoming an energy service company, an ESCO. In my presentation, I shall report 
on the experience made with our first rebate programmes in the residential sector. 
As 40% of the electricity supplied by us is consumed by private households, we saw 
an additional need in this sector for energy-efficiency offers in addition to our 
diverse energy advice activities. 

2. Dealer Cash Incentive Pilot Programme for Energy
efficient Refrigerators and Freezers 

In 1992, the Stadtische Werke AG commissioned a study of the implementation of 
electricity-saving programmes and Least-Cost Planning (LCP). The study received 
crucial financial support from the Environment Ministry of the Land (state) of 
Hesse. 

On the basis of this study, the Stadtische Werke AG decided in 1992 to test in 
practice a rebate programme for household appliances. 

In accordance with the goals (see overhead), the pilot programme was designed as a 
dealer cash incentive programme. The idea was that the salient information on the 
efficient appliance was to be given by the salesperson to the customer in the course 
of sales talk, thus minimizing transaction costs. 

The salesperson received a cash bonus of 50 OM every time an energy-efficient 
appliance was sold. A cooperation contract obliged the shops to support their sales 
personnel in their efforts. We provided the sales personnel with training and 
support. We also undertook the advertising, but would prefer to see this performed 
by the retail trade over the medium term. 
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In particular, we labelled the energy-efficient appliances. 

The slogan translates loosely as: "Cool savings wherever you see this sign". In total, 
777 rebates were delivered over a period of about 2 years. This was distinctly less 
than the consultants had forecast. We therefore terminated the programme at the 
end of 1994. It must be said, however, that the cooperation with the retail trade was 
most successful. 

The programme was scientifically evaluated with customer and retailer interviews. 
These suggested that the communication aspect needed to be given greater 
consideration when designing future programmes. 

3. Design and Implementation of a Residential 
Customer Rebate Programme for Energy-efficient 
Refrigerators and Freezers 

In redesigning our rebate programme, we were able to proceed from the experience 
made with our own first dealer cash incentive programme. Moreover, numerous 
other rebate programmes had already been undertaken elsewhere, so that we were 
able to refine our conceptual approach by systematically evaluating these 
programmes. 

In addition to programme design, it was important to optimize the costs of this LCP 
programme. We therefore appraised the conceivable variants from the cost 
perspective. 

The figure shows a series of programme variants comprising different packages of 
programme components. 

For each of these packages, the expected total costs were calculated, and benefit
cost tests performed from the utility perspective, the macroeconomic perspective, 
the societal perspective and the participant perspective. 

(The uncertainty of this appraisal lies, as with most forecasts, in the lack of 
knowledge of the functional connection between for instance the level of rebates 
and the number of rebates that are claimed. Nonetheless, the approach is entirely 
adequate for a rough estimation.) 
We finally selected a programme with the following three components: a basic 
rebate of 50 DM for new refrigerators and freezers, a grant for proper disposal of 
the old appliance, and an additional CFL handout. 

A rebate for energy-efficient washing machines was not included because of the low 
savings effect and the high total costs. An additional rebate for water-efficient 
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washing machines would be theoretically conceivable, but goes beyond the scope 
of this type of programme, and was therefore not pursued further. 

With the selected programme variant, residential customers received a 50 DM 
rebate for each efficient appliance newly purchased, plus a grant of 25 DM for the 
proper disposal of the old appliance, and a further participation bonus worth about 
18 DM in the form of a compact fluorescent lamp (CFL) in return for filling out a 
questionnaire. 

The disposal grant was an important aspect of this programme that we had not 
addressed previously, particularly as from 1993 onwards most manufacturers 
switched to CFC- and fluorocarbon-free refrigerants. This grant was to give an 
incentive to scrap and properly dispose of the old appliances, as CFCs not only 
deplete the ozone layer, but are also greenhouse gases. If old appliances remain in 
service at customers who have bought a new efficient unit, then they of course 
continue to consume a large amount of electricity and thus compensate a part of the 
conservation effect. 

The provision by us of intensive support for the dealers was an important 
component of the programme (see above). Rebate application forms were sent to 
all residential customers at the beginning of the programme, and were later also 
available at the dealers. Customers seeking advice in our Energy Advice Centre 
were informed about the programme. Our Energy Advice Centre was also the 
central point where the customers were paid their rebates. 

You may wonder what this Herkuli figure might mean. It was logical for us to use 
the symbol of our city, the Hercules monument, for our programme. However, the 
historical Hercules figure was too belligerent for us. Thus was born the Herkuli, a 
friendly, peaceful creature, whose power was directed into conserving energy, and 
was thus beloved by all, particularly by children. 

Through on-site actions with our energy advice bus and directly in shopping 
centres, which we coordinated with the dealers, we directly approached our 
customers. We were also active at a consumer fair in Kassel. 

A participant survey was performed that addressed several aspects. We wanted to 
know how exactly we had reached our customers and whether they were satisfied 
with our advice services, we wanted to collect up-to-date market data, and not least 
we wanted to assess whether a programme such as this had triggered the desired 
effects. 

The main results are as follows: 

• Firstly, rebates are an important component of energy-efficiency programmes. 

About 50 % of the participants were stimulated particularly by the rebate offer to 
purchase energy-efficient appliances. We thus find that the core of our efficiency 
programme is confirmed, and see a central role of the rebates. 
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A market evaluation showed the freerider ratio in our programme to be about 22%. 

• Secondly, advertising is necessary for the success of energy-efficiency 
programmes, while distribution channels are decisive. 

The largest advertising effect was achieved through the direct distribution of the 
vouchers to the households (as a part of the leaflet presenting the programme), and 
the accompanying advertisements in the newspapers. 

• A further result was that the programme had a high image-boosting effect for 
our municipal utility. 

A third of the participants had previously not known about our energy advice 
services at all, and was thus alerted to these services. 

The satisfaction with the advice given about the programme was very high. This 
speaks for the partnership principle and for the high level of competence of our 
energy advice. 

We can see three phases in the development of the programme. 

The initial phase extended from May to about July/August 1995, when a 
perceptible boom in demand was experienced. In the second phase, demand 
stabilized, with the normal seasonal fluctuations. 

In the third phase we see an interesting effect caused by declining advertising 
activity, leading from March 1996 onwards to a drop in the number of rebates 
claimed by about 30%. We can assume that the programme might well continue at 
this level without any further advertising input. 

It was of course important for us to analyse the values of the individual benefit-cost 
tests, which quantify whether the programme was successful in the economic sense 
as an LCP programme. 

The utility cost test, with a value of 1.7 (2.0), definitely indicates a positive 
development of the programme and is higher than expected. 

The total resource cost test (macroeconomic test), with a value of 1.5 (2.0), and 
finally the societal cost test with a value of 1.9 (2.25) which takes external costs 
into account (4 PflkWh additional avoided costs), are lower than expected. This is 
primarily due to the incremental costs of the more efficient appliances, which were 
twice as high as originally expected. Despite these high incremental costs, the 
value for the participant cost test is very good at 5.2 (6.9) (The values in brackets 
take the disposal grant into account, which, through the scrapping of the old 
appliances, also contributes to the savings effect. Whether this should be included 
in the calculation is however a point of controversy.). In the whole we achieved our 
expected goals. 
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4. Design and Implementation of a Compact 
Fluorescent Lamp Programme 

In October 1994 we started our first compact fluorescent lamp programme. This 
was modelled on a basic design that had already been successfully implemented by 
another municipal utility (Stadtwerke), the Stadtwerke Bremen. This was refined to 
a uniform programme design in June 1994 by ASEW (the association for energy 
and water efficiency (Arbeitsgemeinschaft fUr sparsame Energie- und 
Wasserverwendung) in the German federation of local authority undertakings 
(VKU, Verband kommunaler Unternehmen)) together with us and the Stadtwerke 
Niirnberg. 

The basic idea is very simple. 

In cooperation with the retail trade and the manufacturers, the financing of a 5 DM 
rebate is negotiated (each party bearing half of the costs). The utility is responsible 
for marketing and administration. 

With an advertisement placed jointly by the retail trade in the local press, attention 
for the efficiency programme was heightened. In a major advertising action at the 
Spring Fair in Kassel, the Stadtische Werke AG advertised their cooperation 
programme. 

This programme was also most successful. With a total of 5633 vouchers 
distributed within 8 months (5 month 1994/95 and 3 month 1996), we reached a 
respectable 5% of all residential customers in Kassel! 

5. Overview of the Results of All Programmes 

Ultimately, the overall contribution to climate protection is important and decisive. 
The Table gives an overview. 

Our most important partners - our customers and the dealers in Kassel -
participated excellently in the programmes. Small and medium-sized dealers in 
particular experienced substantially increased turnover levels due to the 
programmes. In the field of refrigerators and freezers alone, the turnover 
attributable to the rebate programme amounted to about 1.4 million OM in the 
period from 1995 to 1997. 
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6. Perspectives for Further Development 

Currently we are experiencing a phase of restructuring, as are many other 
municipally owned utilities. Both the increasingly strained budgets of local 
authorities in Germany and the effects of impending liberalization, with all their 
uncertainties, are leading to a situation in which economic interests are clearly 
gaining ground to the detriment of climate protection goals. Nonetheless, it is to be 
assumed that in future, too, society at large, and ultimately also our customers, will 
expect the utility industry to make an active contribution to climate protection. 

If this is so, then a first step must be to determine and re-assess the relationships 
between the goals of climate protection and those dictated by the maintenance of 
the overall company result, and to derive appropriate plans of action from this 
assessment. We are currently doing this in connection with the further development 
of our municipal Energy Action Plan. In addition, it is essential that the politicians 
state clearly which contribution they expect of the utilities to "climate protection", 
and how, where goal conflicts with economic objectives arise, this contribution is to 
be financed. 

Integrated Resource Planning (IRP) (or Least-Cost Planning, LCP) remains a 
promising concept, and not only in the electricity sector - as long the tariff approval 
procedures permit both LCP programme cost passthrough to the rates and also the 
inclusion in the rate base (expensing and ratebasing) as well as consideration of the 
lost revenues in the sales forecast. 

It remains to be noted that a series of other energy service companies (ESCOs), 
such as the municipal utilities (Stadtwerke) of Hannover, Saarbrucken, Freiburg, 
Jena and Heidelberg, to name but a few, continue to pursue residential energy 
efficiency programmes with a longer term perspective. This is taking place within 
the ongoing process of redefining their marketing approach, and in addition to the 
vigorous further development of energy services. A wide array of climate protection 
activities continue to be on the agenda for many, a prominent example being the 
Stadtwerke Mannheim utility. Under the umbrella of ASEW, many German ESCOs 
are committed in a programme of the EU for the promotion of efficient stand-by 
modes for appliances. 

It is to be hoped that despite or perhaps precisely because of the reorientation 
cUlTently being experienced in Europe, such or similar energy efficiency 
programmes will be continued and further developed. 



Utility's DSM Initiative Can Accelerate the 
Introduction of Energy Efficient Appliances 

Peter Wilnne, R&D Manager, Stockholm Energy AB, Sweden 

At present, Stockholm Energy are working closely together with other utilities in 
Stockholm, builders, researchers, consultants etc. in developing a new suburb of 
Stockholm, quite close to the city centre. The development, Hammarby SjOstad, is 
going to demonstrate the new technology of the coming century. Targets for 
environmental impact and energy efficiency are extremely difficult to meet. In the 
Hammarby SjOstad project Stockholm Energy can use experience achieved from 
efforts in promoting energy efficient technology carried out during the last decade. 
The target for overall electricity consumption in Hammarby SjOstad is 
20 kWh/m2• All targets are defined as consumption only and internal production by 
e.g. solar panels can not be used in order to meet the targets. 
This target can be met by choosing the most efficient appliances available, and also 
by choosing non-electric devices wherever possible. 
Another difficulty in planning for certain targets are how much the planning and 
targets can be allowed to interfere with the tenant's own choice in choosing 
personal equipment and lifestyle. 
Hence, household equipment is discussed in the preliminary drafts for the 
development. A dominating feature regarding improvement in efficient appliances 
is the NUTEK DSM initiatives. These are presented elsewhere in this conference. 

1. Lighting and other electrical equipment 

The average Swedish household consumption for this area is 11.25 kWh/m2 of 
which most is lighting. It is common to count around 30 lamps in an ordinary 3-
room flat. On average there are only 0.3 low-energy CFL lamp per household. The 
electricity consumption for lighting can be estimated at around 500 kWh or 6-7 
kWh/m2 • New energy efficient domestic lighting systems can reduce electricity 
consumption to around 2 kWh/m2• Naturally, such systems will have to be used at 
Hammarby Sjostad. The choice of lighting systems are very much a choice for the 
individual. How to implement energy efficient lighting on a large scale in an 
development where the tenants still are free to choose is a task that will require 
careful consideration. 
In these considerations Stockholm Energy can use the experiences of previous 
CFL-campaigns. 
During 1989, 1991, and 1992 five such campaigns were carried out. The 
campaigns where monitored by the Statistical Office of the Municipality of 
Stockholm. The campaigns have consisted of advertisements and/or a 50 SEK 
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cheque for one CFL sent to all customers. More cheques than expected where 
cashed in. 
In three campaigns all households received a lighting information brochure 
enclosed with the cheque. Advertisements where also published in papers and on 
posters throughout the city. Around 80-90% of the Stockholmers were aware of the 
CFL campaigns. However, the last campaigns seems to have drawn less attention 
than the previous two which is probably due to the fact that this campaign didn't 
include the information and cheques sent directly to the households. 
During 1991 there was a 60% increase in the overall sale ofCFL-lamps in Sweden. 
The monitoring has included interviews with wholesalers and retailers and there 
was a very clear opinion that the Stockholm Energy CFL-lamp campaigns have 
been the main contributor to the increase in sales. An important conclusion is that 
a DSM campaign, directed to a certain group or area, has an effect upon a 
population far greater than preliminary targeted. 
Details of the campaigns are presented in this table: 

1988 1989 1989 1990 1991 
Cheque for a CFL-lamp. X X X 
Advertisements to households. X X X 
Reduced prices in shops. X X X X X 
Advertisements i newspapers etc. X X X X X 
Advertisements on posters. X X X 
Exhibition at the Energy Advice X X 
Centre. 
Exhibitions carried out by X 
manufacturers. 

Information in shops. X X X X X 
% of households which bought a 8 8 4.5 8 4.6 
CFL-lamp during the campaigns. 

A conclusion from the monitoring is that the cheques give a result twice as good as 
a campaign without cheques. However, a campaign such as the CFL campaigns is 
considered successful if the response is 2%. The reason for a far better result than 
other campaigns is probably a general awareness of environmental issues and the 
fact that this device actually saves money compared to what it replaced. 
The campaigns resulted in an overall save estimated at around 100 GWh electricity 
worth around 70 milj SEK. 
Stockholm Energy were among the first utilities promoting CFL. Since then, work 
has continued at NUTEK and at other organisations. However, the efforts carried 
out by Stockholm Energy probably played an important role in the break through 
for CFL technology. 
All this work is a base for the discussions around Hammarby Sjostad. 
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CFL R&D has made it possible to drastically reduce energy consumption for 
lighting, although it is still not clear how the technology can be implemented at a 
large scale in a new development. Possible ways of implementing efficient lighting 
are to incorporate more lighting in the standard equipment of the flats. It is common 
in Sweden that lamps in kitchen and bathrooms belong to the flat. Maybe lighting 
systems can be offered by the utility and charged on the electricity bill. This is a 
task that might be discussed at future conferences. 
Other electrical equipment consists of television sets, alarm clocks cooking 
equipment etc. Many of these items are not in use more than a few minutes or hours 
and do not substantially contribute to the electricity consumption. Some like the 
TV -set can use quite a bit of electricity if it is left on stand-by and not properly 
switched off. Again the most efficient devices and how to use them efficiently can 
only be displayed and presented to the tenants in other ways. 

2. Household appliances 
Energy efficiency in household appliances have been greatly reduced during the last 
decade. Again Stockholm Energy have been pioneers in this area. The appliances 
available today use much less than half of what the equivalent used 10 years ago. 
In the early 90-ies Stockholm Energy started a scheme for energy labelling in co
operation with manufacturers, retailers etc. This scheme was amongst the very first 
such schemes. Even if there was considerable enthusiasm, there was also very little 
experience in working in co-operation towards energy efficiency at that time. Since 
then energy labelling has become common practice. The routines of testing and 
classifying the appliances is now standardised. Although the energy labelling 
campaign suffered a lot of back lashes it contributed to a breaking new ground for 
the concept of energy labelling. Again, work in this area has been taken over by 
NUTEK and is progressing steadily. 
The choice of a refrigerator or a cooker is far more affected by pricing than it is for 
lighting systems. Hence, for the single buyer there is always an attractive low price 
alternative competing with the more expensive and more energy efficient models. 
One outcome of the energy labelling campaign was that the retailers were very keen 
on promoting the makes which they had the highest percentage on their sale. They 
could not be persuaded to try to sell The Meg@ project. 
Since the beginning of the year Stockholm Energy offers customers a free energy 
survey. The conditions are that the customer has to buy more than 100 Megawatt 
hour of electricity and that he is connected to at least one other energy supply 
system (district heating, gas or district cooling). So far around 3000 customers have 
taken advantage of this offer. One objective of the survey is to promote efficient 
appliances. 
This project started after discussions with representatives for different categories of 
customers e.g. grocery shopkeepers, manufacturing industries, offices etc. The 
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discussions resulted in a list specifying what a business customer values in his 
dealing with a utility. 

• Low total cost 
This indicates that the customer is prepared to buy additional services if he can 
keep the total cost low. 

• Security in business relationship. 
The customer wants to know the organisation he is dealing with and feel that 
the relationship is stable. He wants to feel confident that he is dealing with 
professionals. 

• Partnership 
The customer wants to feel that business is dealt with on an equal level and 
that both parties can give and take. 

• Package deals 
The customer is interested in not being bothered with running and maintaining 
his heating or electrical installations. He is interested in emphasising on his 
main business ideas and out source as much as possible of secondary 
responsibilities. 

• Environmental issues. 
The customer is interested in an environmental profile for both himself and the 
utility he is dealing with. 

• Information. 
The customer is interested in feeling confident that he is correctly and 
sufficiently informed in energy matters. 

All these aspects are important on the deregulated market. The new market 
situation enforces the utilities to find more efficient marketing methods. One 
important aspect of energy efficiency is the feed back to the customer, regarding 
his energy consumption performance. Stockholm Energy are testing various 
systems for informing the customer of his consumption level. One system is based 
on a pre paid smart card loaded in the local grocery shop. Other systems work on 
communication via telephone or via signals transmitted on the electricity mains. 

2.1 Choose your own heating 

Stockholm Energy can offer house owners complete concepts of heating solution. 
The customer can choose between e.g. gas, district heating or heat pumps. We have 
signed an agreement with two companies installing heat pumps. We have also 
arranged for cheap financing through Sparbanken, one of the major banks in 



187 

Sweden. By this set-up all our customers can purchase a heating system at the best 
possible price. Interested customers can attend seminars in the topics their 
interested in. 
This scheme has been running for a few months. The response so far is that 5% of 
the Stockholm house owners have signed up for different seminars. 

3. Can the utility's DSM initiative accelerate the 
introduction of energy efficient appliances? 

One of the experiences gained regarding how to promote the use of energy efficient 
devices is that it is sometimes difficult to deduct major results or a breakthrough 
from a single activity from a single organisation. We are all part of a general 
development where all individual efforts contribute. This development can be slow 
and some efforts can seem like futile. However, the improvement over the last 
decades are substantial. Many appliances use less than half of the electricity they 
used ten years ago. This could possibly not have been achieved without all the 
DSM activities carried out by different utilities. 
The overall electricity consumption target for Hammarby Sjostad is set in order to 
consider the exergy effect and therefore electricity must be substituted wherever 
possible. Electricity consumption in dishwashers can be reduced if they could be 
connected to both hot and cold water. 
There is no possibility of banning dish washers in the area. 
Communal clothes washing is standard practice. It would be possible to use heating 
or gas for hot water and dryers. However, this technology is not common practice. 
The following table shows average specific energy consumption's calculated for a 
75 m2 flat. 

Appliance Best practice Lowest possible Extra, not 
today kWh/m2 kWh/m2 necessary 

Hammarby standard 
Sjostad 

Refrigerator 2 
FrigelFreezer 4.5 4.5 4 
Dishwasher 4 
Washing machines 3.5 l+gas I+gas 
Cooker 8 gas 4 
Lighting and other II 5 5+ 
electrical equipment could be 

anything 
~ 27 10.5+gas 20+ 
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This table indicates that it is possible to meet the requirements. How these 
consumption levels are to be achieved without imposing negative pressure on the 
tenants is a question that has to be carefully dealt with. 

4. Planning Hammarby Sjostad 

Planning Hammarby Sjostad includes many more aspects than choosing household 
appliances. One of many new aspects on this development is the close link between 
all areas affecting energy consumption. Better insulated houses are more affected 
by heating from domestic energy use etc. 
Even though energy targets can be questioned for many reasons, maybe more so 
than ever in this project, they do push for better technology. Labelling and 
targeting have been central features during the energy campaigns of the last 
decades. Often though, the requirements are directed at mechanical appliances or at 
a more unspecified national level. The Hammarby Sjostad project has a new 
dimension of targeting, where the people who are going to live in this area are 
personally subjected to consumption levels. 
A successful project can be a breakthrough in planning the societies of tomorrow. 
Hammarby Sjostad will eventually inhabit between 15.000 to 20.000 persons living 
in 10.000 flats. The total building area will be about 70.000 m2 of both flats, 
offices, shops etc. Building is planned to go on until year 2015. 
Energy efficiency contains much more than household appliances and efficient 
lighting and some targets and technical solutions are briefly mentioned below. 

• Overall energy supply must not exceed 60 kWh/ml of which 20 kWh/ml 
can be electricity. 

The electricity supply has been discussed above. The target left for heating 
40 kWh/m2 is difficult. Equivalent new developments use more than 
double that level. Elaborate recovery systems can not be used because 
they use too much electricity. The first phases of Hammarby Sjostad will 
probably not reach this target. Because of the extensive insulation, high 
indoor temperatures can be expected at summertime. Air conditioning by a 
district cooling network is therefore a possible option. 

• All energy supplied shall originate from renewable sources and be as 
locally produced as possible. 

Heating will be supplied by solar panels and by extracting heat from an 
existing district heating plant where the energy in the hot smoke in the 
chimney stack will be recovered in an heat exchanger. Thus, no extra fuel 
will be needed for heating the whole area. This is also possible because the 
heat requirement will be less than half of what is normally required. The 
district heating plant is already fuelled by renewable biofuel. 
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• 80% of the energy contained in waste and waste water shall be recovered. 
In fact, this is already standard practice in many Swedish municipalities. 
The waste water is cooled in heat pumps after passing the waste water 
plant and the heat recovered is distributed in the district heating network. 
50% of all household refuge is burnt in highly efficient incinerators. 
Extensive cleaning lets very few pollutants out into the air. 

• All electricity supplied must come from renewable sources. 
This is also common practice. 50% of Swedish electricity generating 
capacity is hydroelectric. Electricity from any chosen source can be 
purchased at a slightly higher price than the standard price. 

Hammarby Sjostad also contains targets for treatment and sorting of domestic 
refuge, sewer treatment etc. The development is quite unique and no comparable 
references have been found. The project will most likely be carefully monitored for 
many years to come. 

4.1 Other Efforts to promote a more efficient use of energy 

Stockholm Energy has been engaged in many other efforts aiming at more efficient 
use of energy since the lighting and household campaigns in the beginning of the 
decade. 

5. The energy Advice Centre 
The Energy Advice Centre is continuously carrying out and/or participating in most 
efforts regarding energy conservation. The centre, situated right in the middle of 
Stockholm has been in operation since 1993. 
The centre contains permanent and temporary exhibitions, an energy related library, 
seminar rooms and a cashier where Stockholmers can pay their bills. There is also a 
small shop where energy efficient devices are sold. 
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Since 1993 the number of visitors seeking advice on energy matters have steadily 
increased while the amount of customers paying their bills have been more or less 
constant. At present the Advice Centre has a staff of7 people . 

. . 



"Utility's DSM Initiative Can Accelerate the 
Introduction of Energy Efficient Appliances, the Danish 
Experience" 

Part 1 
Karen Jespersen, Energy Advisory Service, Copenhagen Energy 
Part 2 
Cenia E. Thomdahl, ELDA (Appliance Information System) 

Part 1 

1. Introduction 
The Danish utilities have offered advice to household consumers (0-20 MWh per 
annum) since the 1950's. The Danish Parliament decided in 1992 that it was 
compulsory for all electric utilities to promote electricity savings. "Energy 2000 - a 
Plan of Action for Sustainable Development" set out the goal in 1990 for the 
Danish Energy sector to generate a 20% reduction of the CO2 -emission in the 
period 1988 to 2005. This goal was restated as an objective of "Energy 21", the 
Governments Energy Plan from 1996. 
In order to coordinate the actions, rules for IRP were implemented in the Electricity 
Supply act in 1994. The IRP rules focus on energy service concepts and set up 
procedures which oblige all distributors to establish DSM plans. This is coordinated 
through comprehensive IRP plans, set up by cooperations of West and East 
Denmark. 

2. Energy Advisory Service for Household Consumers 
The Energy Advisory Services in Denmark have helped the household consumers to 
save about 77 GWh over the past 4 years. 29% of the savings were generated, when 
the consumers, among other services, chose to visit or call a showroom. Other 
major savings were generated by converting electric heating to district heating or 
gas (1). 
The different activities an Energy Advisory Service offer generates various 
possibilities of savings for the consumer. The Research Institute for Danish Electric 
Utilities has estimated savings for the activities by evaluating energy savings 
projects in Denmark including the SAVE project: "Pilot Study of Means of 
Implementations for Electricity Savings in the Residential Sector". The savings are 
stated as a percentage of the consumers electricity consumption per year and it is 
assumed that the savings will have a permanent effect (2). 
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The following activities and estimated savings are used for household consumers at 
Copenhagen Energy Advisory Service: 
• Visits to the showroom: 3,5 % 
• Telephonic advice: 3,0 % 

• Theme-meetings: 2,5 % 
• Lending of meters: 1,5 % 
• Local exhibitions: 1,0 % 
• Education: 0,5 % 
A typical consumer, who visit the showroom is assumed to save about 120 kWh the 
first year after the visit. 

It is estimated that household consumers at Copenhagen Energy since the beginning 
of 1992 have implemented electricity savings amounting to fully 11 GWh. 
Approximately 75 % of these savings were achieved by visits to the showroom. 
Telephonic advice generated 18 %. 
The Energy Advisory Service is financed, by a part of the electricity price. The 
utilities in Denmark can spend 6 DKR / 0,81 ECU per sold MWh for DSM 
activities. 

2.1 Copenhagen Energy's Showroom and a Typical Inquiry 

The showroom of Copenhagen Energy has from an energy and environmental point 
of view the most efficient household appliances on display (300 m2). Washing 
machines, driers, dishwashers, fridges and freezers are among the 150 different 
appliances on display. 
The purpose of the showroom is to advice the consumers. The adviser will identifY 
the most energy efficient appliances that fulfil all the consumers needs. The advice 
is without charge. 
A typical inquiry from a consumer will be help to identifY a new fridge/freezer. 
Normal requirements for a fridge/freezer are specific dimensions, energy class A-C 
and the price. The adviser will use the ELDA Appliance Information System, as a 
tool, to identify the models that fulfil these requirements. A printout will be given to 
the consumer with the data of the different models, making it easy for the consumer 
to make a rational choice. The adviser can also decide to provide a printout 
showing the cost development over 15 years. If the models are on display the 
consumer have the possibility to see and discuss the models with the adviser. 
The showroom provides brochures from manufacturers to the consumers. Consumer 
magazines from Denmark, Sweden, UK and Germany are also available to the 
consumer. 
A typical inquiry takes 10 to 15 minutes, depending on how many decisions the 
consumer has to make. 
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3. Campaigns for Cold Appliances 
Energy efficient cold appliances have been promoted by several campaigns since 
1990. The first nationwide campaign was in 1994 with a minor follow up campaign 
in 1995. Campaigns must be repeated in order to maintain the positive effect. The 
latest campaign was in 1997. 

The main objectives of the nationwide campaigns were: 
• Make the consumers buy an energy efficient cold appliance, when they have to 

buy a new one. 
• Maintain the consumers conception that the utilities provide relevant and 

reliable service. 

The means to achieve these objectives were: 
• Introduction in 1994 of a registered name for very energy efficient appliances 

without CFC compounds. Energy efficient freezers were and are still registered 
as "Sparefryser" I, and fridges and their combinations as "Spareskabe". "Spare" 
is one out of many Danish words meaning energy efficient. The aim is to make 
it easy for the consumer to identify the efficient models and at the same time 
accelerate the introduction of these appliances. The acceleration is achieved as 
the utilities provide promotion of "Spareskabe" and "Sparefrysere". The only 
thing the manufacturer has to do to get their appliances promoted is to document 
that the models can fulfil the requirements. 

• The appliances having the registered name, are listed on a sheet that the 
consumers can get at the utility or at the retail shop for household appliances. 
Brochures with information about all the appliances on the market are also 
available to the consumer. Data about size, price and energy consumption 
illustrated by energy arrows and later also energy class are gathered in the 
brochures. The lists are generated from the ELDA Appliance Information 
System. 

• The trade-in scheme was an important tool to get the consumers attention in the 
campaign in 1994. The consumer received 200 DKR / 27 ECU for an old model 
when they bought a "Sparefryser" or a "Spareskab". 7000 models were sold this 
way. The old models were scrapped in an environmentally acceptable way. 

The acceleration of the introduction of efficient appliances can be illustrated by the 
numbers of appliances having the registered name: 
• 1994: 33 appliances 

I A chest freezer's energy class has to be A / 1-4 energy arrows (1997). 
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• 1995: 58 appliances 
• 1997: 76 appliances. 
This positive tendency is probably reinforced by the energy labelling scheme. 

The analysis from the last campaign documents that 80 % of the target group 
having noticed the campaign will buy a "Spareskab" and "Sparefryser" next time. 
An important mean to ensure a successful campaign is to make retail shops and 
their staff participate in the campaign. 80% of the retail shops that have been asked, 
have participated in the last campaign. The campaign was also introduced in 
national and local TV and newspapers, radio, in buses and trains and at the utilities. 
64 % of the consumers noticed the campaign and 41 % were aware that the 
information came from the utilities (3). 
The IRP calculations for the campaigns in 1994-95 have shown that the campaigns 
were profitable for the utilities resources and for the private economy. The IRP 
calculations have taken into account the introduction of energy labelling in 1995 
(4). 
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Part 2 

1. ELDA - Appliance Information System 
The Danish electric utilities own a database, ELDA, which has been used in 
Denmark since 1986. 
ELDA is a unique database tool which provides access to a database where it is 
possible to assemble all the kitchen domestic appliances available on the market. 
The ELDA system allows a large number of pieces of information to be recorded 
about each domestic appliance. 
The database contains such as 1,700 data sections divided into 24 different 
categories of appliance, ranging from fridge/freezers to electric kettles. 

2. The Danish Version 
The Danish version of ELDA contains comprehensive and detailed data of many 
types of domestic appliances available in Denmark. 
The database contains information on current domestic appliances as well as 
appliances out of stock. That enables the users to make inquiries about appliances 
dating as far back as 1989. 
A total of approximately 6,600 appliances are recorded in the database covering 
about 500,000 data items. Among these more than 2,400 are current models with a 
total of 172,000 pieces of informations. 
Domestic appliances from 77 different appliance suppliers are recorded in ELDA. 

3. Energy Labelling 
The ELDA database has been revised during the years. Therefore the current 
version contains all the data stored in the EU energy Labelling scheme. 
The database automatically calculates the energy efficiency class and the estimated 
annual consumption based on current EU formulas and the relevant data entered. 
This allows selection of the most efficient appliance that meets the customer s 
needs. 
We are convinced that in this way ELDA contributes to transform the market 
towards more energy and environmental friendly appliances. 
ELDA users 
The home economics advisers inside The Danish electric utilities have used ELDA 
over the past 11 years. Through the advisers 90 % of The Danish consumers have 
access to the database. 

• The Danish Energy Agency and The Danish Institute for Informative Labelling 
use ELDA for checking compliance of the energy labelling scheme. 
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• In 1995 the ELDA organization entered into a SAVE I project with Scottish 
Hydro-Electric pIc. The ELDA database was translated into English and with 
success trialled in Scottish Hydro-Electric's retail shops. 

• A new trial at three Energy Efficiency Advice Centres in the UK has just started. 

4. An Efficient Tool 
Let me focus on a few features, that can illustrate why ELDA is an important tool 
regarding energy efficient advice for household consumers. 
First of all, - the database is continuously updated and maintained which is very 
important for its usefulness. I will return to this topic later on. 
ELDA ensures that you can give your customers the best advice before buying a 
new household appliance. 

Examples: 
• You can easily find the appliances which fulfil the customer's requirements. 

You simply enter the specified needs and wishes into ELDA and the search 
system will find the relevant appliances. 

• Through the search and sorting facilities you can compare the data from many 
different appliances and quickly find the most energy efficient and economical 
models. Appliance brochures as an alternative do not give this possibility and 
therefore you do not obtain the same general view of the market from these. 

• You can obtain a general view, for example, of all the washing machines 
classified with ''three A's" . 

• If the customer would like to know the cost recovery price for a new appliance 
compared to his or her old model, ELDA can also provide this information. 

• In a case where a customer is planning to buy a second-hand appliance, ELDA 
can provide information since the database contains appliance information as far 
back as 1989. 

• Cheaper might be dearer - a low cost appliance could have a higher running cost 
than a low energy appliance so its lifetime cost would be more. ELDA can 
illustrate this through graphic outputs showing life time costs. 

• As mentioned, ELDA contains a huge amount of appliance information and not 
all are relevant to the customer. Therefore it is possible to establish appliance 
profiles of important data, which provide customers with the key pieces of 
information they need for each type of white goods. So you avoid confusing the 
customer with less important details. 

5. Updating Function - The Data 
ELDA is updated on a national basis. A well functioning updating is a must if the 
database is to be of value. 
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In Denmark ELDA is based on information compiled from manufacturers and 
importers. Data is being collected through brochures, price lists and through phone 
contact to the relevant product manager. 
ELDA is updated and maintained by a full-time home economics adviser who 
continuously is collecting, checking and keying appliance data. 
The ELDA organization finds it important that the person, who is responsible for 
the updating has a professional background. Keying data is quite simple, however, 
the full value of the database is not obtained until the data have been checked. In 
that way the consultant ensures the quality of the data. 

Let me give you an example: 

A manufacturer has informed, that a certain washing machine uses 0,95 kWhl60 C 
cotton cycle and is classified Energy Class B. However, ELDA correctly calculates 
the Energy Class to be A. 
These conflicting data make a contact to the product manager necessary to clarify 
the problem. Throughout the years a positive dialogue has been built up with the 
manufacturers and ELDA can also sometimes provide the manufacturers with 
information. Moreover many manufacturers contact ELDA, when there has been a 
change in their range of products or in vital data (EU data). 

5.1 Updating Function - The Users 

Users receive new data once a week via E-mail. This ensures that they always have 
access to the most recent data. 
It is important, that the users are well trained in using the database and thus are able 
to find the relevant information quickly. ELDA therefore offers support adapted to 
the need of the users and courses are held at least once a year, if required with 
shorter intervals i.e. traditional or work shops. 

6. ELDA - In the Future 
The ELDA organization is project co-ordinator for the SAVE II project: 
"Developing Appliance Information Systems for Europe". 
The partners are: Scottish Hydro-Electric pic, Centro para a Conservacao de 
Energia, The Swedish Consumer Agency, The Austrian Energy Agency and 
Copenhagen Energy. 
The project has 6 phases. One of the phases are to develop the software package. 
The aim is to "extend the software so that it can be used with other operating 
systems to form a flexible and modular package". 
The current version of the ELDA software package runs in IBM operating systems 
such as OS/2 and database DB2. 
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The coming version of ELDA will be developed to run within a Windows 
environment. This will allow the program to be networked and to be compatible 
with other existing proprietary software. 
At the same time, the working language will be changed from Danish to English 
which together with a modular software package will facilitate translation into 
other languages and insertion of national data. 

7. Internet 

In Denmark ELDA creates a homepage on the internet containing selected data 
from the appliance groups affected by the EU energy labelling scheme. Only 
appliances with the Energy Class A, B or C will be shown. 
With this initiative the ELDA organization wants to influence the consumers who 
do not ask for advice before buying a new household appliance. 
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Energy Saving in Houses, Information to Families and 
Negotiating With Producers. Adiconsum Consumer 
Association Role in the Matter 

Paolo Landi, Adiconsum 

1. Adiconsum's Role 

ADICONSUM - Italian Consumer and Environment Defence Association, 
promoted by CISL Trade Union, is a mass organisation. Our Association is all over 
in the national territory, holding 100 local offices in the most important cities: at 
the local office there is a counter in which some experts provide consumers with 
information, advice and consulting. 
Adiconsum performs its own consumer defence role in the traditional field of 
consumer goods watching, paying attention to quality and prices through 
comparative tests on products and a retail prices observatory about food products. 
Another important activity field is monitoring prices and tariffs of public services: 
a specific Observatory is actively working at the aim, pointing out quality and costs 
of the main monopolised public services (air, city bus and railway transports, 
methane gas and fuels, electricity etc.). 
Adiconsum, being a widespread all over Italy mass organisation, is particularly 
qualified in carrying out informative campaigns for citizens. We organised one 
about ecological consumption, one about differentiated waste disposal, one against 
usury (we obtained the passage of a specific law against usury), one about the 
choice of the insurance company, one about the introduction of Euro, etc. 

2. Adiconsum's Commitment III the Energy and 
Environment Field 

Our association also works in the energy and environment field , to promote 
environment protection, energy saving and renewable energy sources exploitation 
spreading. 
It is to remember, in facts, that energy in a growing expense for families and it is 
an important item in their budget, therefore, we know that using fossil 
combustibles to produce the energy we need, we also cause a great pollution. 
It is useful to provide you with some data about the matter: 



200 

During the last 10 years in Italy, the cost of energy to heat buildings has been 
increased twice as much as inflation. In facts, the diesel oil price changed from L. 
600 x litre (1986) to L. 1424 x litre (1996), while methane gas changed from L. 
504 x mc. to L. 1066 x mc (today its price is about L. 1130 x mc.) : in the same 
period life cost was increased about 65%. 
Talking about pollution, it is to remember that here in Italy we produce the energy 
we need (lighting, heating, transports, industry etc.) mainly by burning fossil 
combustibles. In facts, in 1995 the needed energy was produced in the share of 
55% using derivative products of oil like petrol, diesel oil, combustible oil, in the 
share of 26.1 % by methane gas and in the share of 8 % by coal. Only a share of 
10.3% was produced by renewable energy sources (most of all hydroelectric and 
geothermal power stations). So, a big amount of carbon dioxide and sulphur scatter 
in the atmosphere, creating a mantle of smog that makes our cities unbreathable 
and pollutes our forests and our agricultural productions. 
Being conscious of these great energy and environment problems to face in the 
future, Adiconsum dedicated a great attention and a lot of financial and human 
resources to provide citizens with information and to awaken them about the 
matter, to spread an energy saving culture and to promote the use of renewable 
energy sources, most of all solar energy, whose production in Italy is easy. 
First of all, Adiconsum created a special Energy and Environment Department, to 
which our experts attend, whose task is to promote and to carry out informative 
campaigns among citizens about energy and environment matters. 
In this activity area, some important informative campaigns were carried out: 
• Informative campaign about the choice and use of domestic appliances and low 

consumption of electricity bulbs (1995) 
• Informative campaign about energy saving and security in heating systems 

(1996) 
• Informative campaign about demonstration and spreading of the use of solar 

energy, specially in thermic solar systems to produce warm water for civil uses, 
which is going to continue up to the end of 1998. 

3. How to Save Money in the Energy Bill 

In 1995, supported by the European Commission, the Ministry of Industry and 
ENEA, Adiconsum carried out an informative campaign about energy saving by 
the correct choice of domestic appliances, how to use them at the best and about 
the opportunity to install low consumption of electricity bulbs. 
The campaign was carried out through many training meetings for Adiconsum 
local offices responsible, having a continuous contact with consumers. Through 
local offices energy counters informative materials have been distributed to people, 
in order to show them clearly and easily how to behave for energy saving in house. 
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3.1 Saving Money and Security in Heating Systems 

Law 46/90, 10/91 and OPR 412/93 introduced new norms about security and 
efficiency in heating systems, to protect people's safety, to save fuel and to respect 
environment. 
This norm body represents an important step toward energy saving and 
conservation: Adiconsum expressed on the subject an essentially positive opinion, 
because such objectives are common to consumers and citizens. Nevertheless, the 
implementation of the new norms obligations created a lot of problems for 
families and consumers: They, in facts, don't know how to behave, because 
information was short and the things they have to know are a lot. 
Therefore, to bring heating systems into line with the rules is expensive and it 
requires dedication to find good and qualified concerns and operators. So, to reach 
security and energy saving objectives (that are to be considered very important in a 
country taking its place in a European perspective) may hide the risk of tricks and 
speculations from not reliable operators, damaging families. 
To overcome information shortage and excessive costs, Adiconsum prepared, 
together with Artisan Associations and Installation and Maintenance Firms for 
thermic systems, a Model Contract for maintenance of individual gas boilers. In the 
contract, the needed interventions of a correct maintenance are described in detail , 
as well as the performance times to carry out the maintenance operations and the 
efficiency check according with law obligations. In order to avoid speculations, the 
Model Contracts fixed a maximum cost to be required for a normal intervention on 
an individual gas boiler. 
Together with the agreement with Artisan Associations, Adiconsum carried out a 
large informative campaign to provide families with the requested knowledge to 
respect law obligations, but also to overcome speculations about maintenance and 
bringing heating systems into line with rules. 
The Model Contract with Artisan Associations for individual gas boilers was 
printed in thousands of brochures and distributed to citizens through the energetic 
counters at the Adiconsum local offices all over Italy, and it had a large echo 
among national and local mass-media and specialised press. 

4. Renewable Energy Sources: The Thermic Solar 
System Campaign 

Being conscious of these great energy and environment problems, it is necessary to 
use energy alternative sources and, as it regards Italy, it is important to develop the 
use of solar energy. 
Such a policy is recommended by European Community and adopted by many 
member States. In our country, on the contrary, solar energy and other renewable 
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energy sources exploitation is not enough supported. Most of all, information to 
people about the means to control energetic costs, through the use of solar 
systems, is short . 
Thermic solar panels to produce warm water for sanitary uses are becoming more 
and more economically advantageous, considering the favourable weather 
conditions and the high insolation in Italy: the fossil fuels produced energy is 
greatly increasing its cost. 
So, Adiconsum, with the collaboration of European Commission and the co
financing of AL TENER Programme, is carrying out an informative campaign to 
show the possibilities of use of thermic solar systems. 
The project foresees an Itinerant Show to inform about and to explain the use of 
solar systems to produce warm water for civil uses. The Show stops in a square of 
the city with an equipped vehicle with five different kinds of solar panels, really 
working. Interested citizens can freely receive informative materials: a Guide about 
solar panels and some other informative brochures, prepared by Adiconsum at the 
aim. 
In the occasion of the Show stop in the city, guided visits are organised for students 
of High Schools and a seminar takes place to study all the aspects of renewable and 
alternative energy sources, turned to all citizens and specialised operators interested 
in the field (artisan concerns, apartment house managers, building engineers, 
surveyors etc.). 
At the Adiconsum National Office there is a permanent Counter to provide families 
and concerns with information and qualified assistance and consulting about the 
use of solar systems. 
In the INTERNET network, at the Adiconsum WEB site, we filled in 25 
informative file-cards about the installation and use of solar panels, in free reading. 
Carrying out the project, Adiconsum wants to provide families and consumers with 
assistance, even in the choice of the right technical solution. 

Conclusions 

Adiconsum, through the initiatives in the field of energy and environment 
problems, intends to promote a new culture of security and energy saving among 
families and citizens. 
The aim is to provide, in a simple and direct way, using informative materials and 
the direct advice, all the necessary knowledge to make correct and conscious 
choices in energy and environment matters. Which domestic appliances to buy and 
how to use it, how to manage in efficiency and security conditions the heating 
system, how to evaluate the advantage of installing a solar system. 
Adiconsum also looks at the world of school, in order to spread among young 
people the culture of security, energy saving and of the use of renewable energy 
sources. 
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Adiconsum's initiatives also speak to the Govern authorities, so that they promote 
and support the use of renewable energy sources. With regard to this, the purpose 
of the Ministry of Industry to prepare a project to promote the installation of solar 
panels and photovoltaic units in schools, private and public buildings, communities 
etc. is to be considered a first success of our policy. 



The achievements in refrigeration appliances from the 
industrial point of view 

Helmut Lotz, CECED (BOSCH-SIEMENS Hausgerate GmbH) 

The consumption of electrical energy in the private households-albeit not 
dominating the national total energy consumption of the EU-members states - is in 
the public opinion often synonymous with the energy consumption of household 
appliances. 

Figure I demonstrates as an example for Germany - and this more or less can be 
extrapolated to the European Union on average - that in reality major household 
appliances consume only some 1,7 % of the total end energy. Household 
refrigerators and freezers, although continuously working over the whole year, take 
a part of some 0,5%. 
Or as a rough 30% - rule the consumption of electricity for Electrical Products in 
the row: Households/Major ApplianceslRefrigerators-Freezers breaks down as 
shown in the right part of Figure I. 

Total End·Energy Consumption 

End.Energy Consumption of 
Electrical Products in Households 

End.Energy Consumption of 
Major Appliances in Households 

End.Energy Consumption of 
Refrigerators/Freezers in Households 

Fi2ure I: End-Energy Use of Refrigeration/Freezers in Germany 1994 in Percent of 
Total End-Energy Consumption 

Nevertheless manufacturers aim since decades at reducing energy consumption. In 
the beginning being more or less one of several performance arguments or 
properties of limited interest for the consumers, some years later with increasing 
environmental conciousness the interest of the consumers for reduced 
environmental impact grew, caused before all by energy consumption. This was 
enforced by product information in the main European countries, increased public 
sensitivity caused by consumer organisations and before all by the media. As a 
natural consequence the impact on free competition between manufacturers grew. 



COP 
(Coefficient of 
Performance) 

1970 1980 1990 
Figure 2: Improved Compressor Design (COP since 1970, technical 

measures mostly from the younger past) 
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1995 

Motor: more iron in higher quality, dynamo sheer iron, more cupper, more aluminium in 
short circuit ring of the rotor, smaller slot port in stator, decreased rotor gap 

Mechanic: friction loss reduction by smaller bearings, improved lubrication system, oil with 
lower viscosity (32 cST to 10 cST in R600a-compressors) 

Kind of suction: semidirect suction direct suction 

So mainly during the period after the first energy/oil price CrISIS unto the 
replacement of CFC's in the early '90ies a continuous reduction happened in 
specific energy consumption of refrigerators and freezers as shown in figure 2. As 
an European-specific example in Germany the Energy-Consumption between 1978 
and 1991 for freezers was reduced by 40 % and for refrigerators by 30 % on 
average. 
At the end of the eighties the problem of stratospheric ozone depletion caused by 
the chlorine which - nearly unaffected by tropospheric decomposition - is 
transported after emission into the stratosphere, revealed to be realistic. Even 
before political consequences came into force - the Montreal Protocol, its following 
up strengthening and the national implementations-manufacturers from all 
involved branches reacted voluntarily. 

European refrigerator/freezer manufacturers for instance reduced the content of the 
insulating gas CFC 11 by 50% and, very important, started early and commonly the 
search of suitable substitutes. 
This of course fettered activites which otherwise would have been free for further 
reduction-work on energy consumption. Anyway a further continuous straight 
decrease could not be expected due to a step-by-step approach to technical limits 
caused by the economical constraints of not or not remarkably higher productions 
costs. So one may see a decelerated reduction of energy consumption between 
roughly 1988 and the following 5 years. 
Transitionally some European producers used R 134a as refrigerant (which in 
Nofrost-Refrigerators is still used today) and the HCFC 141 b as insulating gas. But 
the search of environmentally sounder and technically better substitutes went on, 
and initiated by the former Eastgerman producer FORON concentrated on 
hydrocarbons. Eventually Isobutane R 600a as refrigerant and pentane as insulating 
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gas were chosen as those substitutes with also favourable thermodynamic 
properties compared to the former CFC's. So for instance 
R 600a has better heat transfer properties than the former R 12, or pentane 

(although with some 5% higher initial heat conductivity of the polyurethane foam) 
has lower diffusion rates out of the foam than the former R 11 and by that lower 
life cycle conductivity. 
And the components - before all the compressors - were optimised with respect to 
the hydrocarbons. So one may summarize the successful technical measures 
coming from 

• refrigerating circuit, mainly improved compressors and more efficient 
heat-exchangers 

• insulation, mainly by reduced heat-losses with thicker insulation (but 
with limitations what is described later) and occasionally vacuum-panels 
introduced in some critical areas of bigger refrigerator-freezer
combinations. 

• adaptive measures like better or more precise control and/or storage 
volumes with precise necessary temperatures (and not too low ones), and 
where still existent the replacement of electrical defrost-heaters by using 
naturally intruding heat from the ambience. 

Not to forget, that another incentive came into force within the last few years, 
which entailed further competition between the European manufacturers: the 
European Labelling System. Initiated by some former national measures in Europe 
like the German "Produkt-Information of DGPI" having had similar basic rules, 
one important incentive was implemented in the European system which formerly 
did not exist, the classification system. Class A being the best (lowest specific 
energy consumption) and class G the worst, the start is and was the class D as that 
specific consumption (for in total 10 different categories of refrigerators, freezers 
and combinations) which was evaluated to be the average consumption based on 
the European model structure. 

How free competition on the market improved the trend to better classes between 
1994 and 1996, that means in the "Hydrocarbon Period", is demonstrated in figure 
3. It comes from the common CECED-database, collected by the German trade 
association ZYEI under order of the European home appliance association 
CECED. It shows the increasing percentage of higher or "better" classes in the 
most important 5 classes, except only the category 6. 
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1 6 7 
Category Mere Refrigeratiors Refrigerators with Refrigerator/Freezer 

3-star-Compartment Combinations 

Year 94 95 96 94 95 96 94 95 96 

A 10 11 11 4 5 1 2 2 5 
C B 17 23 28 20 23 22 15 17 25 
L C 38 42 41 44 44 41 29 32 35 
A D 22 14 10 22 23 26 29 28 19 
S E 7 6 7 7 5 9 14 12 8 
S F 4 2 2 1 1 0 7 6 4 

G 1 2 1 1 1 1 4 4 3 

Figure 33 : Improvement of model-structure of European refrigerating 
appliances with respect to their efficiency class between 1994 and 96 

8 9 
Category Upright Chest 

freezers Freezers 

Year 94 95 96 94 95 96 

A 1 1 3 7 10 10 
C B 19 22 23 26 25 25 
L C 16 18 18 7 4 3 
A D 22 23 26 4 4 5 
S E 21 21 18 9 12 16 
S F 15 12 10 24 26 25 

G 6 3 3 23 19 17 

FIgure 3b 

What the future ways can be, will be discussed in the presentation "the tomorrow's 
refrigerator" by my successor in BSHG and the national and international 
organisations, associations and committees, Dr. Wurch. 

But one more word about the limits to increase insulation thickness: important as 
technical property is the specific energy consumption, the consumption per net 
volume of the cold appliance (which the consumer needs for hislher storage of 
food). In the European kitchens one finds mostly limited outer dimensions of 
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appliances, due to the small kitchen spaces and/or the defined dimensions of 
furniture for the built-in-appliances. In this case it often was demonstrated, that 
increasing the insulation thickness towards the interior, first specific energy 
consumption decreases, then reaches a minimum and afterwards increases again 
(since reduction of inner volume with potence 3 overcompensates reductions of 
energy consumption coupled to the appliance surface with potence 2). That 
minimum are some 100 mm for freezer temperatures and 70 mm for refrigerators -
which nearly are reached today. So following the relation 

Q - Aid 

the future measures to decrease Q (and by that energy consumption) must 
concentrate on the reductions of conductivity A. 

These are the achievements, which contributed to the decrease of energy 
consumption of refrigerating appliances. On the other hand one has to take into 
account, that some facts impeded such sharp reductions which one may conclude 
from the achievements. 

There are at first trends of consumers to buy bigger appliances and those of added 
value. Added value or "upper-grade" appliances mostly do not contribute to higher 
energy consumption due to their better efficiency. 

And secondly the replacement rates, which normally result in periods over 10 to 20 
years for the replacement of an elder inefficient appliance by a new one - and the 
fact, that some of these old appliances are operated in households as second units 
(for instance in basements, bars and so on). It can be seen, that the replacement of 
old inefficient appliances reduce the real total work. This actually is still different 
for freezers which replace since decades the inefficent, often fiber-glass insulated 
old freezers, whereas this first started in a moderate way with refrigerators since 
some 10 years. 
The trend to bigger appliances meanwhile has stopped. But the replacement rate 
could be faster, and could be supported by information, by the labelling system. 
This is the message out of the past, the past achievements, at least for the near 
future. And this should and must happen, with a view to the environmental 
problems, with environmentally-compliant recycling and/or disposing of, in order 
to save ressources. 

The message, how tomorrow's refrigerators possibly can contribute further to this 
development will- as mentioned - follow tomorrow. 



Washing machines -latest developments in technology 

Rainer Stamm inger, Electrolux 

Energy consumption of washing machines, as well as for other household 
appliances was an important task in Europe, but especially in Germany, since oil
crises in the 70s. German manufacturers have committed themselves already 1978 
to reduce energy consumption of washing machines and have also committed to set 
up a labelling system (called Produktinformation) to inform and guide the customer 
to buy energy saving appliances. Additionally a notary based monitoring program 
was set up to report about the savings, based on sales volumes of German 
manufacturers. This system gives us a good indication how the energy efficiency of 
washing machine has developed in the past 20 years (see fig. 1). Based on 
consumption data for boil-wash, the fleet consumption for all units sold/produced 
in Germany could be reduced by roughly 40 % from 1978 to 1994! 

From a manufacturer point of view there are not many points left which can be 
optimized with reasonable costs, to lower energy consumption in these high 
efficient machines. But, as e.g. the sensitively analysis of Van Holsteijn & Kemna 
has shown, there are big differences of energy efficiency of washing machines in 
the different European countries! As a result, the saving potentials in Europe (see 
fig. 2) are highly different and vary between 16 and 37 % in this theoretical life 
cycle cost calculation. 

So the first and most important issues to save energy for laundry washing in 
Europe is to adopt existing technologies to all washing machines produced in 
Europe. The Energy Label (see fig. 3), while focusing on the energy consumption, 
is the pace maker for this development. The efficiency improvement is clearly 
visible when comparing market data before (1993) and after (1996) the 
introduction of the Energy Label in most European countries (see fig. 4). 
Visualised by the Energy Label, the customers / retailers have clearly asked much 
more for high efficient washing machines resulting in a big shift towards the 
models with energy efficiency class "B". This trend will go on, accompanied by a 
Voluntary Agreement of European Washing Machine Manufacturers, resulting in a 
saving up to end of 1999 of average 20 % of energy based on the data of 1993! 

What are the most important technological steps which have enabled these energy 
efficiency improvement: 

First of all you have to have the right washing system. No discussion about vertical 
or horizontal axis, but for horizontal axis machines there are also different systems. 
Some of them allow to wash with a very low amount of suds (see fig. 5). 
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The problem is to get the clothes wet and to have a continuous exchange process in 
the drum without having a lot of free water available. So you can either design 
good working lifters and reduce the amount of water between the tub and the drum 
or you can use an additional circulation pump to recirculate the water continuously 
into the load (Jet-System) or you can use a direct spray system to get fresh water 
and detergents in the centre of the load. With each of this three systems, you can 
wash 5 kg load with about 14 to 15 I of suds. But there are still machines in the 
market which need 20 or more litres! 

The second innovation is the use of electronic in all areas. 
Doing this it was possible e.g. 
• to control the speed of the motor 
• to measure the unbalance of the load and react properly 
• to control the foam level 
• to follow exactly optimized time-temperature profiles 
• to use fuzzy-logic to adopt to actual load and program conditions 
• to use turbidity or conductivity sensors 
and many other applications. 

The third important improvement can be summarised under the headline 
"recycling/reuse". Despite all the activities to make household appliances better 
recyclable or make more use of recycled material, there are also machines in the 
market which re-use part of the wash-water and -energy for the next wash-cycle. 
Using an internal water tank (see fig. 6) and a clever water management system 
one can re-use the water from the last rinse-cycle for the next main wash. These 
machines need 10 I of water and 0,1 kWh of energy less than the same machine 
without this tank for each cycle. 

As already stated, there are not many possibilities left to improve energy efficiency 
of the best washing machines today in the market, when looking only to the values 
measured and declared according to the standards. But consumers do not wash at 
standard conditions, they all have their individual load and behaviour. Therefore it 
is a big open task to guide the consumer to use his washing machine in the most 
efficient way. Three main areas must be attached to get that goal (see fig. 7): 
automate the process as much as possible to avoid mis-handling - inform the 
customer on the right way to wash - give the customer a clear feedback on what he 
does and what might be wrong. Examples on all three areas are already in the 
market, like a turbidity sensor to control mainly the rinsing process (see fig. 8). 
This sensor measures the turbidity of the rinse water and decides to prolong or 
shorten the rinsing process and even to make a rinsing with only 2 rinsing cycles. 
Another example is the information which is given at the input control panel (see 
fig. 9). Here the customer is not only guided to select easily the appropriate 
program, he also gets a lot of feedback. 
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For example, he gets informed about the final humidity, depending on the spin 
speed chosen. He also gets a feedback at the end of the wash if he has used the full 
capacity of the machine or if there would be room to wash more at one load. And 
he also gets informed on the right use of detergent, as a signal in generated, if an 
overdosing was detected! As long as the machine can't correct automatically, the 
customer has to be informed and educated properly on right, energy efficient use of 
this machine. 

The biggest step forward in reducing the energy consumption of washing may be 
realised in the future, when new detergents will be introduced which will make the 
use of a 60° program absolute. Enzyme manufacturers e.g. are developing 
bleaching enzymes, proxidases (see fig. 10), which can avoid dye transfer or act as 
bleaching agent. Substituting perborat or percarbonat used today, these detergents 
should give the same washing result on 40° than today's detergents at 60°! But, 
perhaps the washing machine program have to be adopted to use these type of new 
detergent efficiently. Then it will take 10 to 15 years, the normal life time of a 
washing machine, to get these new program 100% effective in the market. A 
terrible long time when looking to the need to reduce environmental load soon! 
Help may come by using an "update" possibility introduced in some machines in 
recent years (see fig. 11). With this possibility, program parameters can be changed 
easily by service people. Adjusting washing temperatures, times or mechanical 
action a better energy efficiency can be reached. Assuming only a 2 % increase in 
energy efficiency by an update in the middle of the life-time of a machine, a 7 % 
reduction can be gained (see fig. 12), based on life-cycle calculations! So updating 
may playa very important role to realize energy savings in the future. 

If the future will bring us a revolutionary new washing methodology will be 
discussed in the oral presentation only. 
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Refrigerators, freezers and relevant standards 
by Dario Lanzavecchia(*) 

1. International standardization 

ISO in general and IEe for electrical field, are the international bodies with the task 
to produce world wide Standards. 

International standardization 

National and International Standards are generally used as reference methods in 
National/Regional Regulations on Energy label ,Energy efficiency ,Eco label and 
similar systems. 
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These Standards should ideally be endorsed with very limited deviations by 
(Regional and)National Standards. 
For refrigerating appliances this is not yet the case. 
For safety standards (IEe 335.2.24) important differences still exist with the 
national standards adopted in few but important countries, for example USA, even 
if these differences are being gradually eliminated. 
For performance standard the situation is worst as more countries have important 
differences in respect to the ISO standards. 
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These deviations generally reflects the difference still existing in the products 
offered on sale in the different geographical area, only partly justified by the 
different climatic conditions. 
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4. Standard content 

The ISO standards covering measuring method for the performance of refrigerators 
and freezers are the following: 

D 
One 10 thn:cStar5 

Refri~erntors 

ISO 7371(1 edit.): 1985 : Adopted standard 
I 

ISO 7371(11 edit.):1995 I Editorially aligned with ISO 8187 
I 

ISO/FDAM 17371:1995 I Arndt. to cover "chill" compartments 
I 
i 
I 

ISO 8187(1 edit.):1991 : Adopted standard 
I I 

I ISO/FDAM 18187:1995 I Arndt. to cover "chill" compartments 
I I 

FOllrStars Refriger.ttor·freezers I I 

i i 

EJ
J~ I : 

I ISO 8561 (I edit.): 1995 I Adopted standard aligned to ISO 8187 
I I 

: ISO/FDAM 18561:1995: Arndt. to cover "chill" compartments 

frost free Refrigerators I 

I I 
I ISO 5155(1 edit.):1983 I Adopted standard 
I I 

I ISO 5155(11 edit.):1995 I Editorially aligned with ISO 8187 
I I 

Upright & Chest Free.<ers 

Two of this four standards (ISO 5155 and ISO 7371) were recently revised to be 
aligned with the text of the third (ISO 8187)and the forth (ISO 8561) was issued 
with it's text already in line with the others. The purpose of this was to facilitate a 
final revision step to incorporate the four standard in a single new edition. This 
work started few month ago and a first draft is going to be sent out in time for 
discussion at a next meeting of the ISO TC 86 SC 5 during 1998. 



The common basic content of these standards is as follows: 

Scope: 
Appliances, compartments and combination 

(of ap'pliances and/or compartments) 
Tests & Measurements ror: 

Volumes / area 

Storage temperatures 

Energy consumption 

Freezing capacity (when applicable) 

Ice making capacity 

Temperature rise 

Water vapor condensation 

Absence of odor and taste 

Mechanical strength of shelves & similar parts 

Airtightness, opening force and hinges durability 
of doors and lids 

Marking & Instruction for use and maintenance 

5. Differences 
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One of the key difference between products offered on sale in the different 
countries is represented by the definition of the so called "star rating" for the 
different preservation temperatures of frozen foods. 
Another key point is the definition of "freezer" (or "freezer compartment") and 
consequently the indication (and measurement) of the "freezing capacity". 
The latter has also influenced the definition of representative load in term of "test 
and "M" packages which constitute another critical area of difference in standards. 
Reference ambient temperatures also differ in the different area and constitute an 
important deviation between standards. 

Standard conditions ISO ASINZ ANSI 
Energy consumption ambient temperature 25(32)Oe 32°C 32,2°e 
Energy consumption freezer temperature -lSoe -15°C -15(17,S)Oe 
Freezer load for energy consumption loaded unloaded unloaded 
Freezing capacity, minimum requirement yes no no 
and test 
Energy consumption fresh food 5°C 3°C 3.3(7.22)Oe 
temperature 
Pull down test no yes yes 
Reference volume for energy consumption storage storage gross 
Other performance tests yes no yes 
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Because of these and other minor differences it is very difficult to compare energy 
consumption data measured according to the different existing Standards. 
Some laboratory try to define and use conversion coefficient but none of them get 
really comparable results. 

6. Remarks 

Sometime it is indicated that international standards partly fail their target of 
homogeneity. 
Which are the reason? 
Is there something wrong with ISO / lEe or with the relationship between 
standards and regulations / programmes or else? 
To give an answer to these questions we should consider who and how the 
standardization process is influenced. 

Trade conditions 

push for globalization; 
harmonization seen as a tool 

for non tarif barriers , 

Market conditions R&D people 

Because of the conflicting interests and the consolidated difference between trade 
area, international standard should be essentially considered an harmonization 
matrix and not a tool to fix programmes. 
Technical and trade values are preconditions for market and consumer relevance. 
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7. Present performance standards development 

So far International standards for measuring performances of refrigerators and 
freezers are mainly oriented to comparative test and therefore designed to obtain 
the best possible reproducible results. 
They work rather well when the results are used to compare appliances from 
different brands but with similar technical/performance characteristics in the same 
laboratory (as it is normally the case of Consumer Organizations) but shown 
important limitations when used to measure (and verify) energy consumption 
value to be indicated or imposed on product with different characteristics for 
consumer orientation in selecting efficient models. 

With the introduction of energy labeling systems and more recently of energy 
performance regulations, different solutions were adopted to try to overcome these 

limitations in the different geographic area for instance: 
- in Europe complementary indication are introduced in the Regulations; 
- in Australia and New Zealand (see the latest jointly issued standard 

AS/NZS 4474.1: 1997) a new structure is adopted where two different 
parts include separately: 

test conditions, requirements for temperature performance and method 
for energy consumption determination 

algorithms for energy efficiency calculation, star rating and 
comparative energy consumption, details of energy label and 
minimum energy performance standards (MEPS) for refrigerators 
and freezers 

- in the US the ANSI HRF standard itself include a first set of product 
groups but further groups subdivision, correction coefficient, set of limits 
and other indications are included in the regulation itself. 

8. Future performance standards development 

My personal feeling is that unavoidably ISO standards will have to be further 
revised to be better suitable for reference in energy labeling and energy efficiency 
programs. 
Anyhow the limits are constituted by the difference still existing in the type of 
products offered on sale in the different part of the world not only in term of 
dimensions and volumes but also in technology and offered performances. 
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For example any discussion on the necessity of the "star rating system" adopted for 
the definition of temperature in the different frozen food storage compartments 
which also reflects in the storage time of frozen foods and relevant packages 
indication, will hardly result in a universally accepted compromise. 

( * ) Storage time: 1 week Storage temperature: ::;: -6°C 

G-~l 
~~-*-B 

1**** 

Storage time: 1 month Storage temperature: ::;: -12°C 

Storage time: 3 month Storage temperature: ::;: -lSoC 

Storage time: 3 month Storage temperature: ::;: -lSoC 
Freezing capacity: ~ 4,5 kg/lOO I storage volume and ~ 2 kg 

The same applies for the products categories definition (if 
needed) in an international standards as ISO, where the only possible compromise 
could be to define the maximum number of categories to reflect all existing type of 
products in the world and each national standard will then adopt only the categories 
to which the most of their products belong. 
This will only partly mitigate the effect of deviations that make now impossible 
product comparison as even a well defined specific category may still cover a large 
variety of appliances with different performance that the standard will hardly 
compensate. 



48 corrili natiom type; 
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Corrpartrrent 
cxnbination 

Cefrostirg 

Voll.l'Te 
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32 combinations types 

Compartment 
combination 

Freezer 
compartment 

position 

Defrosting 

Volume 



16 combinations types 
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Appliance 
type 

Compartment 
combination 

Defrosting 

Volume 

From the experience in both the European energy labeling and the energy 
efficiency requirements directives for instance it is evidentiated that the definition 
of one of the 10 categories, category 7, the 4 stars refrigerator/freezer, covers a 
large variety of appliances with different performances (with 1 or 2 compressors or 
thermostats, with automatic or semiautomatic defrost, with small to big freezing 
compartment, with and without additional cellar or chill compartment, separate 
frost free or static execution for each compartment, and so on) which reflects on 
the energy consumption. 

Conclusion 

It is surely necessary a change in the present approach of any international 
standards for measuring the performance of a product in order to better fit with the 
subsequent use as reference tool for any energy program. 
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All the necessary details of an energy program can not be combined in an 
international standard because of its schematic approach and to prevent freezing 
technological development as a result of such a "maximalistic approach. 

Set of limits, label content and format, compensating algorithms and similar 
details, because of their political implication shall be left for incorporation in the 
regulation. 

Big efforts still need to be done by national government and national 
standardization bodies to aligne as much as possible national/regional standards to 
the corresponding international standard. 



Refrigerators: developments in the European market 

Dr. Paul Waide, PW Consulting 

1. How much energy do European cold appliances 
use? 

Cold appliances are the principal source of electricity-specific energy consumption 
in European households. Estimates of their consumption vary from country to 
country but typically they account for from 20 to 30% of residential electricity use. 
Figure 1 shows the percentage of household electricity that were used by cold 
appliances in 20 French households without electric space heating as measured in a 
dedicated end-use measurement programme I. This indicates that when non
electricity specific sources of electricity consumption are absent cold appliances 
will account for slightly over 30% of a typical European household's electricity 
bill. For the entire European Union cold appliances are thought to consume about 
108 TWh/year and cost consumers about 14 billion ECU each year to run. 

Clothel~w.sh.rs 

8.5% 

lighting 
" .7'1\ 

Refrigerator'S and 
,..,frigenl1or.freeurs 

2 •.• '4 

TV, 
6.7% 

Frnzers 
'0.0'4 

Fig. 1. Electricity consumption by end-use measured in 20 French households (% of total 
annual consumption 

1 Results from the Ecodr6me end-use measurement campaign conducted by Cabinet Olivier 
Sidler for the European Commission and the French energy and environment agency, 
ADEME,1997 
2 Analysis of energy efficiency of 1994 domestic refrigeration appliances: Part B: Long
term impact and scenarios analysis PW Consulting for TNO and the European Commission 
DG-XVII, SAVE XVII 4 1031/95-005 NO 951731/MEP, January 1997. 
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2. What savings can be made? 

Figure 2 shows the efficiency distribution of upright-freezers available for sale on 
the French market. In the absence of regulatory standards there is a very large 
difference in efficiency between the products available for sale (a maximum of 4-
fold). The energy efficiency performance index shown on the x-axis is the ratio of 
any given models energy consumption and the average energy consumption of an 
identically sized model performing exactly the same cooling task, see section 4. 
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~ 0.12 0 

<i .., 
0.10 0 

E 

-l MInimUm efllclency r -
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Figure 2. Distribution of upright-freezers for sale in France 1996, by energy performance 
index (the index described in Table I divided by 100) 

In the residential sector alone there are very large potential savings to be made 
simply by substituting the most efficient existing appliances for the average in situ 
stock. In France, a recent metering campaign monitored the energy consumption of 
each appliance in 20 households for a year and then substituted the existing 
equipment with the most energy efficient equipment that was available on the 
market before monitoring the energy consumption of each new appliance for a 
further yearl. The average savings were an impressive 725 kWh/year per household 
for cold appiiances alone (a 3.2-fold reduction) even though care was taken to 
ensure the overall cooling service was maintained. Were this to be extended to the 
national level it would produce a saving of ~ 12 TWh/year in France. Apart from 
confirming the high potential savings from using efficient cold appliances this 
experiment also confirmed that appliances which perform well under the standard 
test conditions perform well in situ. This finding is important given that some 
doubts have existed concerning the reliability of reported test results and of the 
ageing performance of cyclopentane blown foam (almost all the substitute models 
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used cyclopentane as the foaming agent and continued to perfonn well throughout 
the 1 year measurement period). 
On average this experiment produced energy savings for the assembly of domestic 
appliances of ~ 1790 kWh/year per household, of which 45% was attributable to 
cold appliances. This finding highlights the importance of cold appliances in 
domestic energy saving policy and indicates why so much attention has been and 
will continue to be directed toward them. 

3. Energy labelling and standards making an impact 
in the EU 

Real efficiency improvements seem to be occurring in the EU appliance market as 
a result of energy labelling and pending minimum energy efficiency standards. 
Figure 3 shows how since the enactment of the framework labelling Directive in 
1992 (92175/EEC of 22.9.1992) and the cold appliance energy labelling Directive 
in early 1994 (94/2/EC of 21.1.94) the average efficiency of the cold appliance 
market improved by between 8% and 17% over 3 to 4 years depending on the 
country. 

1.2 
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-o-France 
_ Germany 
_Nethe~ands 

_UK 

Figure 3. Evolution of refrigerator-freezer energy efficiency in five EU countries2 

In addition, to indicating the appliance efficiency the energy labels for cold 
appliances give the energy consumption under standard test conditions, expressed 
as kWh/year, the net storage volume of the refrigerator and the freezer 
compartments and the star-rating of the freezer compartment (which indicates the 
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maximum internal temperture and the freezing capacity), see Figure 4. The 
compressor noise in dB is an optional extra although some EU countries require 
this by national law . 

4. Calculating the EU energy-label efficiency class 

For cold-appliances the efficiency class grades A to G are defined for each product 
category in terms of an energy efficiency index I (defined as the tested model 
electricity consumption divided by the average model consumption for a unit of the 
same adjusted volume multiplied by 100) as given in Table 1. 

Table 1: Relative efficiency grades used in the EU energy label for cold-appliances 

Energy Efficiency Index I (in percent) Energy Efficiency Class 
1<55 A 

55:0; I < 75 B 
75:0; I < 90 C 

90:0; I < 100 D 
100:0; I < 110 

110:0; I < 25 
125:0; I 

E 
F 
G 

Thus, a G class model uses 125% or more energy of an average cold-appliance of 
the same type and the same adjusted volume, while an A class model uses less than 
55% of an average appliance of the same type and adjusted volume. The energy 
consumed by an average appliance of a given type and adjusted volume is 
calculated from the appropriate average performance reference line equation given 
in Table 2. 
The efficiency spread indicated in these classes is based on several considerations. 
Firstly, that the efficiency of models on the EU cold-appliance market tends to be 
distributed like a slightly skewed gaussian function except that there is a long tail 
on the side of the inefficient models while the efficiency of the most efficient 
model is bounded. Secondly, that the aim of the label is to encourage people to buy 
more efficient appliances - this means that it is not necessary to set the width of the 
efficiency classes such that there are an equal number of models in each class, but 
rather in such a way that it is a compromise between reflecting the real efficiency 
distribution of the market at the time that the label is introduced and the efficiency 
distribution one may hope to achieve after some years. Thirdly, that the highest 
efficiency class needs to be theoretically attainable even if it is not attained by any 
model at the time the label is introduced. 
When the cold-appliance energy label was introduced in 1994 there were almost no 
models in the A efficiency class available on the market; however, a detailed 
engineering analysis had shown that it was quite possible to manufacture A class 
models. Since that time several hundred A class models have become available on 
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the EU market, justifying the principle of leaving the top efficiency class almost 

empty. 
Table 2. EU Product categories and energy efficiency standards for cold-appliances 
Product class energy use (kWh/year) 

Description Categ. Average performance Maximum'" 
No. reference line 9 energy 

consumption 
after 1999 

Freezers 
Chest Freezers 0.446AV+181 0.480A V + 195 
Upright Freezers 0.472AV+286 0.434A V + 262 
Refrigerators and Refrigerator-Freezers 
Refrigerator without FFC 1 1.00 0.233AV+245 0.207AV+218 
Refrigerator/Chiller" 2 0.75 0.233AV+245 0.207AV+218 
Refrigerator with no-star FFC 3 1.25 0.233AV+245 0.207AV+218 
Refrigerator with I-star FFC 4 1.55 0.643AV+l91 0.557AV+166 
Refrigerator with 2-star FFCo 5 1.85 0.450A V + 245 0.402AV+219 
Refrigerator with 3-star FFC 6 2.15 0.657AV+235 0.573AV+206 
Refrigerator with 4-star FFC 7 2.15 0.777AV+303 0.697 A V + 262 
Multi-door refrigerators and 10 =(25- 0.233AV+245'" 0.207AV+218'" 
other appliances Td/20 0.643AV+191 11 0.557AV+16611 

0.450A V+245 12 0.402AV+21912 

0.657AV+235 iJ 0.573AV+206iJ 

0.777AV+303 14 0.697AV+27214 

1 The value given by the formula is to be compared against the measured rating 
under the test protocol EN 153. A V is the adjusted volume given by: A V = I V c x 
Wc x Fc as summed over all compartments in the appliance, and where: 
V c = the net volume of a given type of compartment in the appliance, 
Wc is the weighting coefficient for that type of compartment (equal to I for the 
fresh-food (50C) compartment and equal to Q for the non-fresh-food compartment) 
Fc is a factor which equals 1.2 for no-frost compartments and 1 for other 
compartments. 
2 FFC = frozen food compartment, which refers to any compartment operating at 
less than -6oC. Normal refrigerator compartments are designed to operate at 5 oC. 
3 Refrigerator/Chillers are appliances designed to operate at internal temperatures 
of 5 oC < Tc < 12 oC. 
4 No-star compartments are designed to operate at -6 oC < Tc < 0 oc. 
5 I-star compartments are designed to operate at Tc < -6 oc. 
6 2-star compartments are designed to operate at Tc < -12 oc. 
7 3-star compartments are designed to operate at Tc < -18 oc. 
8 4-star compartments are designed to operate at Tc < -18 oC and to be able to 
freeze more than 4.5 kg offood from 25 oC to -18 oC in less than 24 hours. 
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9 The line defining the average energy consumption as a function of adjusted 
volume of models available on the EU market between 1990 and 1992 from the 
Group for Efficient Appliances (GEA) study3 and adopted as the energy labelling 
efficiency reference lines in Commission Directive 94/2IEC of 21.1.1994. 
10 For multi-door models where the temperature of the coldest compartment is > -
60C. 
11 For multi-door models where the temperature of the coldest compartment is ::;;-
60C. 
12 For multi-door models where the temperature of the coldest compartment is::;;-
120C. 
13 For multi-door models where the temperature of the coldest compartment is ::;;-
180C. 
14 For multi-door models where the temperature of the coldest compartment is ::;; -
18 oC and the compartment can freeze> 4.5 kg of food from 25 oC to - 18 oC in 
24 hours. 
15 The line of maximum allowable energy consumption from September 3rd 1999 
according to Council and Parliament Directive 96/57/EC of 18.9.1996. 

5. The impact of energy labelling and efficiency 
standards 

Prior to the discussions concerning the EU energy label the European cold
appliance industry was pre-occupied with the problem of phasing out the use of 
CFCs which had been used both as refrigerants and as the agents to blow the 
insulating foam. In 1989 manufacturers reduced the level of CFC in their foams by 
50% which had a slight adverse effect on the quality of the insulation and hence led 
to increased cold appliance energy consumption. From 1990 until the end of 1992 
the efficiency of European made refrigerators appears to have been relatively static, 
but in early 1993 the German industry settled the problem of CFC phase-out by 
opting to use hydrocarbons for the refrigerant (mostly R-600a) and cyclopentane as 
the foaming agent. Manufacturers from other EU countries either chose to use the 
hydrocarbon technology or the alternative zero ozone-depleting option of HFCs 
(normally R-134a as both refrigerant and foaming agent). At about this time the 
German industry appears to have made a concerted effort to improve the energy 
efficiency of their cold appliances which manufacturers from other countries 
subsequently followed. 
The progression in market average energy efficiency data for Germany, France, the 
UK and the Netherlands is shown in Tables 3 to 6. The tables show the energy 
efficiency index (as Table 1 but expressed as a fraction) where an index of 1 
corresponds to the average energy index of cold appliances sold on the EU market 
in 1991. 
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Table 3. Average model-weighted energy efficiency index' of new cold appliances sold in 
Germany 2 

Cold appliance type 1989 1990 1992 1993 1994 1995 

Larders, O-stars and cellars 0.996 l.O1O l.000 0.935 0.892 0.768 
I-star refrigerators 1.016 0.979 0.987 0.930 0.966 0.888 
2-star refrigerators 0.977 1.060 l.033 0.960 0.962 0.967 
3-star refrigerators 0.965 1.023 0.977 0.869 0.885 0.823 
4-star refrigerator-freezers 1.001 1.012 1.008 0.938 0.866 0.839 
Upright freezers 0.893 0.917 0.928 0.892 0.810 0.842 
Chest freezers 0.901 0.968 0.940 0.871 0.774 0.796 
All cold appliances 0.944 0.878 0.833 0.798 

a The efficiency index is computed according to the methodology prescribed for 
the EU energy label. 

Table 4. Average sales-weighted energy efficiency index' of new cold appliances sold in 
France 2 

Cold appliance type 1984 1990 1993 1994 1995 1996 

Refrigerators 1.228 1.128 1.126 1.029 0.890 0.861 
4-star refrigerator-freezers 1.031 0.992 1.010 0.944 0.868 0.847 
Freezers 1.356 1.123 1.128 1.088 1.040 1.046 
All cold appliances 1.197 1.080 1.087 1.013 0.926 0.912 

• The efficiency index is computed according to the methodology prescribed for the 
EU energy label. 

Table 5. Average sales-weighted energy efficiency index' of new cold appliances sold in 
the UK2 

Cold appliance type 
Refrigerators 
(UEC (kWh/year» 

1991 
311.8 

4-star refrigerator-freezers 1.100 
Freezers (UEC (kWh/year» 491.0 

1992 
300.8 

1.087 
471.4 

1993 1994 1995 1996 
299.4 298.1 

1.087 1.087 1.035 1.008b 

459.4 459.4 

a The efficiency index is computed according to the methodology prescribed for 
the EU energy label. Only average unit energy consumption (UEC) data was 
available for refrigerators and freezers. 
b An estimated value computed from the distribution of sales within each energy 
label class. 
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Table 6. Average model-weighted energy efficiency index of new cold appliances sold in 
the NetherIands·2 

Cold appliance type 1990 1991 1992 1993 1994 1995 
Refrigerators 0.963 0.963 0.950 0.896 0.821 
4-star refrigerator-freezers 0.957 0.957 0.951 0.908 0.849 
Freezers 1.048 1.048 1.040 0.997 0.957 
All cold appliances 0.986 0.986 0.973 0.924 0.862 

a The efficiency index is computed according to the methodology prescribed for 
the EU energy label. 
This data clearly shows the large improvements in cold-appliance efficiency from 
1992 to 1996. In Germany the efficiency of the market improved by 15.5% 
between 1992 and 1995; in France the efficiency of the market improved by 16.1 % 
from 1993 to 1996; in the UK the efficiency of refrigerator-freezers increased by 
7.3% from 1994 to 1996; while in the Netherlands the efficiency of the market 
improved by 12.6% from 1992 to 1995. It is of course difficult to interpret this 
shift in efficiency but it does seem certain that the advent of the energy label 
(which was due to be visible to EU consumers at the beginning of 1995 and from 
1994 in Denmark) has had a significant impact. Furthermore, it is quite clear that 
manufacturers had already decided to respond to the energy label before it was in 
place and hence before it could act to influence consumer and retailer purchasing 
decisions. 
German manufacturers took the opportunity to improve the energy efficiency of 
their products at about the same time or immediately after they converted their 
production facilities to non ozone depleting refrigerants and foaming agents. 
A ware that the energy label would be introduced within a short period they appear 
to have decided to focus their efforts on raising the average energy efficiency gap 
between their products and those of their competitors. As generally, German-made 
cold-appliances are higher priced than their foreign competitors they have 
traditionally been marketed on their higher quality. Probably, German 
manufacturers reasoned that they could not afford to risk their products having 
lower classifications under the energy-labelling scheme than their competitors and 
hence raised the efficiency of their products. Manufacturers from other countries, 
and most notably Italy, appear to have followed the German lead presumably to 
prevent their products from being left too far behind. 
Ironically, of all the EU member states it is the two largest cold-appliance 
manufacturing nations, Italy and Germany, who have not formally implemented 
the EU energy label in their national legislation and hence are currently in breach 
of EU law. However, here the similarity between the two nations stops because in 
Germany the label has been widely seen in shops since 1994 while in Italy the label 
is rarely seen. The reason appears to be that German manufacturers are happy to 
label their products because they generally have comparatively good ratings while 
equally German retailers are happy to supply the information to the consumers. 
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It is interesting to compare the efficiency purchasing trends in the two countries 
too. In Germany, if one compares the distribution of the cold-appliances offered for 
sale as a function of their energy-label class against the same distribution for the 
number of appliances actually bought, one finds that consumers prefer to buy the 
more efficient appliances. In other words, there are more appliances bought in the 
high efficiency classes when expressed as a proportion of all sales than there are 
appliances in these efficiency classes when expressed as a proportion of the 
appliances offered for sale, see Figure 5. 
In Italy, where the label is generally not visible, consumers tend to buy 
preferentially (yet almost certainly in ignorance) less efficient cold-appliances on 
average than the average efficiency of the models available for sale, see Figure 6. 
This behaviour may be explained by a combination of factors including that 
German consumers are generally acknowledged to be more sensitised to energy 
and environmental issues than average EU consumers while Italian consumers are 
perhaps less so. Also, the visibility or not of the energy label may be supporting 
this tendency. The situation is even more ironic when one considers that Italians 
have far more to gain financially through efficient cold appliances because their 
climate is hotter, and hence cold appliance energy consumption will be higher, 
while Italian residential electricity prices are the highest in Europe. 
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Figure 5. Energy efficiency for all 1994' German refrigerators: comparison between sales
weighted and model-weighted distributions 
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Figure 6: Energy efficiency for all 1994 Italian refrigerators: comparison between sales
weighted and model-weighted distributions 

Overall the combination of market forces and the energy label is forecast to result 
in electricity savings of 278 TWh over the period 1996 to 2020 compared with a 
frozen or static efficiency scenario. The value of this avoided-electricity to 
consumers is ~39 billion ECU (> US$40 billion) if one assumes constant real 
electricity prices. 
Figure 7, shows the forecast energy consumption of the entire EU stock of cold 
appliances under various policy actions up to the year 20202• Large savings are 
forecast from energy labelling compared to a static efficiency scenario although the 
average market efficiency is unlikely to be static even without orchestrated 
government actions as normal market pressures lead to some efficiency 
improvements. The middle line marked '15% in 1999' shows the estimated impact 
of the recently announced legislation to introduce mandatory minimum energy 
efficiency standards, (Parliament and Council Directive L236/36 of 18.9.96) that 
will come into effect on 3.9.1999. This is only thought likely to produce a 
relatively small saving compared to the labelling only scenario of a total of 120 
TWh by the year 2020 (some 4.9% of all projected cold appliance energy 
consumption over the same period). The bottom-most line shows the estimated 
impact of introducing mandatory minimum energy efficiency standards set at the 
position of estimated least-life cycle cost (point 6 on Figure 9 below) to come into 
effect in the year 2002. This would produce far larger cumulative savings of 481 
TWh, worth 273 billion ECU in avoided bills, and some 1167 M-tons of CO2 by 
the year 2020 (i.e. saving 19.8% of the labelling only scenario consumption over 
the same period). The intermediate scenarios show the impact of imposing a 
second round of minimum energy efficiency standards requiring an extra 20% 
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extra 20% efficiency improvement in the models offered for sale at three different 
dates after the first round of standards are introduced in 1999. 
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Figure 7. Estimated and forecast cold-appliance electricity consumption in the ED for a 
range of labelling and standards policy scenarios 

6. How European cold appliances compare to those 
internationally 

Until recently the differences in measurement standards have made it very 
difficult to compare the energy efficiency of European refrigerators with say those 
made in North America or Australasia. However, somewhat unexpectedly there is 
circumstantial evidence that the improving efficiency of European made cold 
appliances may be opening a gap between the efficiency of European models and 
those made outside the EU. One major US manufacturer (General Electric) is now 
offering a large range of US made refrigerators for sale in Europe which have all 
been tested according to the EU energy measurement standard. It is found that the 
models on offer in GE's catalogue are on average 42% less energy efficient than 
those offered by Electrolux and Bosch-Siemens when assessed under the tenns 
used in Europe, see Figure 8. 
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Figure 8. Efficiency of 1997 models of cold appliances available on the European market 
for three major manufacturers (data from manufacturers catalogues) 

Most of the more efficient models offered by GE appear to be those manufactured 
in Europe, while the best energy label ranking attributable to their EnergySmart™ 
range of US-made refrigerators was a C. This curious finding is somewhat counter
intuitive as by simply adjusting for the apparent thermodynamic differences 
between the US and European refrigerator energy tests one would expect US made 
refrigerators that conform to the 1993 US minimum energy efficiency standards to 
perform quite favourably under the EU efficiency measures. 
In practice, however, it is possible that the rigorous EU temperature test 
requirements and other subtle differences in the energy tests (such as loading the 
freezer compartment, the positioning of temperature sensors and the definition of 
compartment temperatures) may more than compensate for the higher ambient 
temperature used during the US cold appliance energy test. Perhaps the single most 
important factor explaining the surprisingly large gap in performance is that 
refrigerators sold in the EU have to be able to maintain internal temperatures of 
5°C and -I SOC (as a maximum internal temperature for three or four star frozen 
food compartments) for an external temperature ranging from 16 to 32°C (and up 
to 3SoC for sub-tropical models); however, the energy consumption is measured at 
an ambient temperature of 25°C. To pass the temperature test necessitates that the 
cooling system and in particular the compressor be oversized relative to their 
optimum size for an ambient of 25°C unless a variable cooling capacity compressor 
is used, which is still rare. This causes the difference in refrigerant pressure 
between the condenser and evaporator to be higher under the energy test at 25°C 
than would otherwise have been the case and therefore requires the compressor to 
work harder and use more energy. If this factor is ignored when comparing the 
reported performance of EU refrigerators to US refrigerators and a simple 
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adjustment is made to take account of the difference in ambient temperatures under 
the respective energy tests it will tend to favour the US made models as these are 
not obliged to pass any internal temperature maintenance requirements across a 
range of ambient temperatures. 
Another possibility, that cannot be discounted, is that the GE European range 
would not meet current US minimum efficiency standards. 

7. Technology leading to higher efficiency 

The improvements observed in European cold appliances have been obtained by a 
number of technical developments but principally through improvements in the 
quality of the insulation. Options for using low conductivity evacuated panels have 
increased. and more and more manufacturers have taken advantage of this although 
they are usually confined to top of the range models. In this manner manufacturers 
can attain unrivalled efficiencies while maintaining thin wall thickness that free-up 
food storage space. In spite of the fact that one of the most important 
manufacturers of evacuated panels has announced the suspension of their product 
line, several other alternatives have been proposed: a German appliance 
manufacturer is producing their own evacuated panels under license from Degussa; 
ICI is producing relatively light-weight and comparatively cheap panels made of 
evacuated open-cell polyurethane that have conductivity'S several times lower than 
traditional polyurethane foams. A Turkish refrigerator manufacturer has encased 
evacuated insulation panels, not in polyurethane foam but in pre-formed blocks of 
expanded polystyrene (EPS) encapsulated using plastic panels of the same material. 
This assembly has been designed to facilitate recycling of the material at the end of 
the product's life. 
Numerous manufacturers have obtained higher refrigerator and freezer efficiencies 
by redesigning their cabinets to enable the use of thicker levels of conventional 
foam insulation. The standard foot-plate of European upright cold-appliances is 60 
cm x 60 cm but recently Bosch-Siemens have introduced a range of models with a 
70 cm footplate to accommodate much thicker insulation (up to 90 mm in the 
freezer compartment). The market acceptance of this development remains to be 
seen but if successful it could herald an era of much more efficient refrigerators. 
Other technical efficiency solutions include the use of high efficiency compressors, 
improved heat exchangers, and electronic control systems to improve the 
regulation of compartmental temperatures. All the major compressor manufacturers 
supplying the European market are now offering very high efficiency compressors 
that use either a variable speed drive or variable volume (capacity) technology 
linked to electronic controls and using either isobutane or HFC-134a as the 
refrigerant. These compressors are 40% more efficient than the previous best 
models and typically lower refrigerator energy consumption by 25%. However, at 
the current time this performance comes at a price and even though the price 
increment is likely to fall by 50% with increased production volumes the inclusion 
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of electronic controls means it is likely that these compressors will always be more 
expensive to manufacture compared to conventional models. The development of a 
range of compressors specifically for use with isobutane (R-600a) has led to a 
marked increase in performance of these compressors at low cooling capacities 
compared to compressors using HFC-134a (R-134a) which still tend to be adapted 
CFC-12 (R-12) compressors. This has caused a faster improvement in the 
performance of small low capacity cold appliances relative to larger appliances 
over the last 5 years and has had a corresponding impact on the gradient of cold 
appliance energy consumption versus adjusted volume regression lines i.e. 
lowering the y-axis intercept. Historically there has been a dearth of high efficiency 
low cooling capacity compressors mainly because of a lack of suitable motors. 
However, this is now being addressed in Europe with new ranges of smaller 
cooling capacity compressors appearing to match the demand created by 
refrigerators having better cooling cycle designs and improved cabinet insulation. 
Much remains to be done to optimise other aspects of the cooling system. Using 
electronic controls typically saves about 15% of a refrigerators energy consumption 
and enables better consumer service by facilitating features such as door open or 
temperature rise alarms and accurate temperature regulation and display. Raising 
the capacity of the evaporator and condenser can save an appreciable amount of 
energy primarily by allowing the temperature difference between them to be 
reduced which lowers the refrigerant condenser to evaporator compression ratio 
and requires the compressor to do less work. European refrigerators mostly use roll 
bond evaporators that exchange heat from the food via natural convection and 
radiation. The condensers tend to be of the freestanding wire frame type mounted 
at the rear of the unit with cooling by natural convection. In some cases there may 
be a cost effective potential to improve the efficiency of larger cold appliances by 
using forced air condensers. Forced-air systems have the advantage that they allow 
the condenser temperature to be lowered and the overall size of the condenser to be 
reduced to the point where it can be mounted inside the base of the unit next to the 
compressor. This frees up space at the back of the appliance which could be used to 
increase the insulation thickness for a given internal volume and footplate 
configuration. The advantages are likely to be greatest for built-in appliances which 
typically have constricted air flow around the condenser and hence poorer natural 
convective cooling. Thus far however, European manufacturers have not explored 
this option mainly because of concerns over noise and added manufacturing costs. 
Other potential efficiency improvements could come from: 
Stirling cycle refrigeration, which has the potential to be more efficient than 
conventional vapour compression systems, especially at low cooling capacities 
variable net volume compartments where an adjustable insulated plate could adapt 
the size of the freezer space to the amount of food stored inside 
free piston compressors - low volume production has already started in Europe 
Figure 9 shows the estimated relationship between the life-cycle cost, the annual 
electricity consumption and the simple pay-back period for a typical European 
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refrigerator with a 2-star frost box as calculated in an engineering analysis made 4 
years ago. The corresponding design options and their associated cost and savings 
implications are described in Table 7. 

Table 7. Life-cycle cost and pay-back periods of combined design options for 2-star 
refrigerators3 

Design options combined in order of Purchase Energy Life-cycle Life- Simple 
increasing simple pay-back period * price consumpti operating cycle pay-

(ECU) on costs cost back 
(kWh/yea (ECU) (ECU) period 

o = base-case model 470.0 
I = 0 + increased door insulation (+15 475.6 
mm) 476.7 
2 = 1 + decreased door leakage 487.0 
3 = 2 + optimised compressor 509.0 
4 = 3 + increased cabinet insulation 514.6 
(+15 mm) 536.1 
5 = 4 + increased door insulation (+15 547.4 
mm) 555.8 
6 = 5 + increased cabinet insulation 595.4 
(+15 mm) 
7 = 6 + doubled evaporator heat 
capacity 
8 = 7 + doubled condenser heat capacity 
9 = 8 + doubled condenser surface area 

r) 
335.3 
299.4 
293.1 
257.9 
204.3 
191.4 
166.4 
161.8 
159.0 
154.9 

* The least life-cycle cost design option is in bold. 

(years) 
386 856 
345 821 1.2 
338 814 1.2 
297 785 1.7 
235 744 2.3 
221 735 2.4 
192 728 3.0 
186 734 3.4 
183 739 3.7 
179 774 5.3 

3 Study on Energy Efficiency Standards for Domestic Refrigeration Appliances The 
Group for Efficient Appliances (GEA) for DG-XVII of the European Commission, 
March 1993. 
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Figure 9. Life-cycle cost curve estimated for European refrigerators with a 2-star frozen
food compartment (design options 0-9) 3 

8. The accuracy of the energy label 

The accuracy of the information presented on the energy label is the subject of 
much discussion in the EU, especially as it is the responsibility of manufacturers to 
ensure the information they supply is correct, while there is no automatic system of 
independent testing. Generally, manufacturers test their own products in certified 
test laboratories and report the testing results on the label while occasionally third 
party testing agencies are used. One of the difficulties of EU law is that it is the 
responsibility of each member state to ensure that EU law is applied and enforced 
in their state, while the European Commission does not have the authority to 
initiate a centralised enforcement agency. Consequently, different enforcement 
regimes exist in each state which means different systems of checking labelling 
compliance and different penalties for being in breach of national law. 
An additional problem is the range of tolerances used in the energy and volume 
measurement tests, which are perhaps too generous considering the increased levels 
of reproducibility achievable using modem manufacturing processes. 
Some serious cases of inaccurate energy consumption reporting are known to have 
occurred for cold-appliances since the labelling scheme was introduced in the EU; 
however, thus far in all cases where manufacturers have been challenged 
concerning the accuracy of the information they've supplied in their labels they 
have re-labelled their products after third party testing. In practice, offending 
manufacturers can be caught out either by random independent testing conducted 
by consumer groups or by competitor product testing conducted by other 
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manufacturers. Independent testing has shown that generally manufacturers 
reported values are optimistic but this may well be because of the 15% reported 
energy consumption tolerance in the EN153 norm. As yet there is no systematic 
evidence to indicate how the accuracy of manufacturer reported energy 
consumption has changed over the period since the energy label has been 
introduced although there is a growing body of anecdotal evidence. 
The trade associations of the manufacturers privately admit that there were some 
teething problems when the energy label was first introduced which may have 
caused some inaccurate declarations to be made, however, they claim that they are 
making progress in warning offenders and that the accuracy of the declared 
information has now improved to an acceptable level. 

9. Conclusions 

Since the enactment of the framework Directive on energy labelling in 1992 the 
EU energy labelling scheme seems to have been a considerable success. It has 
given far greater transparency to product energy performance and in conjunction 
with the pending minimum energy efficiency standards has already led to 
substantial energy savings. The form of the label seems to be a success but the 
impact of the scheme could still be considerably strengthened were there better 
enforcement and if more resources were committed to its promotion - especially in 
order to influence retailers at the point of sale. The new mandatory energy 
efficiency standards will underwrite the impact of the energy label and will ensure 
that minimum energy performance targets are achieved; however, there remain 
substantial cost effective energy savings that will not be realised through the first 
round of standards. 



Technology Procurement: the development of the 
competition for A-rated driers 

Ruud Trines 
Novem: Netherlands Agency for Energy and the Environment 

1. Introduction 

This paper describes the development of the lEA drier promotion competition as 
organised by Novem. As the competition is not finished yet, only results of the first 
round are available, it is not possible to provide a full view of the situation. Goal of 
IEAIDSMI Annex III is to establish a procedure for an international Technology 
Procurement for innovative products. In order to be able to judge this not only a 
written procedure but also attempts for actual market transformation have to be 
carried out. 
The background for the programme may be clear and also the winner of the first 
competition round is known. Also some preliminary first lessons learned can be 
concluded. Maybe after two years it is possible to draw the final conclusions, not 
only for this procurement but also in relation to the other procurements carried out 
under Annex III. In about one year from now an integral evaluation will be carried 
out and discussed at an international workshop. 
Finally I must state that this presentation reflects my personal views. These might 
not necessary reflect the opinions of other experts involved in the IEA/DSM 
Procurement programme. 

2. Background and organisation of the competition 

The background for the programme and organisation of the first competition round 
are described in full detail in Annex 1: The competition papers. 
The long-term target of the programme is to stimulate the production, and support 
the successful launch, of a domestic tumble drier which is 50% more efficient than 
the present market-best driers, at a price level and performance which guarantees a 
significant share after the international procurement promotion. 
Domestic white goods account for almost 50% of electricity consumption. Driers 
have the fastest growing penetration and the largest specific energy consumption of 
all domestic appliances. Within the present range of models the spread of 
efficiency is rather low: Current market-best driers can claim an ED Energy Label 
Class "e" or "D". The IEA-DSM Drier Promotion competition aims to stimulate 
production of the first "A" Class model for the European market. 
The procedures for this competition and the international co-operation are 
established within Annex III (Co-operative Technology Procurement) of the lEA 
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Demand Side Management programme. Other procurements are being carried out 
for incandescent replacement lamps, copiers and motors. This mix secures the 
covering of both Business-to-Business markets and Mass-production consumer 
goods. In the drier programme Sweden, United Kingdom, Spain, Finland, Germany 
and the Netherlands are involved. The Netherlands Agency for Energy and 
Environment (NOVEM) is project leader of this project. 

The drier promotion competition was launched at Domotechnica 97. It challenges 
manufacturers to produce an energy-efficient Class "A" tumble drier. NOVEM is 
responsible for providing technical specifications for the products and the technical 
verification of product entries. 
All entries/products fulfilling the requirements of the specifications will receive an 
lEA Award of Excellence and a jury report which can be used in any national 
rebate, educational or procurement scheme in participating countries. 

Winner of the first round of the competition is AEG OKO LAV ATHERM WP. 
This model was tested at TNO laboratories and met all necessary technical targets. 
The electricity consumption for both rated capacity and 2.5 kg load was well 
beneath the target of 0.55 kWh/kg. Also drying time at 2,5 kg load was very 
acceptable and the recommended consumer price (in Germany) is under 1400 
ECU. 
Delegates from Annex III are currently under negotiation with AEG to introduce 
this new machine in other countries outside Germany (Netherlands and/or Sweden) 

3. Lessons learned 

1. Consumer Associations were very interested to participate in the international 
Jury. All four members are specialist in the field of testing electrical domestic 
appliances. 

2. Already during the preparatory stage multinational manufacturers of white 
goods showed much interest in participating in this programme. Especially their 
role in formulating the functional specifications was very helpfull. Discussions 
took place with people who are head of the R&D departments. 

3. the Call for entries contains mandatory specifications in many aspects. Some of 
them may be considered as breakthroughs in the field of testing tumble driers. 
First the requirement for energy consumption will bring the first A-rated driers 
according to the EU-energy label. This is not only for rated capacity but also 
for average actual load by consumers (2.5 kg). The same test method may be 
used. Related to the lower load also the maximum drying time at 2.5 kg is 
related to the energy consumption. 

4. The competition was launched at the Domotechnica fair in February 1997. 
Domotechnica is the only opportunity in Europe where all European people 
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involved in the white goods sector are together. At the Press conference about 
40 people were present. This includes more than 10 people from manufacturers 
and more than 15 officials from energy agencies, government or utilities. 
However, of the actual target group Gournalists) only 4 people were present. 
This was not a success and afterwards press coverage for this programme was 
rather low. 

5. The competition is organised for reaching multinational operating 
manufacturers. However, the actual promotion en market penetration will take 
place on national markets. It appeared to be very difficult and eventually 
impossible to co-ordinate the national promotion programmes. Written 
commitments take long time, the legal and finacial situation is different and 
some countries have national energy agencies to stimulate actions, others have 
not. 

6. This procurement competition aims at introducing an innovative consumer 
product. According to the formal rules for procurement it will be the buyers 
who formulate the specifications and it will be buyers who concentrate in buyer 
groups in order to assess the entries by manufacturers and draw contracts for 
deliveries. This scheme merely is valid for business-to-business markets. For 
consumers it appeared impossible to form real buyer groups and to find 
consumers who know enough to be part of the jury. 

Annex 1: Integral paper for competition entries 

Summary 

This Call for Entries for the lEA Drier Promotion competition is organised by the 
Netherlands Agency for Energy and the Environment NOVEM, on behalf of the 
IEA-DSM Annex III (International Energy Agency, Implementing Agreement on 
Demand Side Management, Annex III ). 

The competition was launched in Cologne, Germany on the 19tht of February 1997 
and the closing date for the opening round of the competition is set at the 15tht of 
July 1997. Update competition rounds are envisaged. Manufacturers are invited to 
send in prototypes or production-versions of a highly energy efficient laundry 
drier. Competition will take place in two categories: 'Tumble Driers' and 'Cabinet 
Driers'. 
For each of the categories an influential international jury has set up a list of 
minimum requirements, which concentrate on energy consumption, but which also 
include safety and comfort aspects. 
At rated capacity, typically between 4 and 5 kg of laundry, minimum EU Energy 
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Label class 'A' is required. Typical load in real life is lower, and at that load, set at 
2.5 kg, also minimum EU Energy Label class' A' is required. 

Every entry which meets the mandatory minimum requirements in a category is 
given the 'lEA Award of Excellence' and a jury will choose the 'lEA Champion' 
from the entries that meet the mandatory minimum requirements. Apart from the 
use of these titles for publicity purposes, the main reward for participants will be 
the IEA-DSM Annex III effort to trigger national promotion, rebate and procure
ment initiatives for the super-efficient driers. 
These initiatives will be under the responsibility of governments, utilities, energy 
agencies and retailers, but they can make use of the results of the international lEA 
Drier Promotion competition. This use can be either directly, rewarding lEA 
award-winners or champions, or indirectly, using lEA specifications, ranking 
criteria and test reports. 
Overall objective of the IEA-DSM Annex III in this context is to contribute to the 
succes of laundry driers which are around 50% more energy efficient than the 
present market-best driers, at a price level and a performance level which 
guarantees a long lasting significant market share. 



Development of the E- Polis instrument to evaluate the 
country specificity: the case of wet appliances 

Rene BJ. Kemna 
Van Holsteijn en Kemna 

1. Introduction 

In 1993 the Group for Efficient Appliances (GEA) started its work on the so-called 
Wet Appliances: Washing machine, dishwasher and laundry drier. This work 
followed previous work by GEA on Cold Appliances (refrigerators, freezers). The 
Wet Apliances were identified as significant energy users for which an EU labelling 
scheme was to be introduced and efficiency targets would have to be set. The GEA 
was an informal group initiated by energy agencies from Denmark (DEA), France 
(Ademe), the Netherlands (Novem) and Portugal(CCE) and sponsored by those 
agencies together with the EU SAVE program. Also part of the group were 
specialists for the various analytical areas: 

Finnish consumer association TTS, Dutch SWOKA and Swedish 
KonsumentVerket were jointly responsible for describing the consumer 
behaviour characteristics. 
Danish DEFU was the specialist for the statistical analysis, 
Dutch Van Holsteijn en Kemna carried through the technical/economic analysis, 
French test institute CTTN-IREN provided appliance testing, 
British ECU took care of the impact analysis and a 
specialist from Portugal was responsible for part of the scenario study. 

Apart from this, the GEA meetings hosted a number of important guests which 
contributed to the work: Austrian energy agency EV A and the University of Graz, 
the German consumer's association Stiftung Warentest, the German research 
institutes BAMand WfK and the British Department of Environment. 
In the summer of 1995 GEA concluded its contribution to the design of labelling 
and target schemes, publishing its final report. 

Following this study and discussions with industry, the European Commission DG 
XVII decided to ask Van Holsteijn en Kemna (VHK), which had done the 
technical/economic analysis in the GEA study, to adress the problem of country 
specificity in a sensitivity analysis. The main objective of the sensitivity study is to 
evaluate whether the 'optimal' machine defined by GEA would be a rational choice 
for different groups of consumers. More specifically, the question is whether it is a 
rational choice for consumers in different European countries, each country with its 
own energy prices, technology, consumer behaviour, etc .. 
Starting point was the GEA technical/economc analysis. 
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To deal with the specific complex datastructure, VHK developed a new software 
application called "Epolis". By the beginning of 1996 the results from this study 
were presented and started the political discussions on voluntary targets for the 
washing machine industry. 

2. Technical and economic analysis 

Basically, the technical and economical analysis provides an assessment of the 
technical characteristics of the average (basecase) machine, according to 
appropriate test standards,the existing and experimental design options which 
are/will be available for energy-efficiency-improvement of the basecase machine, 
including an evaluation of technical feasibility, saving potential, production costs, 
etc .. the relevant parameters for an economic evaluation, such as energy rates, 
machine prices, repair costs, etc., and finally the Life Cycle Costs and PayBack 
Period to the consumer of the various design options. 

In the decision making process the results of the technical/economic analysis are 
used directly in discussions on e.g. appropriate targets for long-term voluntary 
agreements with the industry or establishing appropriate labelling classes. For 
energy policy makers the Life Cycle Costs(LCC) are an important parameter in 
making certain that an increased energy efficiency does not cause increased overall 
costs to the consumer. This would make the implementation of the measure in the 
EU countries extremely difficult, inflicting directly on the standard of living, 
inflation, etc.. Generally, also to the industry and the European consumer's 
associations the LCC are seen as an accepted measure for the limits tot energy 
efficiency improvement. 
Indirectly, the technical/economic analysis is complementary to and is used as an 
input to impact- and scenario-studies, which are generally on a higher aggregation 
level. Last but not least, an important spin-off lies in the fact that newly structured 
technical know-how is generated in an area --the appliance-sector-- where sofar 
very little scientifically structured knowledge is available. Thus the technical 
analysis can contribute to enhancing energy-efficient appliance design both in 
industry and technical training institutes. 
Geographically, the GEA technical/economic analysis related to the EU as a whole. 
The task of the follow-up study was to deal with clusters of EU-countries or --in the 
case of economical, demographic and behavioural parameters-- individual 
countries. 

3. Information retrieval 

For the follow-up study, the information-network from the GEA study was extended 
with the manufacturers within the European Committee of Manufacturers of 
Domestic Equipment CECED. Through CECED's sister organisations in Italy 
(ANIE), Germany (ZVEI), the UK (AMDEA) or directly (Bosch-Siemens, AEG, 
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Electrolux, Whirlpool, Merloni Elettrodomestici, Groupe Brandt) manufacturers 
contributed in supplying the necessary information. 
The first steps of the study consisted of data-retrieval, a data-report and (on the 
basis of the data-report) a consultation round with experts from the organisations 
mentioned above. 

3.1 Data retrieval and data report 

Two types of data-input were used: 

1. Data which is typical of each of the 17 countries: 
a. demographic data (population, number of households, etc.), 
c. commercial data (market penetration of the washing machine and laundry drier, 

average productIife of the washing machine, etc.), 
d. price rates (of the machine, electricity, water, detergent, discount rate), 
e. average consumer behaviour with respect to the use of the washing machine 

(average load, temperature & program setting, etc., but also the use of hot-fill) 
f. itifrastructural conditions (ambient temperature, water inlet temperature, use of 

hot-fill, power supply, etc.) 

2. Data which is typical of a European region and which refers to the technical 
specifications of the washing machine. Essentially three types of washing 
machine designs are distinguished for three clusters of countries: 

1. Northern & Middle Europe (A, B, CH, D, DK, IRL, L, N, NL, S, SF), which 
represent a better-than- EU-average washing machine technology in terms of 
energy and water effi ciency. 

II. France, which corresponds more or less to the average EU technology. 
III. Southern Europe & U.K. (E, G, I, P, UK), which represents a worse-than-EU-

average technology in terms of energy and water 
efficiency. 

Data sources for the first kind of data are typically official statistics and market 
research studies. Especially with respect to consumer behaviour parameters non
public market research studies were an important source. Due to the confidential 
nature of these studies, which primarily but not exclusively are done by detergent 
manufacturers, the figures could not be cited directly. Instead we worked out an 
"average" of the figures available from the various sources. This "average" was 
assessed taking into account the limitations of each source. 

The assessment of the second kind of data --technical specifications for three 
typical basecase washing machines-- was more difficult. In fact, although there are 
some (usually not sales-weighted) statistics available from the GEA II study, they 
are not sufficiently detailled to describe the complete technical design of "the" 
average washing machine in a country. 
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It is imperative for the quantitative analysis that the insight in the technical design 
of the machine is rather detailled in order to be able to evaluate the effect of the 
design options. 
In order to solve the problem of lacking data the same sources that were employed 
in the technical analysis of the GEA II study were used 

the statistics that are available (e.g. from GEA II and CECED studies), 
the expert-information from various interviews with manufacturers and test 
institutes over the last two years, and engineering calculations to see whether the 
figures could be made consistent in a (mathematical) model of the machine. 

The model should generate results (energy use, water use, performance, etc.) which 
are plausible and consistent with real-life washing machines. 
The data report (around 50 pages, including a detailled description of parameters) 
was send to 35 experts in the information network of the appliance industry, 
appliance industry associations, the detergent manufacturing industry, consumer 
and energy research institutes and national energy agencies. The response to this 
request for data was over 80%, some experts reacting individually, others in 
groups. 

3.2 Software tool 

The "Sensitivity Analysis of Washing Machines" was the first application of a new 
software tool that is currently being developed by Van Holsteijn en Kemna. The 
program is called E _PoliS (Energy Policy Support tools) and it is a framework 
program (a mix between a spreadsheet, a database and a simple animation/graphics 
program) intended for technical and economic analysis of Life Cycle Costs vs. 
design options. 
Although in 1995/'96 the software was still in its beta-stage (i.e. not ready) , its 
functionality was already sufficient to supply the printing facilities for the tables of 
the Real-Life and Standard Basecase Design Options of the washing machine. 

Basically the program calculates over 17. 000 output data (for 17 countries + EU, 
for 8+ 1 standard basecase options per country, for 13+ 1 real-life basecase options 
per country, for around 40 parameters per option) from the given 1000 input data 
(3 x 36 technical inputs and 18x 50 country specific inputs). 
Around 60 relevant totals and average values are generated, such as the total 
energy consumption for washing, the total washload, the replacement sales of 
washing machines. They are displayed as a bar diagram in the map of Europe,thus 
giving the user the possibility to easily compare input data. 
The program identifies the 'best' (most economical) design options, their energy 
saving, the projected increase in machine price, the 'real-life' and' standard' life 
cycle costs, etc.. The program can easily be edited at run-time to study the effect of 
a changing input parameter on the LCC- and energy-curves per country. 
There is of course an inherent danger in using a software tool for decision support: 
The user may have the feeling that he or she is losing control, not knowing what is 
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happening. That is why special attention was given in Epolis to supply not only 
LCC-curves and energy consumption curves, etc., but also --as opposed to most/ all 
other software programs-- to 

- reveal the calculation routines) that is behind the program 
- to make the calculations as transparant and as understandable as possible by 
illustrating them 
through technical and product specific computer screens. 

In case of the washing machine the latter was achieved by displaying specific 
machine characteristics which allow the technical experts to study model behaviour. 
Also, the Epolis program contains extensive text files describing the design options, 
the wash culture per country and a general description of the product. The aim is to 
set the user (and the computer programmer) at ease that the machine parameters 
and their effects are --although far from perfect and also not up to the level that is 
suitable for technical R&D work-- sufficiently realistic for the LCC-modelling of 
'an average washing machine' per country. 
Revealing the equations used in the program has the advantage that amendments 
or propositions by e.g. the industry or research institutes can easily be realized. In 
that sense, the design of the washing machine model is presented as public 
knowledge and not propriatory to the software tool (with its data handling and 
interface routines). 

3.3 Interface design and functionality 

The Epolis software is intended for multiple applications: 

A communication tool, with a carefully designed graphics interface and 
extensive zoom possibilities for use with an LCD projector in meetings. 
Also it features multi-language (potentially up to 11 different languages 

can be used) and multi-currency capabilities which avoids users 
having to rethink otherwise unfamiliar figures. Economic parameters can be 
presented in all EU currencies. 
A descriptive tool, explaining the present status quo in technology, consumer 
behaviour, economics and demographics related to the product, in tables, charts 
and text. 
An analytical tool, allowing editing of input parameters and studying their effect 
on the final outcome of the LCC-calculation and caluculation of Payback Times. 
Also, for international comparison of whether the edited values make sense, 
Epolis features a special map-of-Europe barchart and landscape tables where 
parameters can be compared between countries. 
A report tool, featuring easy-to-use printing possibilities for making complete 
Epolis standard reports with text, tables and illustrations. 

Epolis is intended for a Windows 3.1 or Windows 95 operating system and a PC 
with minimal 486/DX2 configuration ( 8 Mb RAM, VGA screen), which can be 
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found in most office environments. Its interface design is not typically Windows, as 
working with different 
windows on a screen is not optimal for a communication and presentation tool. 
Instead, it works with a dashboard type frame, which contains all the buttons and 
menu's to control events in the middle of the screen. Also helped by the Windows 
help-file and the written documentation, Windows users may find enough 
familiarity in the menu's to learn the program easily. 

4. Conclusion and outlook 

The sensitivity analysis of the washing machine, taking into account country 
specificity and using the Epolis tool, has proven to be effective in reaching 
consensus and speeding up discussions on the actual analytical part of the process. 
Effectively it was the step leading up to the legal and political discussions on the a 
volunatry target scheme on washing machines by the industry. From the insights 
provided, it was clear that uniform efficiency targets were an option and that a 
coherent target scheme could be developed. 

Furthermore, it was found that savings from changing consumer habits could be 
significant. This not only prompted the inclusion of so-called "soft-targets" in the 
voluntary industry scheme, but also lead to a changes in some national 
governments' efforts regarding the promotion of lower wash temperaturers and 
increasing the loading efficiency of the washer. 
The Epolis tool has been further developed and is now available for use in the 
preparation of national and international policy measures with other product groups. 
In the near future it will be used with consumer electronics (TV, VCR, decoders) 
and other projects are in line to exploit its potential. 

Literature 

1. Kemna, R.B.J., Sensitivity Analysis of Energy Efficiency Improvement 
for Washing Machines, Van Holsteijn en Kemna for the Commission of 
the European Communities DGXVII, April 1996. 

2. GEA, Washing Machines, Driers and Dishwashers, Final Report, June 
1995 

3. GEA, Washing Machines, Driers and Dishwashers, BackGround Report 
Volume III: Long-Term Efficiency Targets, Technical and Economical 
Analyses, Van Holsteijn en Kemna for GEA, June 1995. 



The Results of a Consumers Impact Evaluation 

William Mebane 
Milena Presutto 
ENEA, Italy 

1. Introduction 

The SAVE Project "Analysis of Energy Efficiency of Domestic Electric Storage 
Water Heaters in the European Union" focuses on energy conservation goals 
related to these specific consumer products. The overall results of this study will 
be presented by Jerome Adnot and Herbert Lechner. Within this project ENEA 
sponsorised and undertook a consumer survey for gathering information on 
consumer habits and purchasing behavior in Italy. Particular emphasis is placed 
on consumer satisfaction of existing systems, motivation of purchase and the 
possible impacts of a new, improved electric hot water heater. Budget restraints 
did not permit the extention of the survey to other countries. 

The interviews were based on an ad hoc questionnaire covering the following 
main areas of information: 

• sensitivity to price 
• sensitivity to technological change 
• sensitivity to ecological issues 
• perception of the competition between electric and gas water heaters. 

2. Interviews to Italian Households 

2.1 The Sample 

Since the objective of the investigation is gathering needs and orientations of the 
families who use non-methane heating systems in order to study the propensity to 
switching to innovative and more environmentally sound heating products, the 
analysis has been focused on the Italian cities and towns not yet linked to the 
methane domestic net. The rationale of this choice is to optimise the number of 
necessary interviews considering that, with reference to the families who haven't 
a hot water storage system combined to the house central heating one, the answers 
obtained in the studied areas can be extended to the entire national consumer 
base. 
Therefore, the sample population (1,000 households) refers to the over-20,000 
inhabitant cities not linked to the methane network, summing up to 7.5 million 
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people (13% of the total Italian population) and to 2.5 million families, 
particularly concentrated in the Southern regions (65% of the sample). These 
households live in their own apartment (82%, a figure coherent with the national 
average) and only 20% in houses; 75% of the family's heads averages between 36 
- 65 years and 20% shows an university degree. Classified according to the job 
position, white-collar employees sum up to 27% of the family's heads, while 
executives and professionals reach 17% and pensioners and retired 30%. 

2.1.1 The Hot Water Storage System 

Approximately half of the interviewed households do not have a specific domestic 
hot-water storage system, but uses the water co-produced by the heating system of 
the apartment (Figure 1): this is particularly true for the residents in the 
apartments built after the second half of the 70's (65%) and of greater size, 
located in the Northern regions more than in the Southern ones. Less significant 
criteria for electric storage water diffusion are the position of the apartment 
within the city (historical centre or suburban areas) or its typology (flat, loft, 
house, villa). Rather important among the households that own a domestic electric 
storage water is the number of those (16%) that have perceived the need to install 
a second water heater, due to the size of the family and of the apartment (Figures 
2 and 3). Among the households (50%) that don't have autonomous water heater 
in their principal residence, 10% has installed an electric water heater in the house 
for holiday (seaside or mountains). 

The great majority (81%) of the dwellings that own at least one water heater, or in 
the principal residence or in the holiday house, uses electric storage system. This 
result is a combined average of a 88% diffusion of electric systems in the 
Southern regions as opposed to a 45% penetration in the Northern ones, where 
methane systems are pretty much in use (Figure 4). 
The penetration of the water heaters according to the capacity (Figure 5) 
distributes as follows over the sample total: systems below 10 litres, 14%; up to 
80 litres, 65%; over 80 litres, 21 %. 
During the interviews trying to know the brand name of the water heater producer 
has proved to be very difficult: 60% of the people claims not to remember it. The 
only names that appear with some frequency are those of a well known Italian 
manufacturer, which takes advantage of the penetration of other collateral 
domestic products (kitchens, refrigerators) for electric water heaters, and a 
German manufacturer which is particularly strong for gas water heaters. 

2.1.2 Opinions on Water Heater Functional Performances 

The functional performance was measured according to five items, 
namely safety, heating efficiency (measured as time needed to heat the water to 
the desired temperature), maintenance, environmental impact and operating costs 
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as weighted cost of the water heater on the total bill for domestic electric 
consumption. 
To summarise the opinion polls, the answers on these aspects have been classified 
as follows: 2 pts. to negative performances; 4 pts. to insufficient performances; 6 
pts. to sufficient performances; 8 pts. to good performances; 10 pts. to very good 
performances; then, a weighted average has been computed across all answers. 
The overall results are: 

Water heaters functional performance satisfaction indexes 

Aspect Safety Environmental Maintenance Heating Operating 
Efficiency costs 

Scores 8.31 8.21 8.13 7.47 5.8 

with an overall weighted "satisfaction index" of 7.58. 
It is noteworthy that energy efficiency directly related to operating costs is only 
one of the five aspects and has the least relatively importance for consumers. 
The responces for each item are given in Figure 6, where it is evident that overall 
the households who own an electric water heater are satisfied with it. 
In fact, more than half of the sample sees as good or very good the performance 
of the own electric water heater, on the ground of four items (safety, heating 
efficiency, maintenance, environmental impact) out of the five, with peaks of 
78% and 76% for safety and maintenance, respectively. The fifth item considered, 
operating costs, shows a degree of satisfaction evidently lower than the others. 
The results in terms of "satisfaction indexes" are: 

Electric water heaters functional performance satisfaction indexes 
Aspect Safety Environmental Maintenance Heating Operating 

Efficiency costs 
Scores 8.19 8.33 8.06 7.33 5.63 

with an overall weighted index of7.51. 
In addition, the households using a gas water heater give a better opinion on its 
performance than those using an electric water heater with an overall weighted 
"satisfaction index" of 7.9 5 (against 7.51). 
The overall results for gas water heaters are: 

Gas water heaters functional performance satisfaction indexes 
Aspect Safety Environmental Maintenance Heating Operating 

Efficiency costs 
Scores 8.68 8.00 8.25 8.08 6.76 
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The gap between the two is due essentially to cost differences (the perceived 
expenditures of electric water heaters are higher 1.13 pts. than the gas ones) and 
to heating efficiency performance (+0.75 pts. for gas water heaters). 

2.2 The Installed Stock 

The current stock of electric water heaters has been installed directly by the 
families that use it: almost three out of four households has provided to the 
installation of the appliance currently used. 
Among them the quota of recent instalment is very high: 13% of the households 
have changed the water heater in the current year and 19% in the previous three 
years. On the other end, about 25% of the stock is ten years old and this is 
essentially related to small size households with the family head retired or of old 
age and located in the Central regions of the country. 
Normally, the electric water heater is bought and installed directly by the 
household (65%); the decision of which brand to buy is also autonomously made 
by the families, without much consulting with plumbers or wholesalers. 
The case of gas water heaters looks different: here, only 8% of the households 
have installed it directly, leaving it to plumbers or other agents authorised by the 
manufacturers. 
With reference to the costs, in many answers it has been impossible to split the 
price of the electric heater from the overall investment cost of the domestic 
system; in any case, a relevant weight of the instalment cost over the price of the 
product has been found in the majority of the answers of Northern region's 
families. 

Among the reasons for buying the specific product chosen by the consumer 
(Table 1), sale price and heating efficiency are particularly important. On the 
contrary, the technology, the maintenance needs and the environmental impacts 
do not seem to affect the choices of consumers. It is also important to note that 
the price factor alone is almost three times important as the factor of quality 
related to price. 
In any case, suggestions from various sources are the single most important 
influencing factor. 
In Figure 7 the values of Table 1 are shown as differences from the national 
average of North, Centre and South of Italy: convenience is much less important 
for the reacher northern regions who also are more open to suggestions from 
various sources. The other reasons given show less regional differences. 
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2.3 The Potential Demand for a New Improved Electric Water 
Heater 

In order to foresee the evolution of consumer demand, the propensity to buy a 
new electric water heater has been investigated across all sample families (Table 
2), i.e. apart from the system used to heat water. 
To a specific question, 12% of the total sample was answered that there is a need 
to buy a new water heater, 8% as a substitution of the old one, 4% as an 
additional product for the house. Such propensity seems more concentrated in the 
Southern regions than in the others, and in the urban areas more than in the rural 
ones. 
The reasons behind this choices are essentially a good sale price and a good 
heating efficiency level (measured, it has to be remembered, as time needed to 
bring the water to the desired temperature). Others motives, as cost consumption 
savings, security, improved environmental standard, do not appear to be very 
relevant on the buyer' decision. 
This rate of buying intention translate in a total amount of new demand of 
306,000 units. However, if considering the percentage of family (43%) that does 
not specify when exactly buying the water heater, a better estimate of the annual 
additional demand sums up to 183,600 units (here we have to take into account 
the rapid widening of the methane network that may induce some households to 
switch from central electric heating systems). 
Moreover, the natural rate of substitution of damaged systems has to be included 
in the computation so that we can fix the new demand of water heaters of our 
sample for 1997 around 200,000 units. 
Total market estimates for 1997 forecast an overall demand (electric plus gas 
water heaters) for 1,232,000 units; therefore, the share of the new demand of our 
sample is 16%, even if based on a 13 % coverage of the total families on national 
base. 
This result, however, is coherent to the description of the sample given before: 
that is, the relative low diffusion of non-electric systems in the cities and the 
towns not yet linked to the methane domestic net considered in the sample. 

After identifying the families that constitute the additional demand, their interest 
for a new type of electric water heater, with the upgraded environmental 
characteristics defined in this study, has been tested through a specific question 
focused on measuring the trade-off between savings on operational costs vs. an 
higher sale price. 
As a result (Figure 8), 60% of the new demand will be positively oriented to buy 
the new product (20% certainly yes; 40% probably yes); 15% will definitely not 
consider any price increase. Therefore, the sample market for the new product 
will fluctuate somewhere between 40,000 and 120,000 units; reporting this to the 
national market, the related figures become 208,000 and 624,000 units (Table 3). 
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However, such numbers are strongly conditioned by the performances of the new 
product. The following hypotheses have been tested: 

• 15,000 lire (7.5 ECU) saving (on the total energy bill and price increase of 
30,000 lire (15 ECU); 
• 25,000 lire (12 .5 ECU) saving on the total energy bill and price increase of 
50,000 lire (25 ECU); 
• 35,000 (17.5 ECU) lire saving on the total energy bill and price increase of 
70,000 lire (35 ECU). 

Figure 9 shows that the propensity to the new product moves up more than 
proportionally when the savings increase over than 12.5 ECU; if the estimated 
demand for the new product in the sample area more than doubles when the 
envisaged savings move from 7.5 to 12.5 ECU (17,840 units against 8,570), it 
goes up 10 times when savings increase from 12.5 to 17.5 ECU (Table 4). In all 
cases the period of payback is constant at two years. 
We conclude that the market potential for the new product can be significant if it 
enables a saving on energy consumption of more than 12.5 ECU as compared to 
that of traditional electric water heaters. This type of response is consistent with 
the theory of the cost of transactions, which forecasts action (purchase) only after 
the benefits are superior to the costs of transaction. Naturally this is only one part 
of the impact analysis, that regarding consumers. Public policy decisions should 
be based upon the impacts of the major participants: consumers and 
manufactures. 

Figure 1: Water beating systtm> in Italy 
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Figure 2: Households with more than one water heater by apartment size 
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Figure 4: WeIer heater~ by grogtIDC area 
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I Figure 6: Water heater performances I 
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Figure 9: Interest level for the new Water Heater 
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Table 1: Reasons for choosing a water heater 
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Reason NORTH CENTRE SOUTH TOTAL 
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CONVENIENCE 3 28 20 19 

price 3 13 16 14 

quality/price -- IS 4 5 

HEATING EFFICIENCY 12 4 14 13 

SAFETY 18 4 12 12 

SUGGESTIONS 69 34 27 32 

installer advice 27 2 13 13 

installer choice 33 -- 4 6 

salesman advice 3 23 6 8 

friend advice 6 9 4 5 

PROMOTION 6 2 12 II 

popular brand name 6 -- 10 9 

advertising/information -- 2 2 2 
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Table 3 

NEW PRODUCT: 

estimates 
(X 1,000) 

sample 

new demand 200 

New product 

Potential demand 

- min 40 

- max 120 

Table 4 

DEMAND POTENTIAL: 

Saving hypothesis 

less than 7.5 ECU 

from 7.5 to 12.5 ECU 

from 12.5 to 17.5 ECU 

Italy 

1,232 

246 

738 

Sam pIe 

8,570 

17,840 

94,286 

Italy 

51,660 

103,320 

575,640 
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1. Introduction 

Motivated by concerns about energy supplies or prices, governments have 
initiated a number of policies that directly affect household appliances. The most 
direct intervention, and the one that has engendered the greatest amount of 
analytical effort, has been energy performance standards. A summary of 
international appliance standards is presented elsewhere.2 The amount of 
analytical effort has varied. 3 Analysis has been conducted to: 

• identify technological feasibility 
• evaluate economic justification 
• explicitly consider uncertainties 
• provide a basis for discussion and negotiation 
• compare alternative policy approaches (e.g., voluntary vs. 

mandatory standards) 

In the United States alone, government expenditures for appliance and lighting 
standards from 1979 to present have averaged nearly $5 million per year, about 
half for analysis, with the rest for developing test procedures, conducting 
workshops, providing information to stakeholders and the public, and 
promUlgating laws. The original U. S. legislation 4 named seven factors that must 
be considered to demonstrate economic justification: 

• economic impact on manufacturers and consumers 
• lifetime operating cost savings compared to increased price 
• total projected energy savings 

1 This work was supported by the Office of Energy Efficiency and Renewable Energy, 
U.S. Department of Energy under Contract Number DE-AC03-76SF00098. The opinions 
expressed in this paper are solely those ofthe author. 
2 I. Turiel" 1997. "Overview of the status of appliance standards around the 
world," First International Conference on Energy Efficiency in Household 
Appliances. 
3 A broad review is contained in lE. McMahon and I. Turie1 (editors), Energy and 
Building 26 (1997), "A Special Issue devoted to Energy Efficiency Standards for 
Appliances." 
4 U.S. Code of Federal Regulations, 1975. National Energy Conservation Policy Act, 
Public Law 95-629. 
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• lessening of utility or performance 
• impact of any lessening of competition 
• need for national energy conservation 
• other factors the Secretary (of Energy) deems relevant 

This paper summarizes, and provides references to more detailed documentation 
for, the economic evaluation methodologies that have been developed, and which 
are in current use, for estimating the impacts of policies affecting household 
appliances. The methods are almost entirely prospective and are intended to offer 
projections of expected impacts of mandatory energy efficiency standards. 

The analytical methodology used to develop the most recent update of refrigerator 
standards was published in 1995.5 Technical reports for three additional products 
were published recently.678 Some of the methods are changing significantly, in 
response to a revolution in the standards-setting process in the United States that 
arose in 1994. The law was changed in 1996, to encourage "consensus-based 
alternatives" and to invite "interest group participation in the early stages of 
standards development with mechanisms such as technical sessions and 
workshops." 9 

Section 2, Engineering Analysis, discusses the evaluation of technological 
feasibility, from identifying engineering design options to estimating 
manufacturing costs. Section 3, Manufacturer Impacts, discusses analysis of 
economic impacts on manufacturers and the industry as a whole. Projecting 
impacts on consumers is discussed in Section 4. National energy savings and 
expenditures are discussed in Section 5. Section 6 describes impacts on energy 
suppliers. Section 7 discusses environmental impacts. Section 8 presents 
limitations and ideas for future work. 

5 U.S. Department of Energy, 1995. Technical Support Document: Energy Efficiency 
Standards for Consumer Products: Refrigerators, Refrigerator-Freezers, & Freezers, 
DOEfEE-0064, July. 
6 G. Rosenquist" P. Chan, T. Chan, C. Mamay, J. McMahon, and S. Pickle, 1996. Draft 
Report on Potential Impact of Alternative Efficiency Levels for Room Air Conditioners, 
Berkeley, CA: Lawrence Berkeley National Laboratory, LBNL-40800. 
7 A, Devuono, P. Chan, J. Lutz, C. Marnay, G. Rosenquist, 1. McMahon, T. Chan, S. 
Pickle, and I. Turiel, 1996. Draft Report on Potential Impact of Alternative Efficiency 
Levels for Residential Cooking Products, Berkeley, CA: Lawrence Berkeley National 
Laboratory, LBNL-40799. 
8 I. Turiel, B. Atkinson, A. Denver, D. Fisher, S. Hakim, 1. Lin, X. Liu, C. Marnay, and 1. 
McMahon, Draft Report on Potential Impact of Possible Efficiency Levels for Fluorescent 
Lamp Ballasts, Berkeley, CA: Lawrence Berkeley National Laboratory, LBNL-4080 1. 
9 Federal Register, Volume 61, Number 36, 36974-36987, July 15, 1996. "Procedures for 
Consideration of New or Revised Energy Conservation Standards for Consumer Products: 
Final Rule." 
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2. Engineering Analysis 
Engineering analysis evaluates the technological possibilities. A common 
approach involves six steps. 

1) Establish a baseline, based upon current designs of an appliance. The 
baseline must be "typical", that is, representative of common manufacturing 
practice among current products. Rather than selecting an average of current 
product offerings, the baseline is selected as representative of the less energy
efficient designs, so that the effect of eliminating the least energy-efficient 
designs can be evaluated. 

2) Develop a list of possible engineering design changes. The initial list is 
composed of individual design changes, such as - for a refrigerator - a more 
efficient compressor or more effective insulation. Design changes may then be 
grouped into packages of changes that logically go together. 

3) Screening. The screening eliminates some design options from further 
consideration, based upon four factors: a) technologies are not available in 
commercial products or in working prototypes; b) mass production, or reliable 
installation and servicing, are not achievable on a sufficient scale in time; c) 
product utility or availability will be adversely affected; or d) health or safety will 
be adversely affected. 

4) Estimate energy savings. Engineering calculations are performed to estimate 
the energy consumption of the baseline appliance under laboratory conditions, 
corresponding to the test procedure. The methodology may be a simple 
calculation, or a complex simulation model! 0 that attempts to capture the detailed 
physics of heat transfer. Care must be taken when combining designs to be sure 
that energy savings are not double-counted. 

5) Estimate manufacturing costs. The usual approach is to provide the 
manufacturers of current products with an engineering specification of the design 
changes under study, and to request their estimates of the change in costs to 
manufacture the changed appliance. Alternatively, a design consultant can 
estimate the cost to manufacture the changed design. 

6) Rank order the design options. The design options are ordered according to 
cost-effectiveness, that is, the ratio of annual energy savings to increased 
manufacturing cost. Table 1 shows an example, including for each design, the 
manufacturing cost, duty cycle, power draw attributed to four components, and 
annual energy. 

10 Simulation models have been used for refrigerators, central air conditioners, and water 
heaters. 
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Table 1.: Engineering Analysis for a 
Top Mount Auto Defrost Refrigerator-Freezer]] 

Design Stan- lManufa Duty Cabinet jeompress Evaporator Condenser Annual 

dard cturing Heat or Fan Fan Energy 
Cost 

Option Level Option (1992$) Cycle Load Power Power Power Use 

Level # (%) (W) (W) (W) (W) (kWh/a) 

0 BASELINE 259.53 43 86.32 145.15 9.10 12.00 701 

1 0 + 5.4 270.59 43 86.30 125.36 9.10 12.00 620 

EER 
Compressor 

2 I + Reduc 275.09 43 86.30 125.36 9.10 4.50 594 

Condenser 
Motor 
Power 

3 2 + Ad 278.71 42 83.32 123.45 9.10 4.50 572 

112" 
nsulation t 

Doors 
4 13+ Reduc 285.21 41 81.23 123.45 4.50 4.50 543 

Evaporator 
Motor 
Power 

5 ~ + Improv 286.02 40 81.18 124.73 4.50 4.50 539 

Evaporator 
IF'an 
Efficiency 

6 5 + Ad 297.37 37 74.06 123.79 4.50 4.50 495 

112" 
Insulation t 
Walls 

7 1 6 + Reduc 300.34 36 72.23 123.82 4.50 4.50 484 

Gasket Hea 
Leak 

8 7 + Add 1 303.45 35 70.40 123.85 4.50 4.50 473 

Insulation t 
Doors 

9 8 + Add 1 312.35 33 65.79 123.92 4.50 4.50 444 

nsulation t 
Walls 

10 9+ Increas 315.61 32 65.74 125.27 4.50 4.50 437 

Condenser 
Area 

11 10 ~ 322.76 32 64.91 123.99 4.50 4.50 426 

Adaptive 
Defrost 

12 11 ~ 325.86 31 64.80 125.38 4.50 4.50 422 

ncrease 
Evaporator 
Area 

]] Gp. cit., (reference 2, p. 3-20) 
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Assumptions: 
(1) Annual energy use is irom computer model (ERA) simulation of an actual SIS.06 L (18.2 ft') 
refrigerator. 
(2) Baseline: Compressor EER = 4.68; Evaporator fan motor power = 9.10 W; Condenser fan motor 
power = 12.00 W. Insulation thicknesses: freezer & fresh-food doors 3.81 cm (I.S0"); freezer sides (avg 
of, top, side and back) S.46 cm (2.IS"); fresh-foods sides (avg of bottom, sides and back) 4.32 cm 
(1.70"). Foam resistivity is 0.S8 m2 . C/W'cm in the doors, sides, top and bottom. Evaporator and 
condenser areas: 2.22 m2 and 0.64 m2, respectively. 
(3) Vacuum panel option assumes that SO% of total wall and door surface area is covered by 2.S4 cm 
(I ") thick vacuum panels. The delta cost (compared to foam insulation) assumes a variable cost of 
$3.24/dm' ($1.20 per board foot), which includes materials, installation, labor. and shipping. A 
depreciated investment cost of $1 O/unit was also assumed. 

3. Manufacturer Impacts 

Innovative methods have been developed to evaluate the effects of energy 
performance standards on appliance manufacturers and on the industry as a 
whole. Early efforts (1979-1985) involved developing a profile of the industry, 
defining prototypical firms, and simulating changes in shipments and prices, 
based upon publicly available information. 

Mter a review in 1986, a national laboratory developed the Manufacturer Impact 
Model (MIM)12, based upon economic theory and available financial data. MIM 
simulated individual (prototypical) firms, and was the first analysis tool that 
explicitly accounted for uncertainty in all variables, through a Monte Carlo 
simulation. From 1988 to 1995, the MIM (or a later version, MAM) provided 
indicators of projected impacts of standards on prices, shipments, and profitability 
(revenues, net income, return on equity, etc.) at two future time inteIVals. MIM 
was criticized by manufacturers, due in part to its complexity and modest 
documentation, as it preceded the modem capabilities of graphic user interfaces 
and on-line help, and in part due to its academic origins. Some variables used in 
the model - for example, price elasticities - while widely used in the field of 
economics, were not in common usage by financial analysts. 

In 1992, the three trade associations,13 representing most U. S. manufacturers 
affected by standards( except lighting, plumbing, and consumer electronic 
products), commissioned development of an alternative model, the Government 
Regulatory Impact Model (GRIM). This model simulates the annual cash flow 

12 Stoft, S., T. Chan, and J. Hobart, 1991. "A Method for Assessing the Impact of Federal 
Efficiency Standards on the Manufacturers of Home Appliances," LBNL Working Paper. 
13 Association of Home Appliance Manufacturers (AHAM); Air-conditioning and 
Refrigeration Institute (ARI); and GdS Appliance Manufacturers Association (GAMA). 
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for an individual firm to provide indicators of the financial impacts of standards, 
and, for the industry as a whole, a net present value. This spreadsheet model has 
displaced the previous models and is being used to analyze impacts of new 
standards under consideration in the U.S .. 14 GRIM is simpler and more user
driven, and was developed by the industries rather than by government 
researchers. Unlike MIM or MAM, GRIM lacks a forecasting algorithm for either 
prices or quantities of appliances in future years, so must rely upon other methods 
for those variables. These new methods are currently under development in the 
analysis for specific high-priority appliances (e.g., clothes washers and water 
heaters). 

Evaluating competitive impacts is difficult. The lack of publicly available data on 
the appliance sector (in part because appliance divisions are parts of larger 
corporate entities) makes it difficult for analysts lacking access to proprietary 
information. In the U.S., the Department of Justice evaluates expected impacts on 
competition, relying in part on these simulations and in part on interviews with 
manufacturers to assess market concentration and likely consumer impacts. 

Recent developments include increased involvement of the manufacturers or trade 
associations throughout the analysis and explicit analysis of uncertainty. 
Increasing attention is being paid to developing consensus agreements, rather than 
government-imposed dictates. In some cases agreement may be reached based 
more upon a negotiation to achieve wide acceptance sooner, than reliance upon 
models that simulate financial impacts on manufacturers. 

4. Consumer Impacts 

The possible impacts of mandatory energy performance standards on consumers 
could, in principle, include: changes in the utility or performance of the product, 
increases in price of the equipment, decreases in operating expenses, and change 
in installation or maintenance expenses. 

4.1 Utility or performance 

In most cases, the design options that increase energy efficiency are intended to 
have no effect on the consumer amenity, i.e., the utility or performance of the 
product. Where existing products offer a range of utility to the consumer, the 
issue of potential changes in the utility of performance of the product is addressed 
by segmenting the product offerings into product classes, where each class 
represents significant amenity. For example, rather than setting a single energy 

14 U.S. Department of Energy, Office of Codes and Standards, "Manufacturer Impact 
Analysis Methodology," Draft, February 25, 1997. 
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performance target for all refrigerators and refrigerator/freezers, the analysis 
identifies twelve product classes. Compact (volumes < 220 liters) units were 
distinguished from larger sizes, and within each of these two size categories, five 
classes1S were analyzed separately to account for differences in defrost type and 
configuration. For non-compacts, two of those classes (top mount and bottom 
mount) were further subdivided into products with or without through-the-door 
service (cold water or ice). 
An energy performance standard was established for each product class. The 
standard for each product class was expressed dependent upon the volume. For 
example, starting 1 July, 2001, a manual defrost refrigerator with a volume of 150 
liters may use no more than 356 kWh/a, while an auto-defrost top mount 
refrigerator/freezer with an adjusted volume16 of 150 1 may use no more than 423 
kWh/a. An auto-defrost top-mount refrigerator/freezer with an adjusted volume 
of 600 1 may use up to 486 kWh/a. In this way, allowance is made for the utility 
or performance due to the size, defrost type, and freezer compartment location. 

4.2 Life cycle cost (Lee) 

To the extent that increased manufacturing costs are passed on to the consumers, 
retail prices are expected to increase when standards become effective. 
Consumers who purchase the energy-efficient products are then expected to 
benefit from lower operating costs. 

The methodology for evaluating the economic impact on individual consumers 
captures both these effects by calculating the life cycle cost. The installation cost 
and/or maintenance cost are included, if they are expected to change when the 
product design changes. The life cycle cost is the present value of the total cost 
over the physical lifetime of the product. To obtain a present value, the annual 
operating expenses are discounted17 and summed, then added to the appliance 
price. The consumer benefits economically when the change from the previous 
design to the energy-efficient design provides a net decrease in life cycle cost. 

15 The five classes are: manual defrost, partial automatic defrost, automatic defrost top 
mount, automatic defrost side-by-side, and automatic defrost bottom mount. 

16 Refrigerator-freezer adjusted volume = fresh-food volume + 1.63 * freezer volume. 
17 The discount rate is the subject of considerable discussion elsewhere (e.g., Federal 
Register 60 (139), pp. 37392-37393, July 20, 1995). 
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Figure I shows the life cycle cost (LeC) for the most popular style of refrigerator
freezer in the United States. The horizontal axis shows, at the left, a Lee for a 
model in 1993 and, moving toward the right, a series of possible design options 
for reducing the energy consumption. The Lee decreases from $1243 (retail 
price $555, using 701 kWh/a) to a minimum at $1080 (retail price $652, using 
437 kWh/a) then increases slightly to $1083 (retail price $669, using 422 kWh/a). 

Alternative measures of impact on consumers include: the simple payback period 
expressed in years (ratio of increase in purchase price to decrease in annual 
operating expense), and the cost of conserved energy expressed in dollars per 
kWh (increase in purchase price amortized over the product lifetime, divided by 
the annual energy savings). 

4.3 Variability among consumers 

Where data permit, energy consumption estimates are adjusted to account for 
actual usage in the field, rather than laboratory conditions. Most analyses have 
focused on the impact under average conditions (weather, energy price, usage 
behavior). Beginning in 1995, for fluorescent lamp ballasts, a full uncertainty 
analysis was undertaken, including all components of the life cycle cost. Ten 
variables were analyzed initially, and four were found most important: energy 
price, lighting hours per year, ballast price, and ballast lifetime. Survey data were 
used to characterize the distributions of the first three variables, and, where 
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measured or survey data were not available, subjective judgment in consultation 
with industry experts was used for ballast lifetime. 
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The impacts of potential standards were then analyzed over the full range of 
variability among consumers, and results were expressed as a probability (based 
upon the population weights) that the change in life cycle cost would fall in a 
particular interval. Figure 2 shows the probability of LCC change of various 
magnitudes (from a savings of $40-50 at the left to an increase up to $10 at the 
right) in going from energy-efficient magnetic to electronic fluorescent lamp 
ballasts, accounting for the current variability in both commercial electricity 
prices and annual lighting hours. A recent report (fluorescent lamp ballasts) and 
on-going analysis (e.g., for clothes washers, water heaters) make explicitly 
accounts for the variability among consumers. 
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5. National Energy Savings and Expenditures 

Simple calculations or detailed energy end-use models, like the LBNL Residential 
Energy Model (LBNL-REM)18 for residential products or a version of the Electric 
Power Research Institute's (EPRI) COMMEND model for commercial and 
industrial lighting energy have been used to simulate the national energy savings, 
constructed using a bottom-up approach. For each end use (e.g., refrigerators, or 
water heating), detailed historical data is collected as a basis for projecting future 
appliance energy consumption and expenditures. 

The basis energy equation has five contributing terms: 
• number of occupied housing units or commercial floor area 

(exogenous input) 
• fraction owning the product (derived from shipments or survey) 
• energy consumption per appliance (under field conditions) 
• field usage hours per year (e.g., for heating or air conditioning) 
• characteristics of the building shell (only for space heating and 

cooling) 

In the interest of greater transparency, spreadsheets are under development which 
exemplify the major elements of the detailed forecasting models. The 
spreadsheets are useful teaching tools but are not expected to completely replace 
the detailed end-use models. 
Ownership of the product is modeled by separating the market into replacement 
and new construction. The number of purchases is calculated as a function of the 
appliance price and operating expense. A stock accounting framework is used to 
calculate the turnover of appliances, as old units are retired, and new ones are 
purchased. The probability of retirement is expressed as a function of years since 
original purchase; previous owners are treated as potential purchasers of a new 
appliance. Additions (to existing housing units not previously owners of this 
product) are also considered. 

The efficiency of future new units is forecast from a choice set specified by the 
engineering analysis. The efficiency trend can be exogenous, or implicit. 
Historical forecasts have typically been based upon a life cycle cost approach, by 
using a "market discount rate" calibrated to observations of recent average 
purchases. New approaches are being developed, to better account for a number 
of non-regulatory market effects. 

Appliance energy consumption is adjusted to account for actual consumption in 
the field rather than under test conditions. In principle, consumers are expected to 
respond to changes in operating expense by adjusting their usage, with lower 

18 Op. cit., (reference 2, Appendix B). 
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operating costs leading to increased usage. However, reviews of the available 
empirical evidence indicate that this rebound or "takeback" effect has only been 
observed for space conditioning, and even then is small in magnitude. Based 
upon the evidence, actual energy savings are typically 85-100% of the savings 
expected from engineering calculations. 

6. Impacts on Energy Suppliers 

The projected national energy savings are allocated to regions, based upon 
regional appliance ownership and usage, and capacity savings allocated among 
heating appliances, cooling appliances, and base load. Then avoided costs are 
separated into variable and fixed costs. Projected impacts have been analyzed for 
10 regions of the U.S., rather than for individual utilities. The impacts analyzed 
include: 1) avoided energy costs; 2) avoided reliability costs; 3) peak load 
reductions; and 4) capacity reductions. These impacts depend upon the marginal 
cost of electricity, which in turn depends upon fuel price projections. Future U.S. 
analysis of impacts on suppliers of electricity and natural gas may use the 
National Energy Modeling System (NEMS). 

7. Environmental Issues 

Two types of environmental impact have been studied: 1) conversion factors are 
applied to the national energy savings, in order to estimate the national reductions 
in emissions (or trading) of oxides of carbon, nitrogen, and sulfur; and 2) how 
restrictions on the availability of chlorofluorocarbons (CFCs) effect the energy 
consumption of appliances has been evaluated as part of the engineering analysis 
for relevant products, e.g., refrigerators and air conditioners. Both the increase in 
price and the decrease in energy efficiency associated with the phase out of CFCs 
were estimated. 

8. Limitations and Future Work 

For more than 20 years, methods have been developed and applied to estimating 
the impacts of appliance and lighting standards. The impacts of a successful 
program are far-ranging in a complex system, and must be viewed from multiple 
perspectives, including those of consumers, appliance manufacturers, energy 
suppliers, and government policy makers. All methods rely upon data and 
information gathering, and are no better than those data. Computer models are 
increasingly capable of handling complex data sets in the time frame necessary 
for policy decisions. 
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Recent efforts have begun to quantify the uncertainty in estimates of impacts. 
These methods identify the relative importance of uncertainty in each variable as 
it contributes to the overall uncertainty in the impact of a technology or policy 
change. Such ranking helps guide scarce research funds toward the most useful 
activity, rather than attempting to reduce all uncertainties. 

The level of detail of analysis has increased over time. Instead of impacts on the 
average consumer, current analysis involves Monte Carlo sampling of 
populations, in order to more fully capture the range of impacts across groups 
differing in house type, income, region, climate, energy price, or usage behavior. 
Geographic Information Systems (GIS) are being applied to energy consumption 
analysis, with increasing capability to identify affected populations and markets, 
and to characterize variability among individual households. Policy makers 
receiving this more elaborate information will need to develop new decision rules. 
Previously policy makers could accept an average impact that exceeded some 
target threshold (e.g., energy or economic savings); now the policy maker must 
weigh a distribution of benefits and costs to decide whether on balance the policy 
should be pursued. 

Post-analysis, or retrospectives, are rare due to lack of funding or political 
interest, but just as in evaluations of utility company programs, there is a large 
potential for learning about the extent to which actual events matched the 
projections. One retrospective analysis, limited to the impact of U.S. refrigerator 
standards on consumers in 1990 and 1993, found that: 1) predicted energy price 
increases were not observed at the retail level; and 2) hedonic analysis shows that 
capacity and features were not diminished, but rather the amenity continued to 
increase over time even while meeting energy efficiency standards. 19 

A particularly challenging task would be to attempt to estimate the total social 
and economic impacts (costs and benefits) of standards. Critics have expected 
that unspecified hidden costs must make standards economically inefficient, while 
supporters have argued that by eliminating transaction costs, standards actually 

19 Greening, 1., A. Sanstad, and J.E. McMahon, 1997. "Effects of Appliance Standards on 
Product Price and Attributes: An Hedonic Pricing Model," Journal of Regulatory 
Economics 11 (2), 181-194. (LBNL-39739) 
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increase economic efficiency. No empirical studies have demonstrated the 
existence of hidden costs of sufficient magnitude to outweigh the expected 
economic benefits of standards. 



Findings ofEU Study on Water Heathers 

M. Sakulin, E. Schmautzer, M. Hoelblinger 

1. Present Situation in Europe 

In the domestic total energy consumption in Europe, warm water heating takes a 
share between 10 ... 20 % after room heating with approximately 60 ... 80 %, 
followed by household appliances with 10 ... 20 %. Energy sources for warm water 
supply are electricity with approximately 30 %, gas with an increasing percentage 
of 25 % and others like district heating, fossil fuels, biomass and solar energy 
which are mostly used in combination with the room heating system or in bivalent 
warm water heating systems. Electrical systems - instantaneous heaters, storage 
heaters or heat pumps - are normally operated in an independent monovalent 
mode. Among these systems, the storage water heater is the most spread type. Its 
penetration rate in European households varies between 5 % in Greece up to 45 % 
in Luxembourg with an overall EU percentage of around 30 %. 

2. Hot Water Needs 
Hot water consumption mainly depends on the number of persons, their habits, 
their standard oflife and the size of the house or flat. For use in the kitchen (dish 
washing, cooking, cleaning etc.) and in the bathroom (basin, shower, bath etc.) an 
average daily consumption of 36 litres hot water of 60°C per person (related to a 
cold water temperature of 10 0c) was found by surveys in the different countries 
in Europe. Older sources [2, 3] report about values between 20 .. .40 litres per 
person and day, newer sources [5] go up to 60 litres. 

3. Energy Flow of Domestic Electric Storage Water 
Heating Systems 

Energy saving potentials of warm water supply systems are related to the design 
of the storage tank, on the one hand, but also to the distribution system, the 
heating system (reduction of electricity input by use of additional sources), the 
needs (reduction by use of energy saving faucets, shower heads etc. or by 
influencing the users behaviour), on the other hand. 
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Fig. 1: Energy Flow of Electric Storage Water Systems 
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Qn hot water needs 
Qh heat input (electricity) 
Q SI hot water output of storage tank 
Ldj, distribution losses 
L SI storage losses 
L Sl,st standard standing losses 
freal real factor (see chapter 6) 

285 

In the case of given user needs and a given distribution system, energy 
effectiveness of the electric storage heater only depends on the storage losses Lst 

of the tank. In order to achieve comparable energy characteristic numbers the 
losses are defined for standardized conditions (hot water temperature T h = 65°C, 
ambient temperature T amb = 20°C) as the so called standard standing losses LSl,st 

according to lEC 379 [1]. 

Whereas the standard standing losses - Fig. 2 - only depend on the tank 
dimensions and the quality of insulation (thickness, thermal conductivity, heat 
bridges), the real storage losses also consider the real ambient temperature, the 
usage profile (timetable of draw-offs), the influence of regulation, temperature 
setting and the heat up periods (tariff). Normally (for the same hot water 
temperature of 65°C) the real factor freal - see eq. (2) - is smaller than one, 
because the loss relevant size of the hot tank surface is reduced due to 
stratification in the tank. 
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4. Definition of the Base Case 

The Base Case is defined as the average of the existing models from the CECED 
database 1995 - Fig.2 - and is expressed by an approximation formula as a 
function of the capacity of the DESWH. 

Lst.BC = 0,2 + 0,051 . y2/3 for vertical heaters 

Y rated capacity in litres 
Lst,BcBase Case standard standing losses in kWh/day 

v rlitres1 
75 
150 
200 

L st Be rkWh/d1 
1,11 
1,64 
1,94 

(3) 

The defined Base Case represents, approximately, the lower envelope of various 
existing national efficiency thresholds (France, Switzerland, UK and Germany). 
The data base shows that a great part of the existing models on the market does 
not fulfil these existing national thresholds. 

DESWH - Distribution of Standard Standinl'· Losses 
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Fig. 2: European Market 1995, CECED Data Base 
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5. Simulation Model of Electric Storage Water Heater 
Standing Losses 

In this chapter, a mathematical model for the description of the physical 
behaviour of the DESWH is developed. It allows to calculate the storage losses as 
a function of all energy relevant conditions like tank geometry, ambient 
conditions and tank insulation. This model is mainly used for the determination of 
the standard standing losses. 

H 
L ,t,S! = f(V, R ' S, sl' A, P fIX ) (4) 

V volume 

s, St insulation thickness (side, top) 

R, Rj radius (outside, tank), 

H, hj height (outside, tank) 

A., heat conductivity of the foam 

Pfix fix losses due to heat bridges 

Fig. 3: Simplified Storage Heater Model 

As can be seen in Fig. 4 there are only a few important design parameters which 
influence the amount of the losses. 
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Fig. 4: Sensitivity Analysis of Design Parameters concerning Standard Standing Losses 
of75litres Storage Water Heaters 

From the technical analysis follows that the main influence on storage losses is 
given by the parameters insulation thickness and heat conductivity (causing a 
range of 50% to 250% of the Base Case standing losses), followed by the fix 
losses due to heat bridges (90% to 120%), while all other parameters like 
geometrical tank dimensions or zoning of insulation are of minor influence (95% 
to 110%). Furthermore, from the manufacturers catalogues follows that for nearly 
all models the same insulation foam is used - namely polyurethane, - for which a 
A ~ 0,035 W/m K can be assumed [7]. Under this assumption the insulation 
thickness is the only important influence factor. The identification of the 
parameters under the above mentioned assumptions shows that there is a big 
number of models - so called Poor Models (index PM) - with an insulation 
thickness of only SPM ~ 0,02 m, whereas Base Case conditions are reached with 
sac ~ 0,04 ... 0,05 m. In the following economical analysis it is shown that the pay 
back period for improvements depends mainly on the initial situation. 

6. Real Influence Factors 
There are several influence factors which must be considered in order to 
distinguish between different climatic conditions, different usage profiles or 
different technical conditions due to regulation or tariffs. These influence factors 
are considered by the real factor freal which can be divided into the temperature 
factor ftemp and the use factor fuse. 
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(5) 

f _ ----'Th"-.-----'Tam=b 
temp - 45 (6) 

fuse = f(usage profile, tariff) (7) 

Influence of the temperature: The temperature difference between hot water in 
the tank T h and ambient temperature depends on the climatic conditions and the 
location of the tank in the house. Hot water temperature is set to 65°C. Average 
ambient temperature is set to 20 °C for storage tanks located in heated rooms, and 
it is varied between 10 and 15°C for central tanks located in the cellar (ftemp = 1,0 
to 1,22). 

The influence of the usage is expressed by the use factor fuse which depends on 
the tariff system and the usage profile. From simulations with a dynamic 
DESWH-simulation model [4] the following numbers where found. 

fuse ~ 0,95 for HT standing only 
= 0,85 ... 0,9 ... 0,92for HT normal use 

~ 0,92 for L T standing only 
= 0,6 ... 0,7 ... 0,8 for LT normal use 

HT (high tariff) storage heaters restart the heat up as soon as some litres are 
drawn off and/or the thermostat gets cold. LT (low tariff) storage heaters have to 
wait till the beginning of the L T -period (mostly between 22.00 and 06.00) thus 
leading to lower values of the use factor. The use factors can be calculated 
considering the timetable of draw-offs, the timetable of the possible heat-up 
periods, and taking into account that only the hot parts of the tank surface cause 
heat dissipation. 

7. Life Cycle Cost Analysis 

In the economical analysis, besides the technical parameters and the real 
conditions, expressed by the real factor freal (different for HT and LT systems), all 
economical parameters must be considered. These are the cost for additional 
insulation Pins (foam, retooling, transportation, additional materials), prices for 
electricity Pel - see Fig 5, the life cycle LC and the interest rate ir . 
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Electricity Tariffs for Different European Countries 
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Fig.5:Prices for the (saved) Electrical Energy, EU (1995/96) 

The life cycle cost LCC(s) are the sum of the purchase price PPin.(s) for the 
insulation and the discounted operating costs OC(s) of the appliance - see eq. 
(8 ... 11). 

LCC(s) = PPins(s) + PWF(LC, ir) . OC(s) (8) 

ac(s) = Lst,st(s) . freal '365' Pel (9) 

PPins(s) = Vfoam(S) . Pins (10) 

. (1 + iJLC -1 
PWF(LC, lr)= (1 .) LC . 

+ lr . lr 
Present Worth Factor (11) 
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Fig. 6: DE WH Life Cycle Cost Analysis of a 75 litre storage tank for different European 
Countrie (4Hf-75: 4 person hou ehoLd, high tariff, situated in the bath) 

Fig, 6 shows the life cycle cost LCC = f(s) for the different European countries 
for a 75 litres DESWH high tariff system. The optimal insulation thickness Sopt is 
the point of minimal life cycle cost depending on the country specific conditions, 

Tab. 1: Optimal Insulation Thicknes SOpl based on A = 0,035 W/m K and corresponding 
Standard Standing Losses L,..,I in kWhld (for comparison Base Case sac and 
L ) 'st,BC 

Sopt [m] Lst,st [kWh/d] 

Country LT-C LT-B BT·B LT-C LT-B BT-B 
200 150 75 200 150 75 

Austria 0,082 0,076 0,102 1,28 1,18 0,75 

Italy 0,110 0,103 0,108 1,09 0,99 0,73 

U. Kingdom 0,055 0,050. 0,084 1,67 1,52 0,82 

EU Average 0,070 0,064 0,093 1,43 1,31 0,78 

Base Case 0,044 0,045 0,049 1,94 1,64 1,11 

Tab, 1 gives the results of the life cycle cost analysis, the optimal insulation 
thicknesses and the corresponding standard standing losses for different capacities 
(75 HT, 150 LT and 200 LT) and different European countries, 
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Due to the different electricity prices and climatic conditions - for each European 
country another optimal insulation thickness can be found, Assuming a heat 
conductivity of 'A = 0,035 Wlm K, the optimal thickness of PU-foam is about 8 
em to 11 em for HT (high tariff) DESWH, and about 6 em to 8 em for L T (low 
tariff) DESWH, Higher cost for electricity lead to higher optimal insulation 
thickness, 

The very interesting result is, that by increasing insulation thickness up to the 
optimum not only energy savings but also remarkable cost savings are possible, 
The economical energy saving potential in reality due to improvements of 
insulation follows in the range of 20 % - 30 % for Base Case Models (BC to OPT) 
and of 80 % to 110 % for the Poor Models (PM to OPT) to reach the European 
optimum, Considering the CECED data base, an average saving potential of the 
market model stock in the range of 20 % to 50 % to reach the European optimum 
(all> to EU _OPT) can be realized (all percentages related to the Base Case), 
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Fig. 7: Sensitivity Analysis of Optimal Insulation Thickness ED Average 
Configuration Hf-B 75 (75 litres, high tariff, bath room) 

8. Pay Back Period 
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The Pay back period gives the information how long it takes to reach the break
even between additional investment cost and operating cost savings. Pay back 
periods show a very strong dependency on the initial situation. There is also a big 
difference between low tariff and high tariff situation. Because of the higher 
electricity price, HT pay back periods are generally shorter than L T pay back 
periods. Even in the case of incremental small improvements it takes a minimum 
of time to pay back the incremental cost of investment (see BCmm and PMmin in 
Fig. 8) 

For the Poor Models (SPM = 0,02 m) in HT systems very short pay back periods 
(PM to OPT) of less than 2 years, in L T systems less than 3 years can be yielded 
to reach the European optimum. Starting from Base Case conditions (SBC ~ 

0,04 ... 0,05 m), pay back periods (BC to OPT) of about 
3 to 5 years for HT systems, and of about 3 to 8 years for L T systems are 
necessary for an improvement to the European optimum. 

For the investigated DESWH's it could be shown that the pay back period is 
always shorter than the assumed life cycle of I ° years. Consequently, all 
improvements of the insulation are (highly) economical. 
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Pay Back Period 
Configuration HT-B 75 LC = 10 years 
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9. Summary 

0,16 0,18 

Market data of electric storage water heaters - see Fig. 2 - show that there is a 
large range of standard standing losses of all the models of same capacity on the 
market meaning that a high energy saving potential exists on the market with 
existing technology. 
The results of the life cycle cost analysis show, that an increase of the insulation 
thickness or reduction of heat conductivity are the most effective measures to 
improve energy efficiency. Optimal insulation thickness Sopt depends on 
electricity price, insulation price, real usage and tariff situation. For a given heat 
conductivity of "A = 0,035 Wlm K, Sopt reaches values up to 11 cm which is more 
than double the existing average situation, and can be realized within reasonable 
pay back periods. 
For Italy, e.g. because of it's high electricity price, the highest economical 
insulation thickness can be realized within the shortest pay back period. 

The profitable situation, as found for the DESWH energy saving potential, seems 
to be a rather seldom result of energy saving studies. Taking into account that 
warm water is the second largest domestic energy consumer after room heating it 
seems to be of highest priority that this very cost effective and energy efficient 
saving potential should be realized as soon as possible. In order to be able to take 
into account the special national situations (electricity prices, climatic conditions) 
in the different European countries, a 2-step approach seems to be of advantage, -
with a first step based on a minimum efficiency requirement to reach at least the 
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existing Base Case, and a second step on the basis of labelling to reach the 
economical optimum of efficiency. 
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Residential Air Conditioners: U.S. Experience and 
Possible Extensions to the Global Market 

Gregory J. Rosenquist 
Ernest Orlando Lawrence Berkeley National Laboratory 

1. Residential Air Conditioner Types 

Residential air conditioners consist of two general types; room and central 
equipment. Room air conditioners are intended to cool rooms or small spaces 
while central systems are designed to condition an entire building. 

Room air conditioners convey conditioned air without the use of air ducts. There 
are two basic types of room air conditioners; window-type units and ductless split 
systems. A window-type room air conditioner consists of several components 
encased in a cabinet. The cabinet is segmented into indoor and outdoor sides 
which are separated by an insulated divider wall to reduce heat transfer. The 
evaporator and evaporator fan are on the indoor side. The outdoor side 
components are the compressor, condenser, condenser fan, capillary tube, and fan 
motor. The fan motor has a double-ended shaft which drives both the evaporator 
and condenser fans. Ductless split systems, also referred to as mini-splits, consist 
of two individual assemblies; the indoor assembly, containing the evaporator and 
evaporator fan and fan motor, and the outdoor condensing unit, containing the 
compressor, condenser, condenser fan, and condenser fan motor. The indoor and 
outdoor units are connected via refrigerant tubing. Both window-type and mini
split room air conditioners have relatively small cooling capacities ranging from 
1450 to 8800 Watts. 
Central air conditioners are relatively large systems ranging in cooling capacity 
from 4400 to 17,600 Watts. Central systems convey conditioned air to an entire 
building through the use of a well distributed duct system. As with room air 
conditioners, central systems consist of two basic types; split systems and single 
package systems. Similar to mini-splits, central ducted split systems consist of an 
indoor and outdoor unit connected via refrigerant tubing. But in a central system 
the indoor unit is composed of an evaporator residing in a air handling unit which 
is capable of delivering air volumes of up to 2000 cfm (950 Lis). Similar to 
window-type room air conditioners, all the components of a single package 
central system are contained within a single cabinet. The entire single package 
system resides outdoors and is placed either on the side of the building or on the 
home's roof. Thus, contrary to a split system, both the return and supply air ducts 
of a single package system must penetrate the building envelope. 
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2. Residential Air Conditioner Market 

2.1 U.S. Market 

The u.s. residential market is dominated by window-type room air conditioners 
and split system central air conditioners. For the year 1995, shipments of 
window-type room air conditioners were well over 4 million while split-system 
central air conditioner shipments were well over 3 million. As depicted in Figure 
1, shipments of U.S. central air-conditioning split systems have increased 
dramatically since 1972 (ARI 1996). (Shipments of single package central air 
conditioners have been relatively steady.) Contrary to central air conditioner 
purchasing trends, U.S. shipments of window-type room air conditioners have 
fluctuated between 2 to 5 million units for the past 23 years (AHAM 1996). U.S. 
window-type room air conditioner manufacturers attribute the fluctuation of 
shipments to consumer purchase decisions. In general, U.S. room air conditioner 
purchases are an impulse buy; prolonged hot weather spells tend to motivate room 
air conditioner consumers to purchase a unit to satisfy their immediate cooling 
needs. Of particular interest regarding the U.S. market is the virtual absence of 
mini-split room air conditioners. As will be discussed, this is in stark contrast to 
the markets in Southeast Asia and Europe. 

Accompanying the steady increase in central air conditioner shipments has been 
an equally steady increase in their saturation, i.e., the percent of households with 
a central air-conditioning system. In 1978, 24% of U.S. households had a central 
air conditioner. By 1993, the saturation of central air conditioners increased to 
44.5% (ARI 1996). The saturation ofroom air conditioners has decreased slightly 
over the past 15 years; from 29.5% in 1978 to 27.5% in 1993 (ARI 1996). This 
decrease is at least partially due to the significant increase of central air
conditioning systems in the U.S. 
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Figure 1 U.S. Shipments of Central and Room Air Conditioners 

~ Central, Split-System 

......... Central, Single Package 

........ Room. Window-type 

Probably due in large part to its close proximity to the U.S., Canada has a very 
similar air-conditioning market to the U.S. Ducted central air conditioners and 
window-type room air conditioners are the most prevalent systems. Canada is 
probably the only other country besides the U.S. that has a large saturation of 
residential ducted systems. Mexico's small air-conditioning market is dominated 
by window-type room air conditioners. 

2.2 International Market 

Outside North America, the international residential air conditioner market is 
dominated by mini-split room air conditioners. Japan has long relied on mini
splits to meet their air-conditioning needs. But the air-conditioning markets of 
other Southeast Asian countries were first dominated by window-type room air 
conditioners. Developing countries such as China, Thailand, Malaysia, and 
Indonesia transitioned over to mini-splits as their economies grew. The only 
exception seems to be the Philippines where window-type units are still the most 
prevalent air-conditioning system due to a local manufacturing base that is tooled 
to produce only air conditioners of this type (Rumsey and Flanigan 1995). 

While Japan has produced high numbers of mini-split room air conditioners for 
the past ten years, other Southeast Asian countries, notably China, have only 
recently demonstrated a demand for air-conditioning equipment. Figure 2 shows 
the air conditioner production of Japan and China over the past ten years. As 
depicted in Figure 2, although Japan has shown some fluctuation in the 
production of air conditioners since 1985, they have consistently produced well 
over 5 million units for the past 10 years (Appliance 1996). In contrast, China's 
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production has exploded to 5 million units only relatively recently (Nadel et al. 
1995). Other Southeast Asian countries such as Indonesia and the Philippines 
have demonstrated an increasing demand for air conditioners as well, although 
their sales have numbered in only the tens-of-thousands rather than the millions. 
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Figure 2 Japanese and Chinese Production of Room Air Conditioners 

Similar to the U.S., Japan exhibits a high saturation of residential air conditioners. 
As of 1995, over 77% of Japanese households owned mini-split room air 
conditioners (Appliance 1996). The developing countries of Southeast Asia have 
extremely low saturations of air-conditioning equipment. Concentrations of air 
conditioners appear only in wealthy urban areas. In China, large cities have 
saturations ranging from 1.5 to 15% (Nadel et al. 1995). Java, Indonesia and 
Manila, the Philippines both have saturations of over 2.5% (Rumsey and Flanigan 
1995; Opheim and du Pont 1995). Bangkok, Thailand exhibits saturations of over 
6% (lIEC 1993). Some European countries such as Spain and Italy have recently 
shown a demand for residential air-conditioning. Like several Southeast Asian 
countries, mini-splits have been the air-conditioning choice in these European 
markets. 
As will be discussed, the market differences between North America and the rest 
of the world, namely North America's reliance on ducted central systems and 
window-type room air conditioners and the rest of the world's reliance on mini
splits, creates potential problems for the harmonization of test procedures and 
minimum energy efficiency standards. 

3. Test Procedures for Rating Equipment 

As a result of the U.S. Energy Conservation Policy Act of 1975, test procedures 
were established for rating air conditioner efficiency. Labeling programs were 
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than able to be instituted to provide consumers with efficiency and cost 
information. Both window-type room and central air conditioners were rated with 
a steady-state energy efficiency rating until 1980. But starting in the year 1981, 
central systems began being rated with a seasonal energy efficiency rating with 
the obj ective of more accurately representing the energy use of the equipment. 

The U.S. Department of Energy (DOE) establishes the test procedure for rating a 
window-type room air conditioner's efficiency and cooling capacity (U.S. Office 
of the Federal Register 1997a). The equipment's efficiency is put in terms of the 
energy efficiency ratio (EER). The EER is determined by dividing the cooling 
capacity of the unit (measured in Btu per hour) by its input power (measured in 
Watts). Both the cooling capacity and input power are measured at specific 
temperature conditions (measured in degrees Fahrenheit) during steady-state 
operation. Table I lists the indoor and outdoor temperature conditions of the test 
procedure. Both Canada and Mexico use test procedures which are identical to the 
U. S. DOE,s for rating the performance of window-type room air conditioners. 

Table 1 U.S. DOE Temperature Conditions for Rating Window-Type Room Air 
Conditioners 

Dry Bulb Temperature 

Location of (0C) 

Air entering indoor 80 (26.7) 

Air entering outdoor 95 (35) 

Wet Bulb Temperature 

'oF COC! 
67 (19.4) 

75 (23.9) 

As with window-type room air conditioners, the U.S. DOE establishes the test 
procedure for rating a central air conditioner's efficiency and cooling capacity 
(U.S. Office of the Federal Register 1997b). But as opposed to the window-type 
room air conditioner test, central air conditioners must be tested to at least four 
operating conditions to establish its energy efficiency. The seasonal energy 
efficiency ratio (SEER) is the measure of energy efficiency established by the 
U.S. DOE test procedure. It is determined by dividing the energy use during a 
prototypical cooling season (measured in Btu) by the energy consumption during 
that same cooling season (measured in Watt-hours). Table 2 provides the 
operating conditions for rating single-speed central air conditioners, i.e., systems 
with single-speed compressors and single-speed air delivery systems. (For multi
speed air-conditioning systems, there are up to seven operating conditions which 
the unit must be tested to in order to establish its SEER.) The U.S. DOE ~C~ 
and ~D~ tests are for establishing the unit's operation during cyclic conditions, 
i.e., its operation during off-to-on conditions. Incorporating cyclic performance 
into the efficiency rating provides a better indication of a central air conditioner's 
performance under all operating conditions. In addition, the energy efficiency 
benefits of technologies which improve cyclic performance, such as variable-
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speed fans and compressors, variable-opening flow control devices, and 
thermostatic controls, can be measured by the test procedure. Canada uses a test 
procedure which is identical to the U.S. DOE's for rating the performance of 
central air conditioners. 

Table 2 U.S. DOE Operating Conditions for Rating Single-Speed Central Air 
Conditioners 

Indoor Unit - Air Entering Outdoor Unit - Air Entering 

Dry Bulb 

DOE Test Description 

~Aa Cooling Steady State 80 (26.7) 

~Ba Cooling Steady State 80 (26.7) 

~Ca Cooling Steady State & 80 (26.7) 
Dry Coil 

~Da Cooling Cyclic & Dry 80 (26.7) 
Coil 

Wet Bulb 

67 (19.4) 

67 (19.4) 

57 (13.9) 

57 (13.9) 

Dry Bulb Wet Bulb 

95 (35) 75 (23.9) 

82 (27.8) 65 (18.3) 

82 (27.8) 65 (18.3) 

82 (27.8) 65 (18.3) 

It is extremely important to note that mini-split room air conditioners are 
considered as central air-conditioning systems by the U.S. DOE. Thus, mini
splits must be rated with an SEER for the U.S. market. As will be discussed in 
more detail later, this causes a significant barrier to any test procedure 
harmonization efforts that may be developed between North America and the rest 
of the world. 

Almost all other countries in the world have either adopted or directly reference 
test procedures developed by the International Organization of Standardization 
(ISO) for rating air conditioner performance. Non-ducted air conditioners are 
rated according to test standard ISO 5151 (ISO 1994) while ducted air 
conditioners are rated according to test standard ISO 13253 (ISO 1995). Both 
ISO 5151 and 13253 are limited to systems utilizing a single refrigeration circuit 
consisting of one evaporator and one condenser. Thus, mini-splits utilizing more 
than one evaporator cannot be tested according to ISO 5151. Both test procedures 
measure the unit's cooling capacity (measured in Watts) and energy efficiency 
ratio (EER) at steady-state operating conditions. Like the U.S. DOE's test 
procedure for window-type room air conditioners, the EER is established by 
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dividing the cooling capacity (measured in Watts) by the input power (measured 
in Watts). Both ISO test procedures define moderate, cool, and hot temperature 
conditions for which to rate equipment, but only the moderate test conditions are 
mandatory for rating equipment. Table 3 lists the indoor and outdoor temperature 
conditions of both ISO test procedures. 

Table 3 ISO 5151 and 13253 Temperature Conditions for Rating Air Conditioners 

I 
Moderate 

I 
Cool 

I 
Hot 

Dry Bulb Wet Bulb Dry Bulb Wet Bulb Dry Bulb Wet Bulb 

Location °C (F) °C reF) °C reF) °C (OF) °C (OF) °C (OF) 

Air entering 27 (80.6) 19 (66.2) 21 (69.8) 15 (59) 29 (84.2) 19 (66.2) 
indoor-side 

Air entering 35 (95) 24 (75.2) 27 (80.6) 19 (66.2) 46 (114.8) 24 (75.2) 
outdoor-side 

In comparing the operating conditions of the U.S. DOE and ISO test procedures, 
the temperature conditions of the U.S.' s window-type room air conditioner test 
procedure are virtually identical to the moderate temperature conditions of ISO's 
test procedure (only small differences exist due to temperature conversions). 
Thus, with regard to window-type room air conditioners, harmonization already 
exists between the test procedures currently in place in North America and the 
ISO 5151 (the applicable international test procedure for rating non-ducted 
equipment). 

Unfortunately, the same cannot be said for mini-split air conditioners and ducted 
central air-conditioning systems. The test procedure utilized by the U.S. and 
Canada for mini-splits and ducted central systems is drastically different than 
either ISO 5151 (the applicable international test procedure for rating non-ducted 
mini-splits) and ISO 13252 (the applicable international test procedure for rating 
ducted equipment). It is interesting to note that the moderate operating conditions 
for rating equipment under the ISO test procedures are virtually identical to the 
U.S. DOE's ~A& steady-state test conditions. But the DOE ~A& test condition 
is just one of the four operating conditions in which central equipment and mini
splits must be tested to in the U.S. and Canada. Thus, there is no direct 
comparison between the SEER efficiency rating utilized by the U.S. and Canada 
and the EER efficiency rating utilized by the rest of the world. 
The U.S. air-conditioning industry has called on the U.S. DOE to drop the SEER 
rating requirements for central air conditioners and adopt the testing and rating 
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requirements of ISO. But although the ISO test procedures offer simplicity and an 
avenue for world harmonization, the U.S. DOE is resistant to move away from an 
efficiency rating which they feel bests estimates the actual performance of central 
air-conditioning equipment. Also, as stated previously, the SEER can capture the 
efficiency benefits due to technologies designed to improve cyclic performance, 
such as variable-speed compressors and fans, which the EER of the ISO test 
procedures cannot measure. 

The disparity between the SEER and EER has significant implications on any 
future harmonization efforts between North America and the rest of the 
international community. Currently, the disparity in test procedures and efficiency 
ratings does not seem to be important. After all, ducted systems are almost 
exclusively used in North America while mini-splits are virtually non existent in 
the North American market. But the current situation could lead to future 
impediments to trade between countries. Countries may have to produce multiple 
energy efficiency labels and conduct additional testing to meet the regulatory 
requirements of different countries. 

4. Energy Efficiency Standards 

The u.s. National Appliance Energy Conservation Act of 1987 (NAECA 1987) 
established mandatory energy efficiency standards for window-type room air 
conditioners and central air conditioners. EER ratings for window-type room air 
conditioners ranging from 8.0 to 9.0 Btulhr/W (2.34 to 2.64 WIW) became 
effective in 1990. SEER ratings for split-system and single package central air 
conditioners of 10 BtulW-hr (2.93 W-hrlW-hr) and 9.7 BtuIW-hr (2.84 W-hr/W
hr), respectively, became effective in 1992 and 1993. Figures 3 and 4 show the 
historical progression of the shipment weighted energy efficiency ratings of 
window-type room air conditioners and central air conditioners, respectively 
(AHAM 1996; ARI 1996). 
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Figure 3 Shipment Weighted U.S. Window-Type Room Air Conditioner Efficiency 
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In the case of window-type room air conditioners, the trend in the efficiency as 
depicted in Figure 3 seemed to be only mildly affected by the imposition of the 
1990 minimum efficiency standards. But the rate of the efficiency increase is 
noticeably lower after 1990. This situation could be due to the U.S. DOE's 
lengthy efforts during the past five years to update the standards for window-type 
air conditioners. Manufacturers may have been holding off on investing in 
product efficiency improvements until knowing exactly the efficiency 
requirements of the updated standards. The U.S. DOE recently issued new energy 
efficiency standards for window-type room air conditioners which will become 
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effective on October 1, 2000 (U.S. Office of the Federal Register 1997).' For the 
most popular classes (those with cooling capacity below 20,000 BtuIhr (5862 
Watts), with louvered sides, and without reverse cycle) the new minimum EERs 
are 9.7 and 9.8 Btulhr/W (2.84 and 2.87 W/W). The new standards for the most 
popular classes are a 12 to 21 % increase over the existing standards. 

Figure 4 shows that minimum efficiency standards for central air conditioners had 
a much more dramatic effect on product efficiency than standards had on 
window-type room air conditioners. An increase of almost 1 SEER in the 
shipment weighted efficiency occurred once the 1992 standards became effective. 
This dramatically demonstrates the effect minimum efficiency standards can have 
on raising overall equipment efficiency. 

In the case of both window-type and central air conditioners, technological 
advances have enabled U.S. manufacturers to steadily improve product efficiency 
and meet minimum requirements for energy efficiency. Compressor efficiency 
has increased right along with the overall product efficiency. Rotary compressors 
utilized in room air conditioners now approach EERs (at standard rating 
conditions) of 11 BtulhrlW (3.22 W/W). The central air-conditioning industry 
has begun to move away from reciprocating compressors and now use scroll 
compressors where EERs exceed 11 Btulhr/W (3.22 WIW) at standard rating 
conditions. Although heat exchanger face areas have seemed to increase over the 
years, many manufacturers now utilize internally rifled refrigerant tubing and 
enhanced fin surfaces. Also, permanent split capacitor fan motors, with 
efficiencies ranging from 50 to 65%, have virtually replaced the use of inefficient 
shaded pole motors. A description of efficiency improvements for window-type 
room air conditioners can be found elsewhere (Rosenquist 1996). 

The U.S. 's leading role in developing air conditioner standards has had a direct 
impact on its neighboring countries as both Canada and Mexico have instituted 
minimum efficiency standards for air-conditioning equipment which are currently 
harmonized with those in the U.S. The Canadian minimum efficiency standards 
for both window-type room air conditioners and central air conditioners and the 
Mexican standards for window-type room air conditioners are identical to those 
that are in effect in the U.S. (Natural Resources Canada 1996; lEA 1996). It will 
be interesting to witness whether the Canadian and Mexican governments update 
their window-type room air conditioner standards to be harmonized with the new 
U.S. standards that will take effect in the year 2000. 

There are a number of other countries which have developed either mandatory or 
voluntary efficiency standards for window-type or mini-split room air 
conditioners. It is unknown as to what effect the U.S.'s leading role in instituting 
standards has influenced these countries to develop standards of their own. Figure 
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5 provides a comparison between the existing mandatory and voluntary EER 
standards that currently exist in the U.S., Canada (Natural Resources Canada 
1996), Mexico (lEA 1996), South Korea (Turiel 1997), the Philippines (Rumsey 
and Flanigan 1995), China (Nadel et al. 1995), and Japan (Nakagami and Litt 
1997) for window-type and mini-split room air conditioners. Although very slight 
differences in the temperature conditions exist between the U.S. DOE test 
procedure (utilized by the U.S., Canada, Mexico, and the U.S.) and the ISO 5150 
test procedure (presumably utilized by China, Japan, the Philippines, and South 
Korea), the resulting differences in the measured EERs from the two test 
procedures are negligible. Thus, direct comparisons can be made between the 
countries' efficiency standards. In Figure 5, the range of the existing standards 
are provided. The U.S. has the most stringent mandatory standards while Japan 
has the highest efficiency targets. 
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Figure 5 Existing World Efficiency Standards for Room Air Conditoners 
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Preliminary results from the study on energy 
consumption in the TV on mode 

Boudewijn Huenges Wajer and Hans-Paul Siderius, NOVEM 

1. Introduction 
Four years ago the growing energy consumption of brown goods started to draw 
the attention of European national energy agencies and of the CEC. 
In 1995 and 1996 two reports (1 & 2) were issued on "standby losses and energy 
savings potential for television and video recorder sets in Europe". Amongst 
others these studies contained the basic material for a voluntary agreement 
between European manufacturers on this subject. Such an agreement was 
established in the spring 1997 (3). Some European energy agencies started to co
operate on voluntary information activities for brown goods and established a 
voluntary quality mark for TVs and VCR in consultation with European 
manufacturers. In both studies it was recommended to pay also attention to other 
energy aspects of brown goods like TV on mode & standby active mode and 
IRD's. 
In this paper (preliminary) results of TV related energy studies will be presented 
which have been carried out or have been started in Europe in 1997 such as a 
statistical analysis (4) on existing TVs in the on mode and preliminary studies on 
IRD's from van Holsteijn en KemnaINovem (5) and Consumer Association! 
Omvarden for CEC DG XVII (6). 
Late 1997 the study (7) on TV on and TV related equipment commissioned by 
the European Commission, started. This study which will be explained later aims 
at analysing market trends, energy saving possibilities and policy measures like 
voluntary targets, labelling and procurement. 

1.1 The European market and park of TVs: some figures 

The European brown goods markets in total is very competitive. The market for 
TV remains relatively constant with arumal sales of approximately 20 million 
TV's (2). The sales of TV's sold in the Netherlands e.g. (8) have shown only a 
small increase over the last 3 years (from 890.000 in 1994 to 930.000 in 1996). 
The value of the market however is decreasing despite the introduction of new 
high cost models). In the Netherlands the price index for TV's and VCR's 
dropped 27 % over the last 7 years. Only due to the recent high increase of sales 
of wide screen TV's have (temporarily) stabilised the value. In table 1 the 
mechanism of market shifts is illustrated. 
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Table 1: Fraction of volume and value _(FIAR 1997, Netherlands) 
nonnal screen (4:3) wide screen (16:9) 

Fraction (%) sIze sIze 

<44cm 46/55 cm 63 cm >66cm <70cm >70cm 
1994 volume 30 30 22 15 -- --

value 13 27 32 28 -- --
1995 volume 29 33 22 14 -- 2 

value 11 26 31 26 -- 6 
1996 volume 29 30 18 13 2 8 

value 11 22 23 19 4 21 

The park of TV's in 1996 in the 147 million EU households is estimated at 218 
million TV's, a number which is expected to rise slowly to a level of more than 
250 million in the next decade due to the increase in the number of households 
and ownership levels of 2nd and 3rd TV sets (1). 

1.2 Energy consumption of TV sets in on mode in Europe 

The 1995 study (1) gave estimates for the power consumption of TV's in on 
mode. Despite the fact that the average figure decreased in the 70's and 80's from 
250 W to 60 W, the present average level (screen size weighted) for new models 
is on a level of approximately 80 W and is expected to rise further due to the 
penetration of wide screen and 100 Hz TV's. According to the statistical analysis 
the (average) impact on power consumption is l.2 W per cm (visible screen 
diagonal). This means that an (average) 63 cm TV would consume (at least) 20 W 
more than an (average) 46 cm TV, due to the larger screen size. Figures from 
consumer tests over the last years illustrate this trend. Figures from the latest 
Consumentenbond test on 71 cm TVs illustrate the difference in power 
consumption between 50 Hz and 100 Hz. 

Table 2. Differences in power consumption between 50 Hz and 100 Hz TVs (screen 
format: 4:3, screen size 71 cm) 

50Hz 100 Hz difference 

P on mode 69 to 88 W 100 to 124 W 3lt036W 

Source: Consumentenglds, Apnl1997 

However, it must be noted that these figures can only serve as illustration because 
the power consumption depends also on other features. 
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In the 1995 study (1) total energy consumption of the park was estimated based on 
some assumptions on the park, hours of use and average power consumption. It 
was estimated that the energy consumption would rise from 28 TWh in 1996 to 
more than 40 TWh in 2010. Comparing this figure to standby energy 
consumption: due to measures of industry to implement low standby technology 
the total standby energy consumption for TV's - in this period - would stay on a 
level of 5 TWh or even decrease (2). 

1.3 Results from the 1996/1997 analysis of TV sets in on mode 

The study for Novem by van Holsteijn and Kemna (4) to investigate the 
possibilities to reduce the energy consumption of TV's in the on mode has been 
split up into 3 phases commissioned by Novem in 1996 and 1997: 
a pre study, a statistical analysis and a technical analysis. The technical analysis is 
part of a technical economical analysis within the 1997/1998 EU study "Analysis 
of energy consumption and efficiency potential for TV's in on mode" (7) 
commissioned to Novem and which will be discussed later. 
Based on a regression analysis (see table 3) of data on 613 different models the 
following features are found to have a significant impact on power consumption of 
TVs in the on-mode. 

Table 3: Results from the regression analysis (4) 

Results ofregression analysis (n=613, R2=0.78) 
Impact Lower 95% Upper % 

Feature [W] [W] 95% [W] Interval ~ 
[W] 

screen size [per cm] l.2 l.0 1.3 0.3 0.5 
0 

100 Hz 37.8 33.9 41.6 7.7 0.3 
9 

stereo 1l.5 7.6 15.3 7.7 0.1 
4 

surround sound 15.2 9.8 20.6 10.8 0.1 
1 

second tuner 12.2 5.9 18.5 12.6 0.0 
8 

PAL plus 15.6 8.0 23.1 15.1 0.0 
8 

satellite tuner 10.1 0.2 19.9 19.7 0.0 
4 

tv vcr combi 27.5 17.1 37.8 20.7 0.1 
0 

constant 8.2 2.2 14.3 12.1 
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With the help of the results of this regression analysis, an indication of the energy 
savings potential can be given. The figure below shows 3 different types of TV s, 
characterised by the screen size, the power consumption of: 
an inefficient TV, an average TV and an efficient TV, where inefficient, average 
and efficient are related to the results of the regression analysis (table 4) as upper 
95 % value, (average) impact and lower 95 % value. 
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Figure 1: results of a regression analysis of 3 types of TV's (4) 

90 

The maximum savings potential for a single TV, according to this analysis, is 
when an inefficient TV is replaced by an efficient TV. The analysis reveals a 
decrease in power consumption between 22 W (for TVs with 30 cm screen size) 
and 54 W (for 90 cm screen TV's). With a usage time of 4.5 hours per day for 
344 days plyr, this would mean an average saving of 55 kWh p/yr. However, 
regarding all TVs of the sample, half of this maximum potential can be realised. 
Thus, on average a savings potential of 28 kWh per year can be indicated. Table 5 
gives an overview of the savings potential. 
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Table 4: overview of savings potential from a statistical analysis (4) 
Screen 
size. 

Savings potential (statistical analysis) 

Power consumption Energy consumption 

maximum average maximum average 

W % W % kWhlyr % kWhly % 

30 em 22 36 11 23 34 36 17 23 

60 em 36 31 18 19 55 31 28 19 

90 cm 54 31 27 18 83 31 42 18 

It must be noted that the savings potentials indicated above are based on statistical 
analysis on existing models. Further savings are to be expected from 
developments like flat screens and efficient power supplies. However, 
consumption figures of some flat screen models on the market show that the 
savings potentials haven't been realised yet. 
A second important remark is that power consumption figures depend on certain 
parameter settings (e.g. brightness, contrast) during measurements. Comparison of 
data from consumer organisations and manufacturers of the same models, showed 
that results of consumer organisations were on average 23 W lower than 
manufacturers' data. 
Goal of the technical and economical analysis within the TV on-mode project (7) 
is: 

to check the results of the statistical analysis (validation of energy 
consumption of features), 
to define a base case European TV (with regard to energy consumption in the 
on mode) and 
to indicate technical design improvements for reducing on-mode consumption 
of TVs. 

The validation of energy consumption of features should also enable a proposal 
for labelling categories for an EU energy label for TVs. 
Measurements will be done on 5 TVs: 2 wide screen TVs 100 Hz, I wide screen 
TV 50 Hz and 2 normal screen 50 Hz TVs. The selected models will be available 
on the market during the next I or 2 years. Table 6. shows the power consumption 
of the selected models for detailed measurements. 
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Table 5: Power consumption in on mode of models selected 

Model Screen size Wide screen 100 Hz Power consumption [W] 
[inches] [yin] [yin] 

TVI 28 yes yes 194 

TV2 32 yes yes 147 

TV3 27 yes no 70 

TV4 25 no no 99 

TV5 25 no no 88 

Table 5 already shows large differences between models with regard to energy 
consumption. Detailed measurements on functional parts of the models will be 
carried out to discover the causes for these differences. 
Preliminary measurement results show that there are large differences in power 
supply losses and differences in power consumption for the support circuitry. 

2. Energy consumption of IRDs: an estimation of 
savings 

Expectations (5 and 6) are that integrated receiver decoders (IRDs) will contribute 
substantially to the electricity consumption of households. 
With regard to the IRD, energy consumption depends on: 

the efficiency of the power supply 
(other) hardware, such as microprocessor, memory and other ICs of the 
terminal equipment in combination with the software 
various modes in functionality (and energy consumption), such as a standby
mode 

The combination of hardware and software is especially relevant for conditional 
access. Conditional access means that only those who are authorised to receive a 
certain service (mostly because they pay for the service), can use this service. For 
this purpose it is necessary that the identity of the (user of the) IRD can be 
retrieved and checked. This requires regular communication of the IRD with other 
parts of the chain. Therefore it is in some cases required that the IRD is always in 
the on-mode. 
The average power consumption of present IRDs is between 20 and 25 W, both in 
on-mode and standby-mode. However, this figure is based on data from 
prototypes, in which not all memory is installed. If this would be the case, the 
power consumption in the on-mode can increase to values between 35 and 40 W. 
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The energy consumption of an IRD depends on the used channel: in case of 
satellite broadcasting, the voltage for the LNB has to be supplied by the IRD. This 
results in an increase of power consumption. 
In the study on Miscellaneous standby power consumption of household equipment 
(6) energy consumption for IRD's was calculated for 3 scenarios: 
- BAU: business as usual 
- MDD: manufacturer driven development 
- MEE: maximum energy efficiency 
In the BA U scenario, current values for standby power consumption have been 
used (20 W). In the MDD and MEE scenarios, a value of 14 W was used. 
Furthermore, the standby active time in the MEE scenario was reduced from 17 to 
1 hour per day. In table 7 shows EU results for 1996 - 2010. 

Table 6: Estimation energy consumption IRD's in the EU for 1996-2010 

E consumption 1996 2001 2006 2010 
(GWb)/year 
BAU scenario 2613 7854 14073 19039 
MDD scenario 2613 7196 10940 9312 
MEE scenario 2613 5242 6679 5678 

3. The new EU TV on mode study: an outlook 

The EU study" Analysis of energy consumption and efficiency potential for TV's 
in on mode" commissioned by the CEC DG XVII to Novem started autumn 1997. 
The study team (7) consisting of energy agencies, consultants and Consumer 
Association UK analyses TV and TV related equipment like IRD's in co-operation 
with industry and utilities. The study deals with: 

1) Technical and economical analysis based on desk research, expert opinions 
and measurements resulting in: 
• recommendations for updating the definitions/test methods for TV's 
• a base case TV 
• a proposal for TV labelling categories 
• design options including an economical assessment 
• a technology assessment of new energy related trends and impacts 

2) Market analysis based on desk research and expert opinions resulting in: 
• a market description: sales, production, energy consumption models 
• market structure, trends, usage, penetration levels and park 
• load curve and energy consumption of the park: base case 1995-2010 

3) A preliminary policy impact analysis based on desk research and experts 
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opinions resulting in: 
• assessment of appropriate policy measures to achieve possible savings 

like labelling, quality mark, voluntary agreement, procurement, incentives 
etc. 

• a policy/energy consumption framework with quantitative scenario's 
• analysis of impacts to energy consumption, industry, consumers etc. 
• conclusions and recommendations 

The final report of this study can be expected auturrm 1998 

4. What brings the future? 

Several technical and market developments influence the energy consumption of 
TV's and decoders. Technical developments which will result in an increased 
(specific) power consumption are faster micro processors and larger memories. 
Also the first generation flat screens will have a larger power consumption than 
conventional TV's. Market developments that lead to larger power consumption 
are larger screens, the trend to wide screens and surround sound. 
On the other hand the following technical developments could lead to a decrease 
ofthe(specific) power consumption of TV's and decoders: a lower supply voltage, 
further integration of circuits, careful design of printed circuit boards and chip 
lay-outs, and new IC production techniques. 
With regard to market trends an energy label could lead to more emphasis on 
efficient TV's. 
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Study On Miscellaneous Standby Power 
Consumption of Household Equipment 
(light - audio - white goods) 

Olof Molinder, OMV A 

1. Introduction 

The presentation will be based on a report about the miscellaneous standby 
consumption of small electrical and electronic appliances in European 
households. Honestly, it is a rewrite of the executive summary of the report. 
The work has been commissioned through a consultant assignment fully financed 
by the European Commission. Four organisations were involved and the work was 
carried out during the spring of 1997. Representatives of the relevant industries 
and policy-making organisations attended planned meetings and were also given 
the opportunity to comment on draft versions of this report. 

2. Selecting products 

Criteria was set up for selecting a limited range of items from the wide scope of 
products originally listed by the Commission. It is obvious that some components, 
for example power supplies, are used for several different products. Also, some 
new products and new technologies will playa significant role in the near future. 
The selected products and appliances are presented in bold italics in the following 
table. 

Appliances 
Microwave ovens 
Satellite receiver, IRD 
(hifi-equipment, lighting, chargers) 

Components 
(power supply, display) 
(power supply, ICs, display) 
Power supply 
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3. Analysing technologies and their development 

There are two major changes that will dominate the stand by power consumption of 
the selected products; 

- switch mode power supplies will to a large extent replace linear power supplies. 
This will reduce future electricity consumption. 
- Integrated receivers-decoders (lRD) (Set-Top Boxes) will be delivered "en 
masse". These commodities could be a part of a contract with a service provider. In 
that case they might not be bought by the consumer. When installed in the 
household the IRD might continuously use around 20 Wand would represent an 
additional miscellaneous stand by load. 
From selected appliances and components power consumption for three scenarios 
are described; 

Business As Usual (BAU) 
Manufacturer Driven Development (MDD) 
Maximum Energy Efficiency (MEE) 

4. Consumption and potentials 

Graph Total consumption for Scenario Business As Usual 
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In the graph above the Business As Usual Scenario leads to a miscellaneous stand 
by consumption of more than 45 TWh (9 large power plants) in about thirteen 
years. Figures on population, households, stock. sales and refresh rates are used to 
forecast the power consumption for the three scenarios. Within the scope of the 
study, no new market research has been carried out. We have used existing data 
only. 
The following graph compares the various scenarios. The Manufacturer Driven 
Development (MDD) should be achieved in the course of natural product 
development. Manufacturers and their markets must clearly focus on the issue of 
energy saving design criteria. Stimuli from general policies will support market 
pull. The Most Energy Efficient Scenario (MEE) needs, more and stronger policies. 
The MEE-level achieves a third of the Business As Usual (BAU) level 
consumption by 2010. 

Graph Energy consumption, all EU, per scenario 
In the next tables is indicated the saved energy, compared with the BAU scenario 
in 2001, 2006 and 2010. Power Supplies and Integrated Receivers/Decoders are the 
important appliances/components to work with. 

Table: Energy saved; Scenario Manufacturer Driven Development and Maximum 
Energy Efficiency in comparison with the Business As Usual Scenario. 
GWh MO IRD AM HF PS total 
BAU-MDD potential 
2001 97 657 42 271 474 1542 
2006 638 3132 286 1715 3231 9001 
2010 1415 9727 657 3698 7337 22832 

BAU-MEE potential 
2001 141 2612 61 306 688 3807 
2006 925 7394 414 1935 4684 15353 
2010 2051 13361 952 4173 10638 31176 

5. The market chain 

To illustrate the role of the userlhuyer, in relation to those that influence the design 
and power consumption technology, the following chain was established. Since the 
power consumption is seldom considered by the users when they buy electrical 
equipment. More efficient ways to influence what manufacturers produce must be 
looked for, other than through user opinion alone. I eMOMI. ~r--B-Uy-e-rs-"'~ UH~ > 
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Policies and actions proposed 

The Business As Usual Scenario will lead to a substantial 
energy consumption. 
The Market Driven Development Scenario shows a considerable 
reduction of the load and consumption 
overtime. 
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The Most Energy Efficient Scenario indicates another substantial step 
for active Policies 
The appliances and components subject to this study are distributed to 
the consumers in a wide range of ways. 
The study shows us that the appliances and components that make the 
biggest contribution to MSPC are rarely sold directly to the buyer/user. 
These commodities are included when you buy a major appliance. One 
example is the power supply for the charger of the mobile telephone, 
that mother brings home from her office. 
Following policies and actions are suggested to be prioritised; 

-1 Open an Interaction office, to make policies and 
actions visible and to have a communication node. 

-2 Power Supplies: a procurement program 

-3 Energy Saving outlets: 
Assess the possibility of commissioning a 
procurement program. 

-4 Integrated Receivers/Decoders: Discussions 
with the industry. 

-5 Answering machines: give the telephone service 
companies reasoned arguments to replace the private machines 
by "PTT -voice-mail-box". 

-6 Microwave ovens (MO) and Audio equipment 
Negotiate agreements with the industry on limiting the stand by 
levels. 



Marketing Energy Efficiency in High-Profile Markets 

Stephan Sylvan, 
U.S. Environmental Protection Agency 

1. U.S. and European Energy-Efficiency Initiatives 

The u.s. EPA recently finalized an agreement with the consumer electronics 
industry on a voluntary industry-government partnership to promote energy 
efficient TV, VCR, and TVNCR combination products using the ENERGY 
STAR« label. The industry and the U.S. EPA will officially launch the program 
at the Consumer Electronics Show« in January, 1998. The European Union (EU) 
and the Group on Energy Efficient Appliances (GEA) have been developing and 
implementing similar government-industry partnerships that promote consumer 
electronics energy efficiency. 

These efficiency programs for consumer electronics and small appliances have 
been developed in response to the rapidly growing energy consumption 
attributable to these products. The energy consumption from the energy category 
that includes consumer electronics, small kitchen appliances, household fans, and 
other small household electric appliances is one of the largest and fastest growing 
energy consumption catagories in the U.S. according to official statistics 
compiled by the U.S. Energy Information Administration (EIA). Consumer 
electronics, small kitchen appliances, household fans, and other small household 
electric appliances currently account for 30% of household electricity use. By 
2015 the U.S. EIA expects this number to grow to almost 50%. 
The U.S. EIA estimates that the energy demand for these miscellaneous 
electricity devices is growing at an annual rate of 4% with an expected doubling 
between 1990 and 2000 and tripling by 2010 (see charts below). According to 
Lawrence Berkeley National Laboratory (LBNL), this category is growing so fast 
that miscellaneous electricity is projected to contribute virtually all the net growth 
in carbon emissions in the buildings sector from 1990 to 2010. Similar studies 
showing the rapid growth of miscellaneous electricity have been conducted in 
Europe. 

High-Profile Miscellaneous Plug Load Products 
Miscellaneous plug load products are typically more visible to consumers and the 
general public than those traditionally targeted for energy-efficiency 
improvements. The markets for products in the miscellaneous plug load category 
are very different from the markets for the traditional targets of energy efficiency 
such as space heating, space cooling, lighting, water heating, and refrigeration. A 
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comparison of the two extremesuconsumer electronics and water heaters--is 
instructive. 
Despite their importance in terms of energy efficiency, water heaters are a low 
profile product. Most consumers will never purchase one in their lifetimes. Those 
that do are limited to a very narrow demographic (homeowner, landlord, etc.). 
Few know the major brands. Probably fewer know what features or functionality 
to look for in a water heater besides price. For replacement purchases, consumers 
are not likely to invest more than a few minutes on the investment decision. 
Anecdotally we can expect the purchase decision to be boiled down to statements 
like. Give me whatever is on the truck6 News stories about water heaters are 
scarce. Advertising may be even scarcer. 
Moreover, once the water heater is purchased it is almost completely out of sight 
and out of mind until the next breakdown. We hide them in the basement, utility 
room, or elsewhere. We tend not to visit them unless they fail or we happen to 
walk past them on the way to the washing machine or clothes dryer. We do not 
even operate any of the controls on the unit unless or until the children complain 
about a lack of hot water. 
Consumer electronics, by contrast, are among the most high-profile products in 
the industrialized world. To a large extent, they define the information age in 
which we live. They are covered extensively by the news media. They are heavily 
advertised. They are prominent features in our homes and in our offices. We 
interact with them daily, hourly, sometimes by the minute. In some product 
categories such as electronic games, teenagers and even small children have 
significant if not overwhelming influence on the purchase decision. They often 
know how to work the controls better than adults. All of us are familiar with their 
brands. Why? Not only because they are heavily advertised but because they face 
us at almost every turn. We place them in our living rooms, our work rooms, our 
kitchens, even our bedrooms. 

The table below provides a visual comparison of the market characteristics of 
water heaters to consumer electronics. Refrigerators are included as an additional 
case to provide contrast. 

Market Characteristic Water HeatersRefrigeratorsConsumer ElectronicsProducts 
covered heavily by the popular media 
--(Products purchased by broad demographic (e.g. age, home ownership, income, 

etc.) 
--(Products purchased frequently by consumers 
--(Consumers associate products with entertainment and recreation 
--(Price differential of efficient products is small (relative to total product price) 
--(Products heavily promoted and advertised by manufacturers and retailers 
--(Consumers invest significant time in purchase decision 
--(Consumers have significant knowledge of product features and performance 
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--(Consumers have significant loyalty to major brands 
--(products in consumer eye long after purchase 
--(Consumers have frequent interaction with product after purchase 
--(Significance of High-Profile Markets 

Note how each of the above factors can contribute to intense public, consumer, 
and media attention, with the attendant risks and opportunities. A poorly run 
water heater efficiency program that promotes substandard products to the wrong 
consumers may not result in a strong public, consumer or media reaction. Such a 
program for consumer electronics, however, could possibly gain exposure to a 
broad demographic, receive significant media coverage, would likely have 
profound affects on consumer attitudes towards not just efficient consumer 
electronics but quite possibly towards the concept of energy efficiency itself. 

2. Principles for Program Development and Marketing 

The following set of principles could serve as preliminary guideposts for ensuring 
that the efficiency opportunities are fully exploited in the miscellaneous 
electricity product markets: 
truth and consistency in advertising: For labeling programs, a product bearing a 
label that symbolizes energy efficiency is tantamount to a public statement by 
industry and government that the product is energy efficient. Specifications must 
therefore be defmed to ensure that all products bearing such a logo are capable of 
withstanding public scrutiny for such a claim. Since the primary responsibility of 
program managers is to make national efficiency improvements for a particular 
class of products, temptations will exist to allow exceptions for individual 
products. Intense popular media coverage, however, could magnify an exception 
case to the point where the public may perceive it to be the rule. Routine and 
careful monitoring of compliance is also necessary to ensure that consumers and 
the public are not misled by unreliable claims. 

Pedormance and Reliability: Every effort must be made to ensure that the 
energy-efficiency features of these products do not interfere with product 
performance or reliability. While this responsibility falls primarily on the 
manufacturer, programs should be developed from the beginning with this 
principle in mind so that all parties can anticipate and prevent them. 
simplicity and focus of message: Since the programs for miscellaneous electricity 
will be formally introducing many consumers and much of public to the concept 
of energy efficiency for the very first time, it is vital that the message is simple 
and focused. This will mean selecting only one or two of the primary benefits of 
energy efficiency (e.g., saving money and saving the environment), simplifying 
them down to understandable terms (e.g. avoiding leaking electricity), and 
focusing on them repeatedly and exclusively. Selecting the most widely 
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recognized symbols for energy efficiency, with positive brand attributes, will 
ensure that the message remains focused on energy efficiency and that industry 
participants will have the necessary incentives to investment in promoting the 
message. 

Flexibility and responsiveness in specifications: A difficult balance must be 
struck between keeping specifications in place long enough for manufacturers to 
receive a proper return on their investments and keeping the specifications current 
enough to respond to a rapidly changing marketplace. Building these programs 
around a voluntary industry-government partnership will ensure that informal 
negotiations can take place as often as necessary. 

International cooperation and coordination: The manufacturers, products, and 
even large buyers for these products are often international. Therefore, significant 
opportunities should exist for reducing product and program design costs and 
increasing market acceptance through the sharing of efficiency ideas both for 
product design and program design and through coordination and harmonization 
of the programs themselves. 
The old expression, You never get a second chance to make a good first 
impression,o is appropriate as the energy-efficiency community moves into the 
market for high-profile products such as consumer electronics. The impression 
created in the consumer and public mind for high-profile productsmavorable or 
unfavorable--will inevitably spill over to traditional products and markets. We 
have a collective responsibility in the energy efficiency community to ensure that 
this impression is favorable. 

Annual Energy Outlook 1997, December 1996, DOEIEIA-0383(97), U.S. Energy 
Information Administration. 
Koomey, Jonathan G., oTrends in Carbon Emissions from U.S. and Commercial 

Buildings: Implications for Policy Priorities.o in Proceedings from the Climate 
Change Analysis Workshop, Hosted by the U.S. Department of Agriculture, U.S. 
Department of Commerce, U.S. Department of Energy, U.S. Department of State, 
and the U.S. Environmental Protection Agency; June 6 and 7,1996. 
P. Bertoldi, O. Molinder, Study on Miscellaneous Standby Power Consumption 

of Household Equipment (ligth-audio-white goods), EU Contract 4.10311E/96-
008 .. 

An End-use Measurement Campaign in the Domestic Sector in France, 
Commission of the European Community, Programme SAVE Constract No. 
4.1031193.58. 
Huenges Wajer, B. P.F., Study of Standby Losses and Energy Savings Potential 

for Te13evision and Video Recorder Sets in Europe, Contract EC-DGXVII 
4.10311E/95-001, September 1995. 



The GEA Consumer Information Scheme 

Rolf Schmitz 
Swiss Federal Office of Energy 

1. The Group of Efficient Appliances GEA 

Due to the rising importance of the energy consumption of office equipment and 
entertainment electronics on the total use of electricity some European Energy 
Agencies and governmental bodies planned to promote energy efficient applian
ces in their markets whereby each of them had own ideas regarding categories, 
testing methods and promotion 
tools such as labels, logos and/or Actual GEA-VIA Members 
lists. To prevent too many diffe- EA NRW Energieagentur 
rent national schemes the Euro- Nordrheinwestfalen (D) 
pean Energy Network E"R or- E.V.A. Energieverwertungsagentur (A) 
ganised a meeting to bring the DEA Danish Energy Agency (DK) 
existing ideas together. MOnV A Information Center for Energy 

Efficiency (FIN) 
In March 1996 the DEA, NOVEM Nederlandse Organisatie voor 
NOVEM, NUTEK and the Energie en Milieu (NL) 
SFOE formulated a NUTEK Swedish National Board for 
lyfemorandum, of Understanding Industrial and Technical 
MoU (see chapter 2) to establish Development (S) 
a uniform European-wide SFOE Swiss Federal Office of Energy 
scheme on Voluntary L...-_-::-----'-CC_H--'-) ________ ----' 
fuformative Activities (VIA). As the EfiR took over the patronage the joint 
activity was defined as a task of the Group of Efficient Appliances GEA - a 
working group of EfiR - and the participating bodies were referred to as the GEA
VIA members. 

As a first step the GEA-VIA members decided to build up a promotion scheme 
for television sets (TV) and video recorders (VCR) in their local markets. At a 
later stage it is intended to enlarge the scheme to office equipment. 
As local and national purchasing behaviours and market structures are different in 
each country only product categories, testing methods and promotion criteria were 
harmonised. The local or national promotion itself depends on budget and 
personal resources of each single GEA-VIA members. 

As at that time only Switzerland was already running a promotion scheme for 
office equipment and entertainment electronics (see chapter 3) it was decided to 
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take over the Swiss scheme and to use the Swiss quality to distinguish the energy 
efficient models. 

To also involve the European industry into this process contact to the European 
Association of Consumer Electronic Manufacturers EACEM was established and 
an Industry Working Group was set up. Since then GEA and EACEM define the 
categories, as well as testing methods and the promotion criteria, in close co
operation. 

Since 1st of September 1997 GEA runs a Home Page www.energeavia.org on 
which the actual list of promoted models for each GEA-VIA member country can 
be downloaded. Beside useful information on the GEA and the actual criteria also 
a description of the National Activities and the registration procedure are avail
able. On that side hyperlinks connect to the home pages of EnR and EACEM. 

2. The Memorandum, of Understanding Mo U 

By signing the MoU the GEA-VIA members committed themselves to ... 
• co-operate when planning or introducing voluntary informative activities 

regarding office equipment and entertainment electronics; 
• use common definitions, testing methods and criteria; 
• revise the criteria regularly; 
• promote the most energy efficient 25% of the models available on the joint 

market; 
• use the Swiss Energy 2000 criteria as a starting point; 
• be open for other members to participate. 
The membership of GEA-VIA has no financial consequences. 

3. The Promotion Criteria 

TV and VCR meeting the following criteria may be promoted by using the GEA
VIA label: 

Category Mode: stand-by 
1997 1998 1999 

TV - with Auto-Power-Off 7 watts 7 watts 7 watts 
- all others . 4 watts 3 watts 3 watts 

VCR 5 watts 4 watts 4 watts 

For each model meeting the criteria, the application and registration can be done 
with each National Registration Offices (NRO). The registration is valid only for 
the actual year. 
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The criteria for TV and VCR is already given for the years 1997 until 1999. This 
should give the opportunity to the manufacturers and importers to inform their 
mother companies early enough about the progress of the GEA-VIA scheme. 

Whether or not new categories (e.g. combos: combined TV&VCR in one single 
casing) or other types of appliances (e.g. hi-fi or satellite receivers) have to be 
introduced, is still to be discussed in the regular Spring Meeting of the GEA-VIA 
and industry. 

4. The Energy 2000 Quality Label 

Within the Federal Action Programme Energy 2000 of the Swiss Federal Office of 
Energy (SFOE) a promotion campaign for energy efficient office equipment and 
entertainment electronics is running since 1994 (see box). To distinguish energy 
efficient appliances from others the Energy 2000 quality label, as shown in Figure 
1, has been successfully introduced in the market. The .....---------, 

The Energy 2000 
main criteria for energy efficiency is the power 

label promotes: 
consumption in standby mode. For some categories also f--....:....-----l 

f . 'd d h • copiers the power consumption in of mode IS consl ere . T e 
philosophy of the Energy 2000 label is to promote the • printers 

• fax machines most energy efficient 25% of the models in the market. To 
• workstations take actual trends into account the criteria is revised 
• monitors regularly (e.g. every year) in close co-operation with 
• television sets Swiss importers and manufacturers. The only exception is 

the revision of the TV NCR scheme which since 1996 is video recorders 

delegated to the GEA-VIA. In this case the co-determination has shifted from the 
Swiss companies to their European representative EACEM. 

5. The Working Philosophy 
The GEA-VIA meets regularly, at least once a year in the so-called Spring Meeting 
where all further activities, as well as changes in the GEA-VIA scheme (e.g. 
definition of new categories, revision of criteria, inclusion of other types of 
appliances) are discussed. To find the best possible consensus the Industry 
Working group is also present at these meetings. 

The National Promotion Activities are paid by each member themselves. For other 
expenses (e.g. experts, maintenance of the Home Page or production of handbooks) 
the single group member pay according to their possibilities. 
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6. The European-wide Registration of Models 
The manufacturer or importer can choose in which countries their energy efficient 
models should be promoted. The GEA-VIA makes standardised Application 
Forms available which can be ordered at each of the National Registration Offices 
(NRO). The registration is free of charge. Each NRO is free to offer pro
motional material such as labels, films or software at prime cost. 

To apply for the registration of a model the manufacturer or importer simply fills 
in the model's description and its (self-declared) power consumption value and 
ticks the boxes for which country the application should be valid. The Application 
Forms have to be sent back to any of the NRO, together with the signed 
Agreement on how to use the label and some other necessary basic rules. After 
receiving the confirmation from the NRO the manufacturer or importer may start 
using the label in own promotional activities. 

The NRO forwards the Application Forms to a Co-ordinating Agency which 
updates the GEA-VIA Home Page. From this Home Page each NRO receives a 
complete updated set of models to be promoted in the own country. 

7. National Promotional Activities 
Depending on fmancial and personal resources the single GEA-VIA members 
defines the level of the national activities. 

Promotion tool may be ... 
• to distribute a list of energy efficient TVNCR; 
• to promote the GEA-VIA Home Page; 
• to co-operate with big retailer chains: 

- commitments of retailers to only accept labelled models when selling them 
under the retailer's brand name; 

- retailers highlight labelled models in their prospectus and stores; 
• to recommend energy efficient TVNCR to purchasers; 
• to organise contests and lotteries; 
• to place advertisements; 
• to do PR in radio and TV; 
• to edit newsletters; 
• to publish articles in consumer magazines. 

Each GEA-VIA member country plans some of the above mentioned activities. In 
Switzerland all these activities have already been approved. 
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8. International Co-operation 

To make it more interesting for industry to participate in the GEA-VIA scheme 
harmonisation with the US Environmental Protection Agency EPA has been 
established as EPA plans to run its Energy Star Programme also for TV and VCR 
from January 1998. From the very beginning the two programmes will benefit 
from identical definitions, criteria and adapted testing methods. With this co
operation both partners, GEA-VIA and EPA focus on the promotion of the most 
energy efficient 25% of models in the market. 

In Germany a group of counties (Bundeslander) and the country-wide operating 
consumer organisation Bund der Energieverbraucher (see box) established the 
Gemeinschafl Energielabel Deutschland GED promoting the Energy 2000 label 
for office equipment and entertainment electronics. The harmonisation with this 
group is already set. The GED plans to become a member of the GEA-VIA. 
Contacts with other counties and big cities to join the GED are ongoing. 

Actual GED Members (D) 
Impulsprogramm Hessen 

Energieagentur Nordrheinwestfalen 
Impulsprogramm Berlin 

Bund der Energieverbraucher 

9. Looking Back & Ahead 

BACK: During the last year the most important work of the GEA was ... 
• the establishment of the GEA-VIA working group (e.g. MoU, Charter) 
• the set up of the registration scheme (e.g. application forms, database and 

software); 
• the technical issues (agreements with EACEM on definitions, testing methods 

and criteria); 
• the finalisation of the Handbook for the NRO; 
• the production of the Registration Package for manufacturers and importers; 
• the harmonisation with EPA; 
• the installation of the GEA Home Page on Internet. 

AHEAD: Within the next months the GEA-VIA members will ... 
• set up their National Promotion Activities; 
• produce appropriate promotion tools; 
• appoint a NRO; 
• test and - if necessary - improvement of the Registration Procedure; 
• inform the national manufacturers and importers about their scheme; 
• find national partners such as utilities, retailer chains, big stores; 



• develop a monitoring scheme 

Beside this the GEA will continue ... 
• maintaining and improving the GEA Home Page; 
• maintaining the GEA-VIA Handbook and the Application Package; 
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• harmonisation with EPA and other bodies planning or running labelling 
activities; 

• exploring the possibilities of how to include other groups of appliances (e.g. 
hi-fl, satellite receivers) into the GEA-VIA scheme; 

• informing others about the progress of its programme. 

10. Invitation to New Members 

Up to now the GEA-VIA has not run big PR campaigns for new members. As 
soon as the network is effective GEA-VIA will make a genuine effort in attracting 
interested bodies. 

If your organisation would like to support 
the GEA-VIA by becoming a member you 
simply have to contact the Chaitperson Dr. 
Rolf Schmitz. Membership is open to all 
EnR members but also other organisations 
or bodies may become members. 

Contact to GEA (chairman) 
Dr. Rolf Schmitz 
Swiss Federal Office of Energy 
CH-3003 Berne, Switzerland 

tel. +41313225461 
fax +41313232500 
e-mailrolf.schmitz@bew.admin.ch 



In-House Measurements of the Electricity Consumption 
of Home Entertainment Appliances: the CEMEDA 1 

Collaboration 

A. Anglade·, D. Beyrand··, G. Burle··, J. Roturier··· 

1. Presentation of CEMEDA 
In 1973, fmal energy consumption in the residential sector was 38 Mtoe, which 
could be broken down into 73% for heating, 15% for hot water and cooking and 
11 % for other specific electricity uses2• With the oil crisis, we became aware of the 
risk of shortages and efforts were focused on reducing our energy bills, especially 
for heating. Twenty years on, the residential sector accounts for 48 Mtoe, in other 
words, 30% more than in 1973. Our efforts to reduce energy consumption have 
brought the proportion used for heating down to 55%, but electricity used for 
specific purposes now represents more than 23% of the total. 
Over the same period, French and European households have equipped themselves 
with a multitude of appliances, which have now become commonplace (television, 
video recorder, hifi system, etc.). Households have acquired more appliances3 and 
the proportion of households with televisions, for example, has now risen from 
78.5% to 95%. In the case of telephones, 90% of households have a second phone. 
The Table 1 below gives the proportion of households in possession of some basic 
household durables. 

a e : roportlOn 0 T blIP fh h Id ouse 0 s e( ulppe WI ura e goo s. d 'th d bl d 
% of house 
holds with Television Telephone Fridge Fridge/freez Washing Dishwasher 

goods er machine 
1973 78 20 85 10 65 4.5 
1993 94.5 95.4 98.7 44.5 89.5 33 

Statistics currently available never make mention of the new types of appliance that 
are now commonly found in French homes, such as microwave ovens, answering 

lCEMEDA: Consommation Electrique des Materiels Electroniques Domestiques en 
Aquitaine 
• Ademe : 500 route des Lucioles 06 560 Valbonne - Telephone: 0493 95 7900 - Email: 
anglade@ademe.fr 
•• MD3E.sa: 16 route de la Brune 33750 Croignon - Telephone: 05 56 30 1260 - Email: 
md3e.sa@wanadoo.fr - internet: http://perso.wanadoo.fr/md3e/ 
••• Universite Bordeaux 1 - CENBG: BP120 33 175 Gradignan Cedex - Telephone: 05 56 
89 1800 - Email: roturier@borsuO.in2p3.fr 
2 Source: CEA energy memo, 1994. 
3 Source: INSEE: Household appliances in 1993. Sylvie Monteiro, no. 408, July 1995. 
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machines, video recorders, clock radios, digital television decoders, etc. For 
several years, some studies have shown the major impact of domestic appliances on 
a household's electricity bill and hence its not inconsiderable impact at national 
level. In operation CIEL 4, through a comprehensive and detailed survey carried out 
in the Drome department, it was possible to quantify with precision the contribution 
of most home appliances in our to the electricity bills. Moreover, at recent 
International Conferences5 considerable attention has been paid to the problem of 
domestic small appliances in planning for electricity consumption, suggesting that 
there is a growing interest by various bodies in this area of investigation. 
The CEMEDA project grew from this observation aiming to measure precisely the 
impact of new technologies on household consumption and to define an energy 
pattern, alike an ID profile for specific types of home and types of use. To do this, 
we use a methodology and measuring equipment which has already been tried and 
tested in another study (MACEBUR - SA VE6). The equipment is accurate enough 
(1 W) to measure exactly the electric specifications of appliances often having a 
power load of a few Watt. Intending to search out places where energy savings do 
exist, for each end-use the exact power requirement as well as the actual Time-Of
Use were identified. Subsequently, by knowing the precise role of each piece of 
equipment and each power level, any possible energy conservation potential may be 
calculated. 
CEMEDA should be implemented in three steps. In the present first step, a 
feasibility study, approximately 400 appliances are monitored in twenty homes. The 
preliminary results, obtained in partnership between Ademe, MD3E and CENBG
University of Bordeaux, as briefly introduced here, represents a validation of the 
experimental methodology in the residential sector. The choice of housing was 
based on the distribution of different types of housing given in INSEE7 

publications. One of the aims of the campaign is to complete this information at 
local level using data relating to consumption characteristics from CEMEDA 
measurements. Final results should be shown early 1998. 
In a second step, measurements should be performed on an enlarged sample. 
Finally, in a third step, such studies should be carried out in other EU countries, 
analysing in detail the impact of information campaigns and of energy efficient 
labels on household consumption. 

4 CIEL: controlling the demand for electricity, through an in-house measurement scheme. 
SAVE, an ECC programme. Studies carried out by O. Sidler (consultancy). 
5 Energy Savings Home Entertainments Electronics, Copenhagen, 15-16 May 1995, for 
example. 
6 MACEBUR is a acronym standing for (in French): MAitrise des Consommations 
d'Electricite de la BUReautique : "Contract EC-DG XVII No. 411031/S/94-087", University 
of Bordeaux l.. 
7 Housing and occupation of the housing stock in 1988 and 1992, INSEE 1995. 
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2. Results 
To date, data from 20 households were obtained, the study having been spread over 
a four-month period. Out of 300 domestic appliances that have been monitored over 
a period of three weeks each, 220 sets of results are available, analysed in the 
following. The distribution of the metered appliances is shown in Figure I. In Table 
2, the distribution of appliances according to power levels are shown. These results 
are used to identifY the electricity end-use sectors in the households. The 
identification consists of specifYing each group of equipment or power use, in order 
to quantifY precisely the average annual consumption, the different levels of power 
load and their respective roles in the operation of the appliance. The related annual 
active and apparent energy consumed are assigned to each level of operation. A 
detailed analysis will bring out typical electricity patterns, as in the case of 
electronic office equipment, a sector which is beginning to encroach on the 
domestic sector (see MACEBUR study in reference 6). In the CEMEDA final 
Report, the impact on the households overall electricity consumption, in terms of 
power load and consumption, extrapolated to France and Europe, is roughly 
assessed for each case-study. An important conclusion of the analysis, is to identifY 
and quantifY exactly any energy conservation potential and finally the possibility of 
levelling out the curve for the electricity demand. 
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Figure I: Distribution of appliances studied - constantly modified 
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T bl 2 D' 'b . f r d' a e : lstn utlOn 0 appliances accor mg to power eve s 

Level of Power Number of appliances % 

1 115 68 
2 98 58 

3 59 35 

4 50 30 

5 49 29 

6 52 31 

7 62 37 

8 139 83 

Table 2, showing the relative power levels as defined in the analysis, from level 1 
the maximum or "Active" power load to level 8, the lowest "Suspend" mode, 
demonstrates that domestic appliances are operated according to complex power 
regimes. In the analysis, it is therefore necessary to associate to each level a 
functional role, then removing any possible anomalies between functional criteria 
and power levels. In doing this, it is sometimes possible to detect an opportunity 
for energy savings. In the following, for each type of equipment, a brief summary 
of data and conclusions is given 

TV sets: 
From the measurements, it may be shown that a TV set the power load is, on 
average 1.8 W per centimetre of the diagonal measurement of the screen, ranging 
from 1.5 W/cm to 2.1 W/cm. The most recent models appear to fall into the lower 
part of the group. Average annual consumption for all groups is about 140 
kWh/year, for an average daily use of2.5 hours/day 8. The average power factor is 
0.6 in "on" mode and 0.5 in "standby" mode. The level of power used when on 
standby, not depending on the screen size, is about 8 W, with a maximum of 12 W 
and a minimum of 5 W. The very large difference between the power level when on 
"standby" and the power level when "on" suggests that the annual consumption is 
mainly resulting from of the "on" mode. However, the electricity savings from the 
standby mode can be exploited immediately through user awareness campaigns 
although any improvement of the energy efficiency in "on" mode, would require 
much R-D-D efforts that necessarily needs some time to reach the marketplace. In 
Table 3, two TV sets are compared: the first set, never switched-off, is left in 
standby by the user while the second user always turns off the set. In the case of the 
first case, 47% of annual consumption is "Electricity Leakage" . 

8 Such apparent low Time-Of-Use, twice lower than the average French one, may be 
explaimed by the period of the year, the summer, when the occupants may prefer outdoor 
activities 
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a e : n uence 0 user T bl 3 I fl f e avlOUf on energy consumptIOn Jy te evisions. b h . b 
TV Time in Energy Energy consumption Total energy Energy 

use consumption in effective use mode consumption consumption by 
(H/day) in standby (kWh/year) (kWh/year) hour of 

mode effective use 
(kWh/year) (kWh) 

I 1.32 83 94 177 0.21 
2 1.64 8 138 146 0.07 

The kWhiheffective use ratio showed a difference of a factor of 3 between the 

television on standby and the one that was always switched off. In Figures 2 and 3, 
the range of the average levels of power per hour (Wh/h) is shown for each TV set. 
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Figure 2: Range of power levels for television # I . 
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Figure 3: Range of power levels for television 

Power levels are colour coded: white corresponds to the television being in 
"Active" use, black indicates that the television is switched off (active power = 

OW) and grey indicates standby. As previously told, TV set # 1 was always on 
standby when non-active. Three periods of use can be clearly identified: in the 
morning, between 7 and 8.30, between 12.30 and 4 p.m. and then in the evening 
from 6 to about 11. On the contrary TV set # 2 was usually switched off at night. 
Periods of use can be observed here too. However, in some cases the users may 
turn the set off using the remote control, and this accounts for the periods of 
standby (shown in grey). Even more energy savings could therefore be made here. 
Nevertheless, although those viewing TV set # 2 watched more television per day 
(about 25%), the extrapolated annual energy consumption should be 21% less than 
that of TV set # 1. 

Video recorders (VCRs) 
For VCRs, 3 principle functioning modes were identified: 

• "ON" corresponds to watching a cassette or recording a programme; 
• "standby" means that there is a cassette in the machine but it is not 

being used either for viewing or recording, 
• "OFF" means that only the time is showing. 

Power levels for each of these modes are respectively 23 W, 17 Wand 9 W while 
the average power factor is 0.6 for the first two modes and 0.5 for "OFF". In 
terms of consumption, the average is about 100 kWh/year, but of this 90% is the 
result of standby mode ("Electricity Leakage"). 
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Hi-fi 
Hi-fi represented only a very small proportion of consumption in the households 
sampled. The average was about 36 kWh/year but for a listening time which 
represents about 6% of total time. 

Audio video combinations 
Under this heading, appliances such as TV sets, VCRs, satellite receivers, decoders 
for coded channels, etc., possibly plugged on the same box, are grouped. Annual 
consumption for these combinations was approaching 400 kWh/year but of this 
only 20% results from the active mode. The average power of the standby mode 
was 45 W. Only 5% of homes studied to date had all the equipment for satellite 
reception (both digital and analog channels) complete with audio-video amplifier to 
reproduce "movies" sound. This is therefore a sector to be monitored closely in 
future, as consumption will increase as this new technology penetrates the market. 

Clock radios 
Such appliance was by far the one most commonly found in our sample. It was not 
unusual to find 2 or even more clock radios. Their average power, permanently 
consumed, was 2 W but the average power factor was less than 0.5 (Whole French 
Radio clocks: 350 GWh; equivalent to home electricity consumption of 200 000 
people - i.e. Bordeaux -). 

Computers 
Forty per cent of households studied were equipped with a computer. A multimedia 
home computer, with a 14 or 15" screen and a printer, is typically found. 
Interestingly, although all the users studied used their computer very sensibly, in 
40% of cases the computer continued to consume electricity, even when switched 
off. Average consumption was 106 kWh/year (compared with 300 kWh/year by the 
work station in the MACEBUR study) for an average "Active" power of about 
100 W. The average Time-Of-Use was about 2.8 hours/day. Personal computers are 
perhaps taking over from televisions, but one computer per person is required 
("personal" being the operative word!). 
The Table 4, sums up the power levels for the main appliances in the domestic 
electricity group. 

9 This observation has already been analysed in the MACEBUR study by CENBG. 
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T bl 4 I fl f h a e : n uence 0 t e ~ower actor 
# Active Apparent Power Active Apparent Power 

Power Levell Power Level 2 
Levell (VA) Level 2 (VA) 

(W) (W) 
Answering machine 10 3 6 2.510 6 

Hi-Fi 8 5 9 25 33 
Microwave 8 2 9 1019 1133 

VCRs 8 9 18 21 35 
Clock radio 12 1.5 3 

Coded channel decoder 4 II 15 
TV set 8 8 18 116 177 

When metering the home, measurements on every single appliance that is plugged 
onto the mains supply are done. In a few cases, the electricity consumption has 
been directly metered at the point of delivery that possibly permits, by deduction, to 
analyse the electricity consumption by end-use sectors. The metering equipment, 
(accuracy ± 1 W), enables a very precise study of the impact of low-power 
appliances such as VCRs, radio-clocks, answering machines, etc. Moreover, by 
recording the Power Factor, as shown in Table 4, it has been possible to assess its 
influence on the amount of power required, at the busbar, especially in standby 
mode. Although for the consumer the standby mode consumption appears to not be 
expensive, it is very much less so for the utility. 

At the current state of the CEMEDA study, and based on results obtained to date, 
the following points may be highlighted: 
through the measurements, the actual Time-Of-Use (TOU) of any appliance in each 
operating mode is quantified. From these results, it was possible to evaluate 
precisely the internal thermal energy dissipation under normal operating conditions, 
a key element used in the calculation of the MTBFll. 
The active power of a telephone being about 3 W or 9 V A, 24h124h and 365 days a 
year, the annual consumption may amount to 80 kV Ahlyr. This consumption is 
approximately 10 to 15% of that of an average-sized refrigerator. If an answering 
machine is added, then consumption is doubled. 
A similar comment can be made with regard to television decoders, satellite 
demodulators or receivers for digital channels. With a typical apparent power of the 
order of 15 VA and an annual consumption of 130 kV Ahlyear, the consumption of 
each of these pieces of equipment is 20 to 30% of that of a refrigerator. In homes 

10 It is interesting to note that for telephones, the power used during conversations is often 
less than that used on standby. This can be explained by the very widespread use of cordless 
phones. When the user is speaking, the appliance is using the battery. The power level of 
the base, where the charger is stored, is therefore less since only the transmission functions 
are active and not the battery recharge. 
II MTBF: Mean Time Before Failure. 
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with all of these pieces of equipment, consumption is equivalent to the household's 
entire energy consumption for refrigeration. 

The present first set of measurements have permitted to follow energy consumption 
in eight major groups of domestic appliance. Among these eight groups, that of 
entertainment appliances, which generally includes items such as televisions, VCRs, 
decoders, etc. was of particular interest. The consumption indicate an annual 
average household expenditure of 1900 F (or about 30 ECUs) on electricity. 
Domestic electrical appliances represent about 30% of this total electricity bill. It is 
also in this sector that appliances with the standby mode are often found. A change 
in user behaviour and improvements in the technology of the standby mode could 
produce savings of between 40 and 90%. 
The case of TVs merits particular attention, given the ever-increasing length of 
time that these are in use. It is certainly necessary to limit as much as possible the 
amount of time in standby mode, but it would also be wise to look at the power 
level of the appliance when it is in its normal operational mode. 

Conclusion 

The flexibility of CEMEDA methodology from both the technical and scientific 
points of view, enables to measure accurately and efficiently the impact of new 
technologies on energy consumption in the residential sector. The measurements 
have already shown that there are places where energy savings can be made in the 
residential sector as well as in the tertiary sector. Also, it has been revealed that in 
terms of total energy consumption, the domestic appliance sector (a sector 
undergoing rapid expansion) accounts for an refrigerator-equivalent amount of 
electricity. Moreover, if the demand for electricity is considered form the point of 
view of the producer/supplier, this consumption has to multiplied by 1.5 to 3.3, due 
to a poor power factor. It is often the case that 90% of this consumption is the result 
of "electricity leakage" through the standby mode. This analysis leads us to ask the 
following question: most domestic electrical appliances when in the active mode 
(i. e. when providing a useful service) probably require an average power ranging 
from 10 to a few hundred m W As shown from the measurements, the actual power 
falls within the range of 1 to 10 W Would it not be worthwhile to rethink 
completely the techniques used at present for the conversion of ACIDC, which is at 
present indispensable for the functioning of our appliances? 

In the near future, a massive growth in complete audio/video kits (TV, VCR, video 
disc player, satellite receivers and decoders for digitalised programmes, audio/video 
amplifiers, Hi-Fi, etc.) is expected in homes in France and throughout Europe, with 
each piece of equipment being independent and hence incorporating its own AC/DC 
conversion system. This will lead to an annual consumption by standby modes of 
about 560 kV Ah per year and per household. At French national level, on the basis 
of 22 million households, the consumption could be 12 TVAh/year, or the 
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equivalent of two 1,000 MVA power plants. It must be possible to imagine an 
ACIDC conversion system onto which all such appliances can be connected, thus 
reducing electricity consumption by a factor of 7. 

In order to obtain a more statistically representative set of measurements, and 
produce a more accurate picture of individual homes, a larger sample of about 2000 
homes need to be under study. Also a special attention should be paid to extrapolate 
the area of application for this type of measurement to homes situated at the end of 
supply lines or in isolated areas. In such places, it is often very costly to ensure that 
customers receive a comparable level of service. In a very few years, new 
appliances (satellite receivers, Internet terminals, etc.) intended to ensure a more 
pleasant (?) life, this equipment, incorporating more and more electronic 
components, will be commonly installed. The possibility that energy consumption 
in the residential sector could increase three-fold -as has happened over the last 
twenty years- must encourage a greater concern with this problem right away. It is 
only through detailed measurements and analyses of consumption in this sector, that 
homes become better equipped, yet while still continuing to guarantee the quality of 
air and water in the long term. 
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1. Introduction 

The rapid proliferation of electronic devices, which are consuming electricity in the 
standby mode or when they are switched "off', has created a new category of 
electricity consumption. There are several names for this category, including 
"standby use", "minimum use", and "leaking electricity". While "standby use" is 
technically more accurate, the expression "leaking electricity" is rapidly gaining 
popularity because it is easy to understand. Leaking electricity is a global 
phenomenon because the largest "leakers" are internationally-traded appliances, 
such as televisions, audio equipment and cordless telephones. 
Researchers in several countries have measured leaking electricity and have 
reported their results (BEW 1993, NOVEM 1995, Herring 1996, Rainer et al. 1996, 
Molinder 1997, Nakagami et al 1997). Many of these appliances are virtually 
identical in all countries because they are manufactured by only a few, large, 
multinational companies; as a result, data collected in one country often apply to 
others. Together, these results give us general understanding of the major 
contributors of leaking electricity and rough estimates of total leaking electricity in 
the residential sector. There are nevertheless unique aspects in each country. In this 
paper, we describe the leaking electricity situation in the United States and present 
our most recent measurements. In addition, we propose a strategy to reduce leaking 
electricity in future appliances. 

2. Definition 

In this paper, we define leaking electricity as the energy consumed by appliances 
when they are switched off or not performing their principal function. Other 
definitions have been proposed which differ slightly (Nakagami 1997, Molinder 
1997). In the future, however, a fairly strict definition may be required. This will 
be discussed later. 
Many appliances have three or more different modes of operation, each with a 
corresponding level of electricity use. It has become increasingly difficult to 
determine in which mode an appliance is functioning. The following table shows 
the differences among the four modes used in this report. 
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Tab le 1. Definition of modes 

mode function leaking electricity 
off no function at all • transformer losses 

• battery overcharging 
• poor design ("internal" 

on) 
passive standby not performing • ready to be switched on 

principal function • ready to receIve 
information 

active standby • additional function 
• support function 

on principal function not leaking 

There is a passive and an active standby. In the "passive standby" the appliance is 
waiting to be switched on by a remote control or is waiting to receive information. 
In "active standby" the appliance is performing some additional or support 
function. There are cases in which these two standby functions are combined. 

3. Measurements 

3.1 Methodology 

Data are from a variety of sources. Spot measurements of standby electricity 
consumption are from the Florida Solar Energy Center (FSEC), the US 
Environmental Protection Agency (US EPA) and the Lawrence Berkeley National 
Laboratory (LBNL). Over 400 appliances were metered in two large retail 
electronic stores and in fifteen homes. This data were compared with published 
estimates. 
To calculate the saturation of appliances in US homes, a model developed to 
describe residential miscellaneous end use was applied. The model is based on 
historic shipment data from Appliance Magazine or reported saturations from 
Appliance Magazine and the US Department of Energy's Residential Energy 
Consumption Survey (RECS). 
Standby losses can be described analytically as follows: 

~b = ~b * ("b * S * n 

~b: Standby losses in terms of watt-hours per day or year 

P'h : Effective output consumed, watt 

Ish: Time in the standby mode 
s: Saturation in % of US households 
n: Number of households 
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3.2 Results 

Thirty three different types of appliances were metered. Table 2 shows a list of the 
10 major leaking appliances. They account for about 70 % of all standby power 
consumption in the residential sector. There are 98 million households in the us. 

a e . op ten applIances WIt leaking electricity T bl 2 T r · h 

Millions of Standby Total Standby 
End Use Name Units Power(W) Loss (TWh/year) 

TV set 186 4.0 5.4 
VCR 120 5.6 4.9 
Compact Audio 53 10.6 4.7 
Cable Box 58 11.6 3.7 
Rack Audio 55 7.0 3.2 
Microwave Oven 78 3.1 2.1 
Battery Charger 98 2.4 2.1 
Answering Machine 66 3.3 1.9 
Clock Radio 105 2.0 1.8 
Cordless Phone 61 2.8 1.5 

4. Field Measurements 
Even though many different appliances have standby losses, only a few appliances 
account for most of the residential standby losses. We present below field 
measurements for the four largest leaking appliances. The measurements show the 
range in standby losses in addition to the potential for energy savings as the stock 
turns over. For clarity of presentation, we present only selected data rather than all 
of our measurements. The model and manufacturers are listed, but one should not 
infer that any particular manufacturer is more efficient than another; a different 
selection of measurements could have easily reversed the rankings. 
Most of the appliances measured were manufactured in the last two years. 
However, we have also included a few measurements of older units to illustrate the 
trends in standby losses and the potential for energy savings. We also charted the 
shipments of each appliance to demonstrate the national energy impacts. 

4.1 Televisions 

Televisions have the highest amount of standby losses of any electronic appliances. 
Our measurements indicate a standby electricity consumption of 5.4 TWh per year. 
There are approximately 186 million Televisions in the US corresponding to a 
saturation of 1.9 per household. Sixty five Televisions were metered. The range for 
the standby power is from 0.5 to 12.3 Watts with the average at 4.0 Watts. Figure 
1 a shows the electricity consumption in the standby mode compared to the on 
mode in kWh per year. The average usage time is assumed at 4 hours per day. 
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la shows the electricity consumption in the standby mode compared to the on 
mode in kWh per year. The average usage time is assumed at 4 hours per day. 
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Figure la: Energy consumption in the standby and on mode 
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Figure lb. Shipments from 1976 to 1995 

4.2 Video Cassette Recorder 

The second largest leaking appliances are VCRs with 4.8 TWh per year. There are 
approximately 120 million VCRs in the USA. Data were collected for 69 VCRs. 
The range of the standby power was from 2.0 to 12. 8 Watts with an average at 5.6 
Watts. Figure 2a shows a comparison of different models. 
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Leakage rates for new Televisions and VCRs are likely to fall rapidly due to the 
EPA Energy Star programs. 

4.3 Compact Audio Systems 

These are audio systems where all components are in one common housing. A 
typical unit consists of an amplifier, CD player, cassette deck, radio and a clock. 
Thirty six different compact audio systems were monitored. Nationally, Compact 
Audio Systems leak about 4.7 TWh per year, making them the third biggest leaker 
in the US. Figure 3a shows a sample of appliances. 
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There is a wide range in the standby mode among compact audio units from 2.1 up 
to 28.6 Watts even though the features were essentially the same. For example, all 
appliances showed the time constantly. (The only exception was the one with the 
lowest standby power. This appliance could be set up to show the time on request.) 

4.4 Cable Box 

The fourth largest consumer of standby power are cable boxes with 3.7 TWh per 
year. The stock of cable boxes is approximately 45 million units. Most of them are 
cable television boxes but in the future there might be also more multi-media boxes 
and digital music boxes. Seventy five percent of all cable television subscribers 
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have a cable box. Even though an increasing fraction of televisions are 
manufactured "cable ready", the number of cable boxes is unlikely to decline. The 
boxes are still needed for new features such as "pay per view". There were 7 
different units metered with a range of the standby power from 4.8 to 18.0 Watts 
and an average of 11.6 Watts. Figure 4a shows a comparison of the energy 
consumption of different cable boxes. 
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* The data for the Nokia DCR 9500 multi media box are from the manufacturer. 
** Scientific Atlanta DM-2000 is a cable box for digital music. 
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4.5 Digital Satellite Receiver Box 

The rankings presented in Table 2 are undergoing rapid change as the leakage rates 
in some appliances are cut and new appliances suddenly appear. We present here 
measurements of an appliance with standby losses that is experiencing rapid sales 
growth. Satellite receiver boxes are becoming very popular in the United States. 
Our measurements suggest that their standby losses range from 11.3 - 18.4 Watts. 
We expect that these units will soon become one of the largest leakers. 
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There is almost no difference in the power level between the standby and the on 
mode. 
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5. Discussion of Measurements 
These appliances are very similar to those sold in Europe and Japan, so the 
measured results are essentially same. The differences are principally in the 
ranking, the trends, and the presence of some appliances that are unique to the 
United States. 

Televisions and VCRs are the largest leakers. We expect their contribution to fall 
rapidly as new machines, with much lower standby losses, gradually replace 
existing units. In addition the Energy Star programs will lower rates for new TVs 
and VCRs. 
For both TV cable boxes and satellite receiver boxes, we observed almost no 
difference in power consumption between the on and off modes (when set by the 
remote control). It appears that switching off these appliances does nothing more 
than turn off the digital display and the "power" light; all of the internal circuitry 
remains energized. 
The high standby consumption by compact audio equipment surprised us. At the 
same time, we found some units providing the same service while drawing a 
fraction of the standby energy. The wide range in consumption suggests that modest 
design improvements can greatly reduce leaking electricity. 
We have few measurements for home computers and peripheral devices. (There are 
almost equally large uncertainties in the power consumption and operating 
schedules for computer equipment.) We took data of power consumption from 
previous work (Koomey et al. 1995). For operating schedule we assumed that 
computers used as home office (20% of computer in the residential sector) are used 
in the same way than computers in offices. In addition, we have not included 
leaking electricity from equipment in the commercial sector. 
New appliances are constantly appearing. We believe that chargers for cellular 
telephones will soon be a significant leaker. Re-chargeable lawn mowers are being 
encouraged because they emit less air pollution than gasoline units. Recent 
measurements suggest that the charging unit leaks up to 30W. We expect other 
appliances, such as home digital satellite systems, to become more important 
sources of leaking electricity. 

6. Technical Options to Reduce Leaking Electricity 
Most of the sensors, displays, and memories need much less than one Watt. 
Unfortunately, the power supplies are inefficient and consume many times more 
power. We believe that it is now technically practical to reduce standby losses to 
less than one Watt. One or more of the following technologies could be employed 
to achieve the I-Watt goal: 

• improve the efficiency of the low-voltage transformer 
• move the power switch to the high-voltage side 
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• energize only the components needed for the standby services 
• install "smart" recharge circuit in rechargeable appliances 

At least one company has developed more efficient low-voltage transformers. They 
easily achieved the I-Watt ceiling for the three appliances measured with a new, 
switching power supply. The switchers cost only a little more than the popular 
linear power supplies and will soon be competitive in almost all situations. 
Moving the switch to the high-voltage side is a simple measure, but can only be 
applied in some situations. The advantage is that the appliance is "off' but the 
disadvantage is that it can't perform any services. Finally, smarter re-charge circuits 
could greatly reduce battery overcharging and switch off power completely after re
charge is complete. Some circuits performing these tasks already exist and others 
have been proposed. 
Together, these technologies could reduce leaking electricity by over 75% with 
little increase in first cost and probably life cycle savings to the consumers. Some 
technical problems certainly exists --such as radio interference by switching power 
supplies -- but non appear insurmountable. 

The I-Watt ceiling may be achieved in most appliances with a combination of 
incentives and labels. However, a clear technical definition of leaking electricity 
still needs to be developed. There are also situations where the I-Watt ceiling is not 
yet achievable, so further research will also be needed. 
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Stand-by Electricity Consumption in Japanese Houses 

Hidetoshi Nakagami, Akio Tanaka, and Chiharu Murakoshi 
Barbara Litt 
Jyukankyo Research Institute, Japan 

1. Introduction 
In recent years as Japanese household electrical appliances have become more 
multi-functional and high performance, the number of appliances that consume a 
little electricity even when turned off has grown. There are various reasons for 
this consumption, such as awaiting signals from a remote control, preserving data 
in internal memory, and charging batteries. 
This type of energy use is known as stand-by electricity. Conventional wisdom 
was that because stand-by electricity consumption (SEC) was limited to a few 
appliances like televisions and air conditioners its impact on household energy 
consumption could be ignored. However, while analyzing residential electric 
load curves we came to suspect that stand-by electricity consumption was actually 
so big that it should not be ignored. Therefore we investigated the magnitude of 
the SEC of household electric appliances. 
In Japan there has not been a formal deftnition of stand-by electricity (SE). In this 
paper we deftne it as the electricity consumed when an appliance is plugged into a 
power source and consuming the minimum power possible. We chose this 
deftnition, rather than the more general (electricity consumed when an appliance 
is not in use( because our deftnition allowed us to measure consumption of all 
appliances while they were in a standard, reproducible state. In some cases 
appliances consume more electricity than the minimum, depending on how they 
are shut off. For example, many televisions draw more power if shut off using the 
remote control power switch than if the main power switch is used. For 
appliances like this our measurements probably underestimate SEC. Also, our 
deftnition does not require that judgements be made about whether a machine is 
in use or not. 

2. Survey Content and Methods 
In order to determine the characteristics of appliances consuming SE, its 
magnitude, and its share of total household electricity consumption we carried out 
three studies, A, B, and C, described below. 

(1)Study A: Magnitude of Household Appliance SEC 
We measured SEC of electrical appliances owned by 36 households (17 in single 
family detached houses and 19 in multi-family housing) using a precision electric 
meter developed by the Central Research Institute of Electric Power Industry. In 
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cases where we could not measure consumption, due to the electrical outlet shape 
or the appliance location, we estimated the consumption using the appliance(s 
instruction pamphlet. The sample houses were in Japan(s Kanto and Kyushu 
regions and were chosen from households already under study by Nippon 
Association of Consumer Specialists and the Energy Conservation Center of 
Japan, as well as households in load monitoring surveys of Tokyo Electric Power 
Co. and Kyushu Electric Power Co. 

(2)Study B: Annual Total Electricity Consumption and Annual SEC 
For 33 households in Study A, excluding three in multi-family housing, we 
surveyed annual total household electricity consumption and asked which of the 
SE consuming appliances were usually plugged in. We then estimated annual 
SEC. Annual household electricity use was obtained from monthly utility bills. 
Stand-by electricity values for the appliances were obtained from Study A. 

(3)Study C: Total Electricity Consumption During Appliance Use and During 
Stand-by 
From the households in Study A we chose two in multi-family housing. We 
attached meters to all major electrical appliances except built-in appliances. The 
average electricity consumption was recorded every 15 minutes for several days. 
We determined each appliance(s periods of use and stand-by by comparing the 
measured values with the SEC values for individual appliances found in Study A. 

3. Results 
(I)Study A 
There were 56 appliance types and 616 appliances tested. Of these, 46 types and 
480 appliances were found to consume SE. The range and average SEC measured 
for each appliance type is shown in Table 1. Among the SE consuming 
appliances were many with high saturation that have recently become high
performance equipment. In particular, audio visual equipment was very popular, 
such as the audio combination (a stereo system with a turntable, CD player, 
cassette player, etc.) at 8.8 Wand VCR at 7.5 W. 
Among equipment native to Japanese houses, those consuming SE included the 
shower toilet at 4.9 W (a toilet that washes the user with warm water), rice cooker 
at 2.0 W, and the electrical urn at 3.0 W. There were cases in which older 
models of the same appliance type did not consume SE. 

(2)StudyB 
Table 2 shows the yearly total and stand-by electricity use and the number of 
appliances consuming SE for each household. The annual electricity use per 
household of our sample was 6547 kWh/year for the single-family detached 
houses and 3995 kWh/year for the multi-family housing. SEC was 636 kWh/year 
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and 502 kWh/year respectively. That is, SEC was 10% and 13% of total 
electricity use. 

Table 1. Average SEC by Appliance Type 
Stand-by Electricity: Watts 

Appliance Average Min Max n= 

Audio Visual 
Audio Combination 8.8 0 33.4 37 
Cable TV Box 7.8 I I 1 
Cassette Deck 0.0 I I 1 
Radio Deck 1.9 I I 1 
Radio with Cassette Tape 4.0 0 8 8 
Radio with CD Player 3.4 0 5.9 20 
TV Set 1.9 0 18.2 52 
TV with VCR 4.5 0 8.9 2 
VCR 7.5 2.6 15 35 
VCR with BS Tuner 14.2 I I 1 

............................................................ ...................................................................................... ........................ 
Air Conditioning 

Electric Fans 0.5 0 2.4 22 
Air Cleaner 2.3 0 6.2 6 
Cooler (Window Type) 4.4 I I 1 
Electrical Carpet 0.0 0 0.3 14 
Electrical @ Heater 0.0 0 0 3 
Fan 0.0 0 0 10 
FF Stove : kerosene 1.3 1.1 1.5 2 
Heat Pump Air 4.4 0 14 63 
Conditioner 
Kotatsu 0.0 0 0 2 
Oil Heater 0.0 0 0 2 
Portable Electrical Heater 1.6 0 2.4 3 
Portable Heater 4.2 0 8 19 

... ~~~~.~~~~?.~.~~ ........................... ...................................................................................... ........................ 
Healthcare 
Clothes Dryers 0.0 0 0 6 
Hair Dryer 0.0 0 0.1 8 
Shower Toilet 4.9 0.8 9 17 
Telephone 3.8 1.2 8 37 
Telephone with Fax 7.0 3.8 10.3 5 
Toothbrush 2.6 0.4 6 4 
Washing Machines 1.1 0 4 35 
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Water Heater 7.9 4.3 10.5 9 

.... ~.~!.~~.~~~ ........................................... 9.:? ......................... ~ ...................... ~.:~ ..................... ~ ......... .. 
Infonnation 
Battery Charger for 1.5 0.4 4.5 6 
Telephone 
Computer Modem 1.3 0.3 2.2 2 
Desktop Computer 2.0 0 6.1 13 
Notebook Computer 1.8 I I 1 
Personal Word Processor 0.0 I I 1 
Printer 1.7 0 5 6 

... ~p.~~.~~.~!..~.~ ....................................... ~.:~ ....................... ?:~ .................... ~.:~ ................... ~ .......... . 
Kitchen 

Coffee Maker 0.0 0 0 7 
Dish Washer, Dish Dryer 0.9 0 1.9 5 
Electrical Urn 3.0 0 3.5 8 
Gas Alarms 1.9 1.3 2.5 3 
Juice Mixer 0.0 0 0 2 
Microwave Oven 4.5 0 14.5 34 
Oven 0.0 I I 1 
Refrigerator 9.3 0 26 16 
Rice Cooker 2.0 0 4.8 31 
Toaster with oven 0.0 0 0 9 .......................................................................................................................................................................... 

Other 
Clock 2.8 1.5 5 5 
Door Bell 1.3 1 1.6 2 
Electric Pencil Sharpener 0.0 I I 1 

Electrical Shaver 0.6 0 1.4 4 
Emergency Lamp 1.5 1.3 2 3 
Portable Light 0.3 0 2.2 15 
Silencer for Piano 2.9 I I 1 
Video Games 1.4 0 3.9 7 
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Table 2. Surveyed Households( Annual Total and Stand-by Electricity Consumption* 

House Sampl Total House Stand-by Electricity No. of 
Type e No. Usage Appliances 

(kWh/yr.) Consuming 
SE 

Watts kWh/yr. % of 
Total 

No.01 4,168 60.0 526 13% 19 

No.02 5,563 56.9 498 9% 12 

No.03 3,615 54.5 477 13% 12 

No.04 5,642 94.0 823 15% 24 

Single No.05 4,900 44.8 392 8% 13 

Family No.06 4,362 67.9 595 14% 10 

No.07 6,352 69.4 608 10% 15 

No.08 4,010 69.6 610 15% 16 

No.14 3,628 112.2 983 27% 23 

No.15 14,032 128.0 1,121 8% 29 

No.16 5,609 49.6 434 8% 14 

No.17 2,931 35.3 309 11% 10 

No.18 3,805 50.4 442 12% 13 

No.28 7,814 109.8 962 12% 16 

No.31 6,880 48.5 425 6% 12 

No.32 11,812 144.8 1,268 11% 25 

No.33 16,169 38.7 339 2% 10 

Avg. 6,547 73 636 10% 16 

No.09 4,291 59.3 519 12% 16 

No.10 3,474 52.0 456 13% 9 

No.11 3,578 28.0 245 7% 7 

No.12 3,772 93.8 822 22% 21 

No.13 2,049 43.5 381 19% 9 

No.19 3,980 83.6 732 18% 13 

No.20 2,690 77.1 675 25% 15 

No.21 8,543 42.1 369 4% 5 

Multi No.22 3,633 41.4 363 10% 10 

No.23 2,997 68.4 599 20% 15 

Family No.24 5,989 40.5 355 6% 12 

No.25 5,278 111.0 972 18% 19 
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No.26 4,310 60.4 529~ 12%~ 11 

No.27 2,898 45.6 3991 14%1 11 

No.29 3,807 33.1 290~ 8%~ 8 

No.30 2,629 36.7 321 1 12%: 10 

Avg. 3,995 57 502: 13%~ 12 

* Annual SEC (kWh/yr.) - SE m Study A (W) x 24 (h) x 365 (day) 11000 

The average number of appliances consuming SE was 16 for single-family 
detached houses and 12 for the multi-family dwellings. A characteristic of 
households with many SE consuming appliances was a large family, especially 
with many children of junior high school age or older. This kind of family often 
has multiple appliances like audio combinations, televisions, and heat pump air 
conditioners in bedrooms as well as common rooms. In contrast, smaller families 
such as a husband and wife, or with children of elementary school age or younger 
had fewer SE consuming appliances. Figure 1 shows the relationship between SE 
and the number of household members of junior high school age and older. 
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To study the ratio of electricity consumed for each appliance when actually in use 
to its SEC, we attached meters to each appliance and measured electricity use 
over time. The appliances studied were in households No.25 and No. 26. Both 
are in multi-family housing in Tokyo. No. 25 has five people, three of whom are 
junior high school or high school age. No. 26 has just a husband and wife. The 
wives in both households were not employed outside the home. Other 
characteristics of these households are shown in Table 3. 
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Table 3. Overview of Subject Households 

Household No. 25 26 

Housing Type Multi- Multi-family 
family 

Floor Area (m2) 95 50 

No. of Bedrooms 4 3 

Age of Head of 40s 30s 
Household 

Family Size 5 2 

No. of Appliances 28 14 
Usually Plugged In 

(Except Lights) 
No. of Appliances 19 11 

Consuming SE 
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Figure 2. Structure of Daily Electricity Use 

The structure of daily electricity use for each day measured for each household is 
shown in Figure 1. The average electricity used in one day was 16.7 kWh for No. 
25 and 9.0 kWh for No. 26. At this time SEC was l.3kWh/day for No. 25 and 2.5 
kWh/day for No. 26. This was about 15% of daily energy use for each household. 
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Figure 3: Percentages of Electricity Consumption During Stand-by and Use for 
Individual Appliances 

A comparison of electricity consumed during stand-by and during use is shown 
for each appliance consuming SE in the two households over the measurement 
periods is shown in Figure 2. Only 4 of 19 appliances (21%) for No. 25 and 2 of 
11 appliances (18%) for No. 26 used more electricity during use than during 
stand-by. There have come to be a large percentage of appliances with stand-by 
consumptions exceeding their in-use consumptions. Many appliances were not 
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used at all during the measurement periods, so 100% of their electricity use was 
stand-by consumption. 

4. Analysis and Conclusion 

In carrying out stand-by electricity consumption measurements of 56 appliance 
types in 36 households, we found that 82% or 46 appliance types consumed stand
by electricity. We can conclude that most of the appliances currently in Japanese 
houses consume stand-by electricity. This SEC is probably 10% or more of total 
household electricity consumption. 
The average Japanese household electricity consumption was 4392 kWh/yr. in 
1995 (ref. 1). Assuming that 12% of this is stand-by electricity, that is 530 
kWh/yr. per household. There are 45.5 million households in Japan (ref.2), so we 
estimate that stand-by electricity consumption comes to 24,000GWh/yr. This is 
equivalent to the output of three nuclear power plants. 
Among the SE consuming appliances are those for which high SEC is necessary 
for reasons of high performance, so not all appli3l1ces should be considered 
identically from a policy standpoint. However there are many appliances for 
which it is technically possible to reduce SEC. The Japanese government is 
considering the situation seriously and is currently studying how to set new 
standards to reduce SEC. 
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New Efficient Lighting Technologies for the Home 

Terry K. McGowan and Rolf S. Bergman 
GE Lighting, USA 

1. Introduction 

1.1 A History of Technical Developments 

CFL lamps became technically possible in the late 1970's as rare-earth 
phosphors, miniaturized "chip" electronics and high-speed glass processing 
systems were developed to handle small-diameter (12 - 24 mm) glass tubing. The 
fIrst lamps were of single-bend construction, limited in power and output (7-13 
watts providing 400-800+ lumens) and ballasted with large and heavy 
electromagnetic ballasts of low efficiency and low power factor (~ 0.5). 
Substituting CFLs for the widely-used 60-100 watt GLS incandescent lamps 
required multiple-lamp assemblies and bulky mounting arrangements. By 
contrast, recently-introduced CFLs are much more compact and powerful. 
Multiple-bend construction, electronic ballasts and re-designed bases have 
reduced overall lamp length and bulk. An externally-ballasted 42-watt "quad" 
(8-legs) lamp is now 154 mm long 58 mm in diameter and rated for 3200 initial 
lumens (2980 lumens mean over life). This lamp is comparable to a 200-watt, 
240-volt GLS lamp of 3050 initial lumens, 144 mm in overall length with a 
maximum diameter of 80 mm or the North American ISO-watt GLS, 120-volt 
2850-lumen lamp which is 137 mm long and 67 mm in diameter. 

The size reduction trend applies to CFLs with integral ballasts as well. A new 
type of electrodeless induction CFL reflector lamp, for example, is 127 mm long 
and 82 mm in diameter. It is intended to replace the R80 incandescent reflector 
lamp which is liS mm long. While the trend toward smaller lamps continues, 
signifIcant reductions have become more difficult. The size of the next generation 
of lamps will be determined primarily by glass processing technology and heat 
management of the discharge. The next step in the latter process is the use of 
amalgams for mercury pressure control (see Section 3.7). 

2. Compact Fluorescent Lamp Designs 

There are now more than 40 different CFL types available and that total climbs to 
well over 100 when minor variations and color choices are included. 
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2.1 Lamp Types and Wattages 
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Figure1: Representative CFL Types and Application Information 

The designs vary primarily by whether or not the ballast is an integral part of the 
lamp and also by circuit configuration. They may be roughly classified into 3 
groups and sub-groups as follows: 
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a e: eSlgn roups T bl 1 CFLD . G 
Design: Low Wattage High Lumen Integral 
Base: 2-pin 4-pin 4-pin Screw/ 

Bayonet 
ballast! Internal I~ External 71 Integral 
Starting: (in ballast) 

3. CFL Performance Characteristics 

3.1 Integral or Separable Ballasts 

Integrally-ballasted lamps come with a bayonet or Edison screw base attached so 
that the end user only needs to put this lamp into existing sockets to have a working 
lighting system. This convenience is advantageous to many users, and results in 
initial system costs that are lower compared to plug-in types of CFLs which have 
separable ballasts. However, the life of the integral ballast is limited to that of the 
lamp, usually around 10,000 hours burning time, whereas the mean lifetime of 
separable ballasts is usually significantly higher. Thus lamp system costs, when 
averaged over a number oflamp lifetimes are lower for plug-in type lamp systems. 

Critical components in integrally-ballasted CFLs tend to operate at relatively higher 
temperatures due to the close proximity of the lamp. This can result in shorter 
ballast life. Lamp heat may also limit the lamp power or application flexibility. In 
the marketplace, plug-in lamp designs predominate, partiCUlarly in Europe, in 
recognition of their overall cost advantage. 

3.2 Electromagnetic or Electronic Ballast 

Modem integrally-ballasted lamps utilize electronic circuitry so that size and weight 
requirements can be met. Both electromagnetic and electronic ballasts are used for 
plug-in lamps. In general, electromagnetic ballasts are substantially bulkier, heavier 
and less efficient than the electronic types. Further, lamp performance on 
electromagnetic ballasts tend to be sensitive to power line variations as indicated by 
Figure 3.1. This is not generally true for electronic ballasts which control the lamp 
output characteristics relatively independently of input voltage variations. 

3.3 Starting Characteristics 

Lamp starting is accomplished by one ofthree methods: 
• Preheat start. Current is applied to the cathodes until they are heated; after 

which a voltage is applied across the lamp. All 2-pin plug-in lamp types are 
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preheat designs. A built-in bi-metal switch automatically connects the lamp 
cathodes in series to initiate the starting process. Starting voltages are usually 
lowest with this system, but lamp dimming is either limited or results in poor 
lamp performance 

Figure 3.1 
Performance vs. Line Variation 
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• Instant start, in which no preheat of the cathodes is used. A relatively high 
voltage is applied across the lamp. This ignites the arc and the subsequent arc 
energy on the cathodes is sufficient to maintain normal electron emission. Instant 
start lamps can be 2- or 4-pin lamps. Dimming instant-start lamp systems usually 
results in relatively short lamp life and it is not generally recommended. 
• Program or rapid-start lamps. This is a 2-step process, but the cathode and lamp 

voltages are applied simultaneously. First, the cathodes are heated and then the 
lamp arc is ignited when the temperature of the cathode reaches a value such that 
the lamp can start with the voltage available. Full-range dimming is usually done 
using rapid-start systems since such systems can supply extra cathode heat during 
the dimmed-lamp phase to ensure rated lamp life. Program-start is a variation of 
the rapid-start idea with additional electronic circuitry in the ballast sequencing the 
cathode heating and starting steps. All rapid-start systems require 4-pin lamps. 

3.4 Lamp Color 

The light from fluorescent lamps is generated by phosphors on the inside surface of 
the tube activated by the UV resonance line (253.7 om) of the mercury atom 
excited by the gas discharge. Current CFLs use efficient rare-earth activated 
phosphors to provide visible light primarily in the red/orange, green and blue 
regions of the visible spectrum. 

The various shades of white light are created by blending different amounts of the 
same three phosphors. Figures 3.2 a and b illustrate the spectral power distribution 
of the visible emission for two different phosphor mixes F2700 (GE SPX27) and 
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F4000 (GE SPX41). The proportion of the three phosphors is chosen so that colors 
in the chromaticity range of2700 to 6500 Kelvins may be obtained. For example, it 
is easy to see from a comparison of Figure 3.2a with Figure 3.2h that the amount 
of blue phosphor, emitting in the 450 om region, increases significantly in going 
from the 2700 K to the 4000 K design. Likewise, the amount of red phosphor, at 
around 610 om, decreases significantly over the same range. 

At this point in phosphor technology development, tri-band phosphors are the most 
widely used. Older halophosphate phosphors have been used in some CFL lamp 
types, but substantial light output depreciation (and rapid efficacy loss) over time is 
the result. Further color improvements (mainly in color rendering) will result from 
improved tri-phosphors or the use of multiple-band phosphors. 
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Figure 3.2a 
SPO for 2700 K CFL 
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Figure 3.2b 
SPO for 4000/4100 K CFL 
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However, lamp-to-Iamp color variability is more easily controlled with tri-band 
phosphors at this time. 

3.5 Lumen Maintenance 

CFLs are well matched to the rugged characteristics of rare-earth phosphors. While 
these phosphors are relatively more expensive than the previously dominant 
halophosphate phosphors, which are still widely used in many linear lamps, rare
earth phosphors also provide significant benefits in efficiency, lumen maintenance 
and color rendition (within the limits mentioned above). The smaller wall surface 
area of CFLs, compared to standard linear lamps, results in only small amounts of 
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rare-earth phosphors being required and so materials costs are kept relatively low 
while, at the same time, there is a significant improvement in lamp performance. 
Because of their overall superior characteristics, it could be said that the invention 
of the rare-earth phosphors made possible the current generation of high
performance compact fluorescent lamps. 

Lamp lumen measurements, taken as a function of time over the life of typical CFL 
lamps, using accurate photometric instrumentation and techniques, indicate that the 
average light output of CFLs with rare-earth phosphors drops only 10 to 20% from 
the initial (l00 hour) value even at the end of lamp life. 

3.6 Lamp Mortality 

The life of Compact Fluorescent Lamps is usually expressed in terms of Average 
Operating Hours. This means that the time (hours) required for 50% of the lamps 
in a given large population to fail, leaving 50% still burning, is taken as the average 
rated life value. A typical rating for low-wattage and integrally-ballasted lamps is 
10,000 hours. High-lumen lamps and some other 4-pin designs may be rated for as 
much as 20,000 hours - especially on rapid-start circuits. From a statistical 
standpoint, the life characteristics of CFLs (and, indeed, most lamp types) follow a 
Normal Distribution. 

Figure 3.3 
Average Life vs. Switching Frequency 
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The life of fluorescent lamps depends upon how often the lamp is started. The 
catalogue ratings are obtained using a 3 hour burning cycle, i.e., 165 minutes on and 
15 minutes off. The effect of starting is significant as can be seen from Figure 3.3, 
which shows average life as a function of switching cycles. Note that leaving a 
lamp operate continuously would lead to an expected life about 170 % of rated, i.e., 
about 17,000 hours for a rated 10,000 hour lamp type. On the other hand a 
switching cycle of 45 minutes would reduce life by 50%. - a common situation 
where motion or occupancy sensors are used. 
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3.7 Use of Amalgams 

The characteristics of a mercury arc discharge are such that the efficacy 
(lumens/watt) of a given diameter fluorescent lamp is optimum at some mercury 
vapor pressure. The mercury pressure is controlled by the temperature of the 
mercury liquid/gas mixture inside the lamp. Practically, a fluorescent lamp operates 
as if it is at the temperature of coldest portion of the lamp volume. This is called the 
control point or "cold spot" temperature. If the cold spot temperature of a 
fluorescent lamp exceeds the optimum value, lamp output and efficacy begin to 
decrease. Ambient temperatures also playa role since they significantly affect the 
cold spot temperatures. 

The more compact the CFL and the higher the input power, the hotter the lamp 
tends to operate. Thus, if nothing were done, many lamp designs would run 
significantly above the temperature of optimum efficacy in normal room ambient 
temperatures. To make these highly loaded compact lamps practical, the mercury is 
introduced into the lamp as a metal alloy, or amalgam which changes the mercury 
vapor pressure as a function of temperature. Further, by controlling the location of 
the amalgam, it is possible to get near optimum lumen output over a broad range of 
ambient temperatures from about -5 to +65 °C 

A disadvantage of amalgam lamp designs is that it takes somewhat longer for the 
lamp to reach its rated lumen output after starting. Thus CFLs, which normally 
reach 90% of their final lumen output in about 30 seconds, require on the order of 
two to three minutes to reach the same relative light output with amalgam control. 
However, the advantage of amalgams in providing a stable light output value over a 
broader temperature range gives much greater flexibility in luminaire design, lamp 
operating position and use in outdoor applications. 

4. Application Characteristics 

4.1 Size and Optical Characteristics 

The major technical roadblock slowing the application and use of CFLs has 
traditionally been their size. Until recently, it has been difficult to retrofit CFLs into 
existing equipment and so a relatively high investment has been necessary to convert 
less efficient lighting, typically incandescent, to fluorescent. Older CFL designs, 
particularly integrally-ballasted types, have also been heavy due to the use of 
electromagnetic ballasts. Now that has changed as indicated above. New luminaires 
have also been designed for plug-in CFL lamps incorporating optics matched to the 
unique distribution characteristics of the CFL. Optically, a CFL is not like a clear or 
coated incandescent lamp and substituting a CFL in a luminaire optically designed 
for a GLS lamp may result in lower fixture efficiency or higher fixture brightness, as 
well as poor appearance. 
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4.2 Glare 

Fluorescent lamps are sometimes thought of as "low glare" sources, but small
diameter lamps - especially "T8" (26mm) and smaller - are usually uncomfortably 
bright if the surface of the lamp is viewed directly or imaged in a polished reflector. 
Glare is the result. CFLs in interior installations-especially where there may be 
long-term viewing situations and difficult visual tasks - should be diffused and/or 
shielded. An indication of the glare-generating capability of a lamp is its surface 
luminance. Table 2 compares the surface luminance of typical CFLs, GLS lamps 
and linear fluorescent lamps. 

Lamp Type 

Fluorescent 
CFL 

Linear 

Incandescent 
GLS 
GLS 
GLS 

Table 2:Typical Lamp Surface Luminances 

Lamp Size Luminance 

T4 (13 mm) 
2D (38W) 
TI2 (38 mm) 
T8 (26 mm) 

75W, Diffuse Avg. 
IOOW Diffuse Max. 
IOOW Diffuse A vg. 

[cd/mA2] 

24,000 
29,200 
8,500 
15,000 

49,200 
96,300 
47,000 

Overall, while the luminance of CFLs is lower than the bright filaments and surfaces 
of GLS lamps, CFL lamps in direct view in normally-lighted interiors require 
shielding or they will generally be judged as glaring 

4.3 Colour Considerations for Applications 

Rare-earth phosphors, while efficient and flexible in terms of their ability to be 
designed to emit light over a wide range of chromaticities and with good colour 
rendering (R.=70-80+), do not emit a smooth distribution of wavelengths (Figure 
3.2) and their output is relatively low in some regions - especially in the far red. 
Thus, the present generation of phosphors cannot duplicate the spectrum of 
incandescent lamps and the familiar appearance of coloured objects under that 
universally-used source. One important result is that deep-red objects appear red
orange under the light from CFLs. Colours in the green-blue and deep blue may 
also appear distorted. For best appearance, room finish and furnishing colours 
should be chosen under the light from the particular CFL to be used. For "memory" 
colors (skin tones, food, etc.) to be acceptable, a mixture of light from incandescent 
and fluorescent sources may have to be used. 
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4.4 Low-Cost CFL Application Ideas 

Lamp purchasers, and especially home consumers, have indicated that the relatively 
high price of eFLs compared to GLS lamps is a barrier to their growth and common 
use. Promotional, governmental, utility and other programs, however, have been 
somewhat successful in educating users as well as developing the idea that higher 
first costs lead to lower operating and minimum overall lighting costs. The common 
approach is to show that eFLs are like GLS lamps from the use and application 
points of view. Another technique is to generate market "pull" or demand by 
focusing on the unique characteristics of eFLs to solve certain lighting problems of 
importance to consumers. For example, low profile eFLs, such as the 2D design, 
are well suited to shallow thin luminaries such as wall sconces or the bowls of a 
torchier and are being used to develop fittings that have a new look and appeal. 

Figure 4.1: 2D Plug-in Lamp and Compact Electronic Ballast in a Torchier Bowl 

Torchiers are of particular interest because of their widespread popularity although 
recently, there have been concerns about their safety. The high-temperature lamp 
surfaces coming in contact with flammable materials (such as curtains) have been 
the cause of fires. Typically, halogen torchiers are fitted with 200-or 300-watt 
tungsten halogen lamps and a simple dimmer is used to vary the lamp light output. 
The 200-watt version is rated for 3400 lumens. The new type of torchier 
lamplballast system pictured in Fig. 4.1 uses a high-frequency electronic ballast with 
low-medium-high switching capability, an integral lamp socket and the capability of 
operating the 2D lamp at over 4,000 lumens at 57 ballast input watts. 
New eFL luminaries designs are superior from the appearance, safety and heat 
standpoints compared to their GLS counterparts. Often, lower-cost components 
made from plastics or glass can be used since there is less heat from eFLs and little 
need to use more expensive worked metals. 
While numerous new eFL luminaries have been developed, few are available which 
minimise lamp glare and provide excellent optical control for very low 
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cost. Ideas such as printing "books" of simple decorative or functional luminaries 
on plastic or paper pages, which then can be cut out and assembled, offer interesting 
ways to use the unique characteristics of CFLs to properly shield and direct the light 
with just simple socket and cord arrangements as shown below - something not 
possible with traditional incandescent GLS lamps because of their substantially 
higher surface temperatures. 

A 

"\\ 
\ \ 
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National Product Information Program. 1993 . Specifier Reports: Screwbase 
Compact Fluorescent Lamp Products. Troy, NY: Rensselaer Polytechnic Institute. 
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Introduction 

The 300 to 500 W halogen torchiere (halogen up lighter) is ubiquitous in many 
countries in residential lighting applications. The high wattage of these systems has 
contributed to a very significant increase in residential lighting loads, in many cases 
undermining more than a decade of energy conservation programs aimed at 
increasing compact fluorescent lamp (CFL) market penetration (Calwell, 1996; 
Jennings, 1997). 
Developing alternatives to the halogen torchiere and advancing their market 
penetration represents one of the largest lighting efficiency initiatives in recent 
years due to the torchiere's high wattage and universal application. Researchers at 
the Lawrence Berkeley National Laboratory (LBNL) have developed high-efficacy 
prototypes using a broad range of CFL sources and electronic ballasts that match 
(or exceed) the light output and distribution of halogen torchieres. These 
prototypes offered the manufacturing community early concepts for utilization of 
both existing and novel, high efficacy sources. 
One of the LBNL prototypes (seen in Figure 1) uses two CFL lamps in combination 
with a single electronic ballast. This torchiere design is now being produced by a 
major U.S. manufacturer. This new design increases the torchiere's fixture efficacy 
from less than 12 ImlW to nearly 65 Im/W. Specialized optics and lamp positioning 
resulted in a fixture efficiency of approximately 84 percent. This value is fairly 
high considering the relatively large size of the light sources compared with the 
fixture. With this efficiency, the prototype exceeds the lumen output of currently 
marketed 300 W halogen torchieres. This lumen matching capability was 
considered critical, particularly in the first phases of the market transformation, as 
to not jeopardize consumer satisfaction with the products. 
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Fig. 1: An example ofa eFL Torchiere based on LBNL prototypes that is now available in 
the marketplace. The luminaires are similar in look to halogen torchieres, but they use two 
fluorescent lamps in a white reflector dish (as seen on right). 

While assisting manufacturers to bring these new efficient designs to the 
marketplace, LBNL researchers also worked with other interested parties to ensure 
there would be a market for these new luminaires. This effort included cooperative 
demonstration projects with numerous U.S. universities to relight their student 
dormitories, coordination with utility groups to assist in their demand side 
management (DSM) programs, and collaboration with the insurance industry to 
reduce greenhouse emissions as well as fire related risks. 
This paper first describes the large and growing worldwide market for halogen 
torchieres. Next, the performance of a high-efficiency CFL torchiere is compared 
to the halogen luminaire it is intended to replace. Finally, the unique market 
transformation effort involving the insurance industry is discussed in some detail. 

1. International Torchiere Sales Trends 
It is estimated that there are 40 million halogen torchieres in the U.S. at this time 
with an additional 15 to 20 million units in annual sales (Calwell, 1996). Low cost 
coupled with high output, quality lighting has made this luminaire extremely 
popular across the residential and university dormitory sectors. It is not unusual to 
see 80 to 90 percent of college dormitory rooms with a torchiere as the primary 
light source. The energy used by these inefficient luminaires is estimated to have 
completely offset the energy savings of all the installed CFLs in the U.S. 
Other data suggest that in many industrialized countries the pattern is similar to that 
in the U.S., whereas in developing countries the products have not yet entered the 
market place or are just beginning to do so. 
The only detailed national survey yet conducted was in the Netherlands (Kavelaars, 
1997). It revealed that 25 percent of Dutch households own torchieres, with an 
average of 1.6 in these households. Notably, about 8 percent of all households had 
two or more torchieres. Approximately 3 million units have been sold to-date. 
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In France, about 7 million halogen torchieres have been sold since their 
introduction in the early 1980s. In 1990, sales peaked at 1.5 million units/year -
about one for every 13 households. Sales growth has also been meteoric there, 
rising at 200 percent per year until the products represented 10 percent of all 
residential fixtures sold and as much as 80 percent of the dollar value of retail 
lighting fixture sales (Calwell and Mills, 1996). 
In Sweden, torchiere sales increased over the last two years, but exact sales data are 
not available. A limited number of fluorescent alternatives are available, but are 
aimed primarily at the high-end commercial marketplace. Countries like South 
Africa appear to be seeing halogen torchieres on the shelf for the first time, where 
about 150,000 units have been sold to date. New Zealand and Australia, in spite of 
their proximity to the manufacturing centers of Asia, have not yet been active 
markets for torchieres (Calwell and Mills, 1996). 
Exact sales numbers for Italy are not available, but sales saw a significant decline 
after 1990 as the market became saturated (Borsani, 1996). Sales also began to 
decline in France around this time (Menanteau, 1996). Torchieres were slower to 
catch on in the U.S., but a surge of inexpensive imports from Asia forced prices 
down in the mid-1990s resulting in several years of very rapid sales growth. Sales 
then leveled off and declined recently due to market saturation and a series of news 
stories about torchiere fire hazards and high energy cost. 
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Fig.2: Halogen Torchiere Market Data for Various Countries 

2. The Inefficency of Halogen Torchieres 

Halogen torchieres represent a threat to energy efficient lighting not only because 
their market is so expansive, but because they are also much less efficient than 
earlier assumed. During a CFL torchiere demonstration program and "lamp swap" 
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at Stanford University, nearly 100 of the halogen light sources from the halogen 
torchieres the students turned in were collected and brought back to LBNL for 
measurement. This data was then applied to known torchiere fixture models to 
obtain information on luminaire distribution and output and yield information on 
the in-situ electrical and photometric characteristics of halogen torchieres. 
The 300 W halogen lamps that were collected were separated into two groups: (1) 
"Unlabeled", which included all unlabeled and labeled lamps of unknown 
manufacturers, and (2) "Known", which included all labeled lamps from known 
manufacturers in Europe, the United States, and Japan. 

Table 1 presents the photometric and electrical results broken down into several 
categories: unlabeled 300 W lamp, known 300 W lamps, all 300 W lamps, and all 
500 W lamps. 

T bl 1 EI . I d Ph a e ectnca an 'D otometnc ataon HI a ogen L fi S £; dD amps rom tan or ormltones 
Lamg Tyge # of Lamps % Lamps Nominal Measured Lumens ImlW 

Wattage Wattage 

Unlabeled 60 69.0% 300 272.0 3684 13.54 

Known 12 13.8% 300 304.0 6251 20.56 

Total 300 W 72 82.8% 300 277.4 4109 14.58 

Total 500 W 15 17.2% 500 476.5 9372 19.58 

Unlabeled lamps were found in 69.0% of the torchieres while, overall, 300 W 
halogen lamps were found in 72 of 87 (82.8%) of the torchieres. Because the 
unlabeled lamps are generally much cheaper than known lamps, they not only come 
in most or all torchieres, but are often used as replacement lamps as well. 
Unfortunately, these lamps dramatically underperform compared to the known 
lamps. The unlabeled lamps averaged 3684 lumens compared to 6251 lumens from 
the known lamps. The known lamp average efficacy of 20.56 Im/W represents 
more than a 50 percent improvement over the unlabeled average efficacy of 13.54 
ImlW. The unlabeled lamps generally operated 10 percent below their rated power. 
Figure 3 presents a bar distribution graph of 300 W lamp data broken into 1 Im/W 
bins. The first peak on the histogram occurs from 12 to 15 ImlW and is comprised 
entirely the unlabeled lamps. The second peak occurs at 21 Im/W, slightly higher 
than the common "catalog" efficacy of halogen lamps of 20 ImlW, and is made up 
exclusively of the known lamps. Also noteworthy are the lamps with efficacies of 
10 ImlW and under. Many of these lamps were heavily blackened on the inside, 
possibly caused by prolonged operation in a dimmed operation mode. 
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Fig. 3: Lamp Efficacy Distribution by Lamp Group 

Further decreasing the energy efficiency of the halogen lamps is the strong non-linear 
relationship between efficacy and dimming, as seen in Figure 4. This plot, constructed from 
average data of several halogen lamps, shows that a halogen torchiere operating at 50 
percent light output consumes nearly 75 percent of peak power, while at 50 percent peak 
power the torchiere produces 20 percent of peak light output (Page and Siminovitch, 1997). 
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3. CFL Torchieres Better and Brighter 
Table 2 presents lamp and fixture data for the CFL torchiere and the average 
unlabeled halogen torchiere at full and half power. All CFL data is from integrating 
sphere and goniometric measurements, while the halogen lamps' power and lumens 
are found by placing average lamp data in the fixture model. 

Table 2: Fixture Data from CFL and Halogen Torchieres 

Nominal Actual Lamp Fixture Fixture Power Harmonic Fixture 
Wattage Wattage Lumens Efficiency Lumens Factor Distortion Efficacy 

CFL- Full 72 64.95 4826 83.7% 4041 0.99 14.33% 62.21 

CFL- Half 36 39.12 2565 83.1% 2132 0.95 25.88% 54.50 

Halogen - Full 300 272.0 3684 88.0% 3242 0.99 5.37% 11.92 

Halogen - Half 150 136.0 739 87.7% 648 0.63 75.41% 4.76 

At full power, the CFL torchiere produces 25 percent more lumens than the average 
300 W halogen torchiere and has over five times greater efficacy. At half power, 
the CFL torchiere produces over six times the lumens of the halogen torchiere at 
half power, with a l3 fold increase in efficacy. While the poor performance of the 
halogen lamps contributes to this efficacy discrepancy, it should be noted that even 
if the halogen lamps averaged their "catalog" efficacy of20 ImlW, there would still 
be a three to four fold efficacy improvement in going from halogen to CFL 
torchieres. It should also be noted that the power quality (power factor and 
harmonic distortion) of the halogen torchiere decays fairly dramatically with 
dimming, whereas power quality is fairly constant for the CFL torchiere. (The 
harmonic distortion of the halogen at full power is non-zero because of the presence 
of the dimmer switch.) 
The distribution of the CFL torchiere is best understood when analyzed relative to 
the halogen torchiere. Figure 5 gives the averaged candlepower plot for the CFL 
torchiere and the typical 300 W torchiere at full and half power. While, at full 
power, the halogen torchiere nearly matches the centerbeam intensity of the CFL 
torchiere, the halogen torchiere has a much more narrow distribution. At half 
power, the decreased efficacy of the halogen caused by dimming is quite 
pronounced, and the CFL torchiere dramatically outperforms its halogen 
counterpart. 
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To understand how this difference in light distribution affects the actual illuminance in a 
room, the candlepower distributions from the halogen and CFL torchieres were place in a 
Radiance computer model of a Stanford University dormitory room. Figure 6 shows the 
surface illumination (on floor, desk, chairs, etc.) in the model room for both the CFL 
torchiere (left) and the halogen (right). This model corresponds well with the distributional 
plots and shows the CFL torchiere matches the halogen close to the luminaire, but produces 
15 to 20 percent more illumination further away from the fixture. 
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Fig. 6: Radiance Computer Model of a Stanford Dormitory Room with a CFL Torchiere 
(left) and a Halogen Torchiere (right) 

4. Market Transformation Allies from the Insurance 
Industry 

The insurance industry is beginning to view energy efficiency as a previously 
untapped strategic opportunity (Mills and Rosenfeld, 1994; Mills 1996; Mills 
1997), both because certain energy-efficiency technologies can prevent 
conventional insurance losses and because they can reduce emissions of greenhouse 
gases that some insurers believe are linked with increased rates of high-cost natural 
disasters (e.g. hurricanes). 
Torchiere fixtures represent a prime example of an energy-using technology that is 
both responsible for conventional insurance losses (via house fires, health problems, 
and loss of life) and higher-than-necessary levels of greenhouse-gas emissions. 
Figure 7 graphically illustrates the massive heat produced by the halogen torchiere 
in an infra-red photograph of a 300 W halogen torchiere (left) next to the CFL 
torchiere (right). It is interesting to note that the CFL lamps' surfaces do not even 
reach temperatures as high as the wall directly behind the halogen torchiere. 
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Fig. 7: An Infra-Red Photograph of a Halogen Torchiere (left) and a CFL Torchiere 

Individual insurers are now beginning to evaluate the merits of energy-efficient 
torchieres and prepare consumer-education materials directed at identifying safe 
and efficient alternatives. The Arkwright Mutual Insurance Company has issued a 
warning concerning torchieres that points out the additional energy benefits of 
shifting to safe units (Arkwright, 1997). In collaboration with Lawrence Berkeley 
National Laboratory, Arkwright subsequently initiated retrofits of halogen 
torchieres with CFL designs at Northeastern University and Tufts University, and 
are actively working to spread this practice to other universities around the United 
States. Other appropriate responses could include offering premium reductions for 
customers, such as universities, that ban torchieres (or premium increases for those 
who don't) or buying down the sircost of upgrading to an energy-efficient 
replacement fixture. Joint initiatives involving utilities and insurers are also being 
explored. 
Insurers can also affect market transformation through information and rating 
programs. Underwriters Laboratories, which was founded by the US insurance 
industry early in the century and still serves that industry, has withdrawn their UL 
safety listing for certain torchiere fixtures and has established more stringent testing 
procedures. As an example of proactive rating and labeling, in the context of 
halogen fire hazards that can be eliminated by the use of energy-efficient torchiere 
designs, Arkwright Mutual has helped educate its customers about the EPA Energy 
Star labeling program for residential light fixtures. 



384 

Summary 

Staggering international market size and poor energy efficiency have combined to 
make halogen torchieres a major global energy gobbler. New energy efficient 
torchieres utilizing CFL technology are now entering the market that provide 
superior light output at a fraction of the energy consumption. Unlike halogen 
torchieres, these new torchieres operated at temperature well below that at which 
common household items (such as drapes) will ignite. Market transformation 
efforts have been initiated by energy conservation groups and the insurance industry 
to promote this efficient and safe luminaire. 
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Developing the Specification for a Replacement 
Incandescent Lamp 

By Paul Davidson, BRE 
Building Research Establishment, Garston, Watford, WD2 7JR, United Kingdom 

1. Background 

One of the collaborative research programmes under the auspices of the 
International Energy Agency concerns the various techniques and technologies 
which influence energy use through Demand Side Management (DSM). A total of 
fifteen countries are working together on a number of different programmes under 
this umbrella. One of the sub-groups is working on procedures by which new 
DSM technologies can be brought forward by international market pull. Annex 
III on Co-operative Procurement consists of eight countries - Sweden, the 
Netherlands, Finland, the United Kingdom, Denmark, Spain, the United States 
and Korea - co-ordinated by an operating agent - Hans Westling - in Sweden. 

The aims of the Annex are to: 
• design a pilot process for the competitive international procurement of DSM 

technologies, 
• select a few key technology areas on which the process could be tested, 
• carry out trial procurements on some of these products, 
• Draw lessons from these trials in order to refine the process as an 

international tool for future procurement of new technologies. 

2. The procurement process 

The essence of technology procurement is to bridge the gap between 
manufacturers who are unable or unwilling to develop improved products because 
they don't believe a market exists, and those buyers who would like improved 
products but are unable to find them. In this case, 'improved' means more energy 
efficient, but in principle the technique could be applied to any improvement. 

The process involves gathering together a group of influential buyers who 
between them constitute a strong enough market that they can 'pull' improved 
products from the manufacturers. These buyers agree a specification for a new 
product, which is then offered to the industry in the form of a competition. The 
winning manufacturer is assured of an initial market for his product, which offsets 
the risk incurred in investing in new technology. This process is not new - Sweden 
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in particular has a proven track record in encouraging a number of significant 
developments. 
The novel approach adopted by the Annex III programme is to recognise that, for 
some types of products, the market is international and that the only way to build 
up a strong enough group of buyers is to do so on a multi-national basis. 

The Annex III programme settled on six initial product types on which to try out 
the process. These were: 
• the standard incandescent electric lamp 
• clothes dryers 
• photocopiers 
• vending machines (for drinks) 
• home electronics (TVs, etc) 
• electric motors 

This paper describes the first of these, for which a procurement exercise has 
already been started. The project on clothes dryers is at a similar stage. 
In each case, the procedure can be summarised as follows: 

• Groups of interested buyers are assembled in each country 
• An initial specification for the new product is drawn up, based on the best 

available knowledge as to what the industry could supply 
• This initial idea is put to a meeting of all potential suppliers 
• The specification for the product is further refined and agreed by all the 

buyers 
• The final specification is used as the basis of an invitation to suppliers to 

tender their best response 
• The resulting tenders are assessed, and those that meet the requirements are 

invited to submit prototypes for testing 
• Following testing and further assessment, one or more winners are 

announced 
• The buyers are encouraged to purchase the first production versions of the 

new product, sometimes at subsidised prices 

This paper concentrates on the development of the specification for the 
replacement incandescent lamp. The project involves contributions from five of 
the Annex III countries: 

• UK - BRE (Project Manager) 
• Sweden - NUTEK (Project Co-ordinator) 
• Netherlands - NOVEM 
• Finland - MOTIV A 
• USA - DOE, EPA, LBL. 
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3. Why a new lamp? 

When the project team fIrst addressed the question of whether there was scope for 
a procurement exercise in the fIeld of domestic lighting, it naturally considered 
the role and future uptake of the compact fluorescent lamps (CFLs) which have 
been on the market for many years. Table 1 illustrates the advantages of CFL 
technology over the conventional incandescent GLS (or 'A-line') lamp. A CFL 
converts electricity into light with an efficiency 4 or 5 times greater than an 
incandescent and lasts ten times as long. In any situation with reasonable usage, a 
CFL will recover its initially high cost within a very acceptable period. 

Table 1. Comparison between incandescent and compact fluorescent lamps 

Typical values Conventional Compact 

Efficacy (lumen/watt) 
Lamp life (hours) 
Approx. cost (£/lamp) 

incandescent fluorescent 
12 60 

1,000 10,000 
0.5 10 

An average household may have as many as 30 lamp sockets. Research from the 
USA, which should, by and large, be applicable to European households as well, 
indicates that almost 75% of a typical household's lighting energy use is 
consumed in about 30 percent of the sockets, i.e., lamps with long burning hours 
and/or high installed power. These sockets make good first targets for 
replacement or conversion to CFLs. The remaining quarter of the domestic 
lighting energy use is accounted for by the remaining 70% percent of the 
domestic sockets. In all these applications, burning time and/or the installed 
power is low. 

There are billions of existing luminaires (light fittings) in Europe alone, the vast 
majority of which are designed for incandescent lamps. Any strategy to promote 
CFLs will have to take a number of potential limitations into account: 

1) The CFL may physically not fIt in the luminaire; or, if it does, its appearance 
will be unacceptable to the user. 

2) The light distribution from the CFL may be unsuited to the design of the 
luminaire, so tha~ it performs less acceptably than its conventional 
equivalent. 

3) Instant switch-on may be required. Although modern electronically ballasted 
CFLs start up fast, they still require about a minute to reach full light output. 

4) A dimmer may already exist in the circuit. There is still no integral CFL that 
can be dimmed. Integral CFLs also perform poorly with most occupancy 
sensors. 

5) Their colour rendering may not be appropriate. 
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6) The operating environment may be too harsh. CFLs perfonn less well as 
temperatures fall. 

7) The CFL may not be cost-effective. There are applications where CFLs at 
their current costs would not be considered cost effective, either because the 
lamp replaced is of too Iowa wattage or because the number of burning hours 
per year is too low. In other words, the annual energy savings are not large 
enough to compensate for the cost of the lamp 

To achieve maximum and sustainable savings, one of the most promlSlng 
strategies for governments and others will be to promote luminaires dedicated for 
use with pin-based CFLs, i.e., luminaires with a built-in ballast. It will be easier 
to design for improved optical perfonnance, and to accommodate dimming, etc, 
with dedicated luminaires than with conventional fittings where a screw-base (or 
bayonet) CFL is used. Since pin-based CFLs are considerably cheaper than screw
base CFLs, dedicated luminaires are generally more cost-effective from a long
tenn perspective. Moreover, the risk that a CFL will be replaced by an 
incandescent at the end of its life is eliminated. It will, however, take many years 
for dedicated CFL luminaires to penetrate the household market and that part of 
the commercial and public sectors relying heavily on incandescent lighting today. 
Therefore, as a short- to medium-tenn strategy, direct replacements for standard 
incandescent lamps must be used. 

It is for these remaining luminaires that a low-price, improved-perfonnance 
GLS lamp could achieve very large savings on a European level. 

4. Developing a specification 

In considering how far it would be realistic to expect to improve the perfonnance 
of incandescent lamps, the project team relied to a large extent on work carried 
out in the United States by Francis Rubinstein (for the Lawrence Berkeley 
Laboratory) and others. This had resulted in a procurement exercise by the US 
Department of Defense, looking for a new A-line lamp 30% more efficient than a 
conventional incandescent. This was for a lamp to run at the US voltage of l20V, 
and it was clear that transferring a solution to this problem to the European 230V 
supply would not be straightforward. It was therefore decided that the Annex III 
procurement would be for a 230V lamp, whose specification would be otherwise 
fairly similar to the US case. One advantage of this approach was the message a 
double procurement would send to the manufacturers - most of whom are multi
national- that the demand for the new lamp is world-wide. 

The initial US analysis was followed up by informal discussions with 
manufacturers and input from other research organisations and lighting experts. 
The US LBL team had proved that, of the possible technologies that could in 
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theory meet the specification, one that looked very promising was the so-called 
Halogen Infra-red (HIR) lamp. This is a standard halogen lamp, which in itself is 
significantly more efficient than an ordinary tungsten filament lamp, but with an 
infra-red reflective coating on the quartz envelope around the filament. Such 
lamps already exist, but as specialised equipment, and at a relatively high price. It 
was the 30% improvement in efficacy that HIR lamps could achieve which 
guided the final target in the specification. 
As far as lamp life is concerned, there is a trade off between life and efficacy and 
cost. A very efficient lamp can be built with a short life, but to make the 
inevitable extra investment worthwhile, it was felt that there had to be some 
additional benefit such as extended life. Striking the correct balance was one of 
the aims of the process. 
Having sought the technical views from a variety of sources, the next stage was to 
consult with the user groups which had been formed in each of the four European 
countries involved. They were asked to help define the criteria which would make 
them likely to purchase such a lamp if could be delivered. This process was to 
some extent cyclical, with different drafts of the specification being offered for 
comment to the four buyer groups. The buyers were also asked to indicate how 
many lamps they might be prepared to buy, if they met the technical and cost 
criteria. 
One of the key criteria, of course, was the price at which a lamp could be made 
available to the end consumer. To this end, a market survey conducted by 
NUTEK in Sweden provided some very valuable data. In addition the buyers, all 
of whom could speak both as domestic consumers and as intermediary 
organisations, offered their view. In the end, the price was not specified precisely 
in the procurement, but expressed in terms of what the manufacturers thought the 
market would bear. 

As a result of these discussions, it became clear that there was scope for a lamp 
somewhere between the extremes of performance and price offered by the GLS 
and the eFL lamps. Although there would in due course be a need for a full range 
of wattages, for the initial procurement it was decided to concentrate on replacing 
the 60W GLS lamp only. Table 2 illustrates this. 

Table 2. Possible role for Replacement Incandescent Lamp (RlL) (at 60W nominal) 

Typical values GLS RIL CFL 
Efficacy (lumen/watt) 12 18 60 
Lamp life (hours) 1,000 3,000 10,000 
Approx. cost (£/lamp) 0.5 1.5 ?? 10 
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5. The specification 

As a result of the various consultations, it became clear that a new lamp would 
need to meet certain basic criteria. It would need to be able to: 

• Replace any existing incandescent lamp 
• Operate in any position 
• Operate at any reasonable temperature 
• Start instantly 
• Provide a light distribution similar to GLS lamps 
• Render colours well 
• Be dimmable 
• Cost no more to dispose of than a GLS 
• Cost little more to buy 

More specifically, the specification became condensed into two tables, one 
covering performance issues, the other more general design features. These are 
shown below, with comments as to the logic behind the decisions reached. 

Table 3: Performance Specifications for Qualifying Lamps 
Min. initial luminous flux 730 lumen 
Min. luminous flux after 3,000 90% of initial value 
hours 
Average life At least 3,000 hours 
Min. lamp efficacy 18 lumen/watt 
Max. lumen tolerance per IEC 
Colour rendering index Ra> 95 
Colour temperature 2700 - 3000K 
Min. number of starts 5,000 
Start up time Instant 
Compatibility with dimmers Fully dimmable with standard 

dimmers 
Compatibility with photocells 

5.1 Comments to Table 3 

Average initial lumens 

Colour Temperature 

Compatible with non-airgap cells 

These values correspond to the lumen output for 
standard incandescent lamps at 60 watt. 
Luminous flux is to be measured after one hour 
of operation. 
The range of 2700 - 3000K is the most popular 
colour temperature for residences. Standard 
incandescent lamps operate at 2800K. Halogen 
lamps are generally operated at closer to 3000K 



392 

Colour rendering index Standard incandescent lamps are rated at Ra 
99-100 

Start -up Time Standard incandescent lamps reach full 
brightness essentially instantaneously. The same 
is true of all halogen lamps (including the HIR 
variety). 

Compatibility with dimmers Dimmers are a way of life in modem homes. 
This procurement specifies that qualifying lamps 
be able to be dimmed on existing dimmers. 

Compatibility with photocells Many photocells for domestic applications use 
non-air-gap switches. Non-air-gap switches 
(also called solid-state switches) work well with 
incandescent loads but will cause failures in CFL 
lamps. 

Table 4. Design Specification for qualifying lamps 
Envelope coating Frosted ('Pearl') or Clear 
Max. diameter 60mm 
Max. length 108mm 
Max. weight 100gm 
Base E27 and B22d 
Operating voltage 230V AC ± 10% @ 50 and 60 Hz 
Percent flicker < 10% 
Burning position Any 
Location of use Indoor and outdoor (-40 - +50°C 
Sensitivity to vibration Not more so than GLS lamps 
Lamp disposal Costs and procedures comparable to GLS lamps 

5.2 Comments to table 4 

Lamp Dimensions 

Outer Envelope 

"Normal shape" or "Standard GLS" incandescent 
lamps are the primary target of this procurement. 
The lamp should serve as a drop-in replacement for 
standard GLS lamps and fit in all sockets where a 
standard-size GLS lamp fits. Lamps may have some 
design feature that makes them easy to recognise, 
but this feature may not disturb their general 
appearance as that of being a drop-in GLS 
replacement. 
Prototype testing will only be performed on 
qualifying lamps with frosted envelopes. However, 
tenderers will also deliver five clear-envelope lamps 
as a sample. It is expected that clear lamps will 



Maximum weight 

Base 

Operating Voltage 

Burning position 

Location of Use 
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make up 10% of the total expected volume of 2 
million lamps/year for three years. 
Standard GLS lamps weigh only 32 grams. 
However, to allow for the possibility that a slightly 
heavier glass envelope might be necessary or 
desirable, lamp weight may marginally exceed that 
of a standard GLS. 
Although most sockets in Europe are of the E27 
type, the specification for base type is made 
complex by the existence of both E27 and B22d 
bases. It is expected that B22d-base lamps will make 
up 25% of the total expected volume of 2 million 
lamps/year 
230 VAC is the agreed upon voltage standard in the 
EU. Qualifying lamps must perform satisfactorily at 
both 50 Hz and 60 Hz frequencies 
A lamp designed for general domestic use should be 
able to be burned in any position. 
Outdoor use is often the most cost-effective 
application for CFLs. However, in extremely cold 
climates such as in Northern Scandinavia with 
winter temperatures typically falling well below -
30°C, CFLs will not operate satisfactorily. Also the 
light output must not diminish in hot ambient 
temperatures, such as those in an enclosed fixture. 

6. Progress with the procurement 
The specification derived above was issued with an invitation to tender in March 
1997. Other considerations included in the invitation were: 

• The retail price must be low enough to be acceptable to residential customers 
• Suppliers must be able to show they will be able to produce sufficient lamps 

for a mass market 
• They must put forward plans for marketing the new lamp alongside CFLs 

The closing date for the tender was the end of September and responses are now 
being assessed. 
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Conclusions 

This project has demonstrated that it is possible to identify a need for a new 
product to fill a gap in the market, and then to pull together an international group 
of buyers to encourage manufacturers to rise to the challenge of producing it. 
Whether or not the procurement itself delivers a new lamp in the way intended, 
the exercise itself has convinced manufacturers of the demand in the market for 
such a lamp, and their own research programmes will take account of it. 

In any event, the process itself, along with the other Annex III projects, will yield 
valuable experience on how to work internationally to pull forward new 
technologies. 



Building Buyer Strength for a Future Bulb 

Nils Borg, Borg&Co 
NUTEK 

Background 

One of the collaborative pilot programmes under the auspices of the International 
Energy Agency (lEA) concerns the various techniques and technologies which 
influence energy use through Demand Side Management (lEA Implementing 
Agreement on DSM). A total of fifteen countries are working together on a 
number of different programmes under this umbrella. One of the sub-groups is 
working on procedures by which new DSM technologies can be brought forward 
by international market pull. Annex III on Co-operative Procurement consists of 
eight countries - Sweden, the Netherlands, Finland, the United Kingdom, 
Denmark, Spain, the United States and Korea - co-ordinated by an operating 
agent - Hans Westling - in Sweden. 

1. The Procurement Process 

The essence of technology procurement is to bridge the gap between 
manufacturers who are unable or unwilling to develop improved products because 
they don't believe a market exists or that it exists but is too weak, and those 
buyers who would like improved products but are unable to find them. In this 
case, 'improved' means more energy efficient, but in principle the technique 
could be applied to any improvement. One example of this is a Dutch wheelchair 
technology procurement project which resulted in a siginificant overall cost 
reduction and larte user user involvement regarding the functinal requirements 
(Nutek 1996, p. 42). In fact, in order to get market acceptance for energy-efficient 
technologies the performance specifications often have to specify desired 
improvements that are not related to energy efficiency (Nutek 1996 and 1994). 

The process involves gathering together a group of influential buyers who 
between them constitute a strong enough market that they can 'pull' improved 
products from the manufacturers. These buyers agree a specification for a new 
product, which is then offered to the industry in the form of a competition. The 
winning manufacturer is assured of an initial market for his product, which offsets 
the risk incurred in investing in new technology. This process is not new - Sweden 
in particular has a proven track record in encouraging a number of significant 
developments. 
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The novel approach adopted by the Atmex III programme is to recognise that, for 
some types of products, the market is international and that the only way to build 
up a strong enough group of buyers is to do so on a multi-national basis. 
The procurment procedure can be summarised as follows: 

Groups of interested buyers are assembled in each country 
• An initial specification for the new product is drawn up, based on the best 

available knowledge as to what the industry could supply 
• This initial idea is put to a meeting of all potential suppliers 
• The specification for the product is further refmed and agreed by all the 

buyers 
• The final specification is used as the basis of an invitation to suppliers to 

tender their best response 
• The resulting tenders are assessed, and those that meet the requirements are 

invited to submit prototypes for testing 
• Following testing and further assessment, one or more winners are announced 
• The buyers are encouraged to purchase the first production versions of the new 

product, sometimes at subsidised prices 

This paper adds some information on the type of buyers that stand behind the 
specification. The buyers are found in four countries. 

• Finland - MOTIV A 
• Netherlands - NOVEM 
• Sweden - NUTEK (project Co-ordinator) 
• UK - BRE (project Manager) 

2. Identifying the Buyers 
Information gathered from manufacturers when preparing the US Department of 
Defense "efficient A-line drop-in replacement project" which involves a volume 
of more than 2 million lamps per year for a similar product as that specified by 
the lEA co-operative procurement project, as well as in preparing a Nutek 
technology procurement project for increased efficacy low-voltage dichroic 
halogen lamps, indicated that manufacturers need a volume of at least 10 million 
lamps per annum to start up a new production line (Rubinstein, Ofverholm). 
Later, in confidential talks with manufacturers, they have indicated the required 
volume would eventually have to be of the order of 50-100 million lamps to reach 
economics of scale, and thus an end-user price that ordinary consumers can 
accept. It is useless to aim in one single procurement project to establish the 
market volume to support one manufacturers production. Rather, the intention is 
to establish an initial market large enough to make manufacturers feel 
comfortable about the future prospects of the product on a self-sustained market. 
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The project team also concluded that a few volume buyers would not be enough to 
create a market since this product is a typical consumer product. Moreover, 
institutional buyers are those most likely to see the benefits of dedicated CFL 
luminaires and other types of lighting systems that can replace incandescent lamps 
presently in use. Therefore, they should be able to build an initial market, which 
would probably fade out while the end-use consumer market for the lamp grows 
instead. 

3. Confidence is Crucial 

Another important thing to consider was the fact that no buyer would ever legally 
commit themselves to buy a number of lamps. "The group of purchasers intends to 
purchase or help in the purchasing of 6 million units over a period of 3 years, with 
an option on a further one million per year." the competition document states 
(section 1.8). Rather, all buyers would be able to purchase the lamps with some 
sort of framework or call-off arrangement where prices are fixed up to the volume 
specified in the final contract. Thus, the competition document specifies that "(t)he 
final conditions for delivery and possibility of differing border pricing will be 
negotiated before agreeing the final contract. Any individual company or 
organisation in the purchasers group listed in Appendix 1 (at the date of issue or in 
future amendments during the procurement process) can order products from the 
winner(s). The lEA group will actively work towards establishing a market for the 
product for a period of three years, corresponding to a volume of 2 million units 
per year, with an optional additional volume of one million units per year. " 
(Competition document section lA. sub-section "delivery phase".) 

In order to make manufacturers feel confident about the buyers' commitment, it is 
crucial that the group consists of a large number of buyers, where the commitment 
of each works as a "moral" guard that other buyers don't fail on their 
commitments. Moreover, it is important that at least some buyers are well known in 
the market and by the manufacturers. 

4. Different Roles of Buyers 

The different buyers were identified along the following criteria. They should: 
a) consume lamps in large volumes themselves 
b) distribute or wholesale lamp to retailers or other end-users 
c) purchase large quantities of lamps for retail to consumers, or 
d) be in a position where they don't buy or sell large quantities of lamps 
themselves, but are able to help market the lamps. 
Moreover, some of the buyers should preferably be organisations with a high
profile in the market. 
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a) Large end-users of lamps 
Since the lamp is identified as a typical home product, the project team 
concentrated on buyers with home-like settings. These are for instance hotels, 
hospitals and other public institutions that care for children, elderly, handicapped 
etc. Moreover, churches were identified as possible users with their requirements 
for dimming and clear glass bulbs. However, interviews with managers of large 
public institutions concluded that although incandescent lamps were of marginal 
importance for them, the sheer size of their organisations still meant that they 
consumed incandescent lamps in large volumes. Some of the buyers found in this 
category are hotel chains such as Scandic Hotels and Sweden Hotels, the Swedish 
Armed Forces (bedside lamps in barracks), the Church of Sweden with some 20 
000 employees and 18 000 buildings. 

b) Distributors or wholesalers. 
Since this group in many cases overlap with the group above, they were 
considered in the same category. Large procurement organisation in the public 
sector were obvious targets for the efforts to fmd buyers. Here, again, the Armed 
forces of Sweden emerged as a possible partner for call-off agreements for the 
whole state sector in Sweden. Another buyer in this category is the city of 
Stockholm. In the UK, The UK Buying Agency (TBA) that purchases products 
for the whole public sector in the UK, and trading House Hansel in Finland which 
has a similar function .. 

c) Retailers on the consumer market 
This is possibly the most important group in terms of volume and links to the 
consumer market. Retailers in all four countries have been identified, and they 
include all sorts of large DIY (do-it-yourself) stores, co-operative stores, furniture 
stores etc. 

d) Supporters for marketing the lamp 
These "buyers" are not formally buyers as a rule, but participate in the buying 
group in their capacity as marketing supporters. This is a very important group, 
and it constitutes of electric utilities mainly in Sweden, Netherlands and Finland, 
along with Energy Saving Trust (EST) in the UK. 

5. The Buyers Role in Developing a Specification 

Having sought the technical views from a variety of sources, the next stage was to 
consult with the user groups. They were asked to help define the criteria which 
would make them likely to purchase such a lamp if could be delivered. This 
process was to some extent cyclical, with different drafts of the specification 
being offered for comment to the four buyer groups. The buyers were also asked 
to indicate how many lamps they might be prepared to buy, if they met the 
technical and cost criteria. 
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One of the key criteria, of course, was the price at which a lamp could be made 
available to the end consumer. To this end, a market survey conducted by 
NUTEK in Sweden in 1996 provided some very valuable data (NUTEK 1997). In 
addition the buyers, all of whom could speak both as domestic consumers and as 
intermediary organisations, offered their view. 

Conclusions 

This project has demonstrated that it is possible to identify a need for a new 
product to fill a gap in the market, and then to pull together an international group 
of buyers to encourage manufacturers to rise to the challenge of producing it. 
Whether or not the procurement itself delivers a new lamp in the way intended, 
the exercise itself should have convinced manufacturers of the demand in the 
market for such a lamp, and their own research programmes should take account 
of it. In this respect, the involvement of the buyers has been instrumental. 

References 

Nutek, B1996:3, "Co-operative Procurement: Market Acceptance for Innovative 
Energy-Efficient Technologies.," Swedish National Board for Industrial and 
Technical Development.Nutek, 1994:70, "Effective Market Influence: an effect 
chain analysis of Nutek's high frequency lighting campaign," Swedish National 
Board for Industrial and Technical Development. 

NUTEK, 1997. Department of Energy Efficiency. Market Acceptance Study for 
Incandescent Lamps Compact Fluorescent Lamps (CFLs) in Sweden. (A market 
survey conducted by B2B, Stockholm, on consumer attitudes and willingness to 
pay for a more efficient GLS lamp.) 

Rubinstein, Francis. January 1996. Lawrence Berkeley National Laboratory, 
USA. Personal communication. 

Ofverholm, Egil. (1994-96). NUTEK, Sweden. Personal Communication. 

Endnotes 

The original invitation to tender was issued on April 16, 1997 at the Hannover fair 
in Germany. It can be obtained from: NUTEK, Department of Energy Efficiency, 
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S-117 86 Stockholm, Sweden (Incandescent replacement lamp. Technology 
procurement competition. Invitation to tender.) 
The specification can also be downloaded via the homepage of Nutek Energy 
Efficiency. http://eff.nutekse/engelskhtml, or directly via the subpage 
http://eff.nutekseIIAEELIDSMIDropiniundersida.html, which contains a lot of 
background information on the lamp project as well as information on the other 
procurement projects within lEA's Co-operative Technology Procurement 
programme. 



European Experiences in Initiatives concerning Energy 
Saving in the Lighting Field: Actions Performed by 
CELMA and CELMA-COMPONENTS. 

Roberto Borsani 

Our considerations concerning this subject cannot prescind from introducing what 
CELMA·COMPONENTS is and therefore from the voluntary activity of "Energy 
Labelling" with the corresponding ballast classification and from the consequent 
activity of "Energy Efficiency" that will be studied in 1997/1998 for a subsequent 
application during the next decade. 

CELMA·COMPONENTS is the European committee formed by the national 
Associations in which manufacturers of lighting components are members. In 
particular, it defends the interests of the following products: ballasts for discharge 
lamps, transformers for halogen lamps, starting devices for lighting sources, 
capacitors, lampholders and similar products. 

As you may have heard listening to the reports preceding mine, in order to grant an 
efficient operation a lighting system must entirely consist of energy saving 
elements, each having of course its own efficiency potential. 
Such elements are the following: 
• lighting sources with high light efficiency; 
• electronic ballasts and low loss ballasts; 
• luminaires with high optical efficiency; 
• light intensity distribution curves appropriate for the specific applications; 
• control systems to complete natural light with artificial lighting; 
• planning of rooms with structures and colours exalting the light efficiency. 

This concise list of elements, which, if correctly used, allow to achieve an 
improved lighting efficiency, should not let us forget other important aspects that 
must be taken in consideration for granting a real energy saving: 
• the design of luminaires 
• the technical planning of a lighting system 
• the planning of buildings and rooms 

The lighting of a room, in fact, should not be considered as a decorative aspect of 
the room itself to be chosen when the building or the room is finished. On the 
contrary, lighting must have a "functional" role in the same way as the heating 
system, the air conditioning system and the general utilities. In order to achieve this 
purpose, the lighting of rooms must be taken in consideration already from the 
planning of the building itself if one wants to obtain a first significant result in 
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the energy efficiency policy, which means the exploitation of a fundamental and 
inexhaustible resource like natural light. In fact, it must be considered that the 
quantity of natural light varies according to the latitude and therefore the need of 
artificial light is different if we are in Oslo, in Rome or in Athens: as a 
consequence, it would be a mistake to standardise construction rules without 
considering this aspect. 

Another important element is the design of the luminaire. This subject, however, 
will be treated further on when we shall talk about the ballasts. Now I would like 
to dwell again upon the importance of the planning of lighting and of the chosen 
lighting system. In this drawing we can see how important is the planning of a 
room: the colours of walls, the colours of furniture and infrastructures, the shape 
of windows and skylights, the curtains or possible protections on windows, the 
typology of walls (presence of transparent elements) are determining factors for 
the efficiency of the chosen type of lighting. These problems lead us immediately 
to do some considerations which are already pointed out in this drawing: lighting 
has started "talking" with the environment. The use of sounds for presence 
detection, the combined use of natural and artificial light in a room in order to 
obtain a suitable lighting distribution where needed, the use of concentrated or 
indirect lighting systems bring us directly to the next subj ect: the direct 
connection between the typology of a luminaire and the integrated lighting system 
of a room. It would be reductive, in fact, to consider the lighting efficiency only 
through the maximum lighting flux of a luminaire, without considering the visual 
comfort which must be achieved and assured for the people attending a room: it 
must be avoided what happened in some other countries where the lighting 
efficiency was obtained by dazzling and therefore by wasting instead of saving 
energy. 

The previously treated subjects have brought us to a very important aspect 
concerning directly the luminaire: this latter must "talk" with the room in which it 
is installed. Today this can be achieved thanks to electronic systems developed 
for lighting which not only improve the energy aspect but also give a "thinking 
brain" to the luminaire. 

At this stage it is important to remind what we are doing in Europe for achieving 
energy saving in lighting. Assuming that it is not possible to cancel a technology 
and that a 100% replacement of production and installations with magnetic 
ballasts cannot be expected, an attempt has been made in order to introduce 
intermediate steps which may lead to an improvement of magnetic ballasts 
performances and to a more and more gradual introduction of electronic ballasts 
for lamps. 
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As you can see in this tracing, three ballast typologies are presently available on 
the market: 
• conventional magnetic ballasts 
• low loss magnetic ballasts 
• high frequency electronic ballasts. 
In this tracing are summarised the advantages and possible savings which can be 
achieved with the above three ballasts typologies. Considering for instance a 58W 
lamp, we can see that with a conventional ballast the lamp has a total 
consumption of 71 W due to 58W of the lamp and to 13W of the ballast loss; a 
low loss ballast has a total consumption of 66W due to 58W of the lamp and to 
8W of the ballast loss; the electronic ballast has a total consumption of 56W due 
to the fact that the lamp supplied with high frequency has a consumption of 51 W 
and the ballast loss is estimated around 5W even if it is not very easy to calculate 
the loss value at high frequency. 

Following this example, the European committee for components, CELMA
COMPONENTS, has developed a classification scheme for ballasts for 
fluorescent lamps subdivided in the following seven classes: AI, A2, A3, Bl, B2, 
C and D. Limit values have been defmed for each class. This classification 
scheme has the purpose of replacing a definition of ballasts according to 
adjectives not corresponding to any predetermined value. This classification 
scheme has already been defined and is going to be implemented on the market. 

Of course at this stage it may seem easy to draw the conclusion that electronics is 
the best solution for an energy saving policy. We say no: electronics is only one 
of the possible responses offered by the market, although we must beware of any 
simplification and commonplace regarding this matter. On the market now we can 
witness the birth and spread of electronic ballasts at any price and for all tastes. 
However, it is important to require that the quality/performance/price ratio is 
fulfilled in connection to a mandatory compliance with Safety and 
Electromagnetic Compatibility standards. 
Furthermore one must not disregard the fact that also the electronic ballast must 
follow efficiency and performance rules and not simply supply the lamp with high 
frequency instead of with 50Hz, otherwise we would not have reached our target, 
i.e. the improvement of energy consumption by means of a technology 
improvement of the lighting system. 

In conclusion it is important to remind, as already done at the beginning, that 
when we talk about the ballast, we only mean a single component of the 
luminaire, i.e. its "engine"; however, it is equally important to consider the optical 
characteristics of the luminaire, otherwise we could run the risk to have put a 
Ferrari engine into a low-powered car. As a consequence, when considering a 
luminaire in its totality, we must think of its efficiency also from an optical point 
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of view: the choice of the foreseen materials, parabolas, reflectors and diffusers is 
therefore of great importance. As previously stated, the target is not to have a 
larger amount of light in the same square meter, but to achieve a correct light 
distribution thus granting energy efficiency as well as light efficiency combined 
with visual comfort. 

The Italian manufacturers of technical luminaires, members of ASSIL-ANIE, 
have already taken decisions in this sense by promoting through IMQ a Quality 
marking concerning the performance of the luminaire, called "IMQ 
PERFORMANCE", which has the purpose to certify the photometric curves 
declared by each luminaire manufacturer. With this voluntary scheme the Italian 
manufacturers have asserted their determination of affirming once more in Europe 
and world-wide that the Italian production, already famous for its design, now has 
more and more an added value both from a technical and quality point of view. 



Market Research on the Use of Energy Saving Lamps: 

The DELight Project 

Agneta Persson, NUTEK Department of Energy Efficiency, Sweden 

Synopsis 

This paper describes the DELight project. DELight is studying European domestic 
lighting and the potential for energy-efficient lighting in terms of the technology, 
aesthetics and behaviour. 

1. Introduction 

The DELight project is studying European domestic lighting and the potential for 
energy-efficient lighting in terms of the technology, aesthetics and beha-viour. 
This project is carried out in co-operation between the Environmental Change Unit 
(ECU) at the University of Oxford, UK, the Department of Energy Effi-ciency at 
the National Board for Industrial and Technical Development (NUTEK), Sweden, 
and the Research Association for Environmentally Sound Energy Conservation and 
Use (RAESECU) in Germany. The work has also involved collaboration with 
other European agencies. 
The project builds upon each partner's particular area of expertise. The ECU is 
responsible for modelling domestic lighting electricity consumption, exten-ding the 
work developed under the DECADE contract. NUTEK is primarily responsible for 
the technical aspects of lighting; identifying savings which are technically feasible 
and the barriers which exist in the present housing stock. RAESECU has 
undertaken to investigate the social and cultural aspects of lighting with particular 
emphasis on the barriers from aesthetics and cultures in the different countries. 
The project was started in January 1997, and will be finalised by March 1998. 

2. Aims and Objectives 

The three main aims of this study are: 

* The market analysis (both historical and projected) for national and EU market 
transformation policies for domestic lighting, including luminaires and bulbs 

* A more detailed analysis of the market, technology, behaviour and barriers to 
increased efficiency for three countries in particular 

* The criteria for an EU appliance network of the kind that energy-efficient 
lighting has got in the IAEEL (the International Association for Energy-
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Efficient Lighting). Within this network it would be very interesting to 
conduct projects of DELight's kind for other appliances. 

Another goal of the project have been to establish better statistics and ways to 
achieve improved statistics on the use of energy-efficient lighting. The statis-tic 
available to date has mainly been focusing on light sources, the statistical material 
presently available on luminaires is very poor. 

3. Country Pictures 
To provide crucial background information, data was collected for each of the 
three partner countries to build up a picture of each of the countries in relation to 
lighting. Some interesting differences have emerged. Some of these data are 
summarised in the following table and the key points summarised below. 

Table 1: Data from the country pictures of Sweden, UK, and Germany, 1997 
Sweden UK Germany 

Average household lighting consumption 720 720 300 
(kWhpa) 
% of household with at least one CFL 10 20 30 
Average no of CFLs/owning household 3 3 4 
Average number of people per household 2.1 2.4 2.2 

2 
Average household floor area (m ) 110 84 110 

Price of incandescent bulb (ECU) O. 0.7 0.4 
5 

Price of CFL (ECU) 18 15 5 
Price of electricity (ECU/kWh) 0.07 0.1 0.12 

5 

* Lighting electricity consumption in the UK and Sweden appears to be similar, 
although UK households are around 25% smaller. However, more people per 
household is likely to result in increased lighting usage. 

* Lighting electricity consumption in Germany is less than half that in the UK 
and Sweden. This may well be due to the fact that this is an estimated figure 
and may be revised on the basis of the German stock model. The estimates 
previously quoted for the UK were around the same level, before DECADE 

revised domestic lighting consumption through the UK stock model. In 
Sweden a project on monitoring the real energy consump-tion for lighting 
purposes is currently undertaken. The results from this project will be 
presented during the winter of 1997/98. 

* An important finding, common to all three countries, is that those house-holds 
that own a CFL have an average of 3 to 4 CFLs. Hence it appears to be getting 
the first CFL into the home that is the crucial barrier. Instal-ling this first bulb 
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helps dispel some of the myths associated with CFLs. The reason for the 
barrier at 3 or 4 CFLs need to be investigated further. 

* Although Sweden had a high uptake of CFLs when they first came onto the 
market, they now have the lowest level of ownership among the three 
countries. This is in line with research done in the UK which shows that the 
'early adopters' were put off CFLs due to the poor technology at the time. 
These people need to be made aware of the huge improvements in technology 
since then, in order to encourage them to start buying CFLs once more. 

* CFLs cost 30 times as much as ordinary bulbs in Sweden, whereas they only 
cost about 13 times as much as ordinary bulbs in Germany, where ownership of 
CFLs is also much higher. At the same time the electricity price is twice as 
high in Germany respectively almost twice as high in the UK than in Sweden. 

In the discussions so far, it has become apparent that the actual lights installed in 
the houses in each of the three countries is quite different. For instance, in 
Sweden, the majority of light fittings are portable (plug into a socket) and are not 
fixed (wired into the house). The only rooms to commonly have fixed fittings in 
Swedish households are the kitchen and bathroom. By contrast, every room in 
most UK households has a fixed light fitting, which is present in the house when 
you move in. Germany is somewhere in between these two extremes. These 
differences obviously have implications for which poli-cies will work in the 
different countries. 
As a result of these discussions and in order to understand why these diffe-rences 
between the countries exist, some work is being done investigating the history of 
lighting, with particular emphasis on what has determined the type of light fittings 
found in households today. 

4. Policy 
DELight is looking at the potential that exists in the domestic sector to change to 
CFLs. This problem can be tackled at two levels. There are the barriers that exist 
in those households that do not own any CFLs - these may be of a social or 
cultural nature. Then there are the barriers in those households that already own 
CFLs. These are more likely to be of a technical nature; the potential for 
installing CFLs being limited by the fittings present in the house-hold. Policies 
are needed to overcome both these types of barriers. 

The various policy options available for lighting need to be considered in terms of 
light bulbs and light fittings. These markets have very different structures and so 
will need different policy approaches. The following matrix identifies which 
policies may be suitable for these two sectors of the market. The work being done 
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in all 3 areas: technology, cultural factors and model-ling, will help inform this 
matrix. 

a e : o ICY rna x or omes IC IgJ T hi 2 P r tri fi d f r hti ng 

Bulbs Fittings 

Financial incentives 
(rebates, subsidies, leasing 0 0 
or gifts) 
Procurement 0 
Education 0 0 

(C, ,) (Retailers) 
Labelling 0 0 

(Energy) (Award) 
Regulation X 0 
(minimum standards) New build/retrofits 

(probably UK only) 

5. Technology 
Energy-efficient technology is already available for lighting in the form of CFLs 
and CFL dedicated fittings. It is the time scale of introduction of the technology 
that is the key issue. There are various ways, over time, in which energy efficient 
lighting could be introduced into the households, as illustra-ted in the following 
diagram. 

10 11 12 13 14 15 1S 

Figure 1: Schematic diagram to illustrate the time scale for the introduction of energy 
efficient lighting 
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NUTEK is responsible for studying the technical aspects of lighting, in terms of 
the technical barriers to installing CFLs in the home. In order to be able to 
understand the extent of these barriers, NUTEK has been undertaking a survey in 
24 households in each of the three countries during July 1997. This part of the 
project involve a lighting expert making a survey of all the fittings in the 
household, recording each type of fitting and using their expert judgement to 
decide whether the fitting would be suitable for a CFL. This judgement will have 
three criteria: 

1. The CFL should physically be able to fit into the fitting 
2. The appearance of the CFL in the fitting must be acceptable (for example, 

the bulb must not protrude from the lamp shade) 
3. The light quality and distribution from a CFL in the fitting must be suitable 

Once this initial survey was completed, the surveyor changed some bulbs in the 
fittings to CFLs as a demonstration to the householder. They then sur-veyed the 
house again, this time accompanied by the householder, and recorded the 
householder's opinion as to whether they would find a CFL acceptable in each of 
the fittings in the house. 
Hence the survey aimed at identifying the technical potential in each house-hold, 
in terms of changing the light bulbs, and the acceptability of this to the 
householder. 

Technical potential UK Sweden Germany 
Conversion not attempted* 8% 25% 19% 
Cannot fit a CFL 13% 34% 19% 
CFL gives a poor colour 1% 0% 0% 
rendering 
CFL gives a poor light 9% 2% 1% 
distribution 
CFL protrudes from shade 27% 8% 27% 
Successful conversion 42% 32% 34% 

* The luminaire has a hght source that does not make a conversion to CFL 
possible. It has either a tungsten halogen light source, fluorescent tube, or a 
dedicated CFL, or it is connected to a dimmed circuit. 

Table 3: The results from the technical potential survey for eFLs 

Difference between the technical judgement of a successful conversion and what 
was accepted by the householder was 4% higher in UK, 1% less in Sweden, 2% 
less in Germany. Other finding from the survey was that there are still many 
luminaires having a single bulb which means that in average there are 8 
luminaires in UK, 7 bulbs in Germany and 9 bulbs in Sweden that could be 
converted to CFL simply by changing the bulb. 
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NUTEK has been collaborating with light bulb manufacturers to provide samples 
of the range of CFLs available on the market and CFLs as gifts to the participating 
households. They have also been holding meetings with both light fitting and 
light bulb manufacturers in Sweden to discuss some of the key issues and concerns 
around the technology, particularly in relation to CFL dedicated fixtures. 

6. Cultural Aspects 
RAESECU has also undertaken a survey in all three countries in July, aiming to 
identify the cultural barriers to CFLs which exist in each country, with a view to 
understanding why the majority of households do not have any CFLs. The 
cultural differences are expected to be greater between northern and southern 
Europe. To adjust for this Spain was included in the cultural survey. 
This survey was in the form of a telephone survey of nationally representative 
sample of 150 people in each country. The questionnaire was also completed by 
the 72 households that participated in the technical survey. Participants was asked 
to describe the quality of light they use for particular tasks and their perceptions of 
the quality of light produced by CFLs. The reasons why they have or have not got 
any CFLs was also be investigated. 

Hence, this survey aimed at providing information on what it is that people want 
from their lights, whether CFLs can fulfil these criteria and what the barriers are. 
lt also provided an opportunity to investigate some of the cultu-ral differences 
which exist between the countries. This is set in the context of a comparison of 
the various CFL programmes and policies that have been carried out in each 
country. 

7. Lighting Stock Models 
Under the contract, a certain amount of money has been allocated to data 
purchase. The original aim was to buy data for all 15 EU countries and use these 
as a basis for a stock model of domestic lighting electricity consump-tion, as 
developed by DECADE, in each of the countries. This was to cover both light 
fittings and light bulbs. However, over the course of the project, it has become 
apparent that such data are not available. Even data for the three partner countries 
are very limited. Hence, the revised aim is to build stock models for the three 
partner countries on the basis of light bulb sales data. For the other EU countries, 
as much information as possible will be collected on domestic lighting from the 
relevant agencies and, where possible, this will be incorporated into a stock model. 
In terms of data comparability across the different countries, it has only been 
possible to compare 1996 data in Sweden and the UK. In the future, such 
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comparisons may be possible on a European level, since Philips Lighting has 
requested the market research company GfK to investigate setting up a european 
collection of light bulb sales data. The light fittings market remains a difficult 
area to obtain information on due to the diverse market structure in every country. 

8. Appliance Network 
Developing the criteria for an appliance network was one of the aims of this 
project. This proposal was further discussed at the 1997 ECEEE Summer Study in 
June 1997 and at a meeting at DG XVII in Brussels in July 1997. 
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1. Introduction 
Residential electricity consumption doubled during the seventies, continued to 
show high growth rates during the eighties, and averaged 6% per year during 
1990-96. About 92% of the households in Brazil are electrified (mGE 1995). 
Growth in residential electricity demand, partly as a result from the economic 
stabilization plan, was the primary factor causing total electricity use to rise 
rapidly in the past three years. Residential electricity demand is expected to 
continue to rise faster than total demand in the next decade, as a consequence of 
population growth (1.6% per year, mGE projections) and increase in per capita 
consumption (2.0% per year, ELETROBRAs projections), since the main end
uses are not saturated. 
Lighting accounts for about 17% of total electricity use in Brazil (45 TWh in 
1996) and residential lighting represents approximately one third of this amount 
(Geller et alI996). The residential sector is responsible for about 20-35% of the 
evening peak demand across typical Brazilian utilities. Residential lighting 
represents about 10% of the evening peak (Jannuzzi, 1993, Leonelli et al 
1996).There is great potential in improving residential lighting energy use 
replacing incandescent lamps by CFLs since incandescent lighting represents 
about 95% of the lighting electricity use (Jannuzzi 1993). Since this is also an 
end-use that contributes for peaking capacity, savings contribute to improve 
utility load factors and may avoid new capacity and T &D investments. There is 
an increasing interest in implementing residential lighting programs in Brazil. The 
National Electricity Conservation Program (PROCEL) has plans to promote the 
substitution of 8 million incandescent lamps over two years, and estimates total 
savings of about 500 GWh and 166 MW of peak capacity 
(ELETROBRASIPROCEL 1996a)1. Some utilities are also taking initiatives to 
promote the adoption of CFLs. For example, one utility has been planning to 
fmance the installation of up to 180,000 CFLs in the residential sector in the city 
of Fortaleza in Ceara state, with consumers paying for the lamps through the 
monthly utility bill. Another utility is planning a bulk purchase of 135,000 CFLs 
for a giveaway program for low-income households in the city of Vit6ria da 
Conquista in Bahia state. In both cases, the local distribution utility is interested 
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in reducing peak demand in order to delay transmission and distribution system 
investments. We estimate that the economic benefits of implementing such 
programs are quite significant and capital investments could be avoided with the 
deferred installed capacity by this program. 
Although the projects already undertaken for the residential sector are small scale 
pilot projects, the experience gained in implementation and evaluation methods is 
relevant for future endeavors. 
This paper reviews the Brazilian experience of implementing and evaluating 
residential lighting projects. We analyze four projects implemented by three 
Brazilian utilities: CEMIG (Minas Gerais State Energy Company), CESP (Sao 
Paulo State Energy Company) and CPFL (Sao Paulo Light and Power Company). 
These were the only utilities involved in residential lighting programs in the 
country up to year 1995. The data collected for this work was based on interviews 
with the project managers of each project and documents that were made 
available. 

2. Brazil's Experience in Residential Lighting Projects 

2.1 Motivation and Objectives for the Implementation of 
Lighting Projects 

The four projects developed by CEMIG, CESP and CPFL had different 
underlying motivating factors. Thus their objectives and implementation schemes 
differed. 
CEMIG faced concrete problems with electricity supply and fmancial constraints 
to expand its transmission system in a particular region (Vale do Jequitinhonha)2 
where low-income households and electric consumption predominate. These 
aspects convinced CEMIG to use a CFL give-away program for the region. 
CEMIG's objective was to reduce l.8 MW during peak period and increase 
residential energy consumption during off-peak hours, so that it would not loose 
revenues (residential customers pay only flat energy rates3, which do not vary 
according to the time of use). The company would also improve its system load 
factor. 
The project implemented by CESP was motivated by their interest in 
understanding the consumer behavior towards the new CFLs. CESP objective was 
to determine market response due to a marketing campaign and discount levels 
offered for the CFLs. Its evaluation procedure included a questionnaire with items 
such as customers satisfaction with the lamps, the marketing campaign, reaction 
to the CFLs prices, and reasons for customer participation. 
The two projects developed by CPFL were guided by the desire to promote 
conservation programs to extend the lifetime of their existing distributing 
installations (substations and transformers) in areas where continued demand 
growth would require significant and costly upgrades. CPFL objective was to 
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investigate the impacts (cost-benefits and energy savings) of different delivery 
and dissemination mechanisms. Project (I) tested 3 different rebate levels and 
project (II) offered financing via a monthly payment system for the CFL 
purchased. 

2.2 Project Strategies 

Table 1 below summarizes the main efforts of the three utilities during 1993-95. 
The projects can be considered modest in scale, specially if we compare them 
with the international experience. The total number of lamps commercialized 
through each project varied from 2,000 to 90,000. Total costs varied from about 
US$19,000 to US$700,000. The delivery mechanisms tested by the utilities 
consisted of giveaway, rebate and monthly payment options. 
In CEMIG the implementation of the full scale program was preceded by a pilot 
project. The CFLs were given and installed in homes with monthly energy 
consumption up to 50 kWh. CFLs were purchased by the utility and local 
technicians were hired to install the lamps. The project distributed only one type 
ofCFL. 
CESP's project was essentially based on marketing and information effort and a 
30% discount given by the manufacturers. A discount coupon was given with the 
electricity bill. One type of CFL was offered and no limit was placed on the 
number of lamps purchased. The project took place in four cities of the State of 
Sao Paul04 (Atibaia, Franco da Rocha, Ubatuba e Campos do Jordao). Although 
four lamp manufacturers participated in the program only one type of product was 
marketed (9 watt lamp) with small differences in lamp-ballast design. 
The CPFL project (I) used three different rebate levels (30%, 60% and 70%) in 
three different cities5 (Americana, Marilia and Franca) and the same information 
and marketing campaign. The rebate coupon was mailed directly to the 
customers. Thirteen different types of lamps were marketed. The project was 
based on reduced prices and allowed customer to purchase a maximum of three 
lamps. The utility limited a total of 10,000 CFLs for each city (see Jannuzzi and 
Santos 1995 for more details on this project). 
The CPFL II project was done in two cities (Botucatu and Valinbos). A small 
discount of US$2.00 that could be paid in up to four monthly installments was 
offered and also a marketing and information campaign was developed and used 
in the two cities. This project marketed seven different types of CFLs and there 
was no limit on the number of lamps purchased by the consumer. A total of 
50,000 CFLs were available for CPFL (II). 

2.3 Results 

Table 2 shows the results of the four projects. Except for the give-away project, 
the highest participation rates (5-9%) were achieved by the CPFL (I) project, but 
it is important to highlight that there were limitation on the total number of lamps 
that were made available to the customers. In the other projects this information 
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was not used by the utility as an indicator of their perfonnance. The number of 
lamps per participating customer varied from 1-2 (CEMIG), an average of 1.7 
(CESP) and 2.5-2.9 for the CPFL (I) project (this project had a limit of 3 
lamps/customer). 
Prices seem to be an important parameter detennining lamp purchases. In CPFL 
(I) the most sold product was the cheapest lamp: a circular, magnetic ballasted 
lamp which replaced a 60 W incandescent lamp. 
Several issues were leaned from these experiments. The give-away strategy 
presented a high participation rate, a lower CFL price and the program was 
targeted to areas were the utility had particular interest in electricity savings. On 
the other hand this strategy do not include the participation and interaction of all 
actors of the regular lamp market (vendors, consumers, lamp manufacturers) and 
provides a passive customer behavior towards energy conservation. It is, however, 
very suitable for emergency supply/distribution situations. 
Other projects which marketed CFLs allowed the participation of the utility, lamp 
manufacturer, vendors and customers. It was also possible to analyze the effects 
of the marketing and infonnation campaign and consumer preference. It must be 
observed that there were problems with the supply of CFLs, and indications that 
lamp manufacturers had their own strategies. Another important aspect that can 
be seen from these experiments is that for the fIrst time these utilities had to 
develop a different service to their customers, and had to involve different areas 
of their companies and hire outside experts. 

Table 1: Main characteristics of the residential lighting projects. 

Characteristics Utility 
CESP CPFL (I) CPFL(II) CEMlG 

Year 1993 1994 199511996 1995/1996 

Type of project bonus rebate monthly direct install 
installments 

CFLs costs to US$11.00 US$29.04 US$25.20 none 
customer toUS$4.82 to 

US$1O.40 

CFL regular price US$16.00 US$41.49 to US$27.20 -US$8.00· 
in stores US$16.06 to 

US$12.40 
Total customers 76,889 153,775 43,101 -52,000 
in project 
Project costsV US$19,270 US$670,00.00 not -US$740,000 

available 

Lamp type CFL CFL and CFL and CFL 
circular circular 

Ballast type electromagn electronic- electronic- electromagnetic 
etic electromagnetic electromagn 

Wattage (fluor. 9 15 to 32 15 to 32 9 
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lamp) 
Project duration 40 days 1 month or 6 months 1 year 

when 10,000 
were sold 

NOTES: all finanCIal values are 1D current US$ and refer to the year of the 
project; a) average cost per installed CFL; (b) costs include: CESP: information 
campaign; CPFL: rebate, project administration, information campaign, 
implementation and evaluation; CEMIG: CFL and installation costs (estimated). 

Table 2: Main results of the residential lighting projects. 
Characteri Utility 
stics 

CESP CPFL (I) CPFL(II) CEMIG 
30% 60% 70% 

Total 2,232" 5,700 11,050" 10,058 not - 89,000 
number of available 
lamps 
Participati _1.7%U 5% 9% 5% not _100%U 
onratesC available 
Estimated not 
savings 69 203 357 352 available 1,845 
kW 324 325 602 593 857 
MWh/yr .. 

a) after the project sales were over an addItIonal 881 CFLs were sold over the 
following month. 
b) more than 10,000 CFLs were sold due to problem in accounting for the lamp 
during the last day. 
c) participation rate: participating households/potential participants. 
d) authors' estimates. 

3. Project Evaluation Methods 
CEMIG was the only utility to perform ex-ante measurements using the 
information collected previously to design its implementation strategy. Its ex-ante 
evaluation included a household survey (collecting data on appliance ownership 
and consumption habits) and electrical measurements in appropriate transformers 
and substation feeders. It also performed an ex-post evaluation 90 days after end 
of the CFL installation, applying questionnaires to collect information on 
customer satisfaction, and performed new measurements to detect actual 
electricity demand and use savings accrued from the project. Up to now CEMIG 
only performed a preliminary program cost analysis while it awaits the 
completion of the CFL distribution in the area. 
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Our analysis shows that CEMIG was able to define clearly the project objectives 
and the evaluation objectives were conceived in parallel and consistent with the 
project objectives. 
The evaluation process perfonned by CESP focuses on verifying items directly 
related to some specific objectives such as campaign recall, CFL sales, lamp 
usage patterns and consumer satisfaction, consumer's reaction to lamp prices, 
socio-economic profile of program participants and non-participants. A household 
survey was perfonned 180 days after the program ended, but no infonnation was 
collected before the program was implemented. Energy and demand savings 
were inferred from CFL sales. The results of this project are being considered by 
CESP to design a new project. 
CPFL (I) conceived an evaluation method in order to assess the participant rate, 
infonnation campaign, lamp usage patterns, customer satisfaction with the CFLs 
and implementation campaign, and costs and benefits to the customer and utility. 
The energy and demand savings were estimated from lamps sales and customers 
declarations. 
CPFL (II) applied a questionnaire to households when they came to the stores to 
purchase the lamps. A second set of questionnaires were applied to samples of 
participating and non-participating households when the lamp sales period ended. 
Most of this data is still being processed. No ex-ante infonnation was collected in 
the case of CPFL (I) and (II). 
As a result from the analysis perfonned upon these program an evaluation 
methodology has been proposed to PROCEL in order to assess the perfonnance of 
future programs in tenns of process and impact evaluation techniques. A more 
rigorous procedure is being recommended for ex-ante evaluations, which have the 
objective of detennining the reference case and guide the establishment of 
implementation strategies. Ex-post evaluations need to be perfonned in several 
periods and must also help to characterize effects of free-riders and free-drivers. 

4. Discussion 
In spite of the large potential for improvements in residential lighting energy use 
by substituting fluorescent for incandescent lamps, most of the DSM efforts so far 
can be classified as small-scale pilot projects. These efforts have been made by 
several utilities, some with support from PROCEL. 
These small residential projects have nevertheless led to a significant increase in 
CFL sales in the country. CFL sales increased by a factor of five in the last five 
years, to about three million lamps sold in 1996, which is equal to 1 % 
incandescent lamp sales (Geller et al. 1997). The influence of PROCEL and the 
utility projects is believed to have contributed to 10% of observed lighting 
electricity savings in 1996 (Geller et al. 1996). 
The projects were important to acquire more knowledge on more effective ways 
to conceive delivery mechanisms, establish new relationship with customers, 
lamp manufacturers and retailers. The need to establish more rigorous evaluation 
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methodologies for assessing the performance and results of residential lighting 
programs has also become more evident to program managers and for the 
National Electricity Conservation Program. The lessons learned from the analysis 
of the programs presented have contributed to that end. 

5. Endnotes 
1 )This plan has been postponed at the time of writing. Meteorological conditions 
improved and guaranteed the reliability of the country's hydroelectric system, 
apparently shifting ELETROBRA.S interest away from these initiatives. 
2)Vale do Jequitinhonha: very poor region, dedicated to agriculture and cattle 
raising. Household average electricity consumption is around 30 kWh/month. 
3)Electricity used by low-consumption residential customers and large industrial 
customers is highly subsidized. But on average, electricity tariffs are not low from 
an international standard point of view and are adequate to cover operating costs 
alone. Even so, they are not adequate to cover the enormous debt service and 
capital investments required by the Brazilian power sector. The prevailing yearly 
averagE! electricity tariffs in 1995, excluding taxes, were about US$46.74/MWh 
for industrial customers, US$94.44/MWh for commercial customers, and 
US$84.0l/MWh for residential customers, or on average US$64.60/MWh 
(ELETROBRAs 1996b). 
4)These cities present distinct socio-economic characteristics. 
5)These cities present similar socio-economic characteristics and have similar 
population and electricity consumption patterns. 
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Monitoring Domestic Lighting 

S. V. Allera, the Electricity Association, UK 

Introduction 

In order to assess the scope for energy-savings, an obvious starting point is to 
identify the amount of energy currently being consumed. Since many energy
saving initiatives are aimed at specific electricity applications, reliable data at this 
level of disaggregation are valuable, though often not readily available. In the UK, 
the Electricity Association (EA) has attempted to fill this information gap in the 
domestic sector by introducing an appliance monitoring project in 1992. Demand 
recording instrumentation was installed amongst a national sample of customers to 
identify the pattern of electricity usage, at half hourly intervals, for most of the 
major electrical appliances. Lighting was not one of the end-uses selected initially, 
primarily because of the difficult in monitoring the large number of lights in a 
typical household. 

However, encouraged by experience with the appliances project and with the 
recording instrumentation designed to monitor end-uses (the 'POEM' - 'Point of 
Use Energy Metering' system), the EA decided in late 1994 to explore the 
possibility of setting up a domestic lighting project. A feature of the electricity 
system in the UK which eases the task of monitoring domestic lighting is that 
virtually all domestic customers receive a single phase supply, with much of a 
household's lighting needs served by a separate lighting circuit (or circuits). With 
the assistance of financial support from both the European Commission, under the 
European Union's 'SAVE' scheme, and the UK Department of the Environment, the 
Project commenced in autumn 1995. Progress with the project has been assisted by 
collaboration with the UK Building Research Establishment (BRE) - as contracting 
agent for the Department of the Environment, and the University of Oxford's 
Environmental Change Unit - responsible for the 'DECADE' project, which is 
modelling the impact of appliance efficiencies on carbon dioxide emissions. 

The lighting project is based on a 100 customer sample, split into three geographic 
zones; South England, North England and Scotland. The POEM system is being 
employed to monitor half-hourly demands of the customer's total load, the 
dedicated lighting circuit or circuits, and the principal plug-in lamps. Monitoring 
the full sample started in March 1996, and has run through to May ) 997, 
when the demand recording element of the project as originally conceived was 
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terminated (although a variant of the project has since been extended, as explained 
below). 

1. Customer Survey Findings 
As part of the project, a Customer Survey was undertaken in 1996 using a self
completion questionnaire. The objective was to acquire information on customers' 
socio-economic and appliance ownership characteristics; the stock of light bulbs; 
and customer attitudes to lighting, in particular to Low Energy light bulbs. 

The response rate was 90%, though not all customers replied to all questions. A 
report on the survey was published in March 199i, and some of the main findings 
are summarised here. Those for low energy (LE) lighting were that: 

{ just over 30% of customers owned a LE light bulb, though some were kept as a 
spare even though no LE light bulb was installed 

{ those customers either with a LE light bulb, or intending to acquire one, shared 
much the same views on the advantages of LE light bulbs: cost saving, longer bulb 
life, improved lighting, and environmental benefits 

{ of those with LE light bulbs, 80% were satisfied with their performance, and 
80% would replace one LE light bulb with another when necessary, although half 
were not intending to purchase any additions 

{ of the 70% of customers without LE light bulbs, 60% were not intending to 
purchase any. The main obstacles were seen as cost, concern on likely savings, 
bulb life, bulb appearance, and lack of information - apparently 15% were not 
aware of LE light bulbs 

{ nearly 80% of customers who were not intending to purchase a LE light bulb 
might be encouraged to do so by lower bulb cost (Figure 1). More/better 
information, different bulb design, and better bulb fittings were also given as 
factors that could result in the purchase of LE light bulbs. 

1 lDomestic Lighting in the UK: A Customer Survey', Electricity Association 
Services Limited, UK. 
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Figure 1 Factors Encouraging LE Light Bulb Purchase 
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Other findings from the Survey included: 
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{ lighting for security reasons is seen as important: over half of customers used 
lighting often or always for security purposes 

{ approximately 60% of customers considered that their lighting could be 
improved in some way: improved energy efficiency, cost savings, and better 
security were given as the main examples 

{ a significant proportion of rooms, about 15%, always relied on artificial lighting 
for illumination 

{ on average, customers used 20 standard (incandescent) light bulbs per 
household, the majority on the dedicated lighting circuit. In addition an average 
of 6 bulbs were kept as spares 

{ those with LE lighting used an average of 4 bulbs, also chiefly on the lighting 
circuit rather than in portable lamps. A further 2 LE light bulbs were kept either 
as spare, or for substituting at some stage for an existing standard of fluorescent 
light bulb 

{ on average there were 3 fluorescent bulbs installed per customer, almost all on 
the lighting circuit. 
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2. Electricity Usage 
Analysis of the electricity usage data is not yet complete, so the results which 
follow should be regarded as provisional at this stage. Care in interpreting the 
findings is necessary also because the sample was appreciably smaller than usual 
with EA projects, it was confined to three regions only, and for customer 
recruitment purposes the sample was restricted to telephone users - nearly 10% of 
potential households was consequently excluded. The evidence so far suggests 
that while the total load shape of the average customer in the lighting project 
displays the known pattern, the sample has a higher than typical proportion of 
customers living in detached houses. Ownership of electric cookers and 
dishwashers is also above average. These features of the sample suggests that the 
absolute levels of usage reported here (whether kWh or kW) are likely to have an 
upwards bias, though measures of the relative importance of lighting should be 
less affected. 

Limitations on the amount of available recording instrumentation, coupled with a 
concern that customer co-operation could be inhibited if an attempt were made to 
monitor all portable lamps, meant that only main portable lamps were covered in 
the project. Information from the customer questionnaires indicates that most 
main portable lamps were monitored, and that the 'main' category probably 
accounts for the great majority of portable lamp usage. Nonetheless the figures for 
main portable lamps are more approximate than those for lighting circuits, and 
exclude usage on 'supplementary' portable lamps. 

Over the 12 month period April 1996 to March 1997 sample average lighting 
consumption was estimated to be just over 760 kWh, of which nearly 600 kWh 
was on lighting circuits and the remainder on main portable lamps. Lighting 
accounted for 17% of total annual consumption, the proportion varying 
considerably on a monthly basis - falling to 11% in June, and rising to 22% in 
December (see Figure 2). 
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The lighting load curves for weekdays, averaged over the winter and early summer 
seasons (November - March and Mid May to Mid July respectively), are shown in 
Figure 3. The morning and evening peaks are sharply defined, with the impact of 
the longer period of daylight in early summer explaining the much later timing of 
the evening peak then. The maximum lighting demand in winter was just over 
0.3 kW and occurred at 19.30 hours, half an hour later than the time of the 
maximum total load. 
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Figure 3 Total Lighting Usage 
Weekdays by Season 
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Between the hours 18.00 - 24.00 in winter lighting accounted for at least 20% of 
customers' total demand, with the highest half-hourly share being 35% (Figure 4). 
As to be expected, the lighting share in winter generally exceeded that in summer, 
though not over the night period 23.00 - 04.00 hours. 
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Figure 4 Lighting Share of Total Demand 
Weekdays by Season 
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The pattern of demand at the weekend in winter is little different from that in 
weekday during the evening (see Figure 5), but diverges elsewhere. The sharp 
morning peak on weekdays virtually disappears, but usage at other times in the 
day is generally higher. Figure 6 indicates that for winter weekdays, lighting 
circuit usage accounts for virtually all of the lighting total until 16.00 hours, when 
main portable lamps become much more important - the portable lamp peak 
occurs two hours later than that for lighting circuits. 
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Figure 5 Total Lighting Usage 
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Figure 6 Lighting Usage by Type of Lighting 
Winter Weekdays 
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Inevitably in a project which involves customer recruitment, and the installation of 
multi-channel recording instrumentation, there are considerable set-up costs. 
Continuing with such a project in some form requires far less expense, but needs a 
worthwhile reason for doing so. In considering the benefits of extending the 
lighting project, simply running it for a further period seemed unlikely to add 
much to what has already been learned. By contrast, the prospect of tracking the 
effect of introducing an energy saving measure was far more attractive. After 
contacting customers in the sample to check on their willingness to continue 
participation, the EA therefore decided to run the project for another year, though 
with a different purpose. 

The objective of the project now is to examine the effect of providing LE light 
bulbs to customers previously without any. The subsequent lighting consumption 
of these customers will then be compared with their own previous usage, and with 
that of a control group of customers who already have LE lighting. Each 
household is being offered 2 LE light bulbs for high usage installation on the 
lighting circuit, on the understanding that the bulbs will not be removed for the 
duration of the project's extension. A survey of customers' views on their 
experience with LE lighting will be conducted towards the end of the project. 
Since the number of customers concerned is a sub-set of what was already a small 
sample, results will have to be treated very carefully. Nonetheless observing the 
extent to which, in practice, customers lighting usage adjusts when LE light bulbs 
are acquired will hopefully be revealing. 



Evaluation of the joint DSM action "Bright North 
Rhine-Westphalia" for efficient residential lighting 

Stefan Thomas, Christiane Dudda, and Peter Hennicke 
Wuppertal Institute for Climate, Environment and Energy 

1. Introduction 
LCP is a strategic planning instrument for electricity utilities. The principal idea 
of LCP is to compare the costs of conventional energy production and distribution 
with the costs of customer oriented energy services that promote the use of energy 
efficient techniques and appliances. This concept has been referred to as 
"Nega Watt instead of Mega Watt"i: If a certain energy service - such as lighting -
can be supplied for a lower total cost by using high efficiency equipment instead of 
more energy-consuming standard equipment, the utility should prefer to sell the 
energy service instead of merely selling electricity to its customersii. 

The LCP concept has already proven successful in most States the USA and in 
some other countries, but still has not found thorough acceptance as a useful 
planning tool by German utilities. In Germany, more than 400 LCP programmes 
are currently being conducted by far more than 100 utilities, but most of them are 
small scale or carry the label "test" programme. The "breakthrough" of LCP still 
has not occurred. 
A basic factor in the present situation is the discussion about deregulation and 
competition in the electricity sector, both on the European level and on the 
national level. The EU directive on the Single European Market for Electricity has 
passed the voting in the European Parliament and the European Council, and is 
expected to be implemented into national law. A draft for the implementation of 
the directive into the German energy law was presented by the Federal Minister of 
Economics and the Federal Government, but was then rejected by the Bundesrat. 
Although deregulation and competition in the near future will not have much 
impact on household customers, many utilities hesitate to engage themselves too 
much in LCP. They fear that their activities promoting higher energy quality and 
energy efficiency services would lead to higher prices and therefore to a weakened 
position in a free electricity market. 
Since the 1995 election, North Rhine-Westfalia has been governed by a coalition 
between the Social Democratic Party and the Green Party. In the SPD/GP coalition 
agreement, the promotion of energy savings and renewable energy has been given 
priority. Thus on the political stage a broad consensus for fostering LCP was 
ensured. To carry it into practice, the Ministry of Economics in North Rhine
Westfalia initiated a statewide LCP project. 
This LCP project attempted to achieve a number of explicit goals. These goals 
included the reduction of energy use and hence of C02 emissions. But behind 
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these goals lay a couple of closely related and positively correlated interdependent 
goals, for example the education of private households towards energy saving. 
Another aim was to establish the LCP concept in all those electric utilities which 
are still reluctant about LCP. 
After some sessions of a "round table", where all relevant groups and potential 
critics were represented (i.e. the Association of Municipal Utilities, the 
Association of German Electric Utilities, the Association for a Rational Electricity 
and Water Use, a scientific lighting institute, the Consumer Protection Agency, 
the Ministry of Economics of North Rhine-Westfalia, and the Wuppertal Institute 
as a scientific advisor), the programme "Bright NRW" was started. This 
programme was expected to distribute about one million CFL in North Rhine
Westfalia. For all necessary assistance, advice and software services the Ministry 
of Economics set a budget of 1,6 million DM (0 0,8 million ECU). 
The initial "Bright NRW" concept was to have CFLs directly installed in every 
household by utility staff or hired students in order to guarantee the proper 
installation of the lamps. Although this programme design had proved to be cost
effective in comparable CFL programmes of US American utilities, this idea had 
to be rejected because of the deep distrust of German citizens - especially of the 
older generation -against unknown persons coming into their homes. 
Unfortunately, no single strategy which would be suitable for the whole variety of 
different utilities could be worked out. In the consequence a working team, called 
the KOBRA team, was founded in order to coordinate all the different activities 
under the heading "Bright NRW", to centralise the marketing and to provide 
advice for every utility in questions of implementing "Bright NRW". 

2. Description of "Bright NRW" 
The German word for "bright" has a double meaning as well as in the English 
language, meaning both light and clever. 
The complete logo of the programme is "Bright North Rhine-Westfalia: Better 
light for bright heads". 
Underneath the label "Bright NRW" every participating utility had the freedom to 
develop its own programme design. The only thing in common was the marketing 
material, which was provided by KOBRA. The utilities could choose among 
different media such as posters, flyers, brochures, stickers, but also unusual media 
such as CFL-shaped sweets, and sample cases with different CFL types. 
Additionally, radio spots and advertisements in newspapers and magazines were 
used. 
The KOBRA team also acted as a central buyer for the CFLs. Two different types 
of lamps, standard type models with 11 and 15 W were bought from three different 
producers. All the lamps were "high price" brands, so that high quality and long 
life could be guaranteed for the lamps. Low price products were not considered for 
fear of dissatisfying the customers in case of malfunctioning of the CFLs. On 
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account of the large quantities purchased, the lamp prices were about 50% lower 
than the regular retail market price. 
Thus, due to the large quantities and the central management, the marketing costs 
and the lamp costs could be held comparatively low for the utilities. 
The method of distribution of the CFLs was also left to the imagination of each 
utility. Whereas some utilities had already carried out one or another LCP 
programme in the lighting sector, others were complete newcomers. Those who 
had been active already were interested in continuing their activities without 
changing the programme design. The others were more open to new suggestions. 
On the whole, four different programme types were carried out: 
1. Free give away of the CFLs without any condition other than the recipient 

being a domestic customer of the utility 

2. Free give away of the CFLs with certain conditions (e. g. three free CFLs 
for every domestic customer who buys an energy-efficient household 
appliance; one free CFL for every household customer who comes into the 
utility's information center and participates in a consultation about energy 
efficiency) 

3. Vouchers worth different sums, which could be redeemed in the local trade; 
the trade companies cooperate with the utility and get the money for the 
redeemed vouchers 

4. A marketing programme to convince the household customers of the 
advantages of CFLs, without any financial incentive being provided by the 
utility 

The programme "Bright NRW" started on October 24th, 1996, with a press 
conference of the Minister of Economics in the capital of NRW, Diisseldorf, and a 
big opening session in the townhall of Bochum. 
The programme ended on March 31, 1997. 

The Wuppertal Institute has been commissioned to evaluate the programme with 
respect to savings of energy and C02 and to cost effectiveness, but also with 

respect to long-term customer behavior and utility image. The evaluation 
methodology is described in chapter 3 following, while the results are presented in 
chapter 4. 

3. Evaluation Methodology 
The evaluation of an LCP programme strongly depends on a useful data base. 
Evaluation means on the one hand to calculate the reduction of energy and power 
consumption due to the new efficiency techniques. Therefore the number of 
installed CFLs, the power of the CFLs and of the replaced incandescent lamps, the 
installation sites and the daily hours of use have to be known for every customer as 
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precisely as possible. The data base for these items comes from simple 
questionaires, which were handed out to every customer who got a CFL. From 
these data, also a first indication about additional purchases of CFLs, stimulated 
by the programme, can be obtained. 
On the other hand, a certain market trend towards CFLs, which means increasing 
sales of CFLs even without LCP programmes, has to be considered. This trend is 
reflected by the so-called "free riders": programme participants, who would have 
bought a CFL anyway, without the programme, but take the incentive. Free riders 
therefore charge the programme's costs, but do not lead to an additional saving. 
Finally, "free drivers" are inspired to buy CFLs on their own by the programme 
marketing or by positive experiences with the CFLs obtained through the 
programme, but do not take the incentives. These customers contribute to the 
programme correlated savings, but do not add to the programme costs. 
The economic success of an LCP programme crucially depends on the share of 
free riders and free drivers. A thorough evaluation has to verify these effects 
carefully. Information about customers' motivation and behaviour can only be 
obtained by empirical interviews. 
Referring to "Bright NRW", numerous interviews with programme participants 
and non-participants, with utility managers and traders of CFLs have been ~arried 
out. 
Based on the data obtained from questionaires and interviews, and supported by 
evaluation results of other CFL programmes, the total energy saving has been 
calculated by 

with 

T: number of programme participants 

N: number of non-participants 

nT average number of CFLs (free and bought) per participant during 
programme period 

ntrend: estimated number of CFLs per participant, which would have been 

bought without the programme in the same period ("free rider" effect) 

nN: average number of CFLs, which were bought by non-participants in the 

same period «nN-ntrend) is part of the "free driver" effect) 

e: average annual energy saving per CFLs (kWh/year) 

tL: average life-time of CFLs (years) 

Figure 1 demonstrates graphically the programme effects. 
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Fig. 1: Average Number ofCFLs per household with and without an LCP programme in 
the winter period 1996/97 (typified diagram) 

The reduction of electric power demand due to "Bright NRW" has been calculated 
by multiplication of the reduction in power installed (ca. 50 W per CFL times the 
number of additional CFLs distributed by the programme including free rider and 
free driver effects) with a load factor derived from a typical load shape curve for 
lighting during a winter daf,6. 

4. Results 
80 utilities participated in the project, representing two-thirds of all 120 electric 
utilities in North Rhine-Westphalia. As only 20 to 30 utilities had been expected to 
participate this means an important step towards demonstrating LCP procedures 
in Germany. The press has published more than 300 local news reports, and 
television and radio have broadcasted numerous reports about the project. 
Though the participation rate of the utilities has been high, the quality and 
engagement in implementing the project varied substantially. Comparing the 
number of CFLs delivered with the number of customers - i.e. the participation 
rate - there is a wide range (from about I % to 67%). This participation rate does 
not depend on the size or the type of the utility. The main reasons for not being 
fully engaged in implementing the project were: Some utilities still are doubtful 
about the LCP idea, but they felt that they had to join the project because the state 
wanted them to, and it could be disadvantageous for them if they did not do so. 
The perceived disadvantages are: a more unfavourable situation when 
"bargaining" with the regulatory board on future rate cases or the fear of increased 
public local pressure if they were not engaged in the project. So these utilities ran 
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the programme with minimal effort instead of struggling for success. For other 
utilities the tough time schedule of the campaign was the main barrier. 
Many utilities connected the programme with an impressive variety of marketing 
actions and further LCP-oriented programmes; e.g. many more energy audits were 
offered to the customers, and energy education projects in schools were started. 
500.000 brochures explaining the programme and giving more information about 
how to save energy were handed over to the customers. Therefore, the main goal 
of the project, to create public awareness about the environment and about more 
efficient energy use, has been reached. 
As a result, 440.000 CFLs were directly delivered to the customers, further 60.000 
CFLs by vouchers. The empirical interviews in this evaluation show that 
participants have been motivated by the programme to buy on average 0,93 more 
lamps in addition to the free or cost-reduced lamp. Furthermore, non-participants 
said that they bought on average 0,11 CFLs more due to the programme, so that 
there are "free drivers" both among participants and non-participants. This is 
consistent with the results from other evaluated CFL programmes2. On the other 
hand, a 18% amount of "free riders" had to be taken into account, as the market 
share of CFLs is continously increasing anyway. 
Net of "free riders", 1,4 million additional CFLs have been introduced into the 
market and, therefore, 553 million kilowatt hours and more than 320.000 tons of 
C02 will be saved as a result of "Bright NR W". Put into pictures, we estimate that 

a small "NegaWatt power plant" of about 2 MW was built by the joint effort of the 
participants. This low figure is due to the fact that the total load curve in Germany 
has its peak around noon, when lighting use is quite low. However, there are also 
utilities, particularly those with a high share of domestic customers, which have 
their peak in the evening times. At 6 p.m., the "capacity" of the "NegaWatt power 
plant" is much higher than at noon: it equals 22 MW. 
The total project costs were ca. 11 million DM (5,5 MECU). Adding the extra 
costs of the CFLs bought by the free drivers (around 6 ECU per CFL, i.e. a CFL 
price of 10 ECU minus 4 ECU for 8 incandescent lamps replaced by the CFL 
during ist useful life), the total investment induced by the project was around 21 
million DM (0 10,5 MECU) . The total electricity bill for all customers will be 
reduced by about 15 million DM (0 7,5 MECU) per year. 
The cost effectiveness of the programme "Bright NRW" is obvious: the average 
cost of one kilowatt-hour conserved by the highly successful CFL programmes is 
about 0.032 DMlkWh (0 0.016 ECU/kWh), including programme costs. In 
comparison, long run avoided electricity system costs in Germany are in the range 
of 0.11 to 0.17 DMlkWh (0 0.055 to 0.085 ECU/kWh). The benefit/cost ratios 
from different economic perspectives are shown in figure 2. As they are all much 
higher than 1, the programme is cost effective from all perspectives relevant in the 
context of LCP. 
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Fig. 2: Benefit-Cast-Ratio for "Bright NRW" from different economic perspectives 

60 utilities chose the first or second method of distribution (CFLs free of charge), 
11 the third way (offering vouchers for rebates of 5 to 40 DM (0 2.5 to 20 ECU) 
to the customers, in cooperation with trade companies), and 7 offered a 
combination of free lamps and rebate vouchers. 9 utilities connected the action 
with special information campaigns at schools. 2 utilities started only a social 
marketing campaign to increase public awareness for energy efficiency and 
climate protection. 
Consistent witt1 expectations and with experiences from other CFL 

programmes3,4,5, high participation rates were only reached by the first route 
(CFLs free of charge and without preconditions). Although the total costs of the 
free give away programmes were higher, the cost-effectiveness of these 
programmes is better than in case of voucher programmes. Figure 3 shows the 
three different programme types in comparision with respect to participation rate 
and costs of conserved energy (in DMlkWh saved; this compares to the avoided 
costs of 0,11 to 0,17 DMlkWh, as stated above). For the pure marketing 
programmes, no quantitative evaluation was possible. 
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Fig. 3: Participation Rate and Costs of Conserved Energy of the three Diflerent 
Programme Types 

5. Conclusions 
In conclusion, the main results of the project are twofold: 
First of all it shows that progress with LCP is possible when three prerequisites are 
fulfilled: a convincing leading idea and a common goal ("Leitidee") must be 
connected with strong political leadership and consensus building among all 
interested parties. 
Second, there is still a substantial number of utilities which could not be convinced 
that LCP is in their long-term economic interest. These utilities do not believe that 
LCP programmes would help them under competitive conditions to become more 
customer oriented and to improve their image as a competent market partner for 
energy services. On the contrary, there is a growing fear among these utilities that 
under fierce price competition it will be only the price of a kilowatthour that 
counts for the customers and nothing else. 
In fact, these fears are the main obstacle to a broader diffusion of LCP activities in 
Germany. Until now, most LCP activities have been started on a voluntary basis 
without regulatory framework to encourage or require them. Therefore it seems 
probable that without regulatory rules and incentives to promote LCP activities, 
there will be a standstill or backwards movement. 
On one side, therefore, implementation of the proposed RPT directive (RPT: 
Rational Planning Techniques, used synonymously for LCP/IRP) at the level of the 
EU is of strategic importance, because this would stimulate the utilities to engage 
in LCP, harmonise the framework for utilities' end-use activities and neutralise 
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otherwise negative effects of price competition for all utilities in the EU Member 
States. 
On the other hand, LCP could be mandated as a public service obligation by 
national energy laws implementing the directive for the Single European market 
for electricity. As long as such public service obligations are not required on the 
national level, consideration should be given to whether voluntary agreements are 
a possible means in the same direction. In North Rhine-Westfalia, for example, 
the discussion within the "round table LCP" has just started, whether a voluntary 
agreement on investing 3% of the utilities' electricity revenues for NegaWatt 
activities could be the next step after the successful programme "Bright North 
Rhine-Westfalia". Others prefer a wire levy as in California or in the UK. 
The Wuppertal Institute suggests the following option: Either a utility invests 3 to 
5% p.a. of its revenues into cost-effective LCP programmes, or pays the same 
amount of money into a general fund. This fund would be administered by an 
independent institution (a German "Energy Savings Trust", according to the 
British example) and distributed by a competitive scheme (bids) to energy service 
companies, contracting firms, utilities or other new "NegaWatt" actors, in order to 
open up the market for energy services. 
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Results from the Sacha Project 

Andrea Ricci, ISIS 
Milena Presutto, ENEA 

1. Background and introduction 

SACHA (State of the Art of Cooling Household Appliances Standards, Market 
and Technology in Central and Eastern European Countries for Energy Efficiency 
Programmes Implementation in ECE Member State) is a project jointly sponsored 
by the European Commission (Directorate General for Energy, the SAVE 
Programme), and the Economic Commission for Europe of the UN (Energy 
Efficiency 2000 Project). SACHA was completed in October 1997 (20 months 
duration) 

Its main objective was to analyse and inteI]Jret the situation of Cooling Household 
Appliances (CHA) in four ECE Countries (Belarus, Bulgaria, Hungary and 
Ukraine), in order to: i) increase current knowledge, and ii) identify possible 
scenarios of improvement with regard to the issues of energy efficiency and 
environmental friendliness, and therefore to identify possible scenarios of 
improvement. 

2. Project implementation and outputs achieved 

2.1 Market structure 

Original data and information to portray the market structure were collected 
directly on the field, and complemented with market data previously available. 
Among the most significant descriptors is indeed the so called apparent market, 
calculated as "national production + import - export". This, in fact, corresponds to 
the number of units available for purchasing on the national markets. Figure(s) 
hereafter illustrate the historical evolution over the past 15 years, as well as 
average selling prices for type of appliance, classified along the EU categories. 
The representation of the market structure is further completed by the description 
of the distribution and sales mechanisms, through the identification of the 
dominant models and distribution channels, and the density and diversification of 
the sales networks. 
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Table 1: Apparent Market and appliances price in Belarus in 1995 
EU appliance Manufactured Aver. selling price for Secondhand 

category appliances new products appliances 
(number) (units) (US $) (units) 

01 

02 

03 

04 

05 30,000 265 

06 

07 123,200 344 

08 31,300 314 

09 

10 

TOTAL 184,500 

Table 2: Apparent Market and appliances price in Bulgaria in 1995 
EU appliance Manufactured Aver. selling price for Secondhand 

category appliances new products appliances 
(number) (units) (US $) (units) 

01 

02 
03 350 
04 9,375 (*) 

05 
06 
07 397 
08 4,308 (*) 340 
09 
10 

TOTAL 
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Table 3: Apparent Market and appliances price in Hungary in 1995 
EU appliance Manufactured Aver. selling price for Secondhand 

category appliances new products appliances 
(number) (units) (US $) (units) 

01 3,000 175 
02 -- --
03 11,000 235 
04 1,000 210 
05 40,000 226 
06 40,000 247 
07 70,000 382 
08 33,300 300 
09 48,000 260 
10 2,000 792 

TOTAL 248,300 

Table 4: Apparent Market and appliances price in Ukraine in 1995 

EU appliance Manufactured Aver. selling price for Secondhand 
category appliances new products appliances 
(number) (units) (US $) (units) 

01 (*) 
02 --
03 (*) 
04 8,850 150 
05 54,050 165 
06 371,500 250 
07 15,000 280 
08 71,000 300 
09 (*) 
10 (*) 

TOTAL 537,500 

2.2 Legal and regulatory framework 

The state of the art of laws and regulations was then analysed, based on 
information collected in each Country through an ad hoc format, so as to appraise 
both the nature and contents of standards and norms currently in force in the four 
Countries, as well as the organisation and functional structure operating in each 
national context for the enforcement of the latter, including the identification of 
standardisation bodies, national programmes and certification laboratories. 



439 

2.3 Consumers habits and purchase behaviour 

An extensive survey was conducted on the field: no less than 1000 households 
were interviewed in each national market, providing an original, widely 
documented picture of the currently installed stocks, as well as of the consumers' 
behaviour and habits. Examples of the data thus gathered and the output 
elaborated therefrom are shown in the tables presented hereafter, illustrating and 
comparing the installed stock of the most common appliances and the 
corresponding levels of ownership. Stocks are described and broken down along a 
variety of parameters, e.g. origin, model, and age. A detailed analysis is carried 
out on the distribution of the stock according to the gross volume of refrigerators 
and freezers. 

In Belarus the ownership level, in the households and by 1,000 people, is: 

Table 5: Cooling household appliances ownership level in Belarus 

Refrigerators + Freezers 1985 1990 1993 1994 

% of equipped households 85 85 78 76 

(by 1,000 people) 266 266 244 236 

The ownership level, constant between 1985 and 1990, decreased of about 9% in 
the years between 1990 and 1994, from 85% to 76% of the households. 

In Bulgaria the ownership level is: 

Table 6: Cooling household appliances ownership level in Bulgaria 

Appliances 1985 1989 1990 1991 1995 

Refrigerators 94 96 97 96 93 
Freezers ll.a. ll.a. ll.a. ll.a. 23 

In Hungary, in 1995, about 98% of households own refrigerator or a 
refrigerator/freezer, while about 62% own a freezer. 

In Ukraine the ownership level of refrigerators and freezers is: 

Table 7: Cooling household appliances ownership level in Ukraine 

Appliances 1993 1994 1996 

Refrigerators 71 67 83.9 

Freezers ll.a ll.a 4.6 

ll.a. - llot available 
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A comparison of the 1995 values for ECE Countries gives the following results: 

Table 8: Cooling household appliances ownership level in ECE Countries 

Appliances Belarus Bulgaria Hungary 
(1994) (1995) (1995) 

Refrigerators 76 93 98 
Freezers 23 62 

2.4 Market shares 

Ukraine 
(1996) 

84 
5 

The market shares of the leading brands in each Country were assessed, and a 
ranking of the top 10 models for each national market was established, A detailed 
analysis of the technical features of the stock was then carried out, taking into 
account the star rating and its distribution according to the age of appliances, but 
also such features as insulation type, defrosting system, number of doors and 
thermostats, as well as positioning aspects (share of built-in, position of freezer 
compartments), This allowed in particular to draw a full outline of the 
characteristics of models considered to be representative for each examined 
Country, Sample outputs are presented in the tables and figures hereafter, 

Figure 1: All countries - Installed appliances age 
distribution 
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Figure 2: BELARUS - Star rating distribution as funcion of 

refrigerators and refrigerator/freezers age 
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Figure 3 : BULGARIA - Star rating distribution as function of 
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Figure 4 : HUNGARY - Star rating distribution as function of 
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figure 5 : UKRAIN£ - Star rating distribution as function of 
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2.5 Technical characteristics of the installed stocks 

A detailed description of the appliances available on the examined national 
markets from the point of view of their technical characteristics and performances 
was carried out. The information used to this end was gathered and organised by 
means of an ad hoc format, documented in close co-operation with the national 
institutions involved in SACHA. 
The basis for this description is the classification of the models sold in 1995 in 
each Country, by geographic origin and by category of the EU Directive 9412. 
All major technical characteristics of CHA and their occurrence and distribution 
in the models sold in 1995 were then analysed. In particular, gross volume 
distribution by category was assessed and compared according to star rating and 
origin of production; refrigerating and insulating fluids were examined in the 
context of the CFC phase-out and other significant environment oriented 
international agreements, their distribution highlighted according to country of 
origin; volume ratio (i.e. ExternaVTotal Net) was evaluated as a measure of 
insulation thickness; distribution along climatic classes was computed; the 
incidence of no-frost devices was highlighted, and that of other positioning and 
design characteristics. 
Finally, energy consumption was estimated for each national market in terms of 
the average value for sold models, and for each of the 10 categories. Both non
weighted and weighted (with market shares) avemges were established. Samples 
outputs are presented in the figures hereafter: 
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3. Conclusions and recommendations 

3.1 The potential impact of the application of EU Directives 

A ftrst set of signiftcant conclusions on the situation of the current ECE stocks 
when analysed through the lens of the EU Directives could then be drawn, with 
particular regard to Directive 94/2 on energy labelling and Directive 96/57 on 
energy efftciency limits. A (theoretical) classiftcation of the existing appliances 
into the A-G classes (94/2) was established to this effect, and subsequently with 
respect to the consumption limits set for each of the 10 categories (96/57). The 
conclusions amount to a hypothetical Pass-or-Fail verdict for each appliance, 
should the EU Directives be applied here and now to the examined ECE 
Countries. 

3.2 Possible interventions 

The wealth of information and data gathered and elaborated in the course of the 
project implementation also allowed to formulate possible scenarios to describe 
and analyse the future evolution of the CHA sector in the four ECE Countries. 
Particular emphasis was put on the identiftcation of recommended paths which 
could be followed and implemented by the national authorities, through the 
establishment and the enforcement of appropriate mixes of interventions, with 
standards and labels playing a prominent role. 
Four main categories of tools were considered to be available to the involved 
authorities who intend to steer the sector towards increased energy and 
environmental performances. Both mandatory and non-mandatory tools and 
programmes were obviously identifted, classifted and analysed: 
• Consumer awareness options include standards, labels and advertising; 
• product energy efficiency can be increased thanks to mandatory limits set by 

law, but also through agreements negotiated between manufacturers and 
authorities, or based on the effects of unilateral commitments of industry; 

• consumer incentives can be drawn from a varied range of possible options, 
involving product prices, energy prices, ftscal and ftnancial incentives, 
awards; 

• ftnally, supply agreements may be targeted to yield structural changes in the 
market as a whole. 

For each such typology, advantages and disadvantages were highlighted, thus 
contributing to a preliminary identiftcation of the criteria to be used for the 
selection of the most appropriate mix of measures, to be deftned according to the 
speciftcities of each socio-economic context. 
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3.3 Country specific scenarios 

Each of the four ECE Countries was then analysed in light of the above 
considerations, and, in view of the specific situations, a set of recommendations 
as of the possible paths to follow towards improved performances in the CHA 
sector was formulated. 

• Clearly, for the two former Soviet Republics, accelerating the replacement of 
the old, inefficient stock is the top priority. 

• For Belarus, with its sluggish economic situation, financial incentives appear 
to be a prerequisite, to be possibly complemented in the medium-term by 
supply agreements and mass information campaigns. 

• Similarly, Ukraine can hardly proceed without serious incentive-based 
measures, enhanced by advertising campaigns and, in the medium-term, 
technology transfer programmes. 

• The situation is quite different in Bulgaria and Hungary, where the 
introduction of energy labels should now be promoted and implemented with 
no delay, possibly complemented by voluntary agreements among producers, 
so as to facilitate a steady but progressive evolution towards increased levels 
of energy efficiency. In addition, both Countries - although probably with 
differentiated emphasis - could benefit from interventions directed at 
strengthening and improving the national inspection and control systems. 



Household Electricity Consumption in the Czech 
Republic and Effective Ways to Influence it 

Vladimir Prochazka, SEVEn, Prague 

Mr. ProcMzka completed his Master Degree in technical cybernetics at the Czech 
Technical University in Prague. After about fifteen years' experience in computer 
programming and system analysis, he began working at SEVEn in 1992.. His 
active participation in the independent expert committee for efficient household 
appliances makes it possible to him to prepare legislation proposals on energy 
labelling for these appliances. He is dealing with the rational use of elecricity, 
namely in lighting systems and households. 

In the decades prior to 1989 the communist government of Czechoslovakia pursued 
a policy of cheap energy and expanded energy-intensive industrial production. This 
now represents a legacy which will require great effort on the part of the young 
Czech Republic to deal with. In addition to repairing the widespread environmental 
devastation, this process particularly involves transforming the energy sector, 
which in our new conditions lacks any precedent. 

The Czech Republic's first energy policy was approved by the Czech government 
in February 1992, still within the context of the former Czechoslovakia. Since that 
time the Czech economy has gone through a fundamental transformation, during 
which a series of measures and steps have been taken based on that energy policy 
(the privatization of a considerable part of energy companies, the beginning of the 
rectification of energy commodity prices, the diversification of imported energy 
sources, and so on). Some objectives, particularly in the area of pricing, however, 
could not be achieved. The implemented measures combined with the need to 
proceed further made it necessary for the policy to be updated. 
The form of the updated energy policy has been to a great extent influenced by the 
efforts of the Czech Republic to prepare for membership in the European Union, an 
event which will have a significant impact on the energy sector. It especially 
concerns the requirements for the gradual integration of the energy markets of the 
Czech Republic and EU, for the government's behavior in its approach towards 
foreign operators of energy facilities, the free movement of energy materials and 
products, unification of the tax system and environmental protection. The goal of 
the legislative and executive measures being prepared is for the legal framework of 
the energy sector to be compatible with EU law by the year 2002. 

The Czech Republic's energy policy, as modified in a draft proposal in mid-1997, 
represents a compromise between the energy policies of states with a standard 
market economy and those undergoing a transformation to such a system. Along 
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market economy and those undergoing a transformation to such a system. Along 
with long-term goals it also contains short-term goals corresponding to the 
completion of the transformation in the energy sector from the standpoint of 
economic and legislative conditions. One of the main long-term goals is preparing 
for the full integration of the energy sector with the rules of the European Union's 
internal market. Its other main goals are to use energy more efficiently in 
preference to securing new energy sources, reduce the negative impact of energy 
on the environment, rectify the remaining price distortions, and create a 
competitive environment in the area of energy production. 

The growth of household consumption of electricity in recent years (representing 
a 60% increase since 1989) has been stimulated above all by its low cross
subsidized price, while other categories of consumption experienced a decline in 
the stated period and are still well below their 1989 level. Because energy 
companies sell to households below the market price, increased consumption is 
therefore leading to a gradual worsening of their financial situation. The stated 
price distortions are to be removed over a period of three years in three gradual 
steps. In the frrst two years this will result in an increase of the average price by 
35% and following a detailed evaluation of this the third step will be 
implemented, taking into account the overall state of the economy, including the 
level of inflation. 
The increase in individual utility rates for households is to be implemented 
variably while maintaining a reasonable price for basic electricity use (Le., the 
operation of the usual household electrical appliances) and creating gradual 
pressure for tile necessary replacement of existing appliances with more efficient 
ones. Where rates for electric home heating and domestic hot water are 
concerned, accumulation and hybrid heating systems and domestic hot water 
systems will be promoted which allow consumption to be directed outside the 
period of peak electricity demand. The greatest increase can be expected in the 
rate for direct resistance heating and domestic hot water -that have experienced a 
rapid expansion in last three years - to follow the costs which this way of 
electricity end-use induces. 
An important tool for implementing the energy policy is the piece of legislation 
being prepared on energy management, which above all concerns end-use 
consumption and includes the regulations and recommendations of EU countries 
in this area, and measures to promote energy conservation and reduce demand. 
One component of this law is expected to be the introduction of energy labelling 
scheme for the main electrical appliances to the extent and in the way it is done in 
theEU. 
Our activities in energy labelling date back to 1992, when SEVEn, the Energy 
Efficiency Center, purchased nine combined mid-sized single compressor 
refrigerators commonly available on the (Czechoslovak) market at that time and 
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had them tested in the Pies any Technical Testing Institute. The testing procedure 
corresponded to EN 153 standard. 
The main goal was to gain the first reliable data on the energy consumption of 
this equipment as a basis for drawing up energy label prototypes, which the 
evaluated refrigerators were marked with and then exhibited. That was the first 
time such labels could be seen by consumers in the Czech Republic. The results 
of the tests were also published in July 1993 in the consumer magazine D test. 
The labels were designed at SEVEn. They were based on the eurolabel design 
(containing seven coloured bars), which was already well-known at that time. 
Like the labels used in the USA, basic financial data about the annual operating 
costs of the refrigerators were also included; further information was left out in 
the interest of compatibility with EU practice. 

In the next year (1993) this was followed by a significantly more difficult activity 
involving the largest electricity producer, EEZ a.s., in the context of demand-side 
management (DSM) programs. Fourteen washing machines of various brands 
commonly available on the domestic market were purchased and then subjected 
to extensive testing at the Prague Electrical Engineering Testing Institute (EZU 
Praha). Energy labels were designed on the basis of the evaluated consumption, 
the results of which were again published in the consumer monthly D test and also 
publicized in other ways. The label design was drawn up by an expert assessment 
committee and was again patterned after the eurolabel, even before the relevant 
European Union regulation came into effect. 
Another activity was focused on electric accumulation boilers for domestic hot 
water. The evaluated testing results were made available in the spring of 1995. 
The criteria for assessing the energy efficiency of boilers were determined by an 
independent expert committee to be the amount of heat losses over 24 hours 
calculated per litre of actual volume; appearing on the label as supplementary 
information are the specified volume of the appliance, its heating period and the 
electricity consumption for heating the contents from 15 to 65 degrees Celsius. In 
drafting the labels for boilers the design used in the EU was strictly adhered to, 
not only in the size and colour scheme, but also in the presentation of the data. 
The results were again made public in the spring of 1995, including promotion of 
the label. 
Tests of dryers and dishwashers followed. Even though they are not that 
widespread in Czech households at present, these appliances were chosen on the 
one hand due to the wide assortment of them on the domestic market, and on the 
other hand due to the relatively high sales potential expected in the future. The 
financing of both activities was again assumed by EEZ, a.s. 

The dryers were evaluated in the fall months of 1995 and the results were again 
assessed by a committee and published in the form of information pamphlets. The 
label design used for the appliances, as well as the energy efficiency categories, 
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came out of EU Directive 95/13IEG, which was just coming into effect at that 
time. The dishwashers were evaluated in the Engineering Testing Institute 
[Strojirensky zkusebni ustav] in Brno and the results were made public in 
information pamphlets, in a supplement to one leading daily newspaper, and in 
the consumer monthly D-Test. The dishwasher labels, including the design, were 
also drawn up in keeping with EU practice. 

The most recent attempt to investigate the energy features of household electrical 
appliances involved evaluating a sample of electric stoves, again sponsored by 
EEZ, a.s. The energy efficiency of the cooktops and the heat loss from the ovens 
were determined separately. The complete evaluation was again assessed by an 
independent committee and the results were made public in the spring of 1997. 
Compared with the types of appliances tested earlier, the energy consumption of 
stoves depends to a much greater extent on the way the appliance is used rather 
than on the design of its defined energy properties. For this reason the label 
design which was drawn up is not expected to be used. 

On the basis of the activities mentioned here we have gained some knowledge of 
the energy efficiency of appliances sold on the domestic market and we have 
confirmed that the domestic testing laboratories are able to work effectively 
according to European procedures for practical tests. We have become familiar 
with current EU legislation in this area while gaining a number of useful contacts. 
By widely publicizing the results of the testing we have also provided the Czech 
public with the first information of this kind and laid the groundwork for the 
smooth introduction of energy labelling. 

Furthermore, we have drafted and put forward for government consideration 
regulations based on European models for labelling cooling equipment, washing 
machines, laundry dryers and accumulation hot water heaters. The proposals for 
the pertinent regulations are in accordance with the wording of the corresponding 
standards in effect in the European Union and were made available to the 
government to be completed and issued. 
A large amount of work still remains to be done in the field of household energy 
efficiency. The activities described here always involved just a limited sample of 
products on the market and could consequently provide only basic data. In the 
future it will be necessary to study in greater detail the structure of the domestic 
appliance market, including a sales breakdown. It will also be necessary to obtain 
data on how appliances are used under the actual conditions of Czech households. 
Information on the use of appliances in addition to those described here, including 
so-called electronic entertainment, will allow both a more detailed understanding 
of the patterns of household electricity consumption and thus also the design of 
better programs for its efficient use. 
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Table 1: Total Energy Balance - Czech Republic (data for 1991 - 1995) (PI) 

Indicator 1991 1992 1993 1994 1995 
Domestic natural 1619.296 1510.944 1479.453 1378.742 1364.932 
resources l 

Solid fuel 1471.314 1360.347 1323.802 1218.065 1209.410 

Liquid fuel 2.871 3.440 4.647 5.371 6.126 

Gaseous fuel 8.640 7.903 7.878 7.996 8.289 

Primary heat and 136.471 139.227 143.126 147.310 142.107 
electricity 
Imports~ 641.197 597.205 623.417 674.700 709.165 

including: 

Solid fuel 81.236 43.676 45.453 45.191 63.282 

Liquid fuel 308.559 335.870 319.168 366.569 352.700 

Gaseous fuel 225.473 195.498 237.371 243.446 268.984 

Electricity 25.902 22.161 21.425 19.497 24.199 

Exports 358.525 349.211 360.040 363.069 392.924 

including: 

1 Domestic natural resources include extraction of primary fuel resources of fuel for sale 
(after primary treatment), generation of hydro-electricity as measured at generator 
terminals, heat produced in nuclear power plants for generation of electricity and 
distribution, and heat released by exothermal chemical reaction utilized later on (e.g., heat 
from sulfuric acid production). 
2Imports include fuel and energy brought into the country from abroad. Also included are 
deliveries from imports which are taken for being implemented in accordance with 
invoicing regUlation in force. Transit deliveries of fuel and energy are excluded. Similar 
procedures apply to exports. 
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Solid fuel 308.043 299.913 302.465 296.029 339.546 

Liquid fuel 15.430 16.083 28.428 45.892 30.651 

Gaseous fuel 0.049 0.124 0.144 0.052 0.033 

Electricity 35.033 33.091 29.003 21.096 22.694 

.. 
Source: Energy StatistIcal Yearbook of the Czech Repubhc, 1995, VUPEK, December 
1996. 

Table 2: Balance of Electric Power - Czech Republic (in Gwh) 

Indicator 1991 1992 1993 1994 1995 

Electricity production 

including: 

generators 60646 59293 58882 58705 60847 

including: 

water vapor 47195 45405 44659 43952 46343 

hydro energy 1319 1638 1596 1776 2274 

nuclear 12132 12250 12627 12977 12230 

Trade balance imported (+), - 2530 -3036 - 2104 - 445 418 
exported ( -) 
Consumed in electricity prod. 4153 3923 3898 3852 3967 
processes 

Sources = domestic 53963 52334 52880 54408 57298 
Intinn 

Losses in mains 3811 3960 4793 4660 4768 

Total supply 58008 57050 60975 59844 62317 

Net consumption 50152 48474 48087 49748 52530 
I r ... ,.,.h D,.nnhli,. 
including : large user 26781 25007 23809 23394 24261 

retail user 16147 16418 17354 19188 21339 

other users 1482 1289 1307 1557 1288 
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special consumption of 5742 5760 5617 5609 5642 
electricity from industrial 
End-use consumption 42685 41480 41436 43318 46569 

including: for production and 32812 31137 30037 30135 31722 
operation 9873 10343 11399 13183 14847 

Source: BStJ, Edice - Beska statistika, Energetika v roce 1995 

Table 3 : International Comparison of Electricity Prices for Households [USDIkWh) 
Current Prices 

CR Austria Germany France Italy Netherlands Switzerland Sweden V.Kingdom 

1990 0.018 0.164 0.150 0.157 0.117 0.111 0.093 0.105 

1991 0.018 0.154 0.159 0.141 0.173 0.114 0.112 0.097 0.128 

1992 0.025 0.171 0.172 0.153 0.182 0.119 0.120 0.105 0.132 

1993 0.030 0.163 0.169 0.146 0.146 0.110 0.119 0.082 0.113 

1994 0.030 0.166 0.178 0.150 0.158 0.115 0.131 0.085 0.123 

1995 0.033 0.204 0.167 0.169 0.136 0.165 0.094 0.124 

1996 0.042 

1997 0.051 
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Energy Consumption and Energy Efficiency 
for Chinese Household Appliance 

XinDingguo 
Beijing Energy Efficiency Center 
P.R.China 

1. Energy Consumption for Chinese Household 
Appliance 

Chinese household appliances include TV sets, refrigerators, air conditioners(non
concentrated air conditioning system), electric fans, electric water heaters, 
electric rice cookers, microwave ovens, and other small-scale household 
electricity-driven appliances. State manufacturers range from sectors of 
electronics, mechanical, light industry, and military industry. Household 
appliance users includes urban & rural residents, some industry and commercial 
buildings, as well as public buildings . By now, China has not established 
complete energy consumption statistic system of household appliance. Some 
experts contribute energy consumption of household appliance to a part of energy 
consumption of building. Because it is difficult to collect accurate and systematic 
data, the information of this paper is expected to be used to reflect the general 
situation of Chinese household appliances. 

Table 1: China's Total Energy Consumption and Building Sector Energy Consumption 
Unit: Million tce 

num. Item 1990 1991 1992 1993 1994 

(1) domestic energy 987.0 1037.8 1091.7 1159.93 1227.37 
consumption 

(2) increasing rate % 5.15 5.19 6.25 5.81 

(3) building energy 264.47 277.47 281.89 296.71 368.56 
consumption 

(4) increasing rate % 4.92 1.59 5.26 24 

(5) ratio of (1) to (3) 26.79 26.74 25.82 26.55 30.03 



456 

Source: 1) China Energy Annual Review, the State Economic and Trade 
Commission (SETC), 1996 
2) Energy Use in Chinese Buildings and Market Survey on Energy-using 
Products, Beijing Energy Efficiency Center (BECon), 1996 
Note: Electricity is calculated according to annual coal consumption for 
generation by corresponding period .. 

Annual average growth rate from 1990 to 1994: 
domestic energy consumption 1227.37 

987.03 -1=5.6% 

building energy consumption 368.56 4 __ _ 

rbee= 264.47 -1= 8.65% 

Table 2: Electricity Consumption for Household Appliance and Lighting in 1994 
Unit: Million tce 

Urban Rural Other Total Ratio % 
Residential Residential Public 

Utilizat 
ion 

TV Set 4.09 2.79 1.23 8.11 12 

Refrigerator 8.83 1.03 1.12 10.98 16.5 
Air 1.04 2.64 3.68 5.5 
Conditioner 
Electric Fan 1.42 1.34 1.61 4.37 6.5 
Electric Rice 1.57 1.57 2.3 
Cooker 
Electric Water 0.55 0.54 0.8 
Heater 
Lighting 4.22 3.72 30.19 38.13 56.6 
Total 2l.72 8.87 36.78 67.38 100% 

Source: Energy Use m Chinese BU11dmgs and Market Survey on Energy-usmg 
Products, BECon, 1996 
Note: 1 tee = 8140 kWh 

Table 3: Chinese Building Energy Consumption by Energy Type in 1994 
Unit: Mtce 

Electricity Coal Gas Others 
Amount 66.37 283.85 15.48 2.86 
Ratio % 18 77 4.2 0.8 

Total 
368.56 

100 
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From above tables, we can draw the following conclusions: 
• Building energy consumption includes that of buildings ranging from rural 

residential, UIban residential, and public sector, and accounts for around 25% 
to 30% of domestic energy consumption. This ratio has been increasing in 
recent years .. Speaking of annual average growth rate from 1990 to 1994, , 
which is calculated based on data of the Table 1, building energy 
consumption (8.65%) is faster than domestic energy consumption (5.6%). 

• Building energy consumption includes energy consumption of household 
appliance, household electricity-driven appliances, lighting, heating and 
ventilating, heat water supplying, and cooking. In 1994, Electricity 
consumption by building is 67.38 million tce (Table 2), equal to 176.9 billion 
kWh (coal consumption for electricity generation was 381 gce/kWh). 
Because electricity sold by Chinese electricity industry was 715.9 billion 
kWh at that year, the ratio of these two indexes was 24.3%, which includes 
lighting 13.6%, household appliance and electricity-driving appliance 
10.7%. Generally speaking, electricity consumed by household appliances is 
relatively lowerl. 

• Although energy consumption for Chinese household appliance is not very 
high, which compared to the levels of other developed countries, the growth 
trend is obviously increasing. For residential use, electricity consumption by 
lighting is limited in some degree, but electricity consumed by large-scale 
household appliance will be a main contributor for climbing electricity 
consumption. From Table 2, household appliance electricity consumption 
surpassed that of lighting. Refrigerator is the biggest electricity consumer in 
Chinese family. Air conditioner is potential big consumer in the near future, 
with the temperature (because of climate change, more and more Chinese 
regions become warmer than before.) and residential income increase. 
Relevant government agencies have paid attention for these two appliance. 
China State Bureau of Technology Supervision (CSBTS) will publish the 
update standards of refrigerator at the end of this year, and formulate the 
energy efficient standard for air conditioning in 1998. 

• Data of table 3 shows that coal consumption is 77% of the total building 
energy consumption, far higher than the electricity consumption. The reason 
is that cooking and heating are still major energy consumption sources. 

1 In this report, electricity consumption in building is considered to be made of two parts: 
lighting and household appliances. 
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• By now, rural electricity consumption for household appliance is lower than 
that consumed by urban. It is estimated that rural electricity will be eye
catching climbing in the coming five years. 

2. Market for Major Chinese Household Appliance 

2.1 Refrigerator 

• Refrigerator has been widely used in the recent ten years. Currently, China has 
about 100 production lines, with annual production capability of 10 million 
units. From 1990 to 1994, the production of refrigerator and freezer increased 
12.6% annually. The increasing rate from 1994 to 1995 accounts for nearly 
20%. 

Table 4: Output, Import and Export for Chinese Refrigerator 
Unit: 1,000,000 unit 

Item 1990 1991 1992 1993 
Output 4.75 4.76 4.75 6.22 

refrigerator Sale 3.19 3.27 3.38 4.18 
/ freezer Export 0.23* 0.49 0.45 

Import 0.04 0.02 0.07 

Output 1.48 1.89 
freezer Export 0.01 3k 

Import 1k 7k 

1994 1995 
7.65 9.19 
4.38 
0.56 

0.06* 

2.34 3.23 
6k 

Source: Energy Use in Chinese Buildings and Market Survey on Energy-using 
Products, BECon, 1996; China Statistic Yearbook 1996. 
Note: 
* : the sum of the refrigerator/freezer and the freezer 
k: 1000 unit. 

• By the end of 1995, every 100 households possess 66.2 refrigerators on 
average in city and town. Among them, 19% households' refrigerators have 
been working over 10 years. In medium and small cities, their possession rate 
was 40 per 100 households. Generally speaking, refrigerator market is still 
promising although refrigerator market in the cosmopolitans tend to reach 
saturation. 

• Chinese refrigerators' quality, service, technology, and appearance step on 
new stages mainly because the government introduced competitiveness into 
market. Domestic and joint venture products have dominated Chinese market, 
their total market penetration reaches 90%. Top 10 domestic products occupy 
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more than 60% domestic market. The ratio of imported products is not large, 
approximately 10%; but there are many the imported production teclmology 
and components in market. 

• In 1980s, the size of most household refrigerators were smaller than 170 
Litter. From a sample investigation by the State Bureau of Statistics in 1994, 
67% urban households and 70.3% rural households inclined to refrigerators 
with available volume more than 180 Litter. It is estimated that refrigerators 
and freezers with available volume above 200 Litter will be main stream in 
the future market. 

2.2 Room Air Conditioner 

• Because of serious electricity shortage for a long time, Chinese government 
controlled air conditioner consumption. Since the begin of 1990s, 
development has entered into right trace. Now, there are more than 100 
influential manufacturers. The market penetration for the top 10 domestic 
producers reaches 65.7%. Japanese products occupies 10.2% of domestic 
market. 

• The domestic output in 1994 is 3.93 million units, 16 times higher than that of 
1990. The output in 1995 is 6.8 million units, 74% higher than that of 1994. 
Based on a survey by China Lighting Industry Association, average 
production-sell rate for 28 key manufacturers was 90.8%, and some even 
exceeds 95%. 

Table 5: Production and Sale of Room Air Condition in China 

Unit" 1 thousand units 
1990 1991 1992 1993 1994 

production 219.6 597.4 1520.0 2918.4 3934.2 
sale 591.0 541.0 
export 25.2 57.6 93.2 22.3 
import 31.8 84.1 186.0 342.1 

• Window units and separated units are dominant in market. For room air 
conditioners with cooling capacity of 2000 ~3000 W, the ratio of production 
to sale was above 70%. With the rapid development of service sector in these 
5 years, room air conditioners with cooling capacity ranging from 5000W to 
12000W has been widely installed in hotels, restaurants and other commercial 
buildings. 

• Market penetration for room air conditioner is not high, and large market 
potential exits. From a survey in 1994, the popularization rate of room air 
conditioner in residential buildings in big cities was only 7%, and 19% for 
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commercial buildings; that in small towns was 2.4%, and it was nearly zero in 
rural residential areas. 

• A survey indicated that 80% investigated consumers planned to purchase room 
air conditioners within 3 years. Consumers have more interests in separate 
units and window units, and in domestic-made and join-venture-made 
products because of cheaper price and better service. 

• At present, many domestic products reflect the utilization of imported 
equipment and technologies, and their coefficient of performance (COP) is 
more than 2.3, where some kinds of separate unit even achieve 3.0. But, some 
key components heavily depend on import. 

2.3 Other Information 

Below is some information on household appliance market. 

Table 6: Household Appliance Production 
Unit: 10,000 units 

1980 1986 1990 1991 
TV set 249.2 1459.4 2684.7 2691.4 
Refrigera 4.9 225 463.1 469.9 
tor 
Electric 723.7 3528.7 5799.3 6219.7 
Fan 
Electric 24.5 894.4 662.7 687.2 
Washer 
Electric 821.7 962.4 
Rice 
Cooker 
Microwa 42.2 
ve Oven 
Recorder 74.3 1756.8 3023.5 2873.7 

1992 1993 
2867.8 3033 
485.76 596.7 

6837 7387. 
3 

707.9 895.9 

1130.8 1412. 
5 

46.3 73.0 

3231.8 3648. 
9 

1994 1995 
3283.3 3496.2 
768 918.5 

8613.5 12966. 
7 

1094.2 925.5 

1645.5 

99.8 

8395.6 8521.4 

Table 7: Household Appliance Possession in Year-end For Every 100 Urban Household in 
1994 

Every 100 urban residential 
Product possession Note 

1994 1995 

washing machines 87.29 88.97 national average 
electric fans 153.79 167.4 national average 
refrigerators 62.10 66.22 national average 

freezers 2.25 2.87 national average 
color TV set 86.21 89.79 national average 
black/white TV 30.47 27.97 national average 
video recorders 15.96 18.2 national average 
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FM stereo recorders 28.65 27.52 national average 

electric heaters 2.69 2.88 national average 

air conditioners 5.00 8.09 national average 

electric cooking appliances 74.81 84.1 national average, 
including microwave 
ovens, electric rice 
cookers, water heaters. 

stereo systems 8.68 10.52 national average 

range hoods 28.92 34.47 national average 

vacuum cleaners 9.04 9.95 national average 

Source: China StatIstIc Yearbook, 1996 

3. Energy Efficiency and Testing for Household 
Appliance 

There are three CSBTS certified testing centers for household appliance in 
China: China Household Appliance Research Institute, in Beijing, Shanghai 
Household Appliance Research Institute, in Shanghai, Guangzhou Household 
Appliance Research Institute, in Guangdong province. Such large-scale 
manufacturers as Haier and Kelong have their own testing equipment and 
capabilities. 
These national testing centers have established connections with the International 
Electric Committee (1EC)" and some foreign laboratories and institutions of 
developed countries. 
Based on the refrigerator of production standards, the testing contents for China's 
electric appliances focus on electricity safety and technological characteristic. 
Safety items are the most important index for Chinese household appliance. If 
products do not satisfied the safety request, they could not be released from plants 
and appeared in the market. Technological characteristics indexes describe what 
kind of functions product should possess. Energy efficiency indexes have not 
been located in a priority position yet. Most manufacturers pay attention to safety 
and technological indexes. 
These standards, which can be reached by most of manufacturers, focus on the 
regulation of current household production, and do not describe the future 
requested level. 
Energy efficiency improvements mainly benefit from market competitiveness. 
Introduced production lines also play a vital role. Energy efficiency standards 
contribute to this progress a little, although they have been published out for 8 
years. Most of manufacturers had exceeded energy efficiency levels of standards 
issued in 1989, because the formulation limit is relatively low. 
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Table 8: Household Appliance Testing Standards for Electricity Safety and Perfonnance 
Product Name Testing Standards Corresponding 

International 
Standards 

Household and similar electrical GB4706.1-92 IEC335-1 
appliances (general requirement on 
safety) 

Electric irons GB4706.2-86 IEC335-2-3 
GBI0154-88 

Automatic rice cookers GB4706.7-86 IEC335-2-15 
GB8968-88 
GB12021.6-89 

Vacuum cleaners GB4706.7-86 IEC335-2-2 
GB8278-87 IEC312 (81) 

Instantaneous water heaters GB4 706 .11-86 IEC335-2-35 
QB1239-91 

Storage water heaters GB4706.12-86 IEC335-2-21 
QB1238-91 

refrigerators and food freezers GB4706.13 IEC335-2-24 
GB8059.1-3-87 IS08187 
GBfT8059.4-93 IS08561 

Electric soldering irons GB7157 no corresponding 
GB7158 

Household electric hot plates GB5488 no corresponding 
Room heaters GB4 706.23-88 IEC335-2-30 
Household electric washing GB4706.24-91 IEC335-2-7 
machines GB4288-92 

GB12021.4-89 
Dishwashers GB4706.25-91 IEC335-2-5 
Spin extractors GB4706.26-91 IEC335-2-4 
Electric fans and regulators GB4706.27-92 IEC342-1 

GBfT13380-92 IEC385 
SG395-85 IEC920 
QBfT1841-93 IEC879 (86) 

Range hoods GB4706.28-92 IEC335-2-31 
QBfT1816-93 

Electrically operated food GB4706.30-92 IEC335-2-14 
preparation appliances 1B4034-85 
Electrical equipment of room air GB5956-91 IEC378 
conditioners GB7725-87 IS05151-94 

Liquid heaters GB4706.19-86 IEC335-2-15 
Microwave cooking appliances GB4706.21-86 IEC335-2-25 

QBfTl198-91 
Roasters, toasters, waffle irons and GB4706.14-86 IEC598-2-9 
similar appliances QBfT1240-91 
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Table 9: The Limited Value and Testing Methods of Energy Consumption for Electric 
Appliance 

Standard Code Standard Title 

1 GB 12021.2-89 The limited value and testing method of energy 
consumption for household refrigerators 

2 GBI2021.3-89 The limited value and testing method of energy 
consumption for room air conditioners 

3 GB 12021.4-89 The limited value and testing method of energy 
consumption for electric washing machines 

4 GBI2021.5-89 The limited value and testing method of energy 
consumption for electrical irons 

5 GB12021.6-89 The limited value and testing method of energy 
consumption for automatic rice cookers 

6 GB12021.7-89 The limited value and testing method of energy 
consumption for TV sets 

7 GB 12021.8-89 The limited value and testing method of energy 
consumption for radio receivers and recorders 

8 GB 12021.9-89 The limited value and testing method of energy 
consumption for electric fans 

9 GB 12021.1 0- The general principles for formulating the limited value 
89 and tasting method of energy consumption (efficiency) 

for household and similar electrical appliance 

In the end of 1980s, China formulated a batch of mandatory energy efficiency 
standards for household appliance in order to improve their energy efficiency. 
Currently, some of these standards are planned to be revised and updated. 

4. Energy Efficiency for China's Refrigerators 

4.1 Testing Type 

The main objective of testing is to testify refrigerators to star label requests. The 
star sign is classified according to the product standard (GB/T8059), which outlines 
the requested temperature in frozen food storage component: 
Table 10: The Level of Star Sign 

Star Sign 
one star: 

(*) 
two stars: 

(**) 
three stars: 

(***) 

Requested Temperature 
according to testing conditions and methods, the testing 
temperature is no more than -6°C; 
according to testing conditions and methods, the testing 
temperature is no more than -12°C; 
according to testing conditions and methods, the testing 
temperature is no more than -18°C. 
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• Model testing: this testing confonns to the following situations: new products 
on trial; significant changes on designing, technology, or materials; continuing 
production for one year; more than one year production stop. 

• Out-plant testing is taken for products which will be out-plant or have been 
kept in plants for two years. 

• Testing items: according to GBIT8059-1995, testing items for out-plant 
products are the following: 

Table 11: Testing Items for Out-plant Refrigerator 
No. Testing Items Complete Sample Not-

Testing Testing qualified 
Level 

1 Appearance ./ C 
2 Safety ./ .Ie 

3 Insulation of Cooling ./ A 
System 

4 Storage temperature ./ B 
5 Electricity consumption ./ C 
6 Noise and vibration ./ B 
7 Appearance of accessories ./ C 
8 Door open power ./ B 
9 Frozen capability ./ B 
10 Re-rising time for load ./ B 

temperature 

Table 11 shows that only if the safety index is not qualified, or say, it is in the 
range of fatal limitation, the products could not be released out; if the index of 
energy consumption and appearance is of "C" level, this product could leave 
plants after relevant reparation and adjust. 

4.2 Electricity Consumption Testing Methods for Household 
Refrigerator 

According to GBIT 8059.2-1995, which is equivalent to ISO 8187:1991 "Cooling 
appliance - refrigerators and freezers - characteristics and testing methods", the 
testing methods for household refrigerator is as follows. 

4.2.1 Testing equipment 

• special library: adjustable temperature and humidity; indoor air flow velocity 
less than 0.25mJs; wood-made refrigerator shelf which is located in a special 
way. 



• testing equipment and accuracy requirement 
Table 12: Testing Instrument and Accuracy Requirement 

Equipment Accuracy Requirement 

temperature meter 
humidity meter 
electricity current meter 
voltage meter 
power meter 
kWh meter 

Model Testing Out-plant Testing 
± 0.3"1<. ± 1.0"1<. 

±0.3 ± l.0 

0.5 level 1.0 level 

1.0 level 2.5 level 
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• "M" testing package: from thermodynamics point of view, "M" testing 
package is equivalent to lean beef. The package should be a mixture of 125g, 
500g, or 1000g. A sensitive temperature component is placed in its geometry 
center. 

Testing time: The time for non-automatic frost-free refrigerator is 24 hours, or 
times of 24 hours; the time for automatic frost-free refrigerator is at least 24 
hours, and should includes frost-free period. If the period is over 48 hours, it 
could exclude frost-free process. 

Temperature conditions: 

Table 13: Temperature Request for Electricity Consumption Testing 
No. Compartment Temperature uC 
1 refrigerator 1mean=5, O<=tl, t2, t3<=10 
2 freezer tcomoartment mean = 12 
3 "***,, (three star) freezer, 1max =-18 

the temperature for the hottest 
"M" package 

4 "**,, (two star) freezer 1max = -12 

Theoretically, each compartment of refrigerator should satisfy the above 
requested temperature when electricity consumption is tested. For the reason of 
different control methods, it is difficult to meet the above mentioned temperature 
for each compartment at the same time. In practice, it is acceptable if the 
temperature of one compartment reaches testing condition, and other 
compartment's temperature could be less than the temperature above, or say, the 
temperature is the maximum permitted value. 
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4.3 Chinese Upgrade Energy Efficiency Standard for 
Refrigerators and Refrigerator-freezers 

• In order to limit the electricity consumption, the CSBTS, in December 1989, 
authorized and released the national standard of Testing Method and 
Consumption Limitation of Household Refrigerator, implemented in 
December 1, 1990. The national standard states that: during the operation of 
each kind of products, the electricity consumption must not be higher than 
standard level. The amount of electricity consumption is measured when a 
refrigerator works 24 hours under stable operation: 25°C of the environmental 
temperature, and the climate type of refrigerator is SN, Nand ST respectively. 

Note: 

Table 14: The Limited Value of The Electricity Consumption of China's National 
Standard of Refrigerator (GB12021.2 - 89) 

Limited value of 
Type Available volume electricity 

(L) consumption 
(kWh/24h) 

100 below < or= 0.5 
100 - 129 < or= 0.6 

Refrigerator 130 - 149 < or= 0.7 
(N, ST style) 150 - 179 < or= 0.8 

180 - 209 < or= 0.85 
210 - 250 < or = 0.95 
100 - 139 < or = 1.0 
140 - 159 < or = 1.1 

Freezer and Refrigerator / 160 - 179 < or= 1.2 
Three-Star Freezer 180 - 209 < or = 1.3 

(N, ST style) 210 - 249 < or= 1.4 
250 - 229 < or = 1.5 
300 - 350 < or= 1.6 

For autodefrrost units, an additional 0.1 kWh/day is allowed. 

These standards apply to temperature and subtropical models for tropical models 
have not been established. 

• Energy Efficiency Indexes Met by China's Major Manufacturers 
• Please read table 15 "The Example of Characteristic and Energy Consumption 

for Three Stars refrigerator-freezer". 

From the above table, it is easily concluded that these manufactures can reach and 
even surpass state standards. The insulation thickness is around 35 to 75 cm, with 
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compressors either from directly imported or produced by imported production 
lines. Most of cycle media are R22, some are F134a. In 1995, China produced 
about 400 thousand fluorine-free compressors. 

• With the development of requests for energy conservation and environment 
protection, the National Energy Standardization Technology Commission and 
several household institutes have formulated a suggestion draft, which 
describes the energy consumption limited value of refrigerators, and submitted 
to the CSBTS. It is expected to be released no later than the beginning of 
1998. 

• The Updated Energy Efficiency Standard for Refrigerator 
• The updated standard, titled "The Limited Value of Energy Consumption and 

Energy Efficiency Grading for Household Refrigerators", describes that the 
permitted maximum value of electricity consumption for household 
refrigerator is a function of adjustable volume, considering that electricity 
consumption of refrigerator is related to its available volume, as well as the 
ratio of volume of freezers and refrigerators with different temperatures is 
related to the total available volume. 

Emax=(m Vadj+N)/365 
m and n are coefficiency which decide refrigerator's star sign and model 
type. 

Table 15: M and N Selection for Calculation of Electricity Consumption Limited Value 

No. Type 
1 storage compartment with no star sign 
2 storage compartment with one star sign 
3 storage compartment with two star sign 
4 storage compartment with three star sign 
5 refrigerator-freezer 
6 top-opening frozen food storage 

compartment 
7 top-opening food freezer 
8 upright-type frozen food storage 

compartment 
9 upright-type food freezer 

Takmg reference of the US and the European methods, 
Vadj=LVc * WcFc 

Vc - available volume of compartment (litter) 

M N 
0.233 245 
0.643 191 
0.450 245 
0.657 235 
0.446 303 
0.657 235 

0.446 181 
0.657 235 

0.472 286 

W c - weigh coeffiency for calculation of compartment temperature 
F c - 1.2 for no-frost compartment, and 1 for other types 
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We = (t,.-1;) / (t,. - t,.) 
t,. - testing environment temperature 25 °c 
t; - rated temperature for different compartment 
t,. - rated temperature 5 °c for fresh food storage compartment 

• The updated standard prescribes the energy consumption grading for 
refrigerator, including A, B, C, D, and not qualified. This grading is based on 
energy consumption index (11). 

Table 16: Energy Consumption Grading for Refrigerator 
Range of Energy Consumption Index Grading 

11 < 55% A 
55% <= 11 < 75% B 
75% <= 11 < 90% C 

90% <= 11 < 100% D 

100%<= 11 not qualified 

Energy consumption index is the ratio of practical electricity consumption by 
testing to Emax. If practical electricity consumption is larger than Emax , or say, 11 
>= 100%, the energy consumption of this product is not qualified. 

• This updated standard is suggested to be a mandatory standard. When products 
are out of a manufacture plant, they must be taken a testing on electricity 
consumption fIrst. If failure, the product can not be released out. 

• According the above mentioned testing methods and grading, about 3% of the 
total output produced by more than 100 production lines can reach A, around 
25% for B, 60% for Cor D, about 5% to 10% for not-qualified. It shows that 
the updated standard's objective is mainly to regulate current market. If 
relevant agencies plan to formulate future-reached standard (like the US' 
refrigerator standard), they should make economic analysis on all-possible 
technology selection, and further investigate market situation. So, China hopes 
to get more technology assistance and fmancial support from abroad. More 
strict energy efficiency standards implemented, more opportunities come for 
foreign technologies and capital, and better quality for domestic product 
achieved. 



Stories from Asia: 
Standards and Labeling Successes 

Kristina Egan 
International Institute for Energy Conservation (IIEC), Bangkok 

1. Background 
Asia's rapid economic growth has been accompanied by an even more rapid 
increase in energy demand. Inefficient appliances and electric equipment are 
exacerbating the region's shortages of electricity, increasing the demand for 
foreign exchange to finance power plant construction, and causing environmental 
degradation. A significant portion of electricity demand is attributable to 
appliances. For refrigerator-owners in the Philippines, at least 25% of the 
family'S electric bill is devoted to running a refrigerator! Figure 1 shows the 
projected increases in residential electricity demand by end-use in Thailand. 
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Since demand for energy-consuming products is surging-- annual growth rates 
exceed 20% in some countries-the problem promises to intensify. As the quality 
of life is increasing, so is the consumption of appliances, such as refrigerators and 
air conditioners. In fact, the white goods market in Asia is predicted to expand by 
35% between 1992 and 2000, accounting for almost one-quarter of the world 
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market. 1 Current saturation levels for air conditioners are quite low throughout 
Southeast Asia, and in some places, saturation is low for refrigerators too. 
For example, in the greater Bangkok area, 87% of residences in the greater 
Bangkok region have refrigerators and 58% own air conditioners; 50% of homes 
outside of Bangkok have refrigerators and a mere 3.4% have air conditioners.3 

The saturation of air conditioning units is increasing rapidly at a rate of about 

Figure 2. Refrigerator Sales2 
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13% per year in rural 
areas and 4% in urban 
areas, and will be the 
driver behind residential 
demand growth in 
Thailand, accounting for 
29% of demand by 

,.,~.,.~.,.,." .. :~:;:$ 2005.4 The exponential 
growth rates in 
refrigerator and room air 
conditioner sales are 
shown in Figures 2 and 3. 
The market influx of 
energy-efficient products 

is quite slow in Asia due to numerous barriers. These barriers include highly 
competitive markets with an emphasis on low first cost, the lack of technical 
infrastructure to produce reliable, replicable energy efficiency test results, the 
lack of dissemination of information about successes in the region, and the 
absence of regional policy coordination. Strengthening testing capabilities and 
showcasing successful program examples are two of the essential building blocks 
for the establishment of national standards and labeling regimes in the region. 

1 Isaac Turiel, "Present Status of Residential Appliance Energy Efficiency Standards: An 
International Review." Lawrence Berkeley Laboratory. Draft article for Energy and 
Buildings. December 1996. p. 3. 
2 The data is historical up until 1994. The data is projections after 1994. 
3 IIEC (International Institute for Energy Conservation). "Thailand's Energy-Efficiency 
Industry: Potential for Investment." Report for Thailand Board ofInvestment. IIEC-Asia. 
Bangkok, Thailand. 1995., p.29. 
4 Peter du Pont, Energy Policy and Consumer Reality: The Role of Energy in the Purchase 
of Household Appliances in the U.S. and Thailand. Doctoral Research, Chapter 2, 
October 1997. 
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There are several well-established standards and labeling programs in Asia, and 
many others currently under development. Among the ASEAN nations, the 
Philippines and Thailand are the strongest leaders for the promotion of energy
efficiency standards and labeling for electric appliances and equipment. Other 
programs exist in China, Hong Kong, India, Japan, Korea, and Chinese Taipei. 
Malaysia, Indoneisa and Vietnam are currently considering establishing programs. 
These programs are briefly outlined and compared in Table 1. Programs are 
constantly evolving; the status reported below is current to July 1997. 

5 The data is historical up until 1994. The data is projections after 1994. 
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Table 1: Status of Standards and Labeling in the Asia 

2.1 Cina 

Standards have been established for refrigerators, clothes washers, and room air 
conditioners, as well as some less energy-consuming products. Work is under way 
by the Chinese State Technology Supervision Bureau (STSB) to revise the 
standards for refrigerators and room air conditioners. There is no labeling apart 
from some endorsement eco-labels. 

2.2 Chinese Taipei 

Minimum efficiency standards exist for a variety of products, and were developed 
by the Energy Commission in the Ministry of Economic Mfairs. Efficiency 
standards exist for a variety of products, including window air-conditioners, fans, 
water heaters, clothes dryers, ovens and stoves, refrigerators, and large air
conditioners. In 1992, the program had reduced peak power demand by an 
estimated 81 MWand saved 3.6 x 1017 liters of gasoline, and 3.3 x 1017 liters of 
diesel in 1992. It was expected that the savings would reduce peak demand by 
341 MW and save 9.6 x 1017 liters of oil in 1992. The government has also 
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recently launched an energy labeling program for window-type air conditioners, 
refrigerators, and washers. 

2.3 Hong Kong 

In 1995, the Hong Kong Government Electric and Mechanical Services 
Department (EMSD) initiated a voluntary energy labeling program for 
refrigerators and added room air conditioners in 1996. EMSD is now in the 
process of developing a program for clothes washers. The labeling program 
covers all new registered refrigeration appliances and room coolers imported to or 
manufactured in Hong Kong. The government is monitoring the labeling 
program, and will decide whether the labeling scheme should become mandatory, 
and whether to establish minimum energy efficiency standards. 

2.4 India 

To date, the government agency, Bureau of Indian Standards, has established only 
one energy efficiency standard-for refrigerators; compliance is voluntary. This 
standard has been ineffectual in moving the market. At 1.25 kWh/day for 165-
liter refrigerators, the standard is easily met by virtually all the models produced 
by the formal manufacturing sector. However, some of the refrigerators sold in 
India are produced by the informal sector, and do not meet the standard. Field 
studies indicates that domestically manufactured refrigerators consume 20-40% 
more energy in India than in developed countries.7 A small metal plate (often 
painted over) indicating compliance with this standard is affixed underneath 
refrigerators sold in India, but otherwise no energy labeling programs exist. The 
Bureau of Indian Standards is entertaining a proposal to establish a voluntary 
energy labeling program for refrigerators and air conditioners. 8 

2.5 Indonesia 

There are currently no mandatory minimum efficiency standards or energy labels 
for any products in Indonesia. The government is now focused on erecting 
adequate testing facilities to support standards and labeling programs for 
refrigerators and air conditioners. Indonesia's Directorate General for Energy and 
Electricity Development (DGEED) in the Ministry of Mines and Energy is 

6 Yang, Chen-Kuang. "DSM Activities in Chinese Taipei Recently." Paper presented at 
APEC Energy Project, Energy Efficiency and Conservation Theme, Inter-Utility Demand 
Side Management Liaison Group. Sixth Meeting. Minutes of Meeting. 13-15 November 
1996. P. 10 
7 Tata Energy Research Institute, Making refrigerators in India more energy efficient, 
Proceedings of workshop held 14 August 1996. 
8 Personal Communication with Pankaj Bhatia, Tata Energy Research Institute, India, 
August 1997. 
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considering establishing energy perfonnance standards for several types of 
equipment, including irons, refrigerators, air conditioners, and lighting products.9 

The state-owned electric utility, PLN (perusaahan Listrik Negara) will be 
cooperating with the Ministry of Mines and Energy on the design of labeling 
programs. A 1996 studylO developed a blueprint for an energy labeling program 
for refrigerators and air conditioners which could be used by DGEED. Despite 
the slow progress on energy standards and labeling by the government, the private 
sector is ready to move forward on energy efficiency standards in order to prepare 
for the coming free trade area. 11 

2.6 Japan 

Japan set efficiency standards for refrigerators and air conditioners in its Energy 
ConseIVation Law of 1979. In 1984, refrigerators were removed from the Energy 
ConseIVation Law, and were not included in the new 1994 standards because it 
was thought that the switch to non-CFC refrigerants would make it difficult to 
increase energy efficiency. Nonetheless, refrigerators may be considered for 
standards in the near future. 12 In 1994, standards for fluorescent lamps, 
televisions, heat pumps and copiers were added. This law does not include any 
laws of enforcement, although certain actions are taken by the Ministry of 
International Trade and Industry (MIT!) which act as incentives for compliance. 
The 1994 standards apply to each manufacturer's shipment-weighted average 
efficiency and thus are not minimum energy perfonnance standards. The 
standards require relatively small improvements that can be achieved using 
existing technology and without major technological changes. MIT! conducted a 
study of the possibility of implementing an energy labeling system and 
implementation may occur before the turn of the century. 13 

2.7 South Korea 

South Korea launched a standards and labeling program in 1992, managed by the 
Korean Energy Management COlporation. The program maintains minimum 
efficiency standards for imported and domestically manufactured air conditioners, 
lighting, and refrigerators and mandates labeling. Korea used a two-step approach 
in introducing its standards. The frrst standards became effective at the end of 
1993 and were designed to reduce energy consumption by up to seven percent. A 

9 Personal communication with Mr. Soemarjanto, DGEED, Indonesia, April 8, 1997. 
10 IIEC (International Institute for Energy Conservation). "Indonesia Appliance Labeling 
Report and Recommendations." Draft Report for Asian Development Bank. IIEC-Asia. 
Bangkok, Thailand. 1996. 
11 Field interviews with industry conducted by IIEC, October 1996. 
12 Nakagami, Hidetoshi and Barbara Litt. "Appliance Standards in Japan." Draft article for 
Energy and Buildings. December 1996. p. 5 
13 Nakagami and Litt, op. cit., p. 13 
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second set of standards became effective at the end of 1995 and were designed to 
reduce energy consumption by 10 to 30 percent. Over the past three years the 
energy efficiency of common appliances in South Korea has dramatically 
increased. For example, refrigerators' energy efficiency has increased by 11 %, 
while air conditioners' efficiency levels have increased by an average of 24%.14 

2.8 Malaysia 

There are no standards, labeling, or energy testing for appliances in Malaysia to 
date. However, draft energy efficiency regulations which have not yet been 
publicly released are reputed to include mandates for establishing minimum energy 
performance standards for fans, room air conditioners, and refrigerators and 
beginning a voluntary labeling program for TVs, computers, monitors, washing 
machines, and dishwashers. IS 

2.9 Philippines 

The Department of Energy, Fuels and Appliance Testing Laboratory, Bureau of 
Product Standards and the Association of Home Appliance Manufacturers has set 
minimum efficiency standards and developed mandatory labeling for air 
conditioners. The program was launched in 1993. The government plans to 
expand the program to cover refrigerators, ballasts, fans, and washing machines 
before the year 2000. 

2.10 Singapore 

Singapore's Trade Development Board established an energy efficiency standard 
for room air conditioners, however none of the accredited laboratories conduct 
energy efficiency testing. There also are no enforcement or verification 
mechanisms because there is no need-all models easily meet the standard. 16 

There are no energy labels for any appliances. 

2.11 Thailand 

The national utility, the Electricity Generating Authority of Thailand, established 
voluntary labeling programs for the two largest energy-consuming appliances in 
the residential sector-- refrigerators and air conditioners in 1994 and 1995 
respectively. No minimum efficiency standards have been set to date. 

14 Rumsey, Peter and Ted Flanigan. "Compendium: Asian Energy Efficiency Success 
Stories." International Institute for Energy Conservation. Washington, DC. September 1995. 
15 Mr. Cheng, Department of Gas and Electricity, presentation at UNESCAP Energy 
Labeling for Appliances Workshop in Kuala Lumpur June 1997. 

16 Mr. Abdul Rashid, Public Utilities Board, Singapore, personal communication. February 
1996. 
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2.12 Vietnam 

No energy standards or labels have yet been introduced. The government is 
considering initiating a demand-side management program, and it is likely that 
standards and labeling would be included. 

3. Program Profile: Philippines 

3.1 Program Design 

One of the Philippine Department of Energy's greatest accomplishments in terms of 
energy efficiency is the Residential Air Conditioner Standards and Labeling 
program. After years of coordination with manufacturers and the Department of 
Trade and Industry's Bureau of Product Standards, DOE launched the program in 
late 1993, and began labeling in early 1994. The program has the potential to 
become a powerful platform for subsequent energy efficiency efforts not only in 
the Philippines but also in other Asian countries. 17 

Air conditioners, both imported and domestically manufactured, are required to 
meet a minimum efficiency standard and required to be labeled. Air conditioners 
are given priority because, while only penetrating a small fraction of households, 
they represented one of the most dramatic areas of increased demand for electricity 
in the residential sector. The minimum standard energy-efficiency ratio (EER) is 
7.9 for units with cooling capacity below 12,000 kilojoules per hour, and 7.4 for 
units with capacity greater than this level. In 1997, the standard was tightened so 
that the EER will increase by 5% every 3 years until 2002.'8 

It touk more than ten years to set up the Residential AirCon program. The major 
government changes in the mid-1980s, and the resulting economic downturn 
delayed the start up, as did the painstaking (though ultimately rewarding) private 
sector negotiations to develop reasonable standards that could be improved over 
time. The private sector has been a key driver behind the air conditioner program. 

The Philippines AirCon certification program is jointly administered by the 
Department of Energy, the Department of Trade and Industry, and the Association 
of Home Appliance Manufacturers. The Department of Trade and Industry's 

17 Rumsey, Peter and Ted Flanigan. "Standards and Labeling: The Philippines Residential 
Air Conditioner Program." International Institute for Energy Conservation. Washington, 
DC. September 1995. 
18 Arturo Zabala, Department of Energy, Philippines, presentation at at "Forum on Asia 
Regional Cooperation on Energy Efficiency Standards and Labeling" Bangkok, Thailand, 
July 14, 1997. 
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Bureau of Product Standards is responsible for enforcing the standard. DOE 
administers the program and runs the Fuels and Appliance Testing Laboratory 
(FATL). FATL is a key component of the program, serving as a neutral testing 
laboratory to verify manufacturers' assertions of the efficiency of their units. 

3.2 Impact Data 

Before the initiation of the program, only half of the annual sales volume for 
small-sized, window-type air conditioners met the standard and that none of the 
larger units did. By forcing these units off the market, the program had an 
immediate and pronounced effect in the overall efficiency of air conditioners on 
the market. When the standards were made more stringent in 1996, the least 
efficient units were again eliminated. Due to the "push" of standards and the 
"pull" of labeling, one analysis by FA TL suggests that in just one year, the 
average efficiency of all air conditioning units increased nearly 25 percent. 19 

Figure 4. Projected Savings of Philippines AirCon Program 
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Estimates of the program are preliminary at best, but it appears that the standards 
component of the program resulted in first-year capacity savings of 6 MW of 
capacity and energy savings of over 17 GWh. The estimates, though rough, are 
conservative because they do not incorporate efficiency improvements in split 
systems or from the labeling component of the program. The impact of the 
program will increase with time because the number of air conditioners in the 
country is rising dramatically. Manufacturers conservatively estimate that the 

19 Rumsey, Philippines, op cit., 1995. 
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market will grow by 20 percent annually for the future. In 1994, demand for 
window-type units increased by nearly 40 percent. 

Based on this demand growth, by the year 2010, program analysts believe the 
program will have saved anywhere from 83 to 400 MW of peak capacity and will 
have resulted in cumulative energy savings of 322 to 1,120 GWh. Figure 4 
depicts the projected savings calculated in three different analyses. 

3.3 Program Cost 

The annual operating cost of FATL is about US$160,000 to $200,000 and the 
initial construction of the laboratory cost US$675,000. For consumers, the 
average price of an air conditioning unit increased US$30, about 5% of a unit's 

20 
total cost, due to the program. 

3.4 Outlook 

Table 2. Schedule for Energy Labeling in the Philippines21 

1998 
1998 

Refrigerators, freezers 
Ballasts 

FA TL is now designing a similar 
refrigerator program, which will 
become mandatory in 1997 or 1998. In 
the case of refrigerators, the 
government initially proposed to make 

1999 Fans, washing machines the program voluntary, but 
200 I Industrial motors, passenger manufacturers, anxious to play on a 

cars level field, pressed for a mandatory 
program. FATL's timetable for 

introducing energy labeling for a variety of products is detailed in Table 2. 

20 Rumsey, Philippines, op cit., 1995, p.20-I. 
21 Arturo Zabala, op cit. 1997. 
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3.5 Lessons Learned 

• 

• 

A High Level of Trust Between the Private and Public Sectors Proved Key . 
The Residential AirCon Program has been a marked success because it has 
been a carefully crafted effort between the public and private sector. Rather 
than forcing a tough set of standards on the manufacturers, the Philippines 
government established a Technical Committee to develop the program. The 
committee was headed by the president of the trade association of home 
appliance manufacturers and worked diligently to reach a consensus on the 
most appropriate course of action and standards. Combining Penalties and 
Incentives is Effective. While manufacturers have had to retool their factories 
and invest in designing more efficient units, they have benefited from using 
the labels as market tools. For its part, the government has played an 
important role in promoting the labels -- raising awareness of the value of 
energy-efficient products and creating a means of product differentiation. 
Through this collaboration, manufacturers have recognized that they can 
develop high quality products that will give them sustained and increasing 
revenues through sales in the Philippines and potentially through export to 
other countries in the region . 

A Credible and Efficient Laboratory is Critical. The testing and certification 
aspect of the program has been the most contentious aspect of the program. 
How can manufacturers be assured that a government-operated laboratory 
with restricted funding will be accurate? At the inception of the program, 
F ATL' s testing results were challenged by a manufacturer, but after outside 
testing confirmed FA TL' s results, the laboratory gained credibility with 
industry. Another problem has been a backlog of units to be tested. 
Overflow of equipment to be tested is handled by two manufacturer testing 
facilities. 

The Residential AirCon Standards and Labeling program represents a highly 
successful model showing how government, lacking utility involvement, can 
accelerate efficient household appliance market transformation at low cost in 
collaboration with manufacturers. 

4. Program Profile: Thailand 

4.1 Program Design 

Thailand has energy efficiency labeling programs for refrigerators and for air 
conditioners. Both programs are entirely voluntary and are not associated with 
minimum energy efficiency standards. Thailand's Electricity Generating 
Authority of Thailand (EGAT), the national utility, administers the programs 
through its DSM Office. EGAT's US$ 189 million pilot DSM program-which 
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includes the labeling programs as well as technology demonstrations, 
manufacturer voluntary agreements, and time-of-day tariffs-- is the largest in 
Southeast Asia. Of the 5-year program's total 311 MW savings goal, the 
refrigerator program aimed to save 27 MW and the air conditioner program aimed 
to save 22 MW. Not only has the program reached these goals, but it has 
exceeded them, reducing peak demand by .4%.22 
EGAT initiated the refrigerator labeling program in early 1994 and quickly 
gained the cooperation of the five Thai refrigerator manufacturers for a voluntary 
testing and labeling program for the largest category of Thai refrigerators (5-6 
cubic feet). A similar program for air conditioners began in early 1996. The 
negotiations with manufacturers were more difficult because of the diverse and 
fragmented nature of the Thai air-conditioner industry. The Thai air conditioner 
industry consists of 55 manufacturers, many of which are small, local assembly 
operations. 
The efficiency scale on the label for each program is 1 to 5, with 5 being the most 
efficient. A selection of the refrigerator models were tested during the fall of 
1994 to establish the mean efficiency. Models that fell within 10% of the average 
are rated at 3; models that are 10-25% more efficient than the average are rated at 
4; and models that are more than 25% more efficient than the average are rated at 
5. 

4.2 Impact Data 

As of late 1997, no comprehensive study has evaluated the impact of the labeling 
programs, however, initial estimates from the DSM Office and other sources 
indicate that the programs have incited manufacturers to increase their production 
of high-efficiency models and to modify existing models in order to make them 
energy-efficient. 23 Determining the actual impact of the programs is quite 
difficult due to the lack of baseline market data. EGAT derived its estimates by 
tracking the number of labels of each rating shipped to manufacturers, rather than 
tracking unit sales.24 EGAT estimates that the labeling programs have exceeded 
the savings targets set in the 1991 DSM Master Plan, as shown in Table 3. 

22 du Pont, Peter. Energy Policy and Consumer Reality: The Role of Energy in the 
Purchase of Household Appliances in the U.S. and Thailand Energy Policy. Draft doctoral 
dissertation. October 1997. 
23 Peter du Pont, Dr. Piyasvasti Amranad, Sitthipom Ratanopas, Darayes Mehta. "Lessons 
from Thailand: Experience Implementing Energy-Efficiency Programs" to be published 
in the December 1997 issue of Energy Policy 
24 du Pont, Energy Policy, op cit. 1997. 



Table 3: Savings Achieved with Thai Labeling Programs25 

refrigerator 
program (94-97) 

air conditioner 
program (96-97) 

% of Target 
Achieved 
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When the refrigerator program began in February 1995, only one model earned 
the rating of five. Only a year and half later, the refrigerator market had shifted 
dramatically. At the start of the program, 32% of the participating refrigerators 
(i.e. refrigerators for which manufacturers requested labels) were rated at 3, 55% 
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Figure 5. Refrigerator Labels Sent to Thai Manufacturers 

were rated at 4, and 13% were rated at 5. By the end of 1996, the number of 
participating refrigerators had more than doubled; and 70% of participating 
models were rated at 5.27 Since then, the market has shifted even more as 
manufacturers have made incremental improvements to achieve a rating of 5, 
rather than a rating of 4. Figure 6 shows EGAT's estimated reduction of energy 
consumption based on the data shown in Figure 5. Average energy use of 
refrigerators participating in the program dropped by 14%. 

25 Khun Nophdol Salisdisouk, EGAT, presentation at "Forum on Asia Regional 
Cooperation on Energy Efficiency Standards and Labeling" Bangkok, Thailand, July 14, 
1997. 
26 DSM Office, EGAT 
27 EGAT data from DSM Office Marketing Department, March 1997. 
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The efficiency improvements made by the refrigerator manufacturers have been 
incremental and have included increasing the door insulation and improving the 
gasket seals on the door.28 EGA T and the manufacturers reached an agreement that 
manufacturers could concentrate on meeting the national, non-CFC requirements 
that were targeted for January 1997 before being required to improve compressor 
efficiency. Thus far, only Sanyo Universal Electric has fundamentally changed its 
refrigerator design by increasing the thickness of the wall insulation. Thus, despite 
the swift and substantial shift in the market, there remains significant room for 
additional efficiency gains. 

rJ..,gure 6. Average nergy Consumption of Refrigerators29 
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28 Yves Lemoine, personal communication_ Ontario Hydro International, Inc., Senior 
Advisor to DSMO, EGAT May 1996. 
29 Nophdol, op cit., 1997. 
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The program for air conditioners built on the success of the refrigerator program 
and started with testing the efficiency of models on the market in November 1995. 
Air conditioners produced by multinational corporations received the highest 
ratings. These firms launched large promotional campaigns touting the energy
saving benefits of their air conditioners. There was an almost instantaneous 
obsolescence of the label: manufacturers only chose to place the label on their unit 
if it had a rating of 5, since 4 was not perceived to be marketable. Thus, consumers 
were faced with a choice -- between buying a unit with a label (i.e. a rating of 5) or 
a unit with no label (i.e. a rating of 4, 3 , or worse). Figure 8 shows EGAT's 
estimated reduction in energy consumption based on the data shown in Figure 7. 
The average EER of air conditioners participating in the program increased by 4%. 

c .. 

~aD~ ________________________ ~ 

3l(O) 

"~aD 
<II 

]lZ\aD 
!! 
~ l!\aD .. 
~ 1QCO) 

" z 
~(llJ 

o~ ______ ~ ______ ~~ ______ ~ 

Figure 8. Air Conditioner Labels Sent to Thai Manufacturers30 

As a result of the DSM program, all of the air conditioner manufacturers have 
joined the air conditioner trade association; previously, only 15 of the 55 
manufacturers were association members. The testing and labeling program has 
also highlighted a gap in quality between imported air conditioners and most 
locally produced models. Locally manufactured and assembled units are lower
efficiency and lower-quality. Since their units cannot compete on quality, they 
compete on price. Another unintended impact of the air conditioner program has 
resulted from the associated pUblicity and marketing efforts, which have increased 
the appeal of air conditioners to the Thai public. Preliminary projections suggest 
that air conditioner demand may increase significantly compared to previous 
projections. 

The success of both programs is likely due to both market pull from consumer 
demand and market push from the voluntary agreements made by manufacturers. 
There is a high level of consumer recognition of the Thai energy label. EGA T 
launched a consumer awareness campaign touting the importance of saving energy 

30 DSM Office, EGA T 
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to complement the energy labeling programs. The preliminary results of Peter du 
Pont's doctoral research indicate that:3l 
• More than 80% of consumers surveyed were aware of the appliance labeling 

program and 71 % had purchased an appliance with an energy label. 
• Well over 50% of recent purchasers of refrigerators and air conditioners asked 

to see models with an energy label or used the label explicitly in their decision 
process. 

• Most of the consumers surveyed mentioned TV as the medium through which 
they had learned about the programs. 

• The great majority of Thai consumers understood the basic meaning of the 
label and could use it to identify whether a model was energy-efficient. 

• An informal survey of 24 stores in the three cities indicated that the percentage 
of floor models with energy labels was 57% for refrigerators and 26% for air 
conditioners. 

Manufacturers moved together to new levels of efficiency through the voluntary 
agreements facilitated by EGA T. Particularly with the refrigerator manufacturers, 
of whom there was a small number, the refrigerator market moved quickly and 
cohesively toward a higher efficiency level. 

4.3 Program Cost 

EGA T allocated 195 million baht (US$ 7.8 million) for the refrigerator program 
and 1,176 million baht (US$ 47 million) for the air conditioner program. 

4.4 Outlook 

EGA T has initiated a voluntary green labeling program for industrial motors. 
Currently, the Thai government is also considering establishing minimum 
efficiency standards and mandating labeling programs for air conditioners, 
refrigerators, and industrial motors. 

4.5 Lessons Learned 

• An Aggressive Consumer Awareness Campaign Creates Powerful Market Pull. 
Publicity to support the labeling programs and other DSM efforts made EGA T 
Thailand's largest single advertiser in 1995. The US$ 8 million nationwide 
advertising campaign is slick, professional, and pervasive. As Peter du Pont's 
research indicates, the public is highly aware of the importance of saving 
energy, and this encourages purchases of more efficient appliances. Moreover, 
EGAT's commitment to the publicity campaign provided an incentive for 
manufacturers to participate in the labeling programs. 

31 du Pont, Energy Policy, op cit. 1997. 
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• Program Design Should Be Particular to a Country's Culture. The national 
utility and manufacturers have worked closely together to craft arrangements 
that are agreeable to both parties. This spirit of collaboration has resulted in 
effective voluntary agreements with high-compliance rates. The overall Thai 
approach to demand-side management has been to supplement voluntary 
agreements with nationwide campaigns and interest-free loans to customers. 
The concentration of govemment and industry leaders in Bangkok and the 
importance accorded to consensus may contribute to the success of the 
voluntary approach.32 

5. Areas for Policy Action 

Asia is confronting several barriers to effective implementation of national 
standards and labeling programs. This section offers a brief list of action items for 
decision-makers involved in designing energy efficiency policy. These are 
suggested priorities for more research, training or effort. 

Strengthen Testing Infrastructure. Many countries in Asia have inadequate 
testing infrastructure for assessing the energy efficiency of appliances. Some 
countries don't have energy efficiency testing at all; others have understaffed 
laboratories or have trouble retaining qualified personnel; equipment at other 
laboratories is of poor quality. There is a need for training laboratory personnel 
and technical assistance in establishing and upgrading facilities. 

Regionally Coordinate Testing Procedures. Countries are testing appliances under 
differing protocols. This hampers consumer comparisons of efficiency levels of 
traded products and makes it more difficult for local manufacturers to expand 
export markets. This barrier is currently being addressed by several organizations. 
The Asia Pacific Economic Cooperation forum (APEC) energy ministers agreed to 
"pursue a multilateral approach for the acceptance of results from accredited 
energy efficiency testing facilitates" and will work towards aligning energy 
efficiency testing procedures "where practicable."33 The APEC Steering Group on 
Energy Standards just completed a study entitled "Energy Efficiency Performance 
Testing and Conformity Assessment in APEC Member Economies" which can 
serve to facilitate mutual recognition of testing results. Another body, the Asian 
Group for Energy Efficiency (AGREE), is developing technical recommendations 
about how to adapt intemational testing procedures to the regional requirements of 
Asia. 

32 du Pont, et al. "Lessons from Thailand." 1997. 
33 Declaration of the Second Meeting of APEC Energy Ministers "Energy: Infrastructure for 
Sustainable Development" Edmonton, Canada; August 26-27, 1997. 
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Facilitate Information Exchange. Technical information about how other 
standards and labeling programs have been established around the world is not 
readily available to many Asian decision-makers. Moreover, the success stories 
within Asia about how to adapt the experiences of other countries to the unique 
climatic, cultural, and manufacturing sectors of Asia have not been traded. The 
need for information exchange was reiterated at a recent conference in Bangkok.34 

At the forum, IIEC agreed to set-up an information clearinghouse with several 
other partners to share technical information, compile data, and identify resources 
for trainings, infrastructure development, and program initiation. 

Develop Baseline Data. The lack of reliable market data is currently one of the 
largest barriers for DSM planning and evaluating the impact of standards and 
labeling programs. In the early stages of program development, more emphasis 
should be placed on collecting market data in order to develop baseline efficiency 
levels,35 

Evaluate Programs. While other types of energy efficiency are typically subject to 
impact and process evaluations, labeling programs are often neglected.36 This 
information is essential for planning future efficiency programs, as well as for 
improving existing ones. In Thailand, EGAT's DSM Office is now instituting 
measures to perform detailed monitoring and evaluation of its programs.37 

Conclusions 

The pressures of constrained generating capacity and environmental concerns are 
providing strong impetus for the adoption of standards and labeling programs in 
Asia. In just five years, numerous standards and labeling efforts have developed 
into full-fledged, successful programs. The Thai and Philippines programs serve as 
examples not only within the region, but also as models for developing countries in 
other regions of the world struggling with similar constraints and barriers. It is 
instructive that each program is structured differently, but both are successful. This 
demonstrates that voluntary programs can be effective in some cultural contexts, 
and that manufacturers may even press for mandatory standards when there is a 
high level of trust between the public and private sectors. The national momentum 
in the Asia region, because it is occurring concurrently with regional cooperation 
efforts, provides an excellent opportunity to coordinate national regimes with 
international policies. 

34 Forum on Asia Regional Cooperation on Energy Efficiency Standards and Labeling, July 
14-161997, organized by IIEe. 
35 du Pont, et al. "Lessons from Thailand." 1997. 
36 du Pont, Energy Policy, op cit. 1997. 
37 du Pont, et al. "Lessons from Thailand." 1997. 



Evaluating the Impact of the Australian Household 
Appliance Energy Efficiency Program 
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1 Background 
The energy labelling of household refrigerators and freezers first became 
mandatory in the State of New South Wales in 1986, and in Victoria in 1987. 
Since then the electrical appliance energy labelling program has been extended to 
dishwashers, air conditioners, clothes dryers and clothes washers, and has been 
adopted in Australia's other States and Territories. There is a separate voluntary 
energy labelling program for gas water heaters, space heaters and central heaters. 
In 1995 the national, State and Territory governments agreed to implement MEPS 
for refrigerators and freezers, and for electric storage water heaters. These are to 
take effect on 1 October 1999. At present no other types of household electrical 
appliances are being seriously considered for labelling or MEPS, although 
programs are currently being considered for electric motors, fluorescent lamp 
ballasts and larger packaged air conditioners. 
Energy labelling and MEPS programs are major energy policy issues for 
governments, and of course important business issues for appliance suppliers and 
retailers. In the debates leading up to the adoption of these programs in Australia, 
it was necessary to estimate the likely energy impact, and the costs and benefits to 
all parties affected, so that the policy debate could be as informed as possible. 
The central issue in policy analyses is the estimated reduction in total appliance 
energy consumption compared to a "do-nothing" or "business as usual" (BAU) 
scenario. The initial estimates carried out in the early 1980s, before labelling was 
introduced, relied on theoretical models of how the appliance market operates and 
very limited information on the range of models on the market (AMEC 1983). 
The theoretical models have been considerably developed over the past 15 years, 
supported by studies of historical trends in appliance efficiency based on 
consumer organisation test data (GWA 1991) and by empirical research on the 
actual impact of energy labelling on the behaviour of consumers and suppliers 
(GWA et aI1991). 
One byproduct of mandatory energy labelling is that there is now reliable data on 
the energy efficiency of every appliance model sold in Australia. In the past few 
years this has been combined with greatly improved data on actual sales (EES 
1997) so that it is now possible to track the sales-weighted energy consumption 
and energy efficiency of new appliances sold from year to year. However, this 
only tells us what has happened, and not what would have happened without 
labelling. Both pieces of information are necessary to evaluate the impact of the 
program, as the next section will illustrate. 
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2 Modelling the Market 

The societal benefits of energy labelling can only be realised if a range of 
decision makers respond appropriately to the opportunities (and in some cases 
commercial risks) created by the existence of the program. Product suppliers 
need to provide and promote more energy-efficient products and remove the less 
efficient ones, and buyers need to seek out and purchase the more efficient ones. 
The actions of both suppliers and buyers will be affected by the support which 
third parties such as Governments or electricity utilities give to the program by 
way of pUblicity, coordination and where appropriate, legal enforcement. 

In many cases, the extent to which buyers respond to labels does not match the 
apparent monetary value of the action. For example, the same buyer may pass up 
clearly cost-effective choices in the refrigerator market, but prefer dishwashers on 
the basis of label ratings which do not, in fact, lead to cost-effective energy 
savings. This is due to differences in customer needs, awareness and 
understanding of the label data, access to capital (in the event that the more 
energy efficient and cost-effective option costs more to buy), the discount rate 
used by the individual in evaluating potential future monetary benefit, and the 
value attached to non-monetary benefit (eg reducing environmental impact). 
These factors vary from appliance to appliance. Consumer research suggests that 
dishwasher buyers tend to be more affluent, more educated and often somewhat 
guilty about their purchase because it is seen as a luxury (unlike a refrigerator or a 
washing machine, which is considered a household necessity in Western 
countries) and seen as environmentally irresponsible (even though analysis shows 
that the water, energy and detergent impact is comparable to dishwashing by 
hand). They can afford more energy efficient products, and will often prefer them 
as a way of reducing the "guilt" of the purchase. 
The interaction of these factors is complex, and there have been few attempts to 
properly analyse them, in Australia or elsewhere. The evidence, however, is that 
energy labelling has influenced the market, perhaps more than originally expected 
for some appliances and less than expected for others (GWA et aI1991). 
Nearly all appliance and equipment markets (whether for refrigerators, air 
conditioners or motors) operate as in Figure 1. The energy efficiency of the best 
products on the market tends to improve over time even without any labelling or 
MEPS programs, since suppliers of high quality products are competing to 
improve their models in every respect including energy. At the other end of the 
market, the suppliers of poor quality products build for price-driven customers, 
and rarely bother to improve energy efficiency. In fact, in Australia and the other 
relatively open markets in the Asia-Pacific region, energy efficiency can often 
deteriorate at the bottom of the market as low-cost, low-quality imports enter the 
market. 
If customers have no specific information on product energy efficiency, the 
average purchase will lie somewhere between the between best and worst, as 
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shown in Figure 1. (The vertical scale is an index of energy efficiency - the actual 
units do not matter. The "Start" on the horizontal time scale is when the program 
is announced, and suppliers begin to respond, even if it is a year or two before 
labels appear and buyers can respond). 
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Figure 1. Appliance Market Without Energy Labelling or MEPS 

With the introduction of "comparative" energy labelling, which allows buyers to 
compare the energy efficiency of different models, two things tend to happen: 

• suppliers of higher quality products anticipate the commencement of labelling 
by improving their most efficient products, to take advantage of the higher 
part of the label's energy efficiency scale (in Australia this ranges from 1 to 6 
stars, although consumer research has found that the additional commercial 
value of the sixth star is low, since buyers have an expectation that 5 stars is 
the best available); 

• once labels appear an increasing number of buyers take them into account, and 
buy a more efficient model than if there had been no labelling. 

As a result of these responses the trend in average energy efficiency follows a 
different path, as shown in Figure 2. The total energy saved is the area between 
the "new average" and "BAU" lines. Even buyers who do not use the label get 
some benefit from its existence, since a random selection from the market will 
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give a more efficient appliance than before. The more effective the labelling 
program in influencing both supplier and buyer behaviour, the greater the 
divergence of the "new" from the "BAU" average 
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Figure 2. Appliance Market With Energy Labelling 
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The effectiveness of the label is influenced by factors such as how well the label 
is promoted, whether it is possible for buyers to avoid less efficient models as 
well as to seek out more efficient models (eg if all models are labelled) and the 
range between best and worst (eg if all models carry a 5 star label then there is 
little scope for comparison). 
Experience has shown that even where labelling is mandatory, it does not remove 
the least efficient products from the market (see Figure 2). This is because some 
buyers will always be driven by purchase price, even if they know that they would 
save more in energy costs than the extra they would need to spend to buy a more 
efficient model. Also, some buyers will not bother to buy more efficient products 
because someone else will pay the running costs. This is typically the case with 
appliances bought for rented housing or offices (the "split incentives" effect). 
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For this reason, Australia has progressed from to MEPS in addition to energy 
labelling for refrigerators and freezers, with the projected effect shown in Figure 
3. The MEPS illustrated is "low-level" because it is set to eliminate the least 
efficient 20% to 30% of models on the market, and to guard against the future 
import of low-efficiency products. {"Defensive MEPS" is a growing issue as 
more countries adopt MEPS and poor quality imports are diverted to neighbouring 
countries). 
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Figure 3. Appliance Market With Energy Labelling and Low Level MEPS 

It is usual to give suppliers a lead time of 2 to 3 years to meet a foreshadowed 
MEPS level, and Figure 3 shows how the least efficient products must be 
removed, or improved, within the lead time. (It is assumed, of course, that 
suppliers comply - the probability that they will is higher if they are well 
informed about what is happening and if they know their products will be subject 
to random energy tests). The effect is to drive the average efficiency level even 
higher than with labelling alone. It is still important to continue labelling, since 
there is still a wide range of efficiencies from best to worst, and buyers will still 
benefit from seeking out the more efficient. 
Figure 4 illustrates a different approach to MEPS. Instead of "low-level" MEPS, 
which are generally set below the market average efficiency level, it is possible to 
set "high level" MEPS above the market average efficiency, or even above the 
current best on the market. When the 1993 MEPS levels were first announced in 
the USA, in 1989, there were only 2 models on the US market at the time which 
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would have met them. The regulators were able to confidently set high MEPS 
levels because of extensive cost-benefit analyses which showed that it was 
technically possible to meet the levels at minimal cost. 
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Figure 4. Appliance Market with High Level MEPS 
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Sometimes it is also necessary to set MEPS at a high level to have any impact at 
all. For example, fluorescent lamp ballasts tend to be made in a number of 
distinct efficiency types: standard, low loss, super low loss and electronic. Unless 
the MEPS level is set above the efficiency level of at least one of these types (say 
just higher than the standard level) it will have no effect. 

As Figure 4 shows, high level MEPS will have a dramatic effect on the average 
efficiency of products, and will lead to greater reduction in energy use than other 
approaches. However, high level MEPS narrows the range between best and 
worst to such an extent that comparative energy labelling becomes much less 
effective, at least for a while. The buyer will not take much notice of labelling if 
MEPS has eliminated all but the models with the highest efficiency ratings. 
However, the efficiency range will probably widen over time as the best on the 
market continues to improve, and the influence of comparative labelling will 
again increase. 
In addition to "comparative" labelling it is possible to also have "quality" 
labelling (sometimes called "endorsement labelling"), which indicates that a 
product meets some pre-determined criteria for energy efficiency, environmental 
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performance or both. The "Energy Star" label used in the USA for selected 
appliances is an example of this type of label. Buyers cannot use it to compare 
degrees of energy efficiency, but only to identify which products meet the 
minimum criteria and which do not. Ideally, to maximise market impact, an 
endorsement label should be awarded only to the top 10% to 25% of models on the 
market. (In this regard, the Energy Star label as used for office equipment now 
covers so much of the market that it functions not as an endorsement label but as a 
de-facto form ofMEPS). 

Quality labels can be used when comparative labelling is technically difficult, or if 
comparative labels show only a narrow efficiency range. They can guide energy
conscious buyers to the best on the market. They also have the advantage of being 
quicker to revise than comparative labelling schemes. If products improve rapidly, 
then the government or whoever awards the quality label can adjust the criteria 
accordingly. 
The interaction of programs depends partly on the sequence in which they are 
introduced. Australia has used fairly successful comparative labelling followed by 
low-level MEPS for (labelled) refrigerators, and high-level MEPS for (unlabelled) 
water heaters. The USA, on the other hand, has taken the path of high level MEPS 
for most product groups. This has meant that comparative energy labelling has 
been less effective than in Australia, since most of the potential cost-effective 
energy savings were already realised through MEPS. (Other reasons for the lower 
impact have been the communications difficulties inherent in the label design, 
which tried to convey running costs by way of a complex matrix, and the 
comparison rating scales, which relied on regular updates from the program 
administrator and became outdated very quickly). Consequently, the USA is now 
widening the use of the "Energy Star" endorsement label. 

3 Range of Data Required for Evaluation 

Once a conceptual model of appliance market processes has been developed, it is 
possible to devise an evaluation strategy. This tends to be more complex for 
labelling than for MEPS for the following reasons: 

• the success of energy labelling requires changes in awareness and behaviour by 
appliance buyers as well as suppliers, whereas MEPS requires changes in 
behaviour by suppliers only. A MEPS program can be successful even if 
buyers remain completely unaware of its existence; 

• the market changes brought about by labelling are relatively subtle, and are 
characterised by a gradual divergence between a BA U trend line and a "with 
labelling" trend line. The deviation from the BAU line brought about by 
MEPS tends to be sharper, and more closely related to the time at which 
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MEPS become mandatory. 

A typical reason for carrying out program evaluations is to try to determine 
whether it would be cost-effective to allocate more resources to them. For energy 
labelling, this is complicated by the uncertain relationship between the fixed 
characteristics of the program (eg the label format), the variable resources 
expended (eg annual advertising budgets) and buyer response. However, it is 
possible to build up a picture of buyer response by measuring the following 
factors, using market research techniques, over time: 

1) Priority given to energy in appliance choice. If consumers are unconcerned 
with energy for cost or environmental reasons, there is no point in energy 
labels. The appearance of the label on products itself helps promote this 
concern. When recent and intending appliance buyers were smveyed on the 
ranking they gave to star rating in their purchase criteria, the average ranking 
when unprompted was 11th. However, when the interviewer "prompted" 
them by reminding them about energy labelling (as the label itself would 
prompt them in the showroom) the ranking average ranking increased to 4th 
(GWA et al1993b). 

2) General awareness of energy labelling among the public. The trend for 
Victoria over the period 1987 to 1990 in shown in Figure 5. 

3) Target audience awareness. Whatever the level of general awareness, it is 
more important that people who are actually in the process of buying an 
appliance are aware of energy labelling. Figure 5 shows that in 1988 
awareness among recent and intending refrigerator buyers was in NSW was 
82% (within 2 years of the introduction if labelling in that State) and in 
Victoria it was 65% (within a year of introduction in that State). By the time 
of the last smvey, in 1993, 91% of Victorian appliance buyers and 87% of 
NSW buyers were label aware. The fact that awareness in Victoria overtook 
NSW is almost certainly due to the higher level of publicity support given to 
energy labelling in that State in the period 1989 to 1993. 

4) Stated propensity to use the label in the purchase decision. When smveyed in 
1993, some 52% of recent and intending appliance buyers in Victoria said that 
they has used or intended to use the information on the energy label in making 
their purchase. In NSW it was 38% (see Figure 5). 

5) Extent of actual use. There have been no market smveys in Australia of the 
actual extent of use of labels. This is logistically very difficult since it would 
require the researcher to ask the buyer a number of key questions at, or very 
soon after the time of purchase, before recall fades and post-justification sets 
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in: eg when did energy became an explicit factor in the search process, what 
specific models were shortlisted and their price, star rating and other important 
features? Such information could in theory be obtained through simulated 
shopping experiments, but for practical putposes, it is not directly measurable, 
and needs to be inferred from other data. For example, dividing the energy 
"saved" between the two diverging average lines in Figure 2 by the number of 
"label-aware" appliance purchases over the same period will yield an average 
kWhJyr saved in each label-aware purchase decision. 
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Figure 5. Trends in Consumer Awareness and Use of Energy Labels 

4 Some Evaluation Results 
It is estimated that if energy labelling has not been introduced in Australia in 
1986, then the electricity consumption of all new appliances of the labelled types 
sold in 1992 would have been about 11 % higher than it was, and total household 
electricity consumption would have been 1.6% higher (GW A et al 1993a). This 
represented a saving of about 630 GWh and about 0.65 Mt CO2 in that year alone. 

In particular, the sales-weighted electricity consumption of refrigerators and 
freezers was estimated to be 12% below what it would have been without 
labelling, for dishwashers 16% below, for clothes dryers 1% below and for air 
conditioners 6% below. 
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The impact on clothes washing energy consumption could not be estimated 
because of the divergence between the theoretical "warm wash" energy 
consumption stated on the label and the average wash temperatures used in 
Australian households, which were declining over the period. 
It is questionable whether the energy savings from the Australian labelling 
program have increased since 1992. The highest rate of product changeover 
directly attributable to the program was in the period 1984 (ie in advance of labels 
actually appearing) to 1992. As Figure 5 shows, the highest rates of change in 
consumer awareness took also place before 1993. Indeed, the 1991 evaluation 
concluded that the labelling program had already matured and achieved its 
maximum potential (GWA et aI1991). In other words, the "with labelling" trend 
line diverged from the "BAU" line between about 1984 and 1992, but is now 
travelling parallel to it. 
Another way to evaluate the overall impact of the Australian energy labelling 
program is to compare the present pattern of appliance purchases with what the 
pattern would be if all buyers had used the energy label plus the sales price to 
select the model with the lowest life cycle cost - ie if all buyers had been both 
perfectly rational and perfectly informed. This analysis was carried out when the 
case for MEPS was being investigated (GWA et alI993). 
The conclusions were that, for refrigerators purchased in 1992, the energy savings 
below BAU were 35% of what they would have been if all buyers had chosen the 
most cost-effective model in the size and configuration they bought: in other 
words, the consumer response to labelling was about one third of its theoretical 
maximum. The level was very similar for dishwashers (36% of maximum 
potential energy savings) and air conditioners (39%). For clothes dryers, 
however, it was only 13%, suggesting that labelling works less well for that 
product. 

The "perfectly rational and perfectly informed" consumer is of course far from 
typical real life consumers, who may well be limited in the amount they can pay 
for a more efficient product (although in Australia the correlation between energy 
efficiency and price has been found to be very weak, once other appliance 
features not related to efficiency are taken into account). Furthermore, some 
individual customers are likely to over-respond to labelling, by purchasing 
appliances which are more efficient but, becasue of their price, higher in life 
cycle cost. 

As we have said, one reason for carrying out program evaluations is to try to 
determine whether it would be cost-effective to allocate more resources to them. 
The analysis above suggests that there is much more that can be done to influence 
consumer choice within the existing efficiency range on the market. 
Labelling is now an integral element of the appliance market in Australia. In the 
event that the program were abandoned, buyers might drift to less efficient 
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appliances, and total appliance energy consumption may be higher than if 
labelling were to continue at its current level. On the other hand, some of the 
costs associated with testing products, fixing labels and administration of the 
program may also decline, and there may be some reductions in average 
appliance purchase costs as buyers revert to less efficient products. 
Alternatively, it would be possible to make changes to the labelling program 
which would enhance, rather than diminish its effectiveness. Such changes would 
include the introduction of a new rating scale to increase the commercial value of 
further efficiency improvements, and increased support through more and/or 
better targeted pUblicity. If changes of this kind were to occur, it is possible that 
appliance energy consumption would be lower than if labelling continues at its 
current level of impact. 

Conclusions 

Appliance energy program evaluation will always be an inexact science, but it is 
becoming more reliable as the theoretical understanding of the appliance market 
and the quality of data on appliance attributes and sales improve. 

Successful evaluations rely on a wide range of information about the behaviour of 
suppliers, buyers and key intermediaries (eg retailers can often condition the 
consumer response). Some of the data can be gained from model and sales 
analysis. This is often enough for a MEPS program, but for energy labelling and 
other information programs market research, consumer surveys and extensive 
interviews with suppliers will always be necessary. 
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Introduction 

The promotion of energy conservation for many industrialized countries started 
from the first energy crisis of 1970s. For those countries the energy-efficiency 
standards and labelling of household appliances has been in effect for over a 
decade. The energy conservation acts of many developing countries started from 
late 1980s, with the efforts taking greater international concerns in the 1990s due 
to additional environmental aspects of unregulated energy consumption in causing 
global warming by release of CO2 caused by ever increasing demands for 

electricity in the power plants. 

The energy conservation efforts have moved at a slower paste in the energy
producing countries, and specially those in the Middle East. To the knowledge of 
the author, Iran is the first major oil-producing country who has put a national 
energy conservation law into effect. This paper presents the methodology and 
status of affairs with energy efficiency standards and labeling procedures of 
household refrigerator-freezers in Iran. 
The energy conservation act in Iran was put into the law when the government 
prepared its five-year program in 1994. In 1995, the government's plan for setting 
the mandatory energy-efficiency standards was approved in the parliament, and 
consequently a joint committee consisting of member of Ministry of Power, 
Petroleum and Industry, along with representatives from other stakeholding 
organizations was formed. In 1997, the first energy efficiency standard which was 
for household refrigerator-freezers was approved by the select committee and is 
expected to be nationally implemented by 1988. 

1 Engineering Analysis 

The first task for setting the energy-efficiency standard was to establish standard 
for testing methods of household refrigerator-freezers. The update to the old 
Iranian testing standard was based on International Standard, ISO-8187. 3 and ISO 
5155. To evaluate the performance of typical locally-manufactured refrigerators, 
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33 refrigerator, refrigerator-freezer and freezers were tested for energy 
consumption in a test room constructed under the approved standard testing 
conditions. The refrigerators were tested on a test stand which was placed inside 
the test room. The energy consumption of refrigerator/freezers were measured at 
25 oC ambient temperature while temperature and humidity level of the test room 
were controlled and using a system of computer-controlled data-acquisition and 
control, the temperature history and power consumption of each refrigerator were 
recorded. 

Figure (1) shows the results of standard energy consumption tests conducted for 
the typical Iranian refrigerator-freezer and freezers versus their adjusted volumes. 
Shown in the Figure are also the average rated energy consumption of typical 
refrigerators according to the European, and DOE 1990 and 1998 standards. The 
difference between the actual energy consumption and the rated average 
allowable values under European and DOE standards is due to the aged design 
and manufacturing methods of refrigerator-freezers in Iran. 

1.6 

Comparison of Experimental and Theoritical 
Energy Consumption Values 

::E! 1,5 

~ 
c 
~ 1,4 

E 
::J .. 
c 
8 1,3 

'" ~ 
w 1,2 

~ 
c 

E 
~ 1, 1 
a. 
.:l 

1,1 1,2 1,3 1,4 1,5 

Th.orlllc.~ En.rgy Consumption IkWh/day) 

Figure 1: Energy consumption of typical Iranian refrigerator-freezer and freezers 
compared with the average allowable energy consumption of European and maximum 

allowable DOE standards 

The following observations are made from the results shown in Figure (1): 

1,6 

1 Some refrigerators show a lower and some show higher energy consumption 
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compared to the EU and DOE standards. 
2 Except for one freezer, the rest show energy consumption higher than the 

average expected EU or DOE maximum allowable energy consumption 
standards. 

3 There exists a wide scatter in the energy consumption values for a given 
refrigerator-freezer adjusted volume, which may stem from errors in 
conducting standard energy consumption testing. 

4 The energy consumption tests were conducted at 25 oC ambient temperature, 
the EU average energy consumption is for that ambient temperature, while the 
DOE standard specifies 32 oC for the ambient temperature. An ambient 
temperature correction factor for energy consumption of refrigerator-freezers 
need to be specified. 

2 Analysis of Design Improvement 
The reduction of energy consumption and improvement of efficiency of 
household refrigerator-freezers manufactured in Iran had to be done in an 
incremental manner in which the available resources had to be exhausted before 
requiring more expensive investments by the manufacturers. It was noticed that 
the most effective means for reducing energy consumption was in "tuning-up" the 
refrigeration cycle with the cabinet and insulation through a correct design 
analysis and optimization of the existing units. 

As a practical first step in reducing the energy consumption of the existing 
designs, the following modifications were proposed to be implemented in the 
manufacturing plants; 
1) Correct and optimal matching of the components of refrigerator-freezers, such 

as fitting the cabinet and other refrigeration cycle components to the 
compressor, optimization of the amount of refrigerant charged . 

2) Improving the efficiency of the refrigeration cycle by using more efficient 
components and efficient usage of the available components. 

3) Reducing the energy consumption by reducing the heat leakage from the 
cabinet. 

The energy consumption of a household refrigerator-freezer is the product of the 
duty cycle by the steady-state required energy of the refrigerator, or; 

U =0.024 x[ Qs J[~+ EJ Qr -1 EER 

where, the values of Qs, Qr, I, EER and U are the cabinet, door and gasket heat 
leaks, refrigeration capacity, internal loads, energy-efficiency ratio and auxiliary 
components' electric power consumption for an steady-state operation of the 
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refrigerator-freezer. 
Figure (2) shows the theoretical cycle of a typical household refrigerator-freezer. 
Steady-state analytical modeling of the refrigeration cycle along with one
dimensional formulation of the cabinet heat leak model is simultaneously solved 
using an efficient computer model [1] for determining the energy consumption of 
the typical refrigerators. Figure (3) compares the experimental results of energy 
consumption with those obtained using the simulation model for some typical 
Iranian-manufactured units. The Figure indicates there exists a fair agreement 
between the experimental and numerical results. 
A number of design options for improving the performance and reducing energy 
consumption of typical refrigerators were discussed with the manufacturers and 
alterations in the design and manufacturing of refrigerator-freezers, such as 
increase of cabinet and door foam insulation, using more efficient compressors, 
reducing gasket heat leaks and improving the condenser and evaporator heat 
exchangers were considered feasible without having the manufacturers to make a 
major investment. Figure (4) shows the results of modeling the performance of one 
of the typical refrigerators for the above design options using the computer 
simulation model. The Figure indicates that using feasible design and production 
improvements of the refrigerator can reduce its energy consumption to an 
acceptable level considering the European energy rating standards. Similar results 
are obtained for other refrigerators studied. 

<:" 

i 
:!!. 
c 
0 a 
E 
" .. 
c 
0 
0 ,.. 
!!' .. c ... 

1000 

eoo 

600 

400 

200 

Yearly Energy Consumptions 
Compared with Energy Standards 

Adjusted Volume (I~l 
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3 Energy Labeling Scheme 

The engineering analysis indicates that a substantial reduction in energy 
consumption is achievable with minor modifications to design and production 
processes of manufactured refrigerators in Iran. A proposed improvement scheme 
in the energy consumption labeling of household refrigerators is legally enforced 
by the Iranian National Energy Efficiency Standards Acts and energy labeling 
program. To facilitate the implementation of the refrigerator energy efficiency 
standards, it is proposed that the standardization of the energy consumption of 
Iranian household refrigerators up to an internationally-approved energy 
consumption standard such as that of European Commission, be made 
incrementally and in a course of a three-year period. Based on the mostly hot 
average indoor ambient temperatures in which the refrigerator-freezers are found 
to operate, it was decided that the ISO-8187 climate classification of T (tropical) 
is suitable for Iran. Also, for the purpose of determining average energy 
consumed by refrigerator-freezers in-use, an ambient temperature of 32°C was 
chosen for test room. The higher ambient temperature causes higher energy 
consumption values, and so the energy label of the European Commission needed 
to be modified to take that increase in energy consumption in to consideration. An 
estimate in increased energy consumption when testing the energy consumption 
of refrigerator-freezers was obtained from the work of Bansal and Kruger [2]. 

For the first year of implementing the refrigerator energy-labeling program, based 
on analysis of the perfonnance of the typical refrigerator-freezers, it was decided 
that the ambient-temperature-modified average energy consumption of the 
European Commission be increased by 25% and that set the expected average 
energy consumption of the refrigerator-freezers in Iran. Figures (5) and (6) show 
respectively the distribution of energy consumption of the typical refrigerator ad 
freezers around the average rated energy consumption for the first year of 
enforcing the energy-efficiency label standard for household refrigerators. 
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For the second year of implementing the energy label, the rated average energy 
consumption would be the ambient-temperature-modified average energy 
consumption of the European Commission energy label increased by 10%. It is 
expected that the manufacturers would do appropriate modifications to further 
reduce the energy consumption of their units to meet the more stringent energy 
label. Accordingly, with a more stringent energy label, the typical refrigerators 
would have a higher energy consumption grade (less efficient) than what they got 
for the first year. Figures (7) and (8) show respectively the energy consumption 
values of the typical refrigerators if they had to continue manufacturing their 
products without making improvements or reducing their products' energy 
consumption compared with the expected average energy consumption for the 
second year. This ensures the manufacturers would take necessary steps in 
improving the energy efficiency of their products. 
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For the third year, we will have the ambient-temperature-modified European 
Commission energy labeling scheme as the criteria for energy labeling of Iranian 
refrigerator-freezers. Figures (9) and (10) show the scatter of current energy 
consumption values of refrigerator and freezers against the more stringent third
year standard average energy consumption line. 

Second Year Freezer Standard Average Energy Consumption 
Compared with Experimental Standards 
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Figure 9 
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Third Year Freezer Standard Average Energy Consumption 
Compared with Experimental Standards 

AdlustHi VoIwne (Lltl 

The changes to the coefficients of the European energy label are shown in Tables 
(1), (2) and (3) for the fIrst, second and third year of implementing the energy 
label of Iranian household refrigerator-freezers, respectively. Figure (11) shows 
the proposed Iranian Energy label which provides information about the 
appliance, annual energy consumption, energy efficiency index, volumes, cabinet 
star rating, noise level and also testing and accreditation body in Iran. 

Class of Appliance M N 
Lader Fridge 0,379 398 
Refrigerator/Chiller 0,379 398 
Refrigerator no Star 0,379 398 
Refrigerator * 1,045 310 
Refrigerator ** 0,731 398 
Refrigerator *** 1,068 382 
Fridge/Freezer *(***) 1,263 492 
Upright Freezer 0,767 465 
Chest Freezer 0,725 294 

Table (1): Values of coefficients M and 
N used for energy consumption labelingof the first year 



Class of Appliance M N 
Lader Fridge 0,303 318 

Refrigerator/Chiller 0,303 318 
Refrigerator no Star 0,303 318 

Refrigerator * 0,836 248 

Refrigerator ** 0,585 318 

Refrigerator *** 0,854 306 

Fridge/Freezer *(***) 1,01 394 

Upright Freezer 0,614 372 

Chest Freezer 0,58 235 

Table (2): Values of coefficients M and N used for energy consumption labeling 
of the second year 

Class of Appliance M N 
Lader Fridge 0,333 350 

Refrigerator/Chiller 0,333 350 

Refrigerator no Star 0,333 350 

Refrigerator * 0,92 273 
Refrigerator ** 0,644 350 
Refrigerator *** 0,939 336 
Fridge/Freezer *(***) 1,11 433 

Upright Freezer 0,675 408 
Chest Freezer 0,638 259 
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Table (3): Values of coefficients M and N used for energy consumption labeling of the 
third year based on the European Energy Label 

Conclusions 

Through analytical and numerical modeling of some typical refrigerators 
manufactured in Iran, a scheme for improving the energy-efficiency and reducing 
energy consumption of Iranian refrigerator-freezers is obtained. Using the results 
of the modeling for reducing energy consumption of typical refrigerator-freezers, 
a labeling scheme for rating the performance of Iranian-manufactured 
refrigerator-freezers is developed. The labeling scheme enforces a gradual 
improvement of the performance of refrigerator-freezer in a time span of three 
years, at the end of which, all manufactured refrigerator-freezers are expected to 
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have improved their perfonnance to be rated for energy-efficiency according to 
an ambient-temperature-modified European Commission energy labeling scheme. 
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The Next Generation of Appliances: 
Visions for Sustainability 

JlMgen S. N0rgard and Tom Guldbrandsen 
Technical University of Denmark 

1. Introduction 

This paper will have a subjective touch in the sense that besides the technical facts 
presented, it will also reflect the preferences of the authors about future living. 
There are, however, indications that these preferences are increasingly in harmony 
with the attitudes of the public in general. 

1.1 Sustainability and Greenhouse Effect 

In the most far reaching vision about the future development in household 
appliances, presented later in this paper, we do take seriously the need for changing 
path towards a sustainable energy system. One implication is to accept the 
suggestion put forward in 1995 by the Intergovernmental Panel for Climate 
Change, that in order to at least reduce the risk of severe climatic effects, the world 
community must in the next century reduce the annual emission of C02 to what 
correspond to around 1.2 ton per capita I. If furthermore we assume the global 
distribution of emission to be equalized, the better off countries like the European, 
will need to reduce their emissions of C02 and other greenhouse gases by 80 - 90 
% compared to 1990-level. 
Greenhouse gas emission is, however, not the only environmental impact from the 
end-use of - and hence production of - energy. Many other impacts are to be 
considered. Acid rain is one. Storing nuclear waste from power plants for 
thousands of years is another. Also the exploitation of renewable energy sources 
can lead to problems, as is well-known from the construction of hydropower 
systems, or from the desertification caused by over-exploiting biomass resources in 
some parts of the world. There are good reasons for pushing very far the saving of 
electricity and other forms of energy. Finally, it is important to keep in mind, that 
the world society should not necessarily aim for expansion all the way to the 
absolute limits of environmental carrying capacity. There are many benefits of 
establishing wide margins to those limitations. 
In this paper we will confine ourselves to the saving of electricity only, for 

IPCC: "IPCC Second Assessment Synthesis of Scientific-Technical Information", 
Intergovernmental Panel of Climate Change, WMO & ONEP, 1995. 
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reasons explained later. In the industrialized countries more than 
one third of the electricity is consumed in domestic appliances or similar 
equipment in the service sector of the economy. 

2 Brief History 

Before looking into the future we will take a brief view of how the end-use of 
energy, that is the final use of energy at the consumers, has developed through 
history. 

2.1 Long term struggle for efficiency 

For centuries fuel shortages have been the normal state in Europe up to the mid 
1900s. Hence, technological development has to a large extent been devoted to 
saving energy resources. More energy efficient end-use technologies, such as light 
sources, heating stoves, cooking stoves, and better buildings have made it possible 
in Northern Europe to enjoy the present good living condition with a domestic 
primary energy consumption per capita now lower than that in the Middle Ages. 
Only during a rather brief period following the second world war, when energy 
was getting cheaper and cheaper, and wealth increased at an almost explosive 
rate, little attention was given to energy savings in designing as well as in 
purchasing appliances. This also happened to be the period where each European 
household acquired electrical appliances, one by one, and within a couple of 
decades domestic electricity consumption in some European countries increased 
by a factor of eight. 

2.2 Back to normal with the oil shock 

The oil crisis in 1973 raised the price for oil as well as that of other fuels, and 
consequently also the price of electricity. This triggered an emphasis on making 
new appliance models more energy efficient, and because of earlier ignorance, it 
was quite easy to creame off the best options. 
Today the fuel prices in fixed value are almost back to those before the oil crisis, 
but efforts to save energy are still on the agenda. Now the main public and 
governmental concern over the energy consumption is the environmental impact 
of producing electricity from coal, oil, gas or nuclear. But the most sensible 
measure to take is the same, namely to reduce energy demand. This underlines 
one of the main messages of the Limits to Growth report published in 19722, 

namely that development is constrained by not just one parameter, but by the 
overall fact that human economy is a subsystem of a limited, non-growing 

2 D.H. Meadows, D.L. Meadows, J. Randers, and W.W. Behrens III: "The 
Limits to Growth", Universe Books, New York, 1972. 
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ecological system. To aim for an environmentally sustainable development seems 
to be the only sensible reaction to recognizing that fact. 

2.3 Earlier suggestions for technological progress 

The potentials for improving the efficiencies of electrical appliances were 
investigated in the 1970s. One result is shown in Figure I, suggesting vast options 
for saving electricity by redesigning the most important appliances3• At that time 
the suggestings were considered very extreme. 

I kWh/yea,· 
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Figure 1 The black columns indicate the estimated average electricity consumption in the 
1970s for the major appliances. The hatched columns show the consumption's suggested at 
that time as future options. Finally, in white are indicated the electricity needed to run the 
most efficient versions on the market today. For the washing appliances some of the 
electricity has in todays best versions been replaced by heat consumption from external 
sources. 

Also indicated in Figure 1 are todays most electricity efficient models available, 
which in most cases can live up to or even exceed the efficiency suggestions from 
the 1970s. This underlines the fact that the technological options for a vast 
reduction in electricity demand are on the shelves. But they don't save electricity 
while on the shelves. 

3. Present State and Trends 
As indicated above the technical options for low electricity appliances, that could 
suit a development towards sustainability are already available. Furthermore the 

3 J.s. ~0fgard: "Improved efficiencies in domestic appliances", Energy Policy, vol.7 no I, 
March 1979 
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improvements are provided at very little extra production cost, if any. The real 
problem is that energy efficiency is not a top priority on the agenda of the 
marketing people and hence not on the agenda of the consumers either. Nor is it 
really a matter of great concern for most governments. Actually, an effort to 
reduce electricity demand can often be in conflict with other political goals and 
with government investments. 

3.1 General trends in technological development 

The number of technological innovations have a tendency to grow exponentially, 
and today they have reached an staggering rate. At the same time there is a strong 
pressure to rapidly turn the innovations into market goods, which has led to a 
marketing policy where changes and replacement has become intetpreted as 
progress. This rush can cause problems, while a more critical selection of the 
appropriate innovations could provide a "paradise". 
One of the results of the haste is waste. Waste of energy and other natural 
resources because of shorter and shorter lifetime of the goods manufactured. 
Another consequence is the risk to humans and to the environment from the new 
processes and new synthetic compounds which are alien to the natural 
environment. These risks are often unforeseeable, since it is impossible to identify 
all parameters to check for. The synthetic refrigerant, which in the 1940' s was 
introduced as an environmental progress, and 40 years later turned out to be 
disastrous to the ozone layer is just one example. 
Another characteristic of the technical development is that the aim seems to be to 
relief humans of all physical and mental activities in their job as well as in their 
daily chores at home. Since humans do need activities for their well-being this is 
provided by a separate industry of fitness equipment and entertainment. 

3.2 Increasing thermodynamic waste 

Increasingly, electricity with its high thermodynamic quality (energy), is being 
used directly for low-energy pmposes like providing luke warm water for space 
heating or for hot water supply. This is extremely wasteful from a physics point of 
view, and the efficiency according to the second law of thermodynamic is as low 
as 2 - 6%, when electricity is provided from a thermal power plant fueled by 
fossil fuels or nuclear. Also if electricity is produced from renewable sources like 
hydro power the efficiency is very low when directly used as resistance heating. 
The waste of electricity's high quality is also reflected in the fact that by means of 
a heat pump it is possible to provide 2 - 5 times more heat from each kWh 
electricity than when used in resistance heating. On top of the thermodynamically 
high cost of electricity comes the difficulties in storing it, which add to the cost. 
These are the main reasons why we have here decided to focus on saving 
electricity. 
A society aiming for sustainability can hardly afford to waste the precious 
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electricity on low temperature heat. In Denmark such considerations have led to a 
general ban on new electrical space heating installations and to actions to phase 
out the existing systems. In California a law will effectively ban the use of 
electric water heaters. The use of electricity for low temperature purposes should 
be phased out, reserving the electricity for appropriate uses like providing 
mechanical work, light, and electronic communication. 
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Figure 2 Fuel consumption and the resulting CO2-emission for different heating options 
in the case of Denmark's electricity and heat supply system. Based on Danish Energy 
Agency. 

Appropriate energy systems for heating at low temperatures are efficient burners 
fueled by coal, oil, or natural gas. Even better is the use of heat from combined 
heat and power production, from where the heat can be provided at only around 
one quarter of the fuel and pollution cost of electric heat as seen from Figure 2 4. 

Most appropriate is the use of heat from renewable energy like biomass or from 
solar heating systems with storage tanks. Not only do we in this paper suggest 
phasing out the use of electricity for space and hot water heating, but also for 
heating in washing machines and other "wet" appliances, as described below. In 
order to simplify the presentation, the extra heat needed is not included in the 

4 
Danish Energy Agency: "Varmepumper bor holdes ude fra fjernvarme og 
naturgassen, Energinyt no 3, 1993. 



516 

graphs and tables of this paper. 

4 Appliances for Sustainability 

Technology for a sustainable future should be designed on the basis of life cycle 
analyses. This implies taking into account not only energy consumption and other 
environmental impacts during operation of the appliances, but also the impacts of 
producing as well as scrapping them. Consequently, energy efficiency, durability, 
reparability, recyclability, and use of environmentally friendly materials are key 
elements in the design criteria. On top of these criteria we will add the human 
health aspect described later. In the following is suggested how some of the more 
important appliances could be designed appropriately without waiting for any 
technological breakthrough and without any significant extra cost. 

4.1 Refrigeration 

Well insulated cabinets constitute the basis for the low heat load in refrigerators 
and freezers for a sustainable future. Gases for foam insulation can be natural 
hydrocarbon compounds like cyclo-penthane. In refrigerators with +5 DC an 
insulation thickness of around 60 mm is anticipated, whereas for freezers with -18 
DC a thickness of 120 mm is accepted. The extra space taken up by the more 
insulation as compared with to days models only amounts to a tiny fraction of the 
volume of the house, typically less than 0.03 per cent. 
Only very small refrigeration systems are required to remove the heat load during 
passive storage operation. But if large amounts of food is inserted, extra capacity 
is needed for removing the extra heat. Hence the compressor capacity should not 
be reduced. There are different ways to have a compressor refrigeration system 
operate efficiently under such variable loads. A simple way to achieve this is to 
use an efficient normal size compressor in conjunction with large heat exchangers 
with added thermal masses5. During the ordinary short operation periods of the 
compressor, the inertia of the masses, which can take the form of metal plates, 
will prevent the extreme temperatures and thereby keep a high performance. The 
COP - ratio of heat removed to electricity consumed - can reach around 3 and 2 
for refrigerators and freezers, respectively, using hydrocarbons as refrigerant 
To summarize, it is possible with present well known technology to produce a 200 
liters refrigerator with an annual electricity consumption of 75 kWh under 
average conditions ranging from 50 kWh in colder climates to maybe 100 kWh 
under warmer conditions. Similarly a 200 liters chest freezer can be designed for 

T. Guldbrandsen and 1. Nmgard: "Achieving Substantially Reduced Energy 
Consumption in European Type Refrigerator", Presented at 37th Annual 
International Appliance Technical Conference, May 6-7 at Purdue University, 
U.S.A. 1986 
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an average annual consumption of 100 kWh. 
With the low heat load the compressors only run 10 - 15 % of the time and can 
last for several decades. The cabinet, pipes, heat exchangers, etc. are not really 
worn, and to design the refrigerating appliances for an average lifetime of 50 
years does not pose any technical problems. 

4.2 Washing clothes 

Electrically powered clothes washing machines have been a welcome relief of 
hard and wearing work of manually rubbing and beating the laundry. However, 
only a small fraction - around 20% - of the electricity consumed in todays 
washing machines is utilized to this appropriate task of sparing the human body. 
Typically the remaining 80% of the electricity is spent inappropriately on the task 
of heating water within the machine by means of resistance heating. 
The average temperatures chosen for washing are declining. Not so much out of a 
wish to save energy, but rather because many fabrics cannot stand high 
temperatures and because todays laundry is less dirty than yesterdays. Also it 
seems clear that high temperatures are not needed for hygienic reasons. The lower 
temperatures plus machine designs for less water in the main wash has over the 
passed 20 years reduced electricity consumption for a washing machine by around 
30 % in North European countries. But still most electricity is spent on heating 
water. 
Only in the recent couple of years a few manufacturers have marketed machines 
which take in both hot and cold water and mix it to the temperature chosen for the 
laundry6. The hot water can be provided from more appropriate sources as 
described above, at temperatures typically around 60°C. Only if maintaining 
washing at higher temperatures will electric heating be necessary. With to days 
average washing pattern in Denmark, electricity consumption will be around 200 
kWh per year, as indicated in Figure 1, but the ongoing decline in washing 
temperatures can dramatically reduce this. 
We anticipate a future washing machine with temperature options between supply 
temperatures for cold and hot water, typically 10 and 60°C respectively. Such a 
machine would require no electric heating element and could easily fulfill 
requirements for simplicity, rep arability and durability, and could last for 50 
years. 
In combination with slightly modified washing habits such a machine would 
require less than 20 kWh electricity annually per person7. For a three persons 

"Verbesserungsbediirftig", Test, no 1, p. 75, 1995. 

Bente L. Christensen and Jorgen S. Norgard: "Praktisk afpmvning af 
vaskemaskine med indtag af bade varmt og koldt vand", Report from 
Department of Buildings and Energy, Technical University of Denmark, DK-
2800 Lyngby, Denmark. 
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household around 60 kWh would be sufficient to secure clean and hygienic 
laundry. 

4.3 Other "wet" appliances 

As indicated in Figure 1 dish washing machines with intake of both hot and cold 
water similarly to the above described principle for clothes washers are available 
on the market. Electricity consumption for this type could be very low, as shown. 
Contrary to what is often implied, even a careful use of a normal dish washing 
machines consumes between 4 and 10 times as much primary energy as careful 
manual dish washing, depending on the hot water supply system available8. 

Clothes dryers are available with gas as the heat sources, but they could also be 
designed for using other forms of heat like district heat from combined heat and 
power plants as suggested by Dutch researchers9. 

We do not assume electric clothes dryers and dish washers to be a high priority in 
a human well-being oriented and sustainable future. 

4.4 Cooking 

Gas is superior to electricity for cooking when it comes to energy efficiency, 
because already the production of the electricity is normally wasting around 65 % 
of the fuel. In electric kettles the electricity can be turned into heat in the water 
with around 90 % efficiency, or 30 % when accounting for the production of the 
electricity. Similar high electric efficiencies could be achieved in electric pots 
and pans with built-in heating element, especially if they are thermally insulated. 
Such equipment could be designed for easy use without loose wires. Experiments 
prove them to be equally fast to react to regulation as the gas. With respect to 
electricity efficiency such insulated electric pans can outdo all other electric 
cooking devices, including induction, halogen, and microwave option. At the 
same time such a system could be produced much cheaper. For most cooking, 
however, gas can still be more efficient, if utilized carefully. 

4.5 Computers, TV, etc. 

Computers have smprised many energy planners by becoming a major contributor 
to the electricity demand. Not because the computers were technologically less 
efficient than anticipated, but because of the large number of units and the extent 
to which they are left on all day and often also night. 

8 

9 

Jorgen S. Norgard and Tom Guldbrandsen: "Opvask, energi of miljo", Rad og 
Resultater no 4, National Consumer Agency, Denmark, 1994. 

Hans J. Hof: "The District heating kitchen", Van Holstein en Kemna, P.O, 
Boks 3139, N-2601 DC Delft, The Netherlands, 1997. 
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Introduction of battery operated computers has led to a special effort to lower 
their need for power. Consequently, the most energy efficient computer option to 
choose is a model made for battery, but run on the electric mains. Such lap top 
models with only 8 W power consumption have already been on the market. If we 
do not expect an eternal expansion of the software's need for computer capacity, 
it should be possible to design a future computer which requires 15 W at the most, 
compared with around 100 W for a modem stationary personal computer. 
Other electronic equipment like TVs and VCRs hold similar options for 
efficiencies. A good quality TV would need around 40 W. 

These were just a few examples of how appliances could be made more electricity 
efficient and at the same time fulfill the other criteria for a sustainable 
development, suggested above. More on this elsewherelO 

5 Sustainable and Humane Housekeeping 

Technologies as described above are essential for providing decent living 
conditions in a society which wants to keep margins to the sustainability of the 
natural environment. On the other hand the technological potentials cannot free us 
from the responsibility of a new course of development. Qualitative progress in 
our ways of life must replace the present trend towards eternal material 
expansion, that will otherwise continue to eat up all the technological progress 
towards better environment, suggested above. 

5.1 Better living condition 

In the following are described some scenarios for per capita electricity 
consumption's in future households, ranked according to their contribution to a 
sustainable future. The best visions, A and B are characterized by applying not 
only the appropriate appliances, but also by adapting an environmentally 
appropriate lifestyle, which at the same time takes a more long term view of 
humane well-being. By integrating healthy physical as well as mental activities in 
people's daily chores, it constitutes a break with the present trend towards 
depriving people of all physical and mental roles in the home. For instance drying 
clothes can in almost all climatic conditions be provided without the use of 
electric energy or any other commercial energy, simply by using a clothes line in 
an appropriate room or outdoors, utilizing free wind and solar energy. 
Furthermore, the exercise one gets by hanging the laundry on a line can hardly be 
distinguished from some of the exercises people actually often pay to do in the 
gym or fitness centers. 

10 Jorgen s. N0rgard: "Low Electricity Appliances-Options for the future", in 
"Electricity", ed. by Johansson et. ai., Lund University Press, Lund 1989. 
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Instead of aiming for the "intelligent house" we suggest these visions to rely on 
intelligent human behavior, which optimizes their own well-being by long term 
consideration. This will be reflected in e.g. the stock of electrical appliances, and 
can easily be in harmony with an energywise and environmentally more benign 
way oflife, as outlined below. 

5.2 Sustainability ranking 

Figure 3 shows a ranking of possible scenarios for the per capita electricity 
consumption within the private households. Obviously, similar options are 
available in the other sectors of the economy. In the scenarios A and B the 
technology is designed not only for high efficiency in operation but also for 
higher durability, etc., which will reduce the energy needed in the production 

sector. 

ELECTRICITY CONSUMPTION IN HOUSEHOLDS 
(kWh/year per capita) 

SUSTAINABLE 

UNSUSTAINABLE 

Figure 3 Borrowed from the energy labeling of single appliances we suggest this ranking 
of total domestic electricity consumption per capita. The differences are due to various 
technologies as well as lifestyles. 
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5.3 Scenario" A" 

In the best category, "A", a household size of 3 is anticipated, and its total 
electricity consumption below 750 kWh/year, or 250 kWh for each person, will 
allow for a quite comfortable life as seen from Table 1. Only around 65 per cent 
of the electricity is specifically accounted for, leaving 245 kWh per year available 
for special wishes of the households, like for instance aquarium, dishwasher, 
music equipment, printer, hand tools, and kitchen machinery, as long as very 
energy efficient models are chosen and used with some care. In warmer climates, 
even comfortable space cooling could be provided within the "A" vision, 
assuming the house is designed for low cooling need. 
Obviously there are other ways to meet the criteria for an "A". Having fewer or 
other types of appliances than what is suggested here is one way. Actually many 
thousands of Europeans already qualify for an "A" without being energy 
conscious, simply by a more modest living with maybe inefficient appliances. 
They will be able to stay within the "A" and still reach the high standard ofliving 
suggested. 

ELECTRICITY CONSUMPTION IN VISION "A" 

APPLIANCES Per appliance 
(kWh/year) 

Refrigerator, 200 liters 
Freezer, 200 liters 100 
Washing Machine, 60 
Light, 15 lamps, 10 W, 2 hr/day 
Pump, etc. for heating 
TV, 40 W, 4 hr/day, no standby 
Computer, 15 W, 5hr/day 30 
Extra 

TOTAL 

75 

120 
60 

60 

245 

750 

Per person 
(kWh/year) 

35 
20 

10 

25 

40 
20 
20 

80 

250 

The "A" scenario could be used as a model household, in highly industrialized 
countries as well as in developing countries. 

5.4 The other scenarios 

Already with todays best available appliances is it possible to reach a very low 
electricity consumption, qualifying for a "B", and still maintain a living condition 
similar to the one outlined for" A". 
The worst case suggested here, "E", with an electricity consumption above 2000 
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kWh/year per capita is quite common, partly because of the small household 
sizes. 
Category "D" represent to days average for households in Denmark and many 
other European countries. 

Concluding Remarks 

We have briefly presented a series of visions for future options when it comes to 
private households' need for electricity. The most far reaching vision, called "A", 
combines the efficient and environmentally most benign appliances with a life 
style slightly adapted to the constraints of the environment as well as to the well
being of people in general. The amazing result is that less than 300 kWh of 
electricity per year is necessary in the households for each person for a life similar 
to the life we are enjoying in Europe today, spending around five times as much 
electricity. 
The appliance technology anticipated to be used for reaching this target is 
relatively simple and long lasting, leading to energy savings in the production 
sector as well. There is no doubt that the technological part of the success can be 
made much more complicated, expensive, and hardly much more efficient. This is 
the trend today, but it is good to know that none of such new technologies are 
really needed. 



Super Efficient Cooling Needs Effective Policies 

H.G. Altevogt and S. van Egmond 
Greenpeace Netherlands 

1 Introduction 

Greenpeace is campaigning to promote a range of technological solutions to 
environmental problems. In so doing, it aims to promote technologies which have 
hitherto been ignored or suppressed, through either a lack of knowledge or as a 
result of political and cOIporate self-interest. 
This work has become an integral part of Greenpeace's campaign work in addition 
to its more familiar activities such as direct actions, scientific testing and policy 
recommendations to governments or international organisations. In part, this has 
been done in order to challenge assertions from sectors of industry that rapid 
reduction of pollution is not possible. It has also been done to give hope and 
inspiration to all those who want to see actions and results rather than just more 
words. In order to convince governments and industry that a rapid reduction of 
climate changing greenhouse gases is not only urgent but also practicable, 
Greenpeace has given special attention to the problem of climate change and its 
possible solutions. 

2 Greenfreeze history 

Although the 1985 Vienna Convention and 1987 Montreal Protocol identified 
CFCs and some other chemicals as causes of both chronic ozone depletion and 
global warming, some sectors of industry continued to argue that CFCs should not 
and could not be quickly phased out. 
Conscious that CFCs were not only ozone depleters but also powerful greenhouse 
gases, Greenpeace commissioned research into more effective and 
environmentally sound alternatives. The chemical industry, meanwhile, began 
promoting other chemicals as replacements such as HFCs, which as gases 
contribute heavily to global warming, and also HCFCs which still damage the 
ozone layer, albeit it to a slightly lesser degree than CFCs. 
In 1992 Greenpeace announced the development of the Greenfreeze refrigerator, 
which used small amounts of hydrocarbons in place of CFCs, HFCs and HCFCs 
both as a coolant and as a foaming agent . Whilst the reaction to the refrigerator 
from industry was initially one of hostility, the technology passed German safety 
and energy efficiency standards. By 1997 it had assumed a dominant market 
position in Germany and several other European countries. Greenpeace has also 
been successful in persuading manufacturers from China to Argentina in adopting 
this technology. In recognition of these efforts, Greenpeace was awarded the 
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United Nations Environmental Program 1997 Ozone Award Prize for protecting 
the ozone layer at the tenth anniversary of the Montreal Protocol. 
In a related move, Greenpeace assisted in the development of a supermarket freezer 
unit which also avoids use of CFCs, HCFCs and HFCs. This technology is now 

used commercially in cooling systems in restaurants, shops and 
supermarkets throughout the United Kingdom and Germany. 

3. The next Greenfreeze 
The next Greenfreeze generation, based on Stirling technology and vacuum 
insulation, transcends most environmental problems generated from domestic 
cooling: no ozone or climate depleting materials such as CFCs, HCFCs or HFCs 
are used and greenhouse gas emissions from electricity production are reduced 
substantiallyl. 

Three Free Piston Stirling Coolers (FPSC), developed by Global Cooling BV (the 
Netherlands) under licence from Sunpower Inc. (USA), have been built into three 
particularly well insulated refrigerators: 

• The first prototype is based on the Bosch KDR 3770, a 365 litre cabinet with 
thick PUR-insulation and vacuum panels. It is claimed by Bosch/Siemens to be 
the most efficient refrigerator in the world2• 

• The other two Stirling coolers have been built into a 200 litre refrigerator from 
Liebherr. One of these uses Photovoltaic (PV) solar panels and is thus adjusted 
to low voltages and equipped with a cold storage. 

4. Technology 
The Stirling cycle is fundamentally different from the Rankine cycle used in most 
refrigerators. Helium is used as the working medium and remains in the gas phase 
during cycle; hence there is no phase change. Only 1-2 grammes of Helium is used 
at an average pressure of 24 bar. The Free Piston Stirling Cooler (FPSC) is 
hermetically sealed and the leakage is extremely low (~10-9 std cels). 
The size of the FPSC is that of a milk bottle and it weights about 2.5 kg. Inside the 
FPSC there are two moving parts: the piston and the displacer. The piston is driven 
by a linear motor and both compresses and expands the gas in the cooler. The 
reason for having the displacer is to move the gas to the warm side of the cooler 
when the gas is compressing and to the cold side when the gas is expanding. This 
results in a cold head on the top of the cooler and a warm head in the middle. 
External heat exchangers are necessary in order to both transport the energy from 

1 The development of this refrigerator is supported by Greenpeace Netherlands and Energie 
Holland, a consortium of Dutch energy distribution companies. 
2 Based on the electricity consumption per 100 litre. Big refrigerators, like this one, are 
strongly favoured with this method. 
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the FPSC to a bigger surface from where heat can be transmitted to the air, and 
vice versa. 

Two separate fluid circuits were are used as external heat exchangers. One circuit 
is used for acceptance of heat inside the refrigerator and the other for rejection of 
the heat. The energy for pumping this fluid through the circuits can be provided 
either by the intrinsic vibration of the cooler or by externally driven pumps. 
An essential difference between the traditional Rankine compressor and the FPSC 
is the performance at lower capacities in well insulated refrigerators. If a traditional 
refrigerator is better insulated, some of these gains are lost owing to a decrease in 
efficiency on the part of the Rankine compressor. However the performance of the 
FPSC increases at lower cooling demands. Thus better insulation results from the 
improved overall performance of the cooler. This rise is caused by the fact that at 
lower cooling demand, little heat need to be pumped out of the refrigerator. The 
load of the internal and external heat exchangers thus decreases, resulting in a 
lower temperature difference between air temperature and the temperature inside 
the FPSC. This lower temperature difference results in a higher COP3. 
Another difference between the FPSC and the traditional Rankine-compressor is 
that the FPSC can modulate its capacity throughout usage. Thus the FPSC operates 
100% of time and unlike the traditional compressor does not switch on and off 
during usage. This leads to a more balanced use of heat exchanger which in tum 
results in a lower temperature difference and consequently a higher COP. 
The FPSC produces only a very slight amount of noise. As the cooler does not heat 
up during operation, it can be placed inside the refrigerator, leading to a further 
reduction of sound and making a rectangular cabinet possible. 

3 COP (Coefficient ofPerformance)= the heat removed divided by input power 
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further reduction of sound and making a rectangular cabinet possible. 
Cost analyses show that under mass production the FPSC would be priced either 
the same as or even cheaper than traditional compressors. This is because the 
FPSC's weight is far less then a Rankine compressor and less materials are 
needed in its construction. The heat exchangers do not need to be resistant to high 
pressures as is the case of the Rankine compressor, hence their potentially lower 
production costs. And whilst vacuum insulation is more expensive then the 
traditional insulation, this is balanced price-wise, by the cheaper Stirling 
technology. 
The table on the next page describes some of the differences between the two 
respective cooling systems: 

Table I: Differences between Free Piston Stirling Cooler and Rankine compressor 

Free Piston Stirling Cooler 

No phase change of refrigerant 

Refrigerant remains within cooler 

Increasing efficiency for small 
capacities 
Continuos modulated capacity 

Target overall COP for refrigerators 
>3 
Cooler weight 2.5 kg 

Very low noise level 

Extreme low starting current 

Price equal or lower than Rankine 

Inherently CFC, HCFC and HFC-free 

Traditional 
Rankine Compressor 

Gas-liquid phase change 
refrigerant 
Refrigerant through Rankine 
system 
Decreasing efficiency for small 
capacities 
On-off / partly modulation t 

Overall COP around 2 

Compressor weight 7-8 kg 

Low - moderate noise level 

High starting currents 

Price equal or higher then FPSC 

Strong greenhouse gasses and/or 
CFCs are still used 

The new generation rated speed Rankine compressors can be partly modulated , 
the maximum capacity being about three times higher than the minimum 
capacity. 

5 Preliminary test results 
The three developed prototypes are almost ready for presentation. The results 
presented below are preliminary and reflect measurement by standard procedures 
(5 °C125°C), but not in an official climate room. 
The fITSt prototype, the Bosch/Siemens 365 litre cabinet with vacuum panels 
consumes approximately 85 kWh/year. This is some 23% lower than the claimed 
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world record. 
The smaller rebuild Liebherr 200 litre cabinet is expected to consume about 67 
kWh/year. At that consumption level, the energy efficiency index (leff) according to 
the EU-Iabelling system criteria will be 23. This is a factor of three to four better 
than the average refrigerator sold in the EU. An appliance with a leff of 55 or lower 
falls in the best category 'A'. So these refrigerators merit the 'SUPER-A' label. 

6. Future developments 

As explained above, the performance of the FPSC increases as a result of better 
insulation. A Swiss project is currently working on the so called Vacuum Super 
Insulation (VSI). With VSI, the whole wall of the cabinet comprises a vacuum. 
This integral vacuum insulation is far better than vacuum panels as the coverage is 
100% instead of around 60%, given the panel insulation. It has been calculated that 
a VSI-refrigerator/freezer equipped with a Stirling-cooling system consumes 
around 70 kWh/year4. This is almost eight times less than the average combi sold. 
Solar cooling 

Whilst this refrigerator consumes very little energy, it still indirectly generates a 
certain amount of carbon dioxide (C02) if the electricity is produced by fossil fuel 
based power plants. But with the Stirling technology, it is relative easy to make a 
CO2-free refrigerator by using solar power. The FPSC runs continuously and can 
therefore use electricity which has been directly produced by PV-panels. No power 
storage in batteries is needed. The cold is stored in a thermal buffer for cooling in 
no-sun operation, such as during the night. This super efficient solar refrigerator 
can be used particularly in rural areas where there is no grid or in developing 
countries. 

7. CO2 Reduction 
As already outlined, the potential electricity saving in domestic cooling is 
enormous; as is the CO2 reduction potential. 
In the EU, more than 100 TWh5 is consumed annually for domestic cooling. Given 
that approximately 0.6 kg of CO2 is emitted in the production of 1 kWh, this puts 
the annual generation total for combined cooling within the EU at more than 60 
Mton kg of CO2 a year. If best technology were adopted, a reduction of up to 50 
Mton of CO2 a year is feasible, which would represent an 80% reduction, 
equivalent to about 1.5% of all European emissions. Such a potential for CO2 

reduction should not be missed. 

4 The fresh food compartment is 225 litre and the freezer compartment 30 litre. 
5 terawatthour = 109 kWh 
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8 Politics 

Super efficient cooling, Stirling/VSI-technology and its parallel technologies 
represent a cost-effective way to substantially reduce CO2-emissions, if full 
market penetration were to be pro-actively organised. However, current market 
conditions are far from ideal and frustrate the further development and application 
of future models of super efficient Greenfreeze and their equivalents. This is 
exemplified in the extremely small current market share of relative efficient 
refrigerators against their inefficient counterparts. Greenpeace is working to 
promote the best available technology as the next European standard. This 
inevitably assumes an element of positive discrimination by means of a mix of 
EU measures and policies in favour of energy efficient refrigerators and other 
appliances. 

Conclusion 

In the lead up to UN Climate Summit in Kyoto, the EU has identified eleven 
specific measures to reach its 15% reduction target in 2010. Efficiency cooling is 
amongst these options. 
But mere identification is not enough. The technology is available. All that is 
required is the political will to implement the necessary measures. To date, that 
political will has not been forthcoming. 
The following measures must be adopted by the EU, its Member States and the 
industry itself: 

• Strong regulatory EU-standards must be drawn up, based on the Best 
Available Technology. Such standards should be reviewed every three years. 

• EU energy labels should be re-indexed to provide appropriate context for 
'SUPER A'-category. 

• In terms of fiscal policies: 

VAT -tariffs for green super efficient appliances should be lowered and 
fmanced out of EU and Nation State Government subsidies to the fossil 
fuel and nuclear industries, which currently run at some $US 15 billion of 
European tax payer's money. 
Non-super A appliances should rank higher VAT. 

Progressive energy tariff structure should be reviewed so that fmancial 
incentives become relevant on the consumer market with regard to public 
consumption of electrical appliances such as refrigerators. 

• A SA VB-programme to organise further development of super efficiency of 



529 

appliances such as the Teclmology Procurement Programme should be 
adopted. 

• Environmental protection should be a condition to Article 30 of the EU
Treaty, so as to challenge trade barriers which permit inefficient appliances on 
the market, thereby enabling member States to draw up stronger standards 
than the EU. 

• Industry should honour its responsibility towards climate change by 
developing and introducing super efficient refrigerators and banning 
inefficient appliances from the market. 

Policies to date have lacked that sense of emergency needed to successfully tackle 
appropriate measurements before it is too late. The necessary teclmology is 
already available. All that remains is the commitment to action. 



Tomorrow's refrigerators 

Rolf Wurch, CECED (BOSCH-SIEMENS Hausgerate GmbH) 

To design tomorrow's refrigerators urges for the question, how foodstuff can be 
preserved. Methods could be: 

- sterilisation, 
- oxygen-free storage 

or - cold temperature storage. 

All scientific and technical experiences show that for the storage of bulk foodstuff 
only the cold temperature storage is suitable. Temperature above O°C preserves 
foodstuff by declaration of chemical and biological process only, which is more 
effective with decreased temperatures. By falling short of O°C, water - which is the 
main content of many foodstuff-freezers additionally, mostly some Centigrade 
below O°C since being not pure water. That shows, one has to find a compromise 
between the lowest possible storage temperature, and energy consumption to 
maintain these temperatures, which decreases with higher temperatures. An official 
compromise below O°C is a target of -\SoC. But I would like to stress: this is an 
arbitrary compromise, which unfortunately is defined in the standards. Future 
design must be more flexible to choose the temperatures depending on foodstuff 
and storage time. 

To maintain these low temperatures in storage compartments requires a 

- process to cool down and 
- measure to reduce heat losses by insulation. 
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1. Process to cool down 

My aim is to access the technical possibilities in these both fields. 

Assessment 

Cold vapour 

Mechanically 

- Compression single refrigerant + 

- Compression refrigerant mixtures + 

- Compression mixed cascade -
Thermically 

- AbsorptioniResorption -
- Adsorption -

Cold gas 

- Joule process -
- Stirling process + 

Others 

Peltier(Electrothermic) -
Magnetocaloric effect -

Figure 1: Cold generation process and their suitability for refrigerator\freezers 

Figure I shows the alternatives to generate for practical purpose cold in 
refrigerator/freezer. I would like to start with these processes which are declared to 
be not suitable. 

1.1 Cold vapour process 

• Mixed cascade. A a double stage process on the cold side with only one 
compressor working a refrigerant mixture. A suitable process for very low 
temperatures with stable conditions, designed with relative low costs having only 
one compressor. 
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Assessment: 
Favourable with respect to high investment due to several heat-exchangers only 
for temperatures below roughly 70°C, moreover refrigerator/freezers operate 
mostly under changing conditions. 

1.2 Thermical process 

• Absorption/Resorption. A process with thermical compressor, realised by use of 
a liquid solution, in which the refrigerant can be soluted and dissoluted. Increase 
of pressure is performed by either mechanically pumping the liquid or an inert 
gas, which by low or higher concentration within the circuit performs higher or 
lower refrigerant pressures (Dalton's law). To dissolute the refrigerant requires 
heat. 
Assessment: 
Using electricity for this heat means wasting energy, since primary energy to 
perform this is round about 3-times higher than for the compression cycle. 
By the way the more complicated resorption cycle has additionally the same 
cycle as thermical decompressor on the low temperature side, by that being more 
complicated but not in an equivalent way more efficient - so it is even more 
negative than the "simple" absorption cycle. 

• Adsorption. An equivalent solution circuit process but III which the liquid 
resolution is replaced by a solid material, the adsorbents. 
Assessment: 
That avoids sensitivity to shakes unto the circuit (which disturbs the flow of the 
liquid) but requires the switch over of the refrigerant to the actually solved or 
dissolved adsorbents. This enlarges heat losses over that of the absorption circuit 
and consequently due to this inefficiency this process is assessed to be not 
suitable. 

1.3 Cold gas 

• JOUle-process. In theory equivalent to a compression circuit (Camot-Circuit) but 
practically due to its losses this process requires higher practical energy 
consumption. In addition to perform the Joule-Circuit an expander (turbine) is 
necessary, which increases the production cost - by the way also the costs for a 
compressor which should be oil -free for such low refrigerant capacities are 
tremendous. 

1.4 Others 

• Peltier: Attractive in theory, since being a pure electrotherrnical 
process without moving parts. But its efficiency depends on the efficiency of the 
solded connections. Apparently physical limits for this efficiency exist, even if 
semiconductors with actually best properties are used. 
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Assessment: 
Having roughly 7 times higher energy consumption compared to the compression 
cycle not suitable. 

By the way some other theoretical or exotic processes are known, which partially 
are in the process of university research (for example thermoacoustics) but suffer in 
general from the above mentioned drawback too, that means inefficiency. 

Now I would like to assess the suitable processes with a view to future 
developments . 

• Cold gas process, Stirling. 
This process incorporates expansion and compression as a theoretical isochoric 
process in one space under the coupling by a regenerator transferring the heat. 
Consequently we find lower losses than with the louie process and a simpler 
machinery. But nevertheless the losses for low refrigerating capacity are so high, 
that with respect to energy efficiency this process at least actually is 
unfavourable, also due to the difficulties in practical implementation . 

• Cold Vapour process. 
A consequence only this since ever used process remained the best one, with 
respect to energy efficiency (having roughly a Carnot Efficiency of some 30% 
for single refrigerant), with respect to high heat transfer properties in the heat 
exchanges (due to vaporisation and condensation of a liquid vapour fluid) and 
with respect to low production costs. And why not to mention with respect to the 
long experience in producing and using this process. 

Refrigerant mixtures promise a theoretically best solution, since the temperature in 
heat exchange can be adopted to the temperatures at beginning and end of cold and 
heat use. But these conditions have to be stable, as well as with different operating 
conditions as over the life. Both properties do mainly not exit due to varying 
operating conditions and possible small emission out of the circuit which shift the 
composition. So these drawbacks do not favour a mixture-process. 

Remains the single refrigerant circle. Aiming to optimise this circuit I can refer to 
the presentation of Mr.Lotz, who demonstrated the optimising of components 
which will be pursued further on. The thermodynamically favourable single 
refrigerant hydrocarbon isobutane R600a will be gradually improved in 
implementation. The actual and further development will reveal that no safety 
problems with respect to flammability exist, due to low refrigerant charges and 
even in case of damage low emission rates due to the solubility of R600a in the oil. 
That will be held even for appliances with potential ignition sources, that means for 
Nofrost combinations, if the impact of ignition can be avoided suitably. 
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2. Reduce heat losses by insulation: 

The second measure for the efficient refrigerator of tomorrow the improvement of 
the insulation. In the presentation about achievements the limits in increasing 
thickness of the insulation were highlighted. Following the relation 

Q - Aid 

the consequence now must be to improve the conductivity A by reducing it as far as 
possible. This will be the insulation of the 21 st century. 

Figure 2 shows the conductivity of all used or possible insulation. To fall 
remarkably short of the actual Polyurethane-insulation with some initial 20 
m W/mK one has to focus on vacuum-based systems with conductivity's far below 
10 mW/mK. 

Properties of different solid-support material 
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Figure 2 shows for a conventional foam-based vacuum insulation one important 
condition: to protect the vacuum against intrusion of gases out of the ambient air. 



Vacuuminsulation based on 
PUR-Foam -Technology Basis 

diffusion tigtt 
barrier sheet 

100% opencetl foam 
Vacutnl< 0,1 rmar 

Figure 3 shows fmther possibilities for the solid core decides foam: 

- glass fibre, 
- fluocilicid acid 

and - aerogels. 

Perform an ce of In su lation with resp ect to L ife-cyc Ie 
Requirement: 
The heat-conductivity during ~pliance-life of 15 years trust 
not more increase than 20% ! 

I 
I 

if· 

~ •.• _ L 
:~~ I 
9~"",,,",,,,,~1'II • ,. 
* * *1 * * * • • J: .. .. .. .. 
4i .4i .. il; ; .i. I; ; •• 

, .. -
<.U< "fA <" .,.1.. t 

t. '" 
frlWlI r:: 

.:It::A~d l 
SlIh.lc .i(ld 

t 

535 

The total conductivity of any insulation results from some 50% of that of the 
remaining gas, 25% of radiation and 25% of the solid conductivity, which must be 
kept low by reducing the contact areas of the solid parts. The reduction of the total 
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conductivity can be achieved mainly by reducing the gas conductivity. Reducing 
the gas pressure impedes convection and decreases gas-conductivity until zero 
.Both totals in remarkably lower total conductivity, which is shown in Figure. 4. 
This lower conductivity results only from reduced solid conductivity and radiation. 

Figure 4 shows the results for the above mentioned solid core. Figured out are the 
mechanical, chemical and thermodynamic properties. The last results in heat 
conductivity's under vacuum (here 0,001 mbar) below 6,5 mW/mK. The actual 
structure of the solid core to be supplied are slabs or powder. To evacuate these 
structures one needs tube or rather channel systems, which in slabs either can be 
milled afterwards or formed during slab production. For powder one needs separate 
channels. 
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The summary of the described properties is shown for the important heat 
conductivity in figure 5. This figure is shown for the decreasing conductivity with 
reduced gas pressure. To obtain the lowest possible conductivites one has to 
evacuate and maintain pressure below characteristic ones which are marked by the 
arrows in this chart. The lowest possible conductivity below 3 mW/mK can be 
obtained with fibre glass and a vacuum of 0,4 mbar. 
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It is important to note with respect to a somewhat stable insulation performance 
over the life, that the total conductivity must only increase about 20% of the initial 
value, that means somewhat stable vacuum conditions. Since fibre glass with its 
high specific weight will remarkably increase the overall appliance weight and 
since aerogels need only vacua below 60 mbar, that means the highest pressures of 
all alternatives, the aerogels are the favourites for future insulations. Problems will 
come from the sort of solid structure which actually is only possible as powder or 
granulate. One has to expect, that vacuum insulation consequently will exist as 
panels embodied in supporting foam. 

Figure 6 shows last but not least one further positive contribution of a vacuum 
insulation. Due to the thickness of only 20 mm which is necessary for the vacuum 
panels one has two strategic possibilities: 

- either reduce energy consumption with same net volume (and overall insulation 
thickness with incorporated vacuum panel and by that lower total conductivity) 

- or to gain net volume by decreasing insulation thickness to a value of about 30 
mm for a refrigerator coming from conventional 50 mm with same energy 
consumption but by some 30% increased volume. 

For practical purposes one may expect a compromise between both extremes. 



538 

Insulation of21. Century 

Usage of \\3OJU m pdfle ls 
presents adv:antages like 

Ac\ua status 

~NC~Wl I t:'aIIln .. ntolllllJ'l,;, 

~I".".IWI':"» 

Energy-Saving 

20% 

Increasing of 

net volume 
30% 

3. Recycling-friendly construction 

We think that the best recycling-friendly construction depends on the available 
recycling technic. Recycling-friendly does not mean dismantling-friendly. We must 
avoid harmful materials. In some cases it is necessary to dismantle complete 
components. 

The best actual recycling technic is to absorb refrigerants CFC or HFC in closed 
containers, to collect oil in other containers and dismantle compressors. Afterwards 
the refrigerators/freezers are processed into closed shredders. We can achieve a 
recycling until 98 % . 

4. Tomorrow's refrigerators 

What will now be tomorrow's refrigerator from the actual industrial point of view? 

It will have 

compression cold vapour circuit with hydrocarbon R600a 
vacuum panel insulation 
different temperatures (and humidity) compartments at least for the high 
grade appliances 
recycling friendly constructions 



Last Progresses for Energy Savings for Domestic 
Refrigerators 

D. Clodic, M. Ben Yahia 
Ecole des Mines de Paris, Centre d'Energetique 

To encourage energy savings, measurement of energy consumptions shall be 
technically unquestionable and these measurements shall be published and 
advertised. 

1. Energy Labeling and Standard Measurement of 
Energy Consumption 

Energy labeling permitted to change the criteria of domestic refrigerators and 
freezers design by taking into account low energy consumption in addition of costs. 
Low energy consumption is now a sale incentive. 
Also energy labeling is a mean for end-users of being aware that refrigerators with 
identical sale prices may not have the same energy consumption. The criteria of 
low energy consumption does not imply necessarily an extra sale cost. 
The average of refrigerators is moving from D series to B series which means that 
the design of refrigerators with poor energy efficiency is decreasing. 
Measurement of energy consumption of refrigerators performed by standard 
methods are satisfactory. For freezers, the measurement methods have to be 
improved. 
Standard measurement of energy consumption is performed in a test room with an 
average temperature of 25°C. Energy consumption is directly proportional to the 
difference between the temperature of the internal volume of the refrigerator and 
the room temperature. 
The temperature of the test room is higher than the average annual temperature 
usually recorded in a kitchen. This fact permits to integrate energy consumptions 
linked to door openings and average charge of goods which are difficult to estimate 
as part of standard parameters. Based on several studies performed in the United 
States and in Europe, it appears that energy consumption of domestic refrigerators 
measured by standard tests are over-estimated rather than underestimated. The 
refinement of standard measurement does not appear necessary. 
On the contrary, the measurement protocol of energy consumption of freezers may 
yield to non reliable measures. In fact the freezer may be ranked in a wrong series. 
The measurement protocol includes measurement of temperature in the core of the 
product, at the "hottest point". Since this condition is ambiguous and not easy to 
implement it would be more appropriate to perform 3 independent tests. 
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I. One dynamic test to check the freezing process. It will be performed on "hot" 
products. 

2. One test with the freezer full of cold goods 
3. The third test to measure energy consumption. Conditions of the test : the 

freezer is empty and the air temperature is defined to keep goods at the right 
temperature. 

Specific functions of freezers shall be clearly stated and they are: 
• • the freezing process for 4 stars freezers, 
• • the conservation process for 1, 2 or 3 stars appliances, 
• • and the energy consumption that shall be measured under most repeatable 

conditions. 
The most repeatable and the least questionable testing condition include an empty 
chest and a defined temperature. 

2. Energy Efficiency and CFC Phase-Out 

The improvement of energy efficiency of domestic refrigerators-freezers took place 
at the same time as CFCs phase out. Manufacturers are putting R&D efforts both 

on improvement of energy efficiency and replacement of CFCs. On this latter 

point domestic refrigerators-freezers are concerned both with refrigerant 
replacement in the refrigeration system (RI2) and the change of agent (RII) in the 
foaming process of the rigid polyurethanne. 
Results vary depending on the refrigerant (RI34a, isobutane or various blends). For 
RI2 replacement, energy efficiency has been maintained even though freezers 
present some difficulties. 
However, replacement of RII by cyclopentane in the foaming of polyurethane 

caused a loss of at least 5% of the thermal insulation efficiency. Consequently, in 

some cases, external dimensions of some refrigerators had to be changed. Even if 
possible developments may be expected, in particular in the field of polyurethane 
foam, the change of refrigerant did not modify the predominant use of vapor 
compression cycle. 

2.1 Insulation and innovation 

A lot of solutions have been listed and tested, such as "vacuum insulated panels" 
(VIPs). These panels can be inserted in the polyurethane foam which offers the best 
compromise between the mechanical resistance, weight and easy manufacturing 
process. Fiberglass VIPs and silica VIPs present very low thermal conductivity but 
density remains high (in the range of 80 kg/m3). As a result, their weight and price 
are not competitive compared with the low thermal conductivity. 

Insulation panels and heat exchangers have no intrinsic technical optimum but a 
technico-economical optimum including cost/performance criteria. In particular, 
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density is a physical property which influences the dynamic thermal behavior and 
the weight of the product, and we know that cost is proportional to weight for mass 
production. 

Table 1 - Thermal properties of materials [XU93] 
Material Density Heat capacity Conductivity 

(kg/m3) (kJ/kg.K) (W/m.K) 

Foam (Rll) 35 1.0 0.020 

Foam (CO2) 35 1.0 0.025 

VIP 80 1.0 0.007 

Air 1.3 1.0 0.025 

Changes in insulation properties of PU foams because of Rll phase out created a 
great excitement but, up to now, no new solution appeared that could be applied in 
mass production of refrigerators-freezers. Several prototypes have been presented 
but none survived. Polyuretanne foams remain the most attractive due to their good 
mechanical characteristics, easy injection process, precise adjustment of injection 
process or recipe. However, since injection agents can change, improvement of 
equivalent thermal conductivity are possible. 

3. Vapor Compression and Alternative Technologies 

CFCs phase-out also yielded to a new analysis of alternative technologies to vapor 
compression cycle. Acoustic refrigeration, Stirling cycle and pulsed tubes have 
been promoted out their initial domain of use : space. These systems offer energy 
efficiency as high as non optimized energy efficiency of vapor compression cycle. 
Intrinsically, these cycles do not present minimization of irreversibilities which 
could make them" thermodynamics exceptions". 
A simple explanation shows that global energy efficiency depends a lot on heat 
exchangers. Whatever the refrigeration process is, a minimum of two heat 
exchangers are necessary for extracting heat from the media to be cooled and 
discharge it outside. 
The effective energy transfer in a refrigerator is realized from an average 
temperature of 5 DC in the internal volume of the refrigerator to an average 
temperature of 25 DC in the test room, that is a temperature difference of 20 DC. If 
the heat transfer was performed with no temperature difference, this could imply an 
ideal performance coefficient (COP) of 

Tin 278 
= 20 = l3.9 

Tout - Tin 
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The real performance coefficient of systems is calculated with finite differences of 
temperatures which, in natural convection, are in the range of 10 to 15°C. 
Assuming that the difference be of 10°C for the internal and the external heat 
exchangers, the cycle is performed with an evaporating temperature of - 5° C on 
one side and of 35°C on the other side, that is a difference of temperature of 40 K. 
Conditions of the effective energy transfer of the refrigerator are the same as for 
the calculation of the ideal COP, a temperature of 5°C in the internal volume of the 
refrigerator and a room temperature of 25°C. The ideal COP ofCarnot is 

Tjn 268 
.- = 20 = 6.7 

Tout - T jn 

Heat exchangers with natural convection imply by themselves more than 50% of 
energy efficiency loss. This loss is intrinsic and identical for all processes. 
Vapor compression cycle is dominant since most of the manufacturing industry is 
developed around this process. It is a simple and reliable cycle and most of the 
compressors of refrigerators operate over 100 000 hours. Technical improvements 
of this technique are still possible, options for refrigerant replacement are opened 
and so this technology should remain dominant in the future. 

4. Evolutions of Vapor Compression Refrigeration 
SYSTEMS 

4.1 Compressors 

Compressors are a key factor of the global energy of the refrigeration system. 
Compressor performance are improving rapidly and several compressor 
manufacturers offer compressors presenting 20 and even 40% of energy savings 
while their capacity remains unchanged. A regular improvement of compressor 
performances is scheduled. 
One of the main points is the decrease of electric and electromagnetic losses of 
small electric motor. A sustained effort to avoid such losses is a strategic 
development going far beyond motor/compressors alone. 

4.1.1 Innovation 

In the field of compressors, the association of a linear motor with a free piston is a 
promising innovative technology developed by Sunpower, a small US company. 
Advantages of such a system is to decrease the number of parts moving and by 
consequence to decrease frictions; and to facilitate power control. The system can 
be adapted to vapor-compression cycle and can be a smart solution when combined 
with variable speed. 
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4.2 Heat exchangers 

New designs may not always be in agreement with improvement of energy 
efficiency of heat exchangers. For instance, it is more and more usual to integrate 
evaporators in the wall of the refrigerator. Aesthetic and easier cleaning are some 
of the reasons for this change, but also safety when the refrigerator is charged with 
flammable refrigerant. The disadvantage is that, with equal surfaces, the natural 
convection transfer is twice less efficient since only one face is used. To keep the 
same transfer efficiency, surfaces have to be increased by the same factor. 

4.2.1 Innovation 

An innovative technology consists in changing the heat capacity of the heat 
exchanger itself. In natural convection, if the heat exchanger can accumulate 
energy, it also permits to transfer it when the cycle stops. This operation modifies 
on/off cycles and mainly the temperature difference between the refrigerant and the 
heat exchanger; then between the heat exchanger and the media to be cooled. Such 
a process is described in the patent 96.02964 and shown on the following figures. 

to 

I 

T)----o\ 

FIG.1 

FIG.2 

Figures 1-2: Diagrams of onloff cycles as in the process described in the patent. 
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A similar strategy can be applied to condensers with natural convection. These 
capacity terms suppose that an analysis of energy consumption is performed in a 
controlled mode similar to real operation conditions of systems. Technical 
evolutions of heat exchangers, in order to improve heat temperature coefficient are 
noticeable, specially for natural convection. 

4.3 Control and operation of the system 

One of the major progress is the move from mechanical control to electronic 
control. Electronic cards permit to manage a group of functions. Essentially these 
cards define more precise criteria to tum the compressor on or off and to initiate 
the defrosting process. Control of temperatures can be more precise and 
temperature differences can be smaller. This better monitoring of temperatures 
leads to keep goods in the range of an optimal temperature and to decrease 
significantly energy consumption. 
The use of electronic control valves allows future innovative development, in 
particular the integration of variable speed compressors. 

5. Future Evolutions of SYSTEMS 
Technological investigations presented herebelow are not exhaustive. These 
development will represent significant innovations and lead to decreasing energy 
consumptions. 

• Fans with very low energy consumption 
Reducing the difference between air temperature and heat exchangers 
temperature represent a major energy saving. These temperatures can be easily 
controlled by using fans. However the output of the electric motor of small fans 
can be as low as 10%. and consequently energy savings are not such a great 
advantage. 

Existing systems, called no-frost systems, which use these fans present over
consumptions when compared to the systems with natural convection. On the 
energy aspect, the good compromise consists in the development of new 
motor/fans. 

• Use of variable speed 
Variable speed can be used in many different ways. In small air-conditioning 
systems, systems with variable frequency by discrete steps (40, 50, 60 et 70 Hz) 
are appearing. This type of variation may be considered as a significant 
innovation in terms of energy savings and by the adjustment of the compressor 
operation to the refrigeration needs. The essential item is the cost decrease of 
the various driving options of variable speed but several progresses may be 
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expected since a large number of applications already use variable speed 
systems. 

• Automated Defrosting of Freezer 
Static systems of freezers have still some future and the automated defrosting 
process is an improvement of the appliance usage. There is no doubt that the 
association of a coil and a fan with automated defrosting process is easier than 
when the system is static. 

• Possible Future of Refrigerators 
Already, refrigerators exist for some differentiated end-uses and with 
differentiated names. For instance, a wine cellar is a refrigerator but with a 
significant gradient of temperature. 

Similarly, requirements by end-users for keeping fresh goods may evolve and 
new designs may permit to maintain more differentiated temperatures, such as 
between +5 and + 10°C. Even though refrigerators with 3 doors did not meet the 
forecasted success, there is a real need for differentiation of temperatures on a 
wider range. The association of temperatures adjustment and better use of 
exchanges is a track to be explored jointly with hygrometry control. 

Bibliography 

[BRA96] BRADDOCK, D. Condenser Research Addresses Chilling Challenges. 
Appliance Manufacturer. June 96. 

[CL094] CLODIC, D. Advanced Domestic Refrigeration. IEA Conference, 
Sophia-Antipolis, 19 May 1994. 

[EU93] Pilot Project for Introduction and Use of the EU Energy Labelling of 
White Goods in Retail Trade. Final Report. EU SA VE Programme: 
XVIII4.1031/93-007. 

[JOCE94] Directive 94/2/CE de la Commission du 21 janvier 1994 portant 
modalites d'application de la directive 92175/CEE du Conseil en ce qui 
concemne I'indication de la consommation d'energie des 
refrigerateurs, congelateurs et des appareils combines electriques. 

[LEB94] LEBOT, B. and GAY, L. Analyse du marche fran'Yais des 
refrigerateurs et congelateurs domestiques. ADEME, June 1994. 



546 

[MEN95] MENANTEAU, Ph. and LEFEBVRE, H. Politiques de diffusion des 
technologies efficientes dans Ie domaine des equipements grand public 
: enjeux et methodes. Revue de l'Energie. no. 468, May 1995. 

[NOV94] A medium-term strategy for an 80% electricity saving in the Dutch 
Residential Sector. Summary report "E-scenario". 

[XU93] XU, X. and CLODIC, D. Realisation d'une isolation mixte de 
polyurethanne et de panneaux de silice sous vide. Final report of 
ADEME research contract nO 2.04.0053. January 1993. 

[PAR95] Energy Efficiency: Parliament votes to strengthen standards in 
refrigeration. Europe Environment. no. 464, October 1995. 



The Next Generation of Energy Test Procedures 

Alan Meier 
Lawrence Berkeley National Laboratory 
University of California; Berkeley, California USA 

1. Introduction 

An energy test procedure is the foundation for energy efficiency standards, energy 
labels, and other related programs. It provides manufacturers, regulatory 
authorities, and consumers a way of consistently evaluating energy use and savings 
across different appliance models. The relationship among these components is 
illustrated in Figure 1. A well-designed test procedure services the needs of its 
users economically and with an acceptable level of accuracy and correspondence to 
actual conditions. On the other hand, a poorly-designed energy test procedure can 
undermine the effectiveness of everything built upon it. 
Energy test procedures have typically been developed and maintained by test
procedures organizations in each country or region. The largest such organizations 
include the International Organization for Standardization (ISO), the International 
Electro-technical Commission (IEC), the American Society for Testing and 
Materials (ASTM), and the Japan Industrial Standards (JIS). Most procedures
setting organizations have a unique status in which they have near law-making 
authority but are operated mostly by the industries affected by the procedures and 
standards. 

Efficiency 
Standards 

Labels 

Energy Test Procedures 

Figure 1. The relationship between energy test procedures, labels, efficiency standards, and 
other efficiency programs. 
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In the last decade, three major trends have emerged that will force radical changes 
in the way in which energy test procedures are established and maintained. These 
three trends are: 

• internationalization of the appliance industry and reductions in trade 
barriers; 

• adoption of energy efficiency regulations and labels in several 
countries 

• major technological innovations do not show savings in test 
procedures 

This paper discusses the implications of these trends with special emphasis on the 
energy test procedures. The goal of this paper is to call attention to a growing 
problem and stimulate further discussion rather than to present a tidy solution. 

2. Internationalization of the Appliance Industry 

The home appliance industry is becoming increasingly multinational. Large, 
international firms are buying out the small, regional manufacturers and joint 
ventures are now common. As a result, there is a gradually increasing flow across 
borders of both components and finished products. This is further encouraged by 
reductions of tariffs and quotas. One of the obstacles to increased flow are the 
barriers created by the costs of meeting local energy test procedures and energy 
efficiency standards. An internationally recognized testing laboratory charges 
roughly US$2000 to perform the U.S. Department of Energy (DOE) test procedure 
on a single refrigerator and US$6000 for a central air-conditioning unit. (Meier and 
Hill 1997) The laboratory tests and administrative work needed to create a 
European Union energy label for a clothes-washing machine cost about US$3800. 
Manufacturers (and some countries) have begun to regard country-specific test 
procedures or standards as trade barriers that should be removed in accordance 
with World Trade Organization (WTO) agreements. 
It would be best to harmonize the different test procedures so that a single 
procedure for each appliance applied throughout the world. And in fact there are 
numerous efforts underway to harmonize appliance test procedures in order to 
stimulate international trade and reduce trade barriers. For example, in 1995 Japan 
revised its refrigerator energy test procedure so that it resembles the ISO test. 
Several Latin American countries are also examining procedures to harmonize their 
test procedures. But the present international situation still consists of many 
different energy test procedures for each appliance. 
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3. Minimum Energy Regulations and Ownership of 
Energy Test Procedures 

When countries establish minimum energy efficiency regulations, the organizations 
responsible for the test procedures lose control and "ownership" of the test 
procedure. This has already occurred in the United States and will begin to occur 
in Japan and the European Union. 
The United States introduced minimum energy efficiency regulations ten years 

ago but individual states have had regulations for almost twenty years. These 
standards covered most of the major appliances, including refrigerators, air 
conditioners, and heating equipment. This gradual transfer of ownership of a test 
procedure is that of refrigerators has already occurred in the United States for 
refrigerators. 
For many years, refrigerators manufactured in the United States were measured 
with a test procedure developed by the Association of Home Appliance 
Manufacturers (AHAM), HRF-1. (Association of Home Appliance Manufacturers 
1988) In 1978, the state of California established its own minimum energy 
efficiency regulations. For the first time, energy test procedures were codified into 
a law. In this case, however, the law simply referred to the test procedures 
established by AHAM, Air Conditioning and Refrigeration Institute (ARI) and 
other test-setting organizations. 
In 1987, the U.S. federal government established national minimum energy 
efficiency regulations which went into effect in 1990. The Department of Energy 
was assigned responsibility for managing the regulations and selecting the 
subsequent levels. The minimum energy efficiency levels as well as the test 
procedures were published in the Code of Federal Regulations. (U.S. Department 
of Energy 1997) Even though the test procedure was virtually the same as the 
original HRF -1, the energy test for the American refrigerators had essentially 
changed names from the "AHAM test" to the "DOE test". 
The federal government is also responsible for energy consumption labels that 
appear on all new appliances. These "EnergyGuide" labels originally appeared in 
the early 1980s, and were originally based on test procedures established by the 
test-setting organizations. Starting in 1990, however, the labels relied on "DOE 
test" procedures. 
The most important aspect of this transfer of ownership of test procedures was the 
process to modify the test procedure or create alternative tests. The need to modify 
the test arises when a manufacturer develops a new energy-saving design whose 
benefits do not appear in the test. In the past, the test-setting organizations 
maintained committees to consider changes. The procedure of proposing a change 
was relatively simple and quick. These decisions would not affect the 
manufacturer's ability to sell the appliance. Now, a manufacturer must appeal to 
the DOE for an alternative testing procedure. The DOE is required to notify the 
public of a rule-making, hold hearings if deemed necessary, and wait a legally-
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required period before announcing a final decision. Many more groups can 
participate in this process, including the government agencies, non-government 
organizations (NGOs), and other manufacturers. Thus, a manufacturer may wait 
up to two years for the whole process to be completed. Together, the collection of 
these modifications, alternative test procedures, and exemptions have created what 
is, in effect, a new test procedure. If the manufacturer does not receive permission 
to use an alternative test procedure or an exemption, then the appliance cannot be 
sold in the United States. Thus, the details of the test procedure will have greater 
financial importance to a manufacturer. 

Japan also has minimum efficiency regulations for several products and expects to 
soon introduce stricter versions, covering more products. (Turiel 1997) Other 
countries, such as the European Union and Korea, are introducing minimum 
efficiency rules soon. Europe does not yet have minimum efficiency standards, but 
it does have an EU-wide labeling system. The local test-setting organizations have 
maintained control over the test procedures in both Japan and the EU. But both 
countries are less advanced in the process than the United States, so the need for 
changes in test procedures, alternative tests, or exemptions to accommodate new 
technologies has not yet appeared. Changes are likely to be requested when the 
existing test procedure prohibits a manufacturer from selling a product or getting a 
favorable energy rating. 

4. Existing Energy Test Procedures Fail to Capture 
Benefits of New Technologies 

Consumer appliances are always being improved and some of these improvements 
lead to reduced energy use. In other cases, the improvements lead to increased 
energy use. The savings or increased use are not always revealed in the test 
procedure, as is described in the examples below: For the most part, these 
examples are drawn from the ISO or DOE test procedures. 

• Variable-Interval Defrost in refrigerators: The automatic defrost feature in 
refrigerators can be responsible for as much as 15% of a refrigerator's total 
electricity consumption. Most refrigerators use a clock to initiate defrost at a 
regular interval. The heater is switched on even if no frost has accumulated. 
The energy test measurement period runs from defrost to defrost so as to 
capture exactly one energy-intensive defrost cycle. Recently, a manufacturer 
developed a sensor to detect accumulation of frost in refrigerator-freezers. 
When a specified level of frost accumulates, the defrost heater is switched on 
and the frost melts. A refrigerator with this sensor will never defrost during 
the test because not enough frost accumulates. 
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• Variable-Speed Motors in Air Conditioners, Heat Pumps, and Refrigerators. 
Variable speed motors in appliances offer many benefits to consumers, 
including better temperature regulation, higher de-humidifcation, and quieter 
operation. There are also substantial energy savings when the appliance is 
operating at part-load. Most appliance energy test procedures, however, 
measure performance at steady-state. The variable-speed motor performs 
worse than single-speed alternatives at full-load because of small losses in the 
inverter. The seasonal energy savings from variable-speed operation, 
however, can easily be 30% when compared to single-speed units. These 
savings will not appear in most tests. 

• Soil Sensors in Dishwashers and Clotheswashers. The DOE tests do not use 
dirty dishes or clothes. Several manufacturers have introduced dishwashers 
and clotheswashers with soil sensors. These sensors measure the amount of 
dirt and a microprocessor adjusts the water temperature, amount of water, and 
dose of detergent to match the needs. They cut washing time, save water and 
detergent, and avoid needless over-washing. They also save energy through 
reduced hot water consumption and motor operation. The sensors and logic 
needed to make successful cleaning selections is complicated but most test 
procedures ignore the existence of the microprocessors unless they completely 
defeat the conventional test. 

• Moisture and Temperature Sensors in Clothes Dryers. Clothes dryers waste 
considerable energy by over-drying clothes. Two strategies have been used to 
minimize over-drying: temperature sensors and humidity sensors. The DOE 
test for clothes dryers does not attempt to measure the efficacy of the different 
approaches; instead it assigns an arbitrary "field use factor" to each sensor. 
Both sensors receive 1.04 regardless of their effectiveness. 

• Switch to Control Anti-Condensation Heater in Refrigerators. Some 
refrigerators are equipped with a switch to control the anti-condensation 
heaters. How should the switch be set during the energy test? This anti
condensation heater can increase a refrigerator's energy consumption by 10%. 
The ISO test requires the heater to be switched on if it is necessary to maintain 
certain performance criteria. The DOE test is not linked to performance 
criteria, so the DOE had to select a switch setting for the test. After changing 
its mind at least once, the DOE requires that the manufacturer report the 
energy use based on the setting when the unit leaves the factory. ISO may be 
forced to confront the switch issue if manufacturers decide to install 
condensation sensors. The heaters will be switched off until the sensors detect 
formation of condensation. Thus, the heaters may be off a significant fraction 
of the time. The potential energy savings will not be reflected in either the 
ISO or the DOE test. 
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• Automobile Emissions Control. In the United States, the auto "highway" fuel 
economy and emissions test measures emissions up to a speed of 100 kph and 
with auxiliary equipment, such as the air conditioner, switched off. On-board 
microprocessors minimize emissions by continually adjusting the fuel-air 
mixture. A sensor in the tailpipe measures oxygen concentration in the 
exhaust and the microprocessor adjusts the fuel-air mixture entering the engine 
cylinders to minimize engine emissions (and improve fuel economy). General 
Motors designed certain Cadillacs to go "open loop", that is, switch off the 
feedback from the tailpipe sensor, when the car exceeded 100 kph. The 
microprocessors were also programmed to go open loop when the air 
conditioners were switched on. Neither of these programming instructions 
will be observed in the emissions test, even though they are both very common 
situations. The U.S. Environmental Protection Agency (EPA) fmed Cadillac 
$46 million and subsequently rewrote the regulations to prohibit all open loop 
operation. This blanket prohibition forecloses various design options where 
limited use of open-loop operation would reduce overall emissions and 
improve fuel economy. 

The combined use of sensors and a microprocessor to control the operation of the 
appliance is a common feature in all of these examples. Automobiles are the 
extreme case-a typical vehicle now contains at least ten microprocessors-but 
already the more expensive models of refrigerators, air conditioners, 
clotheswashers, and dishwashers use microprocessors to control some features of 
their operation. 
The energy test procedures were developed before microprocessors appeared and, 
in effect, measure the mechanical, or "hardware", aspects of an appliance's 
performance, such as amount of insulation, quality of the compressor, or water 
consumption per cycle, but fail to measure the "software" aspects of an appliance's 
energy performance. The examples described above demonstrate that clever use of 
sensors and microprocessors can significantly reduce energy use. Furthermore, it 
is impossible to ignore these innovations; the automobile example demonstrates 
that the test procedure can easily be subverted. 

A few test procedures have been modified as a result of microprocessor controls. 
Both the DOE and ISO refrigerator test procedures include an alternative test for 
variable-length defrost controls. There are many different algorithms (and sensors) 
that could be used to control defrost intervals, and some are more efficient than 
others. Unfortunately, neither test assesses the quality of the software, only if this 
kind of control is being used. For central air conditioners with a similar type of 
defrost control, the DOE test simply adds 3% to the seasonal performance 
efficiency factor. Again, the test does not evaluate the quality of the software and 
performance of the control, only that a sensor and control are present. For clothes 
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dryers, the DOE test gives a credit for units with temperature or moisture controls, 
regardless of the sensors' design, accuracy, or the logic in which the information is 
used. 
The present energy test procedures often discourage manufacturers from 
introducing new, energy-saving technologies. Such innovations may have obvious 
energy-saving benefits during actual use in homes but no measurable savings in the 
test procedure. Manufacturers have no incentive to use those innovations (unless 
they provide other non-energy benefits, too). A discrepancy between field and 
laboratory conditions will always be the case, but it appears that innovations make 
the discrepancy particularly large now. Essentially all major energy-consuming 
appliances can benefit from innovations in microprocessor control (including 
variable-speed drive and use of sensors). The examples above demonstrate that the 
energy-saving potential is still large. 

Obsolete test procedures also encourage manufacturers to design and optimize for 
inappropriate conditions. The appliance may appear efficient in the test procedure 
but perform poorly in actual use. For example, US manufacturers size refrigerator 
compressors to perform best at 32°C rather than more common household 
temperature range of 20 - 25°C. In another case, an air conditioner manufacturer 
raised efficiency by sacrificing latent heat removal capability (which is not 
measured in the test). Finally, a manufacturer of washing machines set the 
"normal" wash setting to abnormally low-energy conditions in order to improve the 
unit's apparent efficiency. While optimization to unrealistic conditions is probably 
not a major problem, it is crucial to maintain a good correspondence between the 
energy test procedure and actual usage conditions. 

5. The Next Generation of Energy Test Procedures 
The discussion above demonstrates that current test procedures cannot 
accommodate important energy-saving innovations and changing international 
conditions. These shortcomings appear in nearly all energy test procedures, from 
autos to refrigerators. This suggests that the procedures should be revised en 
masse rather than piecemeal. The next-generation test procedures should have the 
following features: 

• better correspondence between test procedure and actual conditions 
• measurement of appliance's mechanical efficiency (insulation, 

compressor COP, sensors, etc.) 
• measurement of an appliance's logical efficiency (software) 
• increased reliance on performance-based measurements 
• inclusion of standby energy consumption for intermittently-operated 

equipment 
• recognition that the test procedure will be linked to national 

efficiency regulations or labels 
• consistent procedures for adjustments to local conditions 
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It may not be possible to include all these features in every test procedure but a set 
of guiding principles such as those above is a reasonable first step. These 
principles will alert manufacturers that new, energy-saving technologies will 
receive more recognition which will stimulate greater activity. The systematic 
revision of the test procedures is a major undertaking and probably beyond the 
regular capabilities of ISO and other standards-setting organizations. In addition, 
the links to world trade and government regulations will raise coordination to a 
new level. For this reason, other international organizations, such as the 
International Energy Agency, may be needed to assist. The revision of test 
procedures has an important side benefit: it allows countries to harmonize to a new, 
single test procedure. This may encourage international harmonization activities 
because it avoids the awkward situation of countries surrendering their test 
procedures in favor of another procedure that is technically no better than the 
original (but is internationally accepted). 

Conclusions 

Energy test procedures generally receive very little attention from anyone besides 
manufacturers. Test procedures were developed and periodically modified by 
committees consisting primarily of manufacturers. The tests were not linked to 
regulations, so unusually high or low test values did not have major financial 
implications. 
This situation has changed because economic, technological, and environmental 
developments are forcing new institutions to become involved. The increasing 
internationalization of the appliance industry, combined with reductions in trade 
barriers, encourages centralized production and distribution of appliances. The 
costs of performing a different test procedure for each country or region becomes a 
real non-tariff trade barrier. Multinational firms will become a strong advocate of 
harmonized test procedures. 
Governments will be more involved with energy test procedures because the 
minimum efficiency regulations and label programs rely on them. These 
governments must ensure that all models of appliances can be fairly tested and 
ranked. They must also develop mechanisms for exemptions or allow alternative 
tests when the regular test is inappropriate. If the United States is any guide, then 
the ownership of test procedures will gradually shift from the test-setting bodies, 
such as ISO, ARI, CEN, and JIS, to government regulatory agencies. 

Finally, technical innovations have increased the disparity between energy use 
determined by the test procedure and typical operation in homes. These are chiefly 
a result of microprocessor control, which can adjust the operating conditions to 
more closely match requirements. The existing test procedures fail to capture these 
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savings and therefore discourage manufacturers from introducing new technologies 
that could reduce energy use. 
In the next decade, we will see unprecedented pressure to modify and update test 
procedures at the same time as there will be pressure to harmonize test procedures. 
This situation can also be viewed as an opportunity, too. A harmonized test 
procedure can also be a next-generation test procedure. 
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Involving Other Industries: The Role for the Detergent 
Manufacturers 

Kess G. van Kralingen, Unilever Research Laboratory 

1. AC Vlaardingen, The Netherlands 

The aim of this contribution is to discuss the relationship between the detergent 
product and the energy efficiency of the laundry wash process. 
The detergent product together with the appliance aim to satisfy the consumer need 
for clean, nice looking, fresh smelling fabrics. The objective is to provide the 
consumer with a cost-effective laundry process whilst giving reassurance w.r.t. all 
relevant care aspects: healt, environment and the machine. 
It is clear that in addition to electrical energy consumption, the detergent product 
itself represents a source of energy consumption. Hence, Unilever will contribute 
to achieving agreed targets on reduction of non-value added chemicals and 
packaging materials. 
We have to consider the overall system with the dimensions of machine, electricity, 
product and water in order to assess the overall energy efficiency of the wash 
process. A key question is where in this multi-dimensional space, the wash process 
has its optimum energy efficiency. 
The exergy concept can be used to analyse this question. Exergy is a relatively 
simple function of physical state and chemical composition of a system, which 
defines the maximum useful potential work of that system. In any process, the 
exergy of the system changes and is converted into either useful work or 
permanently lost as total entropy increase of the system and its environment. The 
aim of clever process design is to maximise the useful work harvested, i.e. to 
increase the efficiency with which exergy is used. We want to minimise the 
entropy increase as it represents permanent waste. 
Work carried out by Unilever in cooperation with the Delft University of 
Technology applying the exergy concept to the wash process, gives several 
messages. Overall, washing at low temperatures gives the most efficient use of 
exergy (this does not necessarily apply to all soils or stains). Longer wash times 
also lead to more efficiency. Catalysis can provide compensation for loss of speed 
(e.g. enzymes). If possible, use less product in a more concentrated form on the 
fabric is preferred. 
The consequences of washing at lower temperatures have been assessed over the 
years. A number of physical/chemical and mechanical effects has to be considered: 

Physical/Chemical Effects: 
-Reduced dissolution rates of products 
-Phase changes to surfactants and builders upon contact with water 
-Reduced diffusion rates 



-Reduced chemical kinetics of activated processes, e.g. stain bleaching 
-Potential changes in stain/soil chemistry. 
+Reduced dye release and migration 
+ Reduced fabric damage. 

Mechanical Effects: 
-Increased viscosity of soils (solidification) 
-Increased viscosity of water >reduced flow rates> greater energy dissipation 
-Possible increased resistance of cloth to flexing 
+reduced fabric damage 
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The introduction of T AED bleach technology in the late seventies first by Unilever 
serves as an illustration of one of the above effects and demonstrates what has been 
achieved. 
Until the late seventies perborate was used to generate hydrogen peroxide for stain 
removal in the wash; this is only effective at temperatures >60C. The Introduction 
of T AED bleach precursor technology made stain bleaching more effective at 
lower temperatures. Hydrogen peroxide (from perborate) is used to generate 
peracetic acid from T AED; peracetic acid bleaches effectively at temperatures 
between 40 and 60 C. This has contributed to the significant reduction in wash 
temperatures and energy consumption over the last two decades. 
Considering the scope for further improvements in energy efficiency, taking into 
accounts the results of the exergy analysis, leads to a number of ideas. However, 
these ideas often lead to problems for consumers. Hence, compromises are being 
made. The position can be summarised as follows: 
• Time and product concentration (preferably on the fabric) can partially 

compensate for reduced 'chemistry' effects. However, use of much longer 
wash times is probably not acceptable to consumers. Pretreatment of fabrics is 
senn as inconvenient. 

• Agitation becomes increasingly important in soil/stain removal at low 
temperatures as chemical effects reduce. However, increased mechanical 
agitation may lead to more fabric damage. 

• Product properties (dispersion, dissolution) become increasingly important at 
low temperature. 

The current position is the result of the state of the art technology AND a number 
of compromises. Further developments in machine and product technology should 
lead to further reduction in energy consumption taking consumer needs into 
account. Although there is still scope for further improvements in energy efficiency 
of the wash process, it should be realised that ultimately this scope is limited by 
thermodynamic and kinetic constraints. 



Greening the Industry, 

the Evolution of Resource Efficient 

Products & Environmental Standards 

Per Grunewald 
The Electrolux Group 

1. The Electrolux Group 

The Electrolux Group is the world's leading manufacturer of domestic appliances, 
with a turnover in 1996 of about 110,000 MSEK (more than 14 billion USD. 
Electrolux is the global number one or two in White Goods, floor care products, 
absorption refrigerators, compressors for refrigerators, food service equipment, 
industrial laundry equipment and forestry and garden equipment. Electrolux has 
more than 100,000 employees and sells approximately 55 million products 
annually. 
Electrolux has opted for a constructive or proactive approach to the environmental 
challenge, as illustrated in fig 1. We are very aware of the need for a more 
proactive attitude, and we welcome economically as well as environmentally 
efficient solutions to the challenges that lie ahead. 

• 'We will do what is • "If we have to do it, let's • 'This is a potential 
legally required but we be smart about it" source of competitive 
don't like it" advantage" 

• Defend • Accept • Decide 

• Threat • Neutral • Opportunity 

• End of pipe • Process • Products 

• Specialists • Managers • Industrylbusiness 
system/stakeholders 

• Minimise cost • Optimise investment • Maximise economic and 
environmental potential 

Fig 1. The need for a constructive and proactive approach 

Source: IVA/McKinsey & Company/Electrolux 

We have several reasons for choosing such an approach. Besides some business 
opportunities, we believe this is the only way for industry to become a part of the 
inevitable change process towards sustainability, and in fact also influence it, 
instead of being forced into solutions given by others. 
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2. The White Goods Industry: Market Overview 

The white goods industry produces durable consumer goods whose purpose is to 
improve the quality of life for the final user. These goods, which are generally 
referred to as white goods, are split into three different groups, that are named after 
the consumer needs they address. Cooking consists of built-in ovens, hobs, free
standing cookers, hoods, and microwave ovens; Storage & Preservation of food 
includes freezers and refrigerators, while Fabric & Dish Care comprises washing 
machines, tumble dryers and dishwashers. In 1995, the white goods market, in 
terms of world-wide sales, accounted for 220 million appliances, 62% of which 
were sold in Western Europe, North America and Japan. 

The European white goods market is highly concentrated; 60% is controlled by 
five industrial groups: Electrolux, Bosch-Siemens, Whirlpool, Merloni and Elfi. 
Total trade demand in Western Europe amounts to 65 million units. Regarding 
market sizes by country (fig. 2), it may be seen that just five countries account for 
about 80% of the total demand, Germany alone representing more than one quarter. 

FRANCE 15.7% 

SPAIN 9,7% 

OTHERS 4.3% 
,3% 

SWITZERLAND1,8% 
AUSTRIA 2 ,3% ND1 .8% 

Y. 

5% 

Figure 2: Western Europe white goods market, by country 
Figure 2: Western Europe white goods market, by country 

Source : Electrolux 

3. Energy Use in EU - White Goods' Share 

The environmental impact of industrial and community activities in Europe is 
related to a great extent to the use of energy. In 1992, the total gross energy 
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consumption in Europe was 50* 10 12 MJ. Of this, electricity consumption 
accounted for 11.9%, equivalent to 1662 TWh, excluding losses (see figure 3). 

LOSSES 27,2% 

DISTRICT HEATING 0,6% 

ELECTR. OTHER USES1 0,4% 

ELECTR. WHITE GOODs1 ,5 

GAS 16,8% 

COAL & SOLID FUEL4,9% 

Figure 3. Total energy consumption, 50* 10 12 MJ, 1992 

Source: EU Commission 

If we examine the total electricity consumption and the related emission of carbon 
dioxide (shown in figure 4), it may be seen that white goods account for 13% of the 
electricity consumption, which corresponds to 1.5% of the total energy 
consumption. According to industry estimates, the total energy consumption of 
white goods appliances is subdivided into refrigeration appliances (50%), fabric 
and dish care appliances (30%) and cooking appliances (20%). Carbon dioxide 
emitted indirectly due to the use of white goods products is approximately 4% of 
the total emission of carbon dioxide (gas cookers excluded). 
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ELECTR. OTHER USE28% 

ELECTR INHITE GOODa% 

INDUSTRY 18% 

Figure 4. Total emission of CO2, 3, 114 million tonnes, 1992 

Source: EU Commission 

4. Environmental Approach of Electrolux 

The White Goods industry has a significant impact on the environment during the 
life cycle of our products. In terms of environmental impact, Electrolux has 
adopted a total approach, which involves careful study of the overall life cycle of 
the products in terms of their effect on the environment (see fig. 5). 
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Figure 5: The total approach of Electro lux 

Source: Electrolux 

The first step is to understand how the environmental impact is distributed over the 
life-cycle of the product. When making a Life-Cycle Assessment, certain factors 
are immediately evident. Figure 6 shows the total environmental impact of a 
washing machine and a dishwasher, taking into consideration the consumption of 
energy and water, the production of solid waste, and the emission of air and water. 
The impact of the production, distribution and disposal phases of the life-cycle is 
less significant. It is evident, however, that about 90% of the total environmental 
impact from the white goods industry occurs during the use of the product. LCAs 
and Life-Cycle Energy Balances conducted by Electrolux show similar results, 
irrespective of methodology. 
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Figure 6: Life-cycle environmental impact of a washing machine and a dishwasher 

Source: PA Consulting Group/EC, 1991 

Improvements in performance are shown in figure 7 for washing machines and 
refrigerators produced by Electrolux. The percentage reduction of water 
consumption during the last 20 years for an average washing machine is over 70%, 
while energy consumption has been reduced by 45%. During the same period, the 
energy consumption for refrigerators has decreased by more than 70%. 
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Figure 7: Performance improvements 1975-1995: washing machines and refrigerators 

Source: Electrolux 

5. Links Between Economics and Environmental 
Impact in the Life Cycle Perspective 

The life cycle approach on products is also applicable when discussing the 
economics of our business. The economic life cycle of the product is composed of 
a number of operations that adds value and a number of financial transactions 
between parties in the value chain. The following discussion will show the clear 
link between the economic and environmental life cycle of the product. 

5.1 The strive for efficiency in production 

Reducing cost and resource use in production is an obvious result of the 
competitive market dynamics. Also the amount of materials used in products, i.e. 
product weight, has decreased through design improvements as indicated in figure 
8. 



1,2 

0 ,8 

0,6 

0,4 

0,2 

°1~97~5~------~1~98~5--------~19~95 
Product price adjusted by consumer price 
index in Sweden 

Figure 8: Sheet thickness and relative product price for dishwasher 
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Conclusion one: Industries strive for productivity leads to resource efficiency in the 
product perspective as well as less environmental impact. 

5.2 Cost-of-Use 

The environmental impact during the product life cycle is as shown already 
dominated by impacts related to the use of the product. The resource flows during 
the product use are also significant in the life cycle cost perspective, as illustrated 
below, For the washing machine, the summarised running costs are twice as big as 
the purchase price, It is evident that the consumer is better off buying a resource 
efficient appliance, even if the purchase price is higher. The savings during the 
lifetime more than offset the price premium at point of sale. Additional benefit is 
that a well informed consumer would opt for an earlier phase out old appliances 
with bad energy performance. 

Detergent32.0"A. 

Service 3,0% 
Water 8,5% 

Energy 24,0% 

Fig 9: Purchase price and running cost of washing machine, total cost is 1 068 ECU 

Source: Group for Efficient Appliances 1995 
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Conclusion two: The systematic reduction of user's running costs results in an 
almost proportional reduction in environmental impact of the product. 

5.3 Product end-of-life and recycling 

Historically, the end of life and recycling of appliances has not in a significant way 
been connected to the decision making of producers and customers. The recycling 
of products has been taken care of by communities and the scrapping industry. 
Consequently the market forces have not influenced the recyclability of the 
products, although there is an emerging focus on this in qualitative terms. The 
scrap industry has developed processes for efficient recycling of steel scrap from 
end-of-life products, primarily driven by the automotive industry. 

To achieve mechanisms that to a greater extent drive recyclability of products, 
Electrolux believes the recycling economics must become a visible part of the 
product offer at point of sales. This could be achieved by adding and showing the 
recycling economics in the purchase price, provided there are supportive financial 
and taxation rules. Another alternative is clear communication of the recycling 
cost (or income !) to be paid after use, which might not drive recyclability of 
products as strong as the first scheme. 

Conclusion three: Recycling economics have not been a part of the producer
consumer relation, and thus have not driven product development efficiently. 
Important for the future is to find solutions that in a market oriented way drives 
recyclability and minimizes the total spend for the customer. 

6. Legislative Initiatives of the EU and Voluntary 
Approaches of the Producers 

Two different legislative schemes for appliances have been launched; energy 
labelling and minimum energy efficiency limits. An increasing number of products 
(refrigerators and freezers, washing machines, tumble dryers, etc .. ) have EU 
directives for energy labelling today. The goal with the labelling systems is to give 
the consumer unified, objective and comparable information about the efficiency of 
products at the point of sales, to stimulated the demand for energy efficient 
products. 

For refrigerators and freezers a directive of energy consumption limits will come 
into effect by 1999. Products exceeding the limits will not be allowed to be sold. 
This is the only EU directive of energy consumption limits for a product. For 
washing machines the industry has designed, in a voluntary proposal, energy 
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consumption limits. The effect is similar to the directive for refrigerators and 
freezers. 

6.1 Legislative effect on the energy consumption of appliances 

Our experience is that the consumers regard the price of the appliance (the one time 
investment needed) as much more important than the future running cost (the 
energy consumption) - or has difficulties in estimating the cost. There is a general 
increasing awareness but still, we see no strong shift in customers decision-making, 
although the products sold are becoming better and better. Studies are carried on to 
better understand the effect ,of the energy label in the market place and Electrolux 
look forward to seeing the results of these. 

The directive of energy consumption limits for refrigerators and freezers, and the 
washing machine voluntary proposal will remove the most inefficient machines 
from the market. For refrigerators, some 40% of today's product models are 
affected, and the effect over time on total energy consumption of the fleet is 
considerable. However, in order to stimulate competition and innovation beyond 
the energy efficiency minimum limits, we believe it to be far more effective to use 
the inherent dynamic thrust of market forces. 

6.2 Important considerations when creating legislation 

As energy related labelling and communication are becoming more and more 
important, it is vital to have systems that are transparent and oriented towards the 
useful function of the products. Functional performance must not be traded off to 
achieve good energy ratings, or at least the customer must be aware of 
compromises made. The risk is otherwise that the energy and environmental 
improvements will be perceived as offsetting functional performance, which would 
devastate the efforts from both industry and society. Example is sacrificing rinsing 
efficiency, not indicated on the label, in washing machines to improve washing 
performance, with an obvious risk for skin irritation and allergies. 

When widening the system view, other priorities may come in focus. Initial results 
from an American LCA study by our Frigidaire Company, pointed out that the 
savings in cotton agriculture due to reduced wear and tear might be the biggest 
advantage of the new energy efficient washing machine. 

The conclusion is that industry and regulators jointly always must be open to re
evaluate and redefine the systems we want to optimize and control, and that we 
always must be transparent and comprehensive in the communication. 
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7. Consumers Views & Attitudes 

Many manufacturers have resource efficient products in their program, slightly 
more expensive to buy than more resource demanding ones. The most efficient 
ones are not the majority of the sold appliances. Market studies show that 
consumers opt for lowest purchase price/quality solutions, often equalling choosing 
inexpensive products, being the more resource demanding ones. When the 
consumer evaluates different appliances in the shop there are many factors that 
influence the decision. The price, brand image, energy-label, design, performance, 
etc. The dominating factor for most consumers is the purchase price of the 
appliance. The running cost does not get the same consideration. In most cases the 
consumer selects an appliance with a low purchase price even if the pay back time 
of a more energy efficient alternative appliance could have been as short as one 
year. There is a lack of awareness and information among industry, retail and 
customers as well as systematic information tools. 

8. Focusing Cost-of-Use - an Effective Way towards 
Sustainability ? 

Using the dynamic market forces is, by experience, usually the fastest way to 
achieve market transformation. We know that from the CFC-phase out process in 
Europe that became market driven. Therefore Electrolux has identified the Life 
cycle cost and especially the cost of use as an interesting way of get higher 
attention to, and increase sales of more resource efficient products. As already 
shown for washing machine, the running cost constitutes a substantial part of the 
life cycle cost. The figure 10 compares purchase prices and electricity costs for two 
of our refrigerator models. 

Average 
refrigerator 
Energy class C 
Retail price 3990 FF 

Resource 
efficient 
refrigerator 
Energy class A 
Retail price 4290 FF 

a 

Purchase price 
3990 FF 

Purchase price 
4290 FF 

2 000 4 000 

...,...-c 

Total 8865 FF 

;;" 7210 
6 000 8 000 10 000 

Fig 10: Purchase price and Cost-of-Use over 15 years, refrigerators, France 
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From this example, it is easy to conceptually understand that the low energy 
product is the most attractive product to purchase. The initial extra investment in 
the product pays off via energy savings in 2.5 years. In practice, the Life Cycle 
Cost approach creates challenges both in the field of communication and in the 
way of doing business. 

8.1 Cost-or-use communication 

The Cost-of-Use could be estimated and exposed on the product, indicating the 
usage costs during the life span. This information must be displayed together with 
the purchase price to make it possible for the consumer to make a well informed 
decision. Problems with variations in energy and other prices might be solved by 
the use of IT-technology. The energy labelling system may serve as basis for such 
information. The general awareness in society is of course important besides the 
product communication. Here both industry and policy-makers have important 
roles for education and communication. Also in public procurement the Life Cycle 

Cost is an efficient tool for decision making. 

8.2 New business concepts 

A more radical way of using the life cycle cost concept is to reform the business 
system and payment flows. Functional sales is an interesting example where the 
customer regularly pays to get access to the product's function. All services are 
included in the deal - i.e. delivery, installation, maintenance and recycling. The 
functional sales concept can of course be expanded to include also the deliveries of 
energy, water and detergents. 

Since the suppliers retain product ownership in this business system, there is an 
inherent strive for resource efficiency and material cycles. It is also a way of 
unlinking value added from linear resource flows, allowing business to make 
profits in a sustainable way. Other opportunities within this business concept is to 
give the customers the options to upgrade and change the products according to 
needs over time. 
The idea is being implemented in several companies. There are product groups and 
customer segments where this is an especially attractive concept, mainly in 
business-to-business at the moment. 

Conclusions 

There is a strong connection between life cycle environmental impact and life cycle 
cost. The implications of this link for business parties will be further strengthened 
through e.g. polluter pays principle. There is a great need to include life cycle 
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considerations in business. Presently, legislative, industry and consumer action and 
behaviour do not sufficiently address this issue. 
We believe that the use of the market mechanisms, complemented by well designed 
regulatory schemes, is the fastest way to achieve results. 

Electrolux sees an opportunity in a constructive or pro-active stance in this 
development. By being part of the change processes, industry can contribute to 
more efficient adoption to what is needed for sustainability. 

The energy issue is perhaps the most important environmental issue for our 
business, both in term of economy and environmental impact. Today, the energy 
cost during use of our products is a considerable part of the total spending over 
time for the customer. However, this is not strongly reflected in the customer 
purchase behaviour. Communication of the importance of energy efficiency as a 
part of the sustainable development must have high priority, as well as the 
introduction of means to accelerate the development. 

Electrolux see linking resource, energy and other life cycle related costs into the 
point of sales decision as a interesting way to lever the sales of resource efficient 
products. Down the road, we see business concepts that are initiated and driven as 
consequence of the strive for total economic and resource efficiency. 



The consumer, the New Scapegoat? 

Environment, Economy and Efficiency: This is What Consumers Will 
Expect 

Gerjan Huis in 't Veld 
Consumentenbond, The Netherlands 

What do consumers expect? The answer is simple and known to all consumer 
organisations and marketeers world-wide: consumers want their products, and 
more and more also their services, to be excellent in performance and as cheap as 
possible. Also they want their products to be safe and healthy, easy to use, 
beautiful in design, and last but not least as less harmful to the environment as 
possible. 
Traditionally consumer organisations have looked at the energy-aspect of products 
as part of their performance. Mainly because a higher energy-use means higher 
costs in the user-phase of that product. Consumers didn't always realise and in 
many cases couldn't know how substantial that energy-use was. So consumer 
organisations tested it and informed their members, and by doing so they indirectly 
influenced the market in the direction of less energy-consuming products. So far, 
so good. 
Nowadays things have changed. Many manufacturers give information on the 
energy-use of their products. Sometimes governments have obliged classification 
systems on the energy efficiency of certain product groups. This is not mainly seen 
from the traditional performance and cost point of view, but from the 
environmental viewpoint. We now realise that energy sources are scarce and that 
the burning of fossil fuels as an important energy source harms the environment by 
contributing to the "greenhouse" effect. 
Nowadays consumer organisations also look seriously at the environmental impact 
of products. Consumentenbond, the leading Dutch consumer organisation, has 
about seven years experience with the testing of environmental aspects of products 
(and services). In fact our policy is NOT to look at just these aspects, but integrate 
them in the total quality performance of a product in our comparative testing. The 
main environmental aspects are usually: materials (in the product and its 
packaging), harmful substances, disturbance (like sound and radiation), durability 
(inc!. repairability), waste, and of course the consumption of water and energy. 
Back to energy. This product testing for many years hasn't been without success. 
Many products are nowadays much more energy-efficient than they were ten or 
twenty years ago. This one of the reasons that we don't advise our members to use 
for instance a freezer always as long as possible, for it might be that a new freezer 
is so much less energy consuming, that the continued use of the twenty year old 
one is not only bad for the environment, but also for the consumer's purse. 
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If product are nowadays much more energy-efficient, what's the problem? The 
problem is that although the total average use of energy per household in the 
Netherlands has gone down, this is mainly due to the decrease of the use of gas. 
The use of electricity has increased, in spite of the fact that products became more 
energy-efficient. The explanation of this lies for about one-third in the increase in 
the number of households (with on average less people) and for about two-third in 
the fact that consumers buy more electrical appliances, that also have become 
relatively cheaper. More dishwashers, dryers, microwaves, a second tv-set for the 
bedroom, a second (or third) stereo-set for the kids, et cetera. 

This is a reality that we must face. The consumer, although directly "only" 
responsible for about a fifth of the total energy use in The Netherlands, contributes 
more and more to the rise of the total energy-consumption, at the moment around 
4% each year. Partly due to the strong growth in spendings on electrical appliances, 
but also to the rise in use of cars (11 % between 1990 and 1996) and the grown 
number of holiday-flights (40% higher than in 1988). 
Relatively "the consumer" has done bad, compared to industry and agriculture, 
when we look at their separate contributions to the main environmental problems, 
said the RIVM, the leading Dutch environmental research institute, recently. In 
spite of many public campaigns to inform the consumer and in spite of new taxes 
on fuel, electricity and gas the consumer appears to be willing to contribute to the 
separation and collection of waste, but not to give up his right to new forms of 
comfort in appliances, transport or holidays. So in a way the consumer is now the 
"one to blame". The "new scapegoat". 
As a consumer organisation we don't feel very comfortable with this idea. Is the 
consumer to blame for the fact that there are nowadays more, smaller 
householdings? Should consumer organisations advise our members to consume 
less? Or should we advocate a higher price for products and energy? Both 
strategies seem opposite to the "core business" of what consumerism is: giving 
consumers the right to make their own choices, giving them reliable information to 
help them make the right choices, stimulating safety, better quality and sharper 
prices, and for the rest: let the market do it's job. 
However, a closer look at this leads us to the conclusion that there are better and 
more positive ways in contributing to solving energy questions from a consumer 
point of view. 

First of all we feel that in our traditional role as providers of information we still 
have a lot of opportunities. On energy saving for instance we have our "Energy 
Saving Guide". This is a Top-20 of do-it-yourself measures you can undertake to 
save gas or electricity. The table shows not only how much many energy you can 
save, but also what this means in terms of financial payment, taking into account 
the costs of the investment. This explains why the most energy saving measures, 
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like isolation of wall and roofs, are not necessarily the same as the most 
moneysaving ones. 
We have been publishing this Energy Saving Guide for over fifteen years now, and 
still we find that it's very popular with our readers. This means that every year 
many people discover new ways of saving energy in their homes. Also we keep on 
testing the energy use in many white and brown goods, about 40 tests each year. 
Although the influence of these tests can be substantial, we must keep in mind that 
this information reaches only one in ten householdings in the Netherlands, and less 
in other European countries. So by far most Europeans don't have access to this 
sort of information, that is in our opinion much more effective than for instance 
general advertising campaigns that tell you to "save energy", but not how to do it. 
So why not try and reach new groups of consumers with this information? 
A second opportunity lies in the fact that a fast growing lot of energy, mainly in the 
form of electricity, flows away without consumers realising it. We studied this 
phenomenon recently and discovered that in the Netherlands alone an average 
householding looses some 400 kWh electricity each year on the stand-by position 
of the television, the video, the clock on the microwave, the faxmachine, the 
computers - even in so-called the "off-position" some appliances use electricity -
the recharger of the electrical toothbrush, et cetera, et cetera. 

This energy-leak - in Dutch we introduced the word "sneak consumption" of 
energy - may seem little at the moment, but 400 kWh - which equals some 100 
Dutch guilders - means a loss of 2,4 GWh per year in the Netherlands alone. This 
means that if we could wipe out this energy-leak we could close down an average 
coal burning power plant in our country. On the other hand, if we don't curb this 
energy-leak we will need another small power plant within a few years, since we 
estimate that this energy-leak will rise in that period with another 25%. 
In the meantime we will awaken our members to the existence of the problem. 

Surprisingly - also for us - it's not the television wherein most energy leaks away, 
it's the digital decoder that translates information from satellite receivers. Also the 
VCR and the fax/modem are heavy "users" of leaking energy. Of course we look at 
this in our tests and we will put pressure on manufacturers in improving this aspect 
in their products - which in many cases is quite easily possible by better product 
designs. In the case of satellite receivers the channel providers are the problem: 
standardisation agreements could solve the problem. And of course we also inform 
consumers on simple ways of avoiding this energy leak, which at the same time 
means: saving wasted money. 
Thirdly we think consumers aren't always informed well. Take for instance the 
already existing diversity in "green" or "eco" labelling. I tempt each one of you to 
tell me which label means anything (and what?) in the field of energy saving. And 
these 15 are only the ones we regarded as reliable in our recent review of ecolabels. 
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It is clear that this is an overdose for any ordinary consumer, and that implicates a 
strong inflation in the value of all ecolabels. 

In several European countries we now know special energy labels on certain new 
white goods. They are comparative labels with a classification in six (coloured) 
classes that tell you if a product in it's group is relatively more of less energy 
efficient. There are also plans for introducing this system to other product groups. 
Although we sympathise with the idea, in recent tests we found that the actual 
energy use that we measured in some products didn't match with the energy class 
the product was in. Sadly this means that we had to put questions on the reliability 
of (the control of) this form of energy labelling. 
And this is not the end of the story. We know that there are already plans for 
introducing a new label on the above mentioned "energy-leak", a sort of "stand by 
energy label". Again: it might be a good idea, but how reliable will it be, and 
should we not fear an overdose for the consumer? 
Therefore we advocate one simple, clear, reliable and well-controlled labelling 
system, by preference on all relevant environmental aspect, including energy use, 
of products. Or even better: no qualification marks at all, but integration of these 
environmental aspects in the comparative tests and in some cases (asbestos, CFC's, 
heavy metals) a legal prohibition on the most harmful ones. 

We realise, however, that doing all this on the information side to consumers alone 
is not enough. We cannot avoid our responsibility as a consumer organisation in 
contributing on the path to a more sustainable society. This does not mean that we 
think that we should tell our members to start consuming less - and luckily also our 
minister of Environmental Affairs doesn't think that would be a right or successful 
approach. But it does mean that we will tell them to think about consuming 
differently. Different in the way of more sustainable, which also means less energy 
consuming. Also different in the way that in some cases we can prefer quality 
above quantity. 
Following that strategy we are also willing to co-operate in thinking about the price 
of energy, including new taxes to reduce the energy use. In many cases we are 
sceptical on new taxes, because they tum out to be ordinary tax measures that are 
good for the state's financial position, but not very effective for their original goal. 
In the Netherlands, however, we now have a so-called "regulating" energy tax, also 
known as Ecotax. This is a tax that on average should be financial neutral. If your 
energy use is low, in fact it saves you money. If you, on the other hand, are a 
"heavy" energy user (more than 800 m3 gas and 800 kWh electricity) it costs you 
money. So this Ecotax really stimulates energy saving, and therefore we accepted it 
as a good thing, in spite of the fact that it's not financially beneficial for all 
consumers. 
Another example is our policy toward the so-called "green energy". In the 
Netherlands some electricity supplying industries have introduced what they call 
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"green", "nature" or "eco" electricity. This means electricity that is produced in a 
sustainable way, for instance by using solar or wind power. This is a sympathetic 
idea, stimulated by our government, but it costs consumers more. These suppliers 
ask a higher electricity price (up to 7,5 cent per kWh). 
Some 10.000 Dutch householding already pay that higher price, in spite of the fact 
that the product that comes out of their plugs is exactly the same as that from their 
neighbours that pay the regular price. We don't think this is a very good idea, 
because only some consumers pay the bill for a better product for all, which is not 
very stimulating. In this case we feel that it would be better if all energy suppliers 
would be obliged to produce a certain (in time rising) percentage of their electricity 
in a sustainable way. Then it would be fair to let all consumers pay for it; that 
would also mean a new stimulant for energy saving. In fact that will happen in the 
near future in the Netherlands. 

Summing up, we think that energy saving deserves a high priority. Consumers are 
willing to pay a fair price for their energy and their organisation will advocate 
effective measures to reach that goal. At the same time a lot of information work is 
still to be done about known and unknown aspects of energy use. The information 
should be absolutely clear and accessible to all. Also manufactures still have many 
opportunities to improve their products on this point or to develop much less 
energy using alternatives, for instance in new services. 
The consumer expects a contribution from all parties (manufactures, energy 
suppliers, consumer organisations and governments) and will then certainly co
operate in saving energy, because in the long run that can only serve his own best 
interests. 



Will tomorrow's utility supply the energy services 
domestic customers need? 

Joel N. Swisher, 4EC Inc., USA 

Introduction 

There is a trend in numerous countries, in both the industrialised and developing 
parts of the world, toward deregulation in the electricity sector. This trend makes it 
increasingly unlikely that electricity suppliers in these countries will adopt energy
efficiency programs similar to those sponsored by the regulated North American 
utilities during the past two decades. 

The first indications, from pioneering countries such as Norway and Britain, 
suggest that deregulation may increase the barriers to energy-efficiency 
improvements, at least those that could be captured via utility-sponsored demand
side management (DSM) programs. I Indeed, DSM investments in North America 
have been dramatically reduced since the 1994 decision by the California Public 
Utilities Commission (PUC) set the deregulation wave in motion in the U.S. 

The global deregulation trend, which in many countries is accompanied by a push 
to privatise state-owned utilities, has raised concerns about the ability of 
competitive private utilities to meet the needs of their customers and the public. 
The decline of utility DSM as a vehicle to implement energy-efficiency measures 
and to reduce environmental emissions may compromise the public interest. 

In addition, the least powerful group of customers, the domestic customers, may 
not receive the economic benefits of deregulation if large customers demand and 
receive most of the resulting price reductions. Furthermore, if utility services and 
prices are not regulated, the small customer may find the quality and reliability of 
service declining, as the utilities focus their resources on meeting the needs of 
larger customers. 
In this paper, we examine the prospects for the provision of energy and other 
services to domestic customers under utility deregulation, with an emphasis on the 
apparent void created by deregulation in the options for implementing energy
efficiency improvements for small customers. 

I See a) Swisher, IN., "Barriers and Incentives for Utility Energy Efficiency Programs in 
Deregulated Markets," ACEEE Summer Study on Energy Efficiency in Buildings, Monterey, 
CA, September 1994; and York, D., "Are Deregulation and Integrated Resource Planning 
Compatible?" ECEEE Summer Study: The Energy Efficiency Challenge for Europe, 
Copenhagen, June 1993. 
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1. Global Trends in the Structure of Electric Utilities 
It is interesting to note that the two extremes in terms of the process of deregulation 
can be observed at each side of the English Channel. On one side, the UK has 
introduced nearly-complete competition and privatisation; while on the French 
side, the parastatal monopoly structure remains. Most other countries lie 
somewhere between these two. Despite the variety of restructuring activities in 
different countries, the evolving structure of electric utilities worldwide contains 
some nearly universal trends at the generation, transmission, distribution and retail 
levels. 
Regardless of the status of utility privatisation, a competitive market structure must 
avoid potential problems of self dealing, cross subsidization and discriminatory 
access to network services that are created when there is common ownership of 
generation (competitive) and transmission (natural monopoly) assets. There are 
three generic solutions to this problem. 

The first approach is functional separation of generation, transmISSIOn and 
distribution costs in existing vertically-integrated utilities. This approach includes 
pricing rules that provide open transmission and distribution (T&D) access to 
competing suppliers without regard to ownership. This approach may require 
regulatory reforms to prevent cross-subsidization of competitive services by 
monopoly services, and to prevent uneconomic purchases of supplies from the 
network owners' own generation sources. 
The second option provides for structural separation of the generation, transmission 
and distribution companies through divestiture. In most countries, this vertical 
disintegration is usually accompanied by both horizontal disintegration of utility 
generation portfolios to lessen their market power, and horizontal integration of the 
transmission network among what are to date separate control areas. This structure 
allows the appropriate dispatching and control of generation assets by a network 
operator, which is independent and has no financial interest in generation. 

A third approach is to consolidate the operation of the transmission network to an 
independent system (or grid) operator (ISO or IGO). This structure was adopted in 
the California PUC's restructuring decisions and is used by power pools in other 
systems. The ISO is responsible for operating the network, purchasing network 
support services, settling contractual imbalances and creating information 
necessary to operate a financial market to hedge price risks and trade available 
transmission capacity. 
Within any of these three structures, there is competition at generation level, and an 
independent monopoly that operates the transmission grid. In some countries, the 
transmission capacity of several utilities is being combined to create a larger 
regional or national transmission utility. 
At the distribution and retail sales level, there is more variety in the types of 
structures that are possible and that have been introduced. One approach is to 
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retain regulated monopoly status for distribution companies (Discos) that are 
granted territorial concessions. These Discos would buy power from separate 
competitive generators or from the power pool or ISO, and they sell to captive 
retail customers under the same structure as existing distribution companies or 
municipal utilities. Some larger customers are given direct access to competing 
generators and pay a fixed T &D charge. 
Another approach is to separate the monopoly distribution "wires" company from 
the retail service function, which would be fully competitive for all customers, who 
could choose to buy power from a utility, a power broker, direct from a generator, 
or some combination of these options. In between these two extremes, some 
structures allow for the eventual opening of direct access to all retail customers that 
choose it, with the remaining customers served under the Disco's territorial 
concession. 

2. Energy and Other Service Options for Domestic 
Customers 

While strong pressures exist under deregulation for the divergence of presently
bundled services such as power production and retailing, competitive pressures 
may encourage the integration other types of services together with the provision 
of energy services. Although the services commonly provided by electric utilities 
appear to be clearly defined and distinct from other goods and services, they 
actually represent just one of many possible packages of services. 

One commonly thinks of electricity in terms of the commodity of kWh that are 
generated and sold. However, these kWh are provided together with at least a 
certain level of reliability and power quality in terms of the stability of voltage, 
current and frequency of the signal. These requirements lead the utility to invest in 
generation and T&D capacity to provide the needed service, even if much of the 
capacity is used only in times of high demand. 

Other energy services that utilities commonly provide include natural gas and, in 
some countries, district heating and/or cooling. These services can be sold by a 
horizontally-integrated utility or by competing companies. More recently, the 
concept of energy services has been expanded to include DSM measures that help 
meet customer needs by a combination of kWh and energy-efficiency or load 
management technologies. In addition, some energy utilities now offer premium 
services such as enhanced reliability, power quality diagnostics and improvement, 
and advanced billing options such as real-time pricing combined with load-control 
technology. 
As utilities and other market entrants (power marketers, remote utilities, ESCos, 
telecommunications firms, etc.) compete for customers' business, we can expect a 
wider range of services to be offered. Competitive pressures may lead in some 
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places to the convergence of presently-distinct services such as telecommunications 
services, customer billing and credit services, together with the more familiar 
energy commodities and services. 

One possibility is that companies will reintegrate along functional lines defined 
more by the generic activity than by the stage in the electricity delivery chain.2 At 
each level of this potential reintegration, there is potential for competition or 
collaboration with telecommunications firms. 
For example, generators could integrate with fuel suppliers to provide physical 
delivery as well as a variety of hedging contracts and derivative products. T &D 
companies could integrate with other transport firms, including those providing 
telecommunications and other energy carriers such as gas and district energy. 
Power marketers and brokers could also diversify into other markets such as gas 
and telecoms. Finally, retail utilities and ESCos could combine and integrate with 
providers of other services, including customer credit, exploiting their knowledge 
of the customers and their possession of detailed customer data bases. 

3. Implications for Energy Efficiency 
The economic situation regarding demand for energy services, which drives the 
demand for energy supplies, is fundamentally different from product commodity 
markets. Energy consumers demand energy services, but they buy and sell energy 
commodities as fuel and electricity. The resulting energy end-use market failure 
includes the following categories of barriers3: 

• lack of information and experience among both energy users and equipment 
suppliers, 

• difference in economic and risk criteria between energy users and suppliers, 
• separation between those paying the costs of efficiency improvements and 

those receiving the benefits, and 
• fuel and electricity prices that are subsidised and do not reflect environmental 

impacts. 
In North America in the 1980s, the barriers to electric end-use efficiency were 
partly overcome via utility investments in demand-side management (DSM) 
programs, most of which were mandated by state-level regulatory commissions 

2 See Hadley, G., "Restructuring Today: A Brief Tour," The ElectriCity Journal, July 1997, 
pp.62-66. 
3 See Krause, F., E. Haites, R. Howarth and 1. Koomey, Cutting Carbon Emissions: Burden 
or Benefit, International Project for Sustainable Energy Paths, El Cerrito, CA, 1993; 
Jochem, E. and E. Gruber, "Obstacles to rational electricity use and measures to alleviate 
them," Energy Policy, pp. 340-350, May 1990; and Hirst, E. and M. Brown, "Closing the 
Efficiency Gap: Barriers to the Efficient Use of Energy," Resources, Conservation and 
Recycling, 3(4), pp. 267-281, June 1990. 
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(PUCs). Since 1994, however, the restructuring of the electric utility industry 
toward greater competition has removed much of the economic incentive and the 
regulatory pressure for utility investment in DSM under the integrated resource 
planning (lRP) process. The apparent demise of DSM and IRP leaves a gap 
between the technical-economic potential for efficiency and the reality of energy
investment priorities. 
To the extent utility energy efficiency investment has been considered via IRP in 
other countries, as in Denmark and the Netherlands for example, it is assumed that 
it must be in a different context than that of "American style" DSM. Now, a 
different approach must be taken in North America as well. 

The challenges and opportunities for energy-efficiency services in this new 
business environment are explored in more detail below. Some prospects for 
delivering such services include voluntary market-based DSM in response to 
competitive pressures, non-fiscal policy-driven measures to encourage or require 
energy savings or emission reductions, public-private partnership mechanisms, and 
expanded ESCo activities. 

4. Market-based DSM 
While PUC-mandated DSM is clearly on the decline, there is potential for 
voluntary market-based DSM in response to various competitive pressures on 
utilities. These pressures range from the need to comply at least-cost with 
environmental constraints, perhaps including CO2 emission limits in the near-term, 
to the need to retain and attract customers through value-added services to balance 
the price competition over the kWh commodity. 

Rather than, or in addition to reducing customers' rates, a utility can reduce their 
bills using DSM measures, making continued service from the utility relatively 
attractive compared to the competition. In this case, the cost of DSM including 
lost revenues resulting from the DSM program must be compared to the alternative 
case where customers are lost, taking 100 percent of their revenues with them. In 
such cases, retaining customers can justify a certain level of costs for the DSM 
program. 
Regardless of its motivation, voluntary DSM carried out by a competitive utility 
must be designed to minimise costs and maximise benefits to the utility. In this 
regard, recent analytic advances in accurately determining utilities' area-specific 
costs have important implications for DSM design.4 Unlike the system-level utility 
costs, which are most sensitive to costs of generation and bulk transmission costs, 
area-specific costs depend most on distribution and local transmission costs. Since 

4 See Swisher, J.N. and R. Orans, "A New Utility DSM Strategy Using Intensive 
Campaigns Based on Area-Specific Costs," Utilities Policy, vol. 5, pp. 185-197, 1996. 
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the deregulated entities most able to conduct DSM are Discos, distribution cost 
savings offer an important potential benefit. 
If utilities know their area-specific costs, they will know where and when their 
costs are significantly higher than the system average. Higher costs mean higher 
avoided costs for DSM, allowing more expensive measures, and thus a wider range 
of domestic measures, to be cost-effective. Because the loads driving area-specific 
costs are the local-area peak loads, reducing these loads are the key to reducing 
distribution costs. This result tends to emphasize peak-load management 
technologies and often favors domestic energy-efficiency measures as well. 

This result suggests a DSM strategy based on intensive campaigns with limited 
geographical coverage, rather than programs with broad coverage but modest 
impact. High-cost areas receive intensive DSM investments - "blitz" programs to 
capture large energy savings. With area-specific costs available, a targeted DSM 
strategy can exploit these opportunities fully where and when they occur, rather 
than using broad-based programs to achieve smaller savings and lower 
partIcIpation rates. After doing a "blitz" in one target area, one can identify 
different high-cost areas to "blitz" later. 
In certain cases, this approach reveals programs that are cost-effective even under 
competitive economic criteria. This enables the utility to better meet competitive 
pressures in its service area or in other business activities. 

5. Non-fiscal Policy Measures 

The primary motivation for both past and future regulatory intervention to promote 
energy efficiency is to capture the public benefit of improved air quality and 
reductions in CO2 emissions. Because restructuring of the energy sector will make 
it difficult to implement these goals via mandatory utility IRP and DSM measures, 
there will likely remain a role for public agency intervention to reduce energy
sector emissions, either directly or indirectly via incentives for efficiency and 
renewable sources. 
Certain technology areas, such as energy efficient residential buildings and 
equipment, are most appropriate for "market transformation" programs that try to 
permanently shift the available technology in the direction of greater energy 
efficiency and/or lower emissions. The range of direct non-fiscal policy 
instruments that can be applied include minimum energy efficiency standards for 
buildings equipment and systems, technology procurement programs to encourage 
new efficient product models, and others.5 Some of these mechanisms are in 
widespread use, while some are more innovative and have only recently been 

5 See Swisher, IN., "Regulatory and Mixed Policy Options for Reducing Energy Use and 
Carbon Emissions," Mitigation and Adaptation Strategies for Global Change, vol. 1, pp. 
23-49, 1996. 
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applied to energy technologies. In addition, mandatory DSM and local IRP 
remains an option where Discos retain a monopoly in their concession areas. 

The government policy role may involve increasing consumer information and 
instituting energy-efficiency or emission standards. Traditional non-fiscal measures 
include information programs and funding of technology research and 
development. Examples of information programs are ongoing appliance energy
performance labeling programs performed in several countries. Evaluations show 
that information programs alone are generally insufficient to stimulate significant 
changes in technology, although they can complement and amplify other program 
approaches.6 

Energy performance standards can include both prescriptive technology standards 
or more flexible performance standards. For example, U.S. appliance energy
performance standards began with state-level standards in California and were first 
adopted at the national level in 1987, for application in 1990 to residential 
refrigerators, freezers, water heaters, furnaces and air-conditioners. The national 
standards were strengthened in 1993, and further tightening is being discussed. 
The standards have reduced the energy use of new refrigerators and freezers by as 
much as 60 percent with low cost to consumers. 7 There is no evidence that these 
improvements would have resulted in the absence of the standards. 

The source of the economic efficiency of such regulatory measures is that 
standards overcome information barriers in diffuse markets such as home 
appliances, and they address other barriers as well. For example, standards can 
reduce the risk to vendors of stocking and selling energy-efficient products. While 
such regulations suggest that consumer choice is reduced, in fact, there is just as 
much chance that producers will introduce additional models that surpass the 
standards. Between 1986 and 1991, during which time the national standards took 
effect, the number of refrigerator models on the U.S. market increased and the 
average price decreased in real dollars. 
An innovative energy-efficiency policy intervention is public technology 
procurement (teknik upphandling), which has been developed in Sweden by Nutek, 
the agency for technology and industrial development. This process combines 
government incentives with guaranteed orders from organized buying groups (such 
as apartment managers) in a competitive solicitation for improved energy-efficient 
products. This process was successfully completed in 1991 for fridge-freezers, 
with the winning model's energy use 30 percent below the previous best available 

6 See Nadel, S., B. Atkinson and 1. McMahon, "A Review of U.S. and Canadian Lighting 
Programs," Energy: the International Journal, vol. 18, no. 2, pp. 145-158, 1993. 
7 See McMahon, J., D. Berman, P. Chan, J. Koomey, M. Levine and S. Stoft, "Impacts of 
US Appliance Efficiency Standards on Consumers, Manufacturers, Electric Utilities and the 
Environment," Proceedings o/the ACEEE Summer Study on Energy Efficiency in Buildings, 
ACEEE, Washington, 1990. 
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and 50 percent below the average in the market. 8 This process has also been 
applied in Sweden to high-performance windows, high-frequency lighting ballasts, 
power-managed computer displays and washing machines. 
An important effect of programs such as technology procurement is to overcome 
the risks to producers introducing a new energy-efficient, environment-friendly 
product without knowing if customers will buy it. While the procurement process 
accelerates the introduction of more efficient equipment on the market, progressive 
standards help remove less efficient models and increase the market penetration of 
their efficient replacements.9 Together, these two policy instruments signal 
producers that future markets will reward development of efficient new models 
with growing demand and sales, removing much of the associated risk. 

There are several indirect vehicles for the expanded public role in energy 
efficiency, in the name of environmental protection, via investment incentives. 
These include non-bypassable charges imposed on electricity T &D services to fund 
efficiency (and other social goals), and mandatory portfolio standards or "set
asides" requiring a minimum contribution of efficiency and renewable sources in 
the power sold in a certain jurisdiction. More direct environmental constraints can 
provide incentives for energy efficiency if they are implemented via market 
mechanisms in the form of emission charges or tightened emission caps (including 
CO2 and other greenhouse gases) with tradable emission permits credits or offsets. 
Energy efficiency measures are an important potential source of CO2 emission 
offsets that can be exchanged internationally under the joint implementation 
provisions of the UN Framework Convention on Climate Change. 10 

One type of environmental regulatory structure that could be consistent with both 
the deregulation trend and new commitments to CO2 emission reductions in a 
competitive power market would be the emergence of a market that is 
differentiated according to its carbon content. This structure would allow 
generators, brokers and/or retailers to satisfy environmental requirements by 
buying and selling any combination of high- or low-carbon power, balanced by 
sufficient emission permits or offsets for compliance. 

8 See Nilsson, H., "Market Transformation by Technology Procurement and 
Demonstration," Proceedings 0/ the ACEEE Summer Study on Energy Efficiency in 
Buildings, ACEEE, Washington, 1992. 
9 See Swisher, J.N., "Dynamics of Appliance Energy Efficiency in Sweden," Energy: the 
International Journal, vol. 19, no. 11, pp. 1131-1141, 1991. 
10 See Swisher, J.N., "Joint Implementation under the U.N. Framework Convention on 
Climate Change: Technical and Institutional Challenges," Mitigation and Adaptation 
Strategies/or Global Change, vol. 2, no. I, 1997. 
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6. Public-private Partnership Mechanisms 

Public sector groups, such as schools, municipal buildings and offices, represent an 
important potential target for energy-efficiency project development, and these 
customers are a favorite of ESCos. There also appears to be significant potential 
for increased customer aggregation in these sectors, not just for the purpose of 
bargaining with power marketers for lower energy prices (which is already 
happening in the U.S.), but to push them to add to their portfolio a greater quantity 
of clean energy technologies including energy efficiency improvements as well as 
renewable sources. 
A possible mechanism to achieve this level of influence with suppliers is 
municipalisation, in which the population of a certain area forms a separate 
"municipal utility district," which can collectively bargain for power and services, 
or even develop and finance projects of its own from public and/or private sources. 
An example of this approach would be a suburban community that leaves its 
traditional utility supplier and connects to a power source from a renovated 
generation plant on an adjacent public facility such as a university or a military 
base. 
Although this approach is being developed principally for commercial and public 
service customers, domestic customers could also participate in the newly formed 
"utility district." In this case, their market power would stem from their collective 
numbers rather than their individual size. 

7. Expanded ESCo Activities 
One mechanism that is commonly used to finance end-use efficiency projects is 
performance contracting via ESCos. This is a way for households, private 
businesses or public agencies to borrow against future energy savings to purchase 
energy-saving equipment, installation, and maintenance services. A key feature of 
performance contracting is that the ESCo guarantees a minimum level of cost 
savings during the contract term, which is enough to cover the financing costs. 

For the time being, it would appear that ESCo services represent the future of 
utility energy-efficiency investment, with "American-style" DSM rebate programs 
disappearing as retail competition arrives. However, it is unclear the degree to 
which new utility resources will be committed to energy-saving, as opposed to 
strictly peak-shifting activities. Moreover, there has been relatively little interest 
among ESCos in the domestic market, because the small loads lead to prohibitive 
transaction costs for such customers. 

In any case, there are clearly prospects for expanded ESCo activities, perhaps 
integrated together with retail utilities that sell electricity, gas and even telecoms or 
customer credit services. To the extent that the inclusion of these new services 
make domestic customers more attractive to ESCos and related entities, it will 
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support the expansion of ESCo activities. This expansion will likely be 
accompanied by the ESCos' increased financing from conventional commercial 
sources in addition to utility sources. 

Conclusions 

The global deregulation trend will create new combinations of traditional and 
emerging services to serve the domestic customer. From the variety of possible 
delivery mechanisms for energy efficiency listed above, we can see that the 
implementation of energy-efficient technology is not strictly a structural issue, 
requiring a certain type of energy regulation. Rather, it depends on the flexible 
adaptation of regulations and incentives to the market structure, and the application 
of entrepreneurial skill to exploit the available incentives, harnessing market forces 
to improve both energy and economic efficiency and making deregulation a win
win opportunity. 



Step one for market transformation: identify the actors 

Anna Engleryd, NUTEK 
Carlos Lopes, CCE 

1. A great potential for cost effective savings 

Mankind has today become acutely aware of the gravity of exhausting our natural 
resources. The basis for conditions governing our life is threatened, and the 
question of how we shall reach a long-term sustainable development becomes 
important to an ever increasing extent. Most of our environmental problems are 
related to production or consumption of energy which indicates that a lot is to be 
gained by economising with the use of energy. 

The savings potential is important in this respect. Firstly the possibilities for 
technological advances are often much greater than what is reflected on the market, 
and secondly, if we made use of the technological possibilities a great savings 
potential would lie in the dissemination of these improved products on the market. 
For example, in 1991, an average fridge/freezer in Sweden consumed about 1,5 
kWh/1 per year. At the same time it was proven that with technical improvements 
one could reach a consumption of less than 0,9 kWh/1 per year. This would mean 
that if all fridge/freezers installed in Sweden were of the latter kind 1 TWh/year 
would be saved compared to the situation that prevailed in 1991. In order to 
approach this potential a procurement of more efficient fridge/freezers, that will be 
described later, was carried out. 
The following quotation from an IPSEP report strengthens the idea that the 
potential for cost effective energy savings is significant. 

"The environmental and economic implications of current inefficient technologies 
in just this one end-use are astounding. It takes about ten huge 1000 MW coal or 
nuclear base load plants just to keep Western Europe's household refrigerators and 
freezers running. These plants belch out clouds of carbon dioxide, nitrogen oxides, 
dust, and sulphur dioxide, or accumulate dangerous radioactive waste. 
Adding economic losses to environmental injury, European consumers lose at least 
2 billion ECU each year from excessive refrigerator electricity use. Losses may 
actually be twice as high, or 4 billion ECU per year, if one takes into account that 
the extra first cost of these efficient appliances tends to be overestimated in 
engineering-economic analyses (Greening et al. 1996). ,,1 

I Krause, Olivier, Kaamey, Energy Policy in the Greenhouse, Val 2, Part 3B. 
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Different measures have been used to push the markets in desired directions and 
approach this potential. All of these measures have in one way or the other had an 
impact on the actors surrounding the product. The more voluntary the character of 
the instrument, the more important to have all the actors catch on. One instrument 
of such voluntary character is 
co-operative procurement using aggregated purchasing power to spur development 
and dissemination of energy efficient products. 

2. Co-operative procurement 
Co-operative procurement can be seen as a policy instrument used to bring more 
environmentally friendly and energy efficient products to the marketplace and help 
in their spreading on the market. The instrument seeks to transform the market into 
a consumers' market and initiate a demand pull meant to inspire manufacturers to 
answer by developing new, improved products, or make already existing products 
with good qualities more affordable to the buyers. The idea is, to under the 
management of an independent organisation like for example a governmental 
agency, bring a group of purchasers together to identify potential improvements of 
a product, and issue a specification. Manufacturers are then free to send in tenders, 
the tenders are compared and evaluated, and the selected winner is ensured a 
certain initial order. If the purchasers are big and/or influential enough they will 
encourage the manufacturers to take up the challenge and enter the competition. 

The department of energy efficiency at the Swedish National Board for Industrial 
and Technical Development has since 1988 carried through about 30 such co
operative procurements in favour of energy efficiency. Areas treated comprise 
white goods, home electronics, villas, multifamily houses, commercial buildings, 
industry and transports. Other countries with experiences of using this instrument 
are for example Finland and the Netherlands, and currently a European 
Commission study is looking into the possibility of carrying out similar actions on 
a European level. 

2.1 A whole net of actors 

There are many actors involved in the process of moving a product from 
manufacturer to end user. Depending on the market there may for example be sub 
suppliers, manufacturers, wholesalers, retailers, contractors, consultants, installers 
and service companies. All these actors make a living out of their activities. Facing 
competition they are likely to be risk adverse and do not dare to change their 
products or activities too much. Also environmental organisation, consumer 
associations and governmental bodies are present trying to pursue their specific 
interests. This implies that when trying to transform a market by using an 
instrument of voluntary character, like co-operative procurement, it is of utmost 
importance that all of these actors fully understand the process, see their role in it, 



588 

and feel that there is some benefit to be gained. Any actor can, and will, hamper the 
process if he feels his business in jeopardy. 

On a market without interventions the supplier is the party deciding which products 
to produce and in which form to produce them. He tries to anticipate the demand 
on the market and is unsure about the consumers reaction to a new product why he 
is likely to be reluctant to produce something he is not sure will be bought. This 
often leads to a suboptimal level of technical development. 
The consumers are often a diverse group facing problems in getting together to 
formulate their demands. They are often unsure about the function of a new 
product that may also be more expensive to buy. 
In between these two extremes we find a range of middlemen influencing the 
product flow and the choice of product in one way or the other. Most of them have 
as fheir overall aim to make money out of their activities, but there are also 
organisations working to achieve specific goals like for example an improved 
environmental sustainability on more of a non profit basis. 

2.2 Altered situations 

A co-operative procurement process alters the situations on the market and affects 
all actors. Sometimes in very challenging ways. The government is often the actor 
taking the initiative to implement the measure as a step towards achieving national 
environmental goals, and often acts as the co-ordinator of the process. The 
challenge for the co-ordinator is to involve the other actors on the market and make 
them work in the same direction. 
The manufacturers are asked to engage in development activities according to 
specifications set up by the normally so invisible users. The features asked for may 
constitute a huge challenge to the manufacturers and involve large costs. Further 
the changes asked for may not be in line with the company's interest or strategy. 

The purchasers are asked to co-operate and formulate their demands. They are to 
be involved in the process by showing their interest and sometimes committing 
themselves to buy large initial deliveries to create a consolidated demand-pull. 
Wholesalers and retailers are important actors to spread the product on the market. 
Their business is often built upon the idea to buy cheap and sell at a high price. 
They will now be asked to sell a new product that is also likely to be more 
expensive. Often they are attached to one or more manufacturers from which they 
get favourable conditions provided that they stay loyal. 

Consultants who also are key actors in the dissemination will be asked to 
recommend and support a new product of which they may have a limited 
knowledge and they may feel unsure about it's function. 
For some products the installers are essential if the product shall really make it to 
the market. These are often small companies working with small profit margins 
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why the worst thing that can happen to an installer is that something fails and he is 
asked to redo the job. Such a situation will most likely erase his profit. Therefore 
new products and systems can be seen as a threat to the business since the risk of 
installation problems is higher. 
If a co-operative procurement process shall be successful, all these uncertainties, 
ignorance and obstacles must be removed, and at least one of the actors must feel 
that he or she has a lot to gain and can then act as spur or engine in the process. 
The government and the environmental organisations are probably the only actors 
having a true interest in energy efficiency, while the others have to find 
complementary reasons for participation. 

3. NUTEK's procurement of fridge/freezers a 
practical example 

It was in the spring of 1990 that NUTEK arranged a co-operative procurement to 
stimulate the development and the market introduction of more environmentally
friendly fridge/freezers. The demand-side consisted of Sweden's large purchasers 
of these products, namely public- and co-operative house-owners, private housing 
companies, and insurance companies. The Swedish National Board for Consumer 
Policies and Stockholm Energy were also represented. This group formulated 
requirements for a new combined fridge/freezer which were presented to the 
manufacturers. In short these requirements were: 

I)The refrigerator/freezer must not consume more than 1,00 kWh of electricity per 
litre and year even to be judged in the competition. (Mandatory). An extra reward 
was given to those consuming less than 0,90 kWh/litre. (Desired.) 
2)Other environmental qualities were also to be judged, for example the CFC 
content.(Desired) 
3 )The environmental and energy quality of the refrigerator/freezer must be clearly 
stated through labelling so that the purchaser is able to make comparisons in the 
shop. 

These requirements were considered as tough by the manufacturers. 
The winning company was guaranteed a delivery of at least 500 units plus an extra 
reward of SEK 500 /unit if the electricity consumption was less than 0,90 kWh/litre 
and year. The purchasers should at the same time be stimulated by SEK 1000 per 
unit purchased. The requirements were announced in March, and tenders were 
accepted until the first of June 1990. 
In December 1990 the prototype of the winning product was handed over to the 
National Board for Consumer Policies and in September 1991 the first delivery 
reached the purchasers. The winning unit comes from Electrolux and consumes 
0,79 kWh electricity per litre and year. Another very advanced unit consuming 
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only 0,53 kWh was also produced. The amount of CFCs was reduced substantially 
in both of these models. 
Two other companies met the requirements of 0,90 kWh, but failed to reduce the 
content of CFCs in the units. 
The buyers' risk of getting a bad product was substantially reduced when the state, 
NUTEK, stood behind the procurement and made sure that tests were carried 
through to guarantee the performance. The risk was further reduced since grants 
were made available to the first purchasers. Given that only energy efficiency is not 
the most important feature for the user, another important incentive for the buyers 
to participate was that they were now given a chance to express their wishes also 
regarding other features of importance since not only energy efficiency is put up on 
the list of requirements. 
From the manufacturers point of view the pre-investigation of purchasers and the 
marketing and demonstration activities that surrounded the competition made it 
less risky to invest in development. 

Since this procurement was carried out on the so called professionals market, with 
professional buyers buying large quantities, the product went directly from 
manufacturer to end-user without wholesalers or retailers involved. 
The manufacturers were the actors with the largest prospect for gains in this case, 
why they can be said to have been the engine in this procurement. However, their 
motive for participating in the process might nevertheless have been another than 
the project management had in mind. Sometimes an expensive product with good 
qualities are used to stir up interest among the consumers. When later launching a 
product with a similar look but lower quality and lower price, this latter product is 
likely to be a sales success. Such marketing strategies exists on many markets, 
there among the market for white goods. This might have been the reason for the 
poor push of the winning product from the manufacturer's side after the 
competition was won. Such hidden strategies hampering the spreading of good 
products must be watched out for. 

The environmental organisations and consumer organisations present in Sweden 
played an important role in pushing for the new improved products. 

4. Possibilities for European wide actions 

Currently a SAVE study is looking into the possibility to carry out similar actions 
at European level. Nine countries, Finland, Sweden, the U.K, the Netherlands, 
Austria, Germany, France, Italy and Portugal are co-operating in the carrying out 
of the study. The overall aim is to identify the possibility to spread the best 
available of a certain product by aggregating purchasing power from the whole 
Union. Spreading in this sense means not only that the product shall be bought to a 
greater extent but that it shall also be available from more manufacturers 
throughout the Union. 
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The study is focusing on the process of procurement, but in order to do so, four 
different products/ systems have been chosen for deeper surveys, namely electric 
motors, solar systems for water heating, lighting systems for offices, and super-A 
fridge/freezers. The fridge/freezer model used as a basis in the survey has a net 
volume of at least 200 litres and a frozen food compartment of at least 50. 
Concerning energy efficiency, the fridge/freezer model has an "energy efficiency 
index" of 45 which corresponds to a "super-A" energy efficiency class. This size 
given we are looking at the same market as NUTEK did in their procurement. 

5. National actors on the European markets 

The Swedish refrigerator market can be said to be divided in two parts, the 
consumers market, where private households and small customers make their 
purchases, and the so called professionals market where the buyers are for example 
big housing companies and similar organisations buying large quantities. On the 
professionals market the product goes directly from the manufacturer to the buyer 
without middlemen, and the product often has a higher quality and a lower price 
than on the consumers market. The few actors involved in the chain and the 
existence of such natural big buyers facilitated the Swedish procurement that was 
targeted at this market. 
In a European perspective we do not find the clear division in two found on the 
Swedish market. In most countries no big natural purchasers of fridge/freezers such 
as the Swedish housing companies exists. Instead it is in most countries the tenant 
himself who has to equip his flat with white goods. This implies that the retailers 
and other middlemen have an even stronger influence on the choice of product. 
A simplified picture of the market actors in most European countries can be drawn 
as below. The actors participating directly in the product flow are found in boxes, 
and the outside actors influencing the process in circles. 



592 

END USERS 

Looking at the manufactures we fmd many multinational companies operating 
throughout Europe, often under different brand names, and offering products of 
different qualities to different markets. Large import and export flows are taking 
place between the countries and the trend of increased internationalisation is clear. 
In some countries smaller national manufacturers exist while some countries are • pure import markets. In general the manufacturers are in position to exercise 
influence over the retailers, but have poor links to the end users. 

The retailers seem to be mainly of three kinds. Most markets are dominated by big 
retail chains that are often organised in international networks, controlling a 
considerable part of the market. In most countries we also find smaller retailers 
operating more locally. The third most common way of selling refrigerators seems 
to be through mail order companies. These retailers or middlemen are very 
powerful on the market and influence to a great extent which products that are 
chosen by the customers. The overall most important criteria for choosing which 
products to promote is the profit margin. Other criteria they take into consideration 
are long term relations with specific manufacturers and importers, and in some 
cases also the product profile and brand name for those who wishes to have a 
specific image of their store or chain. 
As mentioned the buyers are in most cases individual consumers with a weak 
position on the market. Often the purchase of a new refrigerator is made in a 
pressed situation when the old one has broken down and needs to be replaced 
urgently. The by far most important criteria to the customer when choosing a 
refrigerator is the price. The often used argument that the more expensive 
refrigerator will pay itself by the lower running cost is not very attractive to the 
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individual consumer. The second most important criteria is the size/ dimension of 
the fridge, and third comes probably the brand. Energy efficiency is often not 
considered at all, and if it is, it has low priority. 
In association to this net we find different outside actors influencing the process 
like R&D organisations and consumer organisations carrying out product tests, 
often in co-operation with similar organisations in other European countries. These 
organisations promote in first place appliances with good performance in general, 
but takes also energy efficiency into consideration. The noise level is also an 
important criteria. 
Environmental organisations are also influencing the chain as does consultants. 
These actors are likely to promote energy efficiency. The former for the sake of 
improved environmental qualities, and the latter since they want to be perceived as 
future oriented and progressive. In some countries the utilities also play an 
important role since some of them promote the usage of efficient appliances. 
The European Commission exercises a strong influence on the European market 
providing guidance through for example their labelling scheme. 

All these actors need to find their role and identify their possible gains if they shall 
be interested to participate in a procurement process of energy efficient 
fridge/freezers. A single actor who does not recognise this situation may be enough 
to restrain the process. 
Roles and incentives in a possible European procurement of Fridge/freezers 
If a co-operative procurement on European level should be carried through, the 
roles and incentives for the key actors would have to be clear. From the 
investigation done by the study group the following conclusions can be drawn. 
The large manufacturers should have strong incentives to participate since the 
procurement process lowers the company's risk of developing new products and 
accelerates the market penetration of resulting good products. Most of them already 
possess the knowledge on how to improve the energy efficiency in their products, 
but needs to be enough motivated to come out with these models on the market. 
However, smaller producers operating more locally may in some countries be 
reluctant since they don't feel that they can compete with the big multinationals 
and therefore run a risk to be wiped off the market. 
Big retailers or retail chains are key actors for the dissemination of the product on 
the market. Some retailers might be willing to give the winning product a special 
place in their outlets and give it extra promotion. Incentives for such actions may 
be that the chain wants to have an image of being environmentally friendly or 
perceived as keeping up with the latest development. 

Since retailers focus in most cases is to find a fast selling product with a high profit 
margin most of them would probably not be interested to act as purchasers in the 
sense of committing themselves to buy a certain number of appliances. Further 
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most ofthem lack the storing capacities needed if they should be able to buy large 
quantities. 
To make the retailers interested in promoting energy efficient models is probably 
the best way to involve them in the process. Here rebates and promotions from for 
example the co-ordinator of the process, or utilities could play an important role to 
stimulate sales of a specific product. 
Another interesting possibility that has been discussed in France is to use a sale on 
commission system whereby the salesmen get a higher commission if they sell an 
energy efficient product. This must probably be done in co-operation with the 
manufacturer wishing to increase his sales of this specific product. 
Smaller, local retailers will probably be more difficult to involve actively in the 
process. They often have strong links to certain manufacturers and tend to be more 
careful not to break their loyalty. 

The ideas of possible participants in a European buyers group for fridge/freezers 
differ between the countries. The unit chosen for investigation by the study group 
has an average volume of 250 litres which would mean that the users mainly are 
households. Examples of suggested purchasers are in the cases where such exists 
public housing companies, and in some cases retailers have been mentioned on 
prerequisite that it corresponds to their business strategy. Other suggested buyers 
are chains of holiday cottages, elderly folks homes, associations for student 
apartments and jails. If the size of the unit was different, hotel chains and networks 
of restaurants could also be possible buyers. 
Today one of the largest barriers hampering purchases of A-rated refrigerators is 
the high purchasing price. This is however one of the targets of the procurement, to 
bring prices down by bringing up the volume. This could be a good incentive for 
especially the buyers buying large volumes to participate. If we are talking about a 
technology procurement aimed at bringing about a completely new product on the 
market, like the Swedish case discussed, a strong incentive for the buyers to 
participate is the fact that they are now in a position to put up requirements for also 
other features than energy efficiency that they find important. As we have seen, 
energy efficiency in it's own right is seldom interesting. 
Consumer associations, environmental organisations and consultants would be 
helpful actors in the dissemination process, and the European Commission could be 
a suitable co-ordinator of EU-wide actions. Probably national co-ordinators would 
also be needed. 

Conclusions 

A number of studies have demonstrated the cost effective potential for energy 
efficiency improvements that exists on the market for white goods. Further, 
practical experience at national level shows that co-operative procurement is a 
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good instrument to approach this potential. The questions now is whether this 
method also would be a useful instrument over a wider range of countries, and if 
we by aggregating purchasers from the whole union can create a demand-pull 
forceful enough to achieve a market transformation of even greater significance. 

These are among the questions that the on going SAVE study aims to answer. 
Extending the concept to take into consideration the whole European Union would 
certainly mean a strong market pull, but also new challenges. The countries in 
Europe are rather different not only in terms of climate, culture and therefore usage 
of different products, but also as we have seen in terms of market structures and the 
actors different roles and strengths on the market. 

However, the potential gains motivate efforts to overcome the obstacles. These 
obstacles are often related to the scepticism and unsureness of the different actors 
and influencing organisations on the market. Therefore, as one of the first steps 
these actors must be identified and characterised, and their roles in the procurement 
must be found. Only when they can see the actions bringing them opportunities, or 
at least not jeopardising their business, they will take part in the process. 



Retailers: a possible stepping stone for promoting 
energy efficiency in household appliances 

Michel Colombier (ICE), Sophie Attali (ICE), 
Veronique Heulard (ARE, Nord Pas de Calais) 

1. Why develop a partnership with retailers? 

The public support of energy efficiency generally targets manufacturers (support to 
R&D policies) and consumers (information campaign). This practice leaves out the 
retailers, who often have an essential role to play in promoting energy efficient 
products. But, like the other actors in the market, they need to be accompanied, i.e. 
supported and motivated. 

When a consumer buys a refrigerator, he is first looking for a service: cooling. He 
has in mind a number of criteria, some being quite imperative (refrigerators type, 
size, possibly price) - others more flexible (brand, external and internal design, 
energy efficiency, ... ). To buy this appliance, he goes to a shop which actually 
presents a very limited number of products responding to his imperative criteria. 
How, then, can the consumer compare devices, when he does not have enough 
choice? 

This leads to an up-stream reflection on the supply side of refrigerators. Since there 
is a gap between the theoretical diversity of supply coming from manufacturers and 
the limited choice proposed in French shops, the retailers' position seems 
particularly interesting. Retailers have until now been an ignored link in the market 
chain, although they influence the whole market according to their strategy (sales 
strategy, position regarding competitors, positioning, etc.) by choosing the models 
they will display in their shops and by being in direct contact with consumers at the 
very moment of the purchase. 

By understanding the retailers' strategies, one can see whether there are 
possibilities for energy efficiency in these strategies, and if a compatibility of 
interests can be found between those of the retailers (profit, rise in market shares, 
etc.) and those of the community (a more energy efficient economy). 
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2. Lessons from four different projects in France 

2.1 Four different projects 

The first project carried out in France was a pilot project in the Region Nord Pas de 
Calais. The aim was to promote the dissemination of efficient appliances, based on 
the new EU label, which was to be introduced in France for cold appliances. This 
project was carried out by the ARE Nord Pas de Calais (the Regional Energy 
Agency) for a "DSM group" composed of EDF - the national utility, Ademe - the 
French Agency for Energy and Environment Management, the Regional Authority 
of Nord Pas de Calais, and the urban communities of the cities of Lille and 
Dunkerque. This pilot project was also part of a SA VE project involving a 
comparative study with the Danish situation. 
While this project was going on, the compulsory implementation of the label and 
the fact that some retailers had expressed their will to commit themselves at the 
national level (as part of a global strategy), encouraged two other regions (Savoie 
and Charente Maritime) to set up an action programme, and EDF and Ademe to 
start an action targeting retailers at the national level in the framework of their 
1993 and 1996 agreements on DSM. 

These four projects implemented various actions as shown in Table 1. One of the 
key concepts is to propose to participating retailers the "Retailers' Charter". When 
signing it, the retailer commits himself to proposing energy efficient products, 
presenting the EU label on every product in the shop, informing the consumer, and 
training and motivating salesmen. 
If the retailer chooses such an approach, technical support is provided by 
institutional partners to analyse the proposed range of products, evaluate its 
position compared to the national average and identify possible improvements. 
This analysis makes it possible for the retailers to negotiate with their suppliers a 
new coherent range proposing energy efficient products while remaining 
competitive. 
Training salesmen is then an essential step in developing a new argumentation 
according to the new strategy and range of the shop. Participating retailers receive 
support for this action too : more or less tailored to the needs in the regional 
experiences, in kit form for the national campaign (distributed to professional 
manufacturer and retailer organisms in charge of implementing the training 
sessions). For example, training sessions in Nord Pas de Calais for the retailer 
Boulanger were elaborated with the management team and included the following 
themes: energy consumption by sector and type of energy, data on appliance 
equipment rate, electricity consumption in the housing sector, the EU label and 
how to use it, how to integrate the EU label in the sales argumentation, calculation 
of potential savings, calculation of the global cost of the product, information on 
consumption and power notions. The third support coming from institutional 
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partners is a communication campaign encouraging people to buy efficient 
products in order to save money. 

Table 1 : The four projects in France 

NORD PAS DE CHARENTE SAVOIE NATIONAL 

CALAIS MARITIME CAMPAIGN 

DATES 10/1994 -->06/1997 08/1996 --> 08/1997 09/1995 --> 12/96 11/1996 --> 
PARTICIPATING 2 important 28, mostly small 22, small shops 3400 shops 
RETAILERS retailer chains shops (39%) and big chains 

(20 shops) 
ACTIONS 

CHARTER X X X X 

WORK ON X 
RANGES 

TRAINING X (tailored to X X X (through 
retailer) retailer and 

manufacturer 
professional 
associations) 

SELLING GUIDE x x 
COMMUNICATIO X (posters, regional X (local press and X (posters, X (general 
NCAMPAIGN daily press) press conference) regional press) public 

magazines) 
ON SITE X (charter poster, X (charter poster, X (charter poster, X (charter 
COMMUNICATION advertisement advertisement advertisement poster, 

posters, leaflets and posters, leaflets and posters, leaflets advertisemen 
display equipment) display equipment) and display t posters, 

equipment, leaflets and 
animation in a display 
supermarket) equipment) 

EDF X (information 
COMMUNICATION reaching every 

household of the 
region with the 
electricity bill) 

OTHER SUPPORTS X (study on X (press release, X (relationship 
consumers' information meetings with the press) 

behaviour, press with consumers, 
conference of additional marketing 

institutional partners) tools, technical 
advice) 

QUALITATIVE X X X X (to be 
EVALUATION done) 
QUANTITATIVE X X (to be 
EVALUATION done) 

2.2 The main lessons 

1) There is a global need for information on the consumer's side 
The study carried out in Nord Pas de Calais on consumer's behaviour underlined a 
few features that guided the actions: 
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- the lack of awareness of the general public on white goods and their impact 
regarding energy ; 
- the sensitivity to financial aspects, more than environmental aspects for example; 
- the need for reassuring, coherent information, especially at the time of purchase; 
- the secondary importance of energy efficiency. 
For example, according to this data, Boulanger announced on each product its 
yearly consumption in French Francs and salesmen were trained to mention the 
cost over the life time of the product. 
For the four projects, the information was delivered both through the mass media 
campaign, and in the shops through the EU label, point-of-sale information, and 
sales argumentation. 

2) There are prerequisites to the good use of the EU label 
2.1 Retailers had a negative presumption about the EU label for several reasons: its 
compulsory character, the lack of dialogue before its implementation, some 
manufacturers' negative position and sometimes non-cooperative attitude, the 
logistic difficulties linked to sticking the labels, the risks regarding consistency 
with the range, etc. 
2.2 Retailers decide whether they want the label to be an efficient tool or not 
(depending on their strategy and the elaboration of their range). 
2.3 Salesmen have to be trained before the label is implemented otherwise, as 
evaluations of regional projects have shown, they do not understand it and 
consequently do not use it. Salesmen have to understand the label (which affords a 
better understanding of the new range) and to be convinced it is part of the shop's 
strategy. The label can then be a support for the salesman, not an action to supplant 
him (as it may be perceived). 
2.4 The attitude of retailers towards the EU label varies according to their strategy: 
• small retailers seem to have an attitude of "neutral favourable consideration" 

towards the label; 
• salesmen in bigger chains will use it if it can help to conclude a purchase, if it is 

the strategy of their shop; 
• the label will not at all be used in shops where it is in contradiction with the 

strategy or the range. 
2.5 The EU label will be best used when the range displayed is consistent with the 
energy efficiency criteria. This implies good selection and good structure of the 
range: 
- F and G products should be displayed as little as possible, A-rated products 
should be introduced, notably in order to allow a fall back on B-rated products 
(usually less expensive) ; 
- as the objective is to associate energy efficiency with the global image of a good 
product, the price hierarchy of products offering the same service should 
correspond to the energy efficiency hierarchy. 



600 

If the range is not consistent with the new criteria put forward (energy efficiency), 
the argumentation on the label will remain superficial and bring no gains, or it will 
be severely questioned by salesmen and clients. On the contrary, if it is consistent, 
selling efficient products will be easier, with the support of both the label and the 
salesman, trained and motivated by premiums for these products (see 111.2.2). 
Actually restructuring a range has a number of implications for retailers: 
• buying A, B and C products which enable retailers to remain competitive ; 
• since space is limited inside shops, efficient products will have to be sold at 

least as much as the ones they replace in the range displayed; 
• respecting basic marketing principles, and presenting to consumers brands they 

are used to, even if other brands present comparable products with better 
efficiency; 

• respecting privileged relationships with regular suppliers. 
2.6 Some retailers have underlined limits to the EU label use: 
• retailers have to rely on manufacturers information, which is not always 

provided nor exact; 
• the methodology to calculate the energy efficiency classification of products 

might not be precise enough ; 
• at least in France, even though the label is compulsory, there are no real means 

to control its effective implementation, which penalises participating retailers. 

3) Using the energy efficiency criteria influences relationships with other 
market actors 
3.1 What is the retailers' interest in participating in such experiences? 
In a context of tough competition based on low prices - which has been going on 
for some years - retailers are looking for elements to differentiate themselves on 
the market, while pulling prices up. These elements can be, for example, the 
development of quality products, or of a good after-sales service. The proposed 
argument on energy efficiency allows retailers to sell a product at a higher price 
(higher enough to really interest them) while explaining to the consumer that, in 
the end, it will be less expensive for him. The label can be used to promote the 
ranges and increase the turnover. 
This has the enormous advantage of being adaptable to different kinds of clients: 
• to the client looking for the cheapest price, the participating retailer can avoid 

the discount scheme (that would have been compulsory otherwise, in order to 
keep the client) by arguing that, with him, for the same price as the one 
proposed by competitors, there will be fewer expenses since his product is 
different (differentiation element by depreciating competitors who can make a 
discount because their products are really no good) ; 

• to the client looking for an average price, participating retailers can develop a 
selling point encouraging spending a little bit more since it will be reimbursed 
within one or two years, and emphasising that this model is not present in other 
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shops which are focusing on low prices (introduction of the pay back period 
element) ; 

• to the (rare) client willing to pay a high price anyway, the argumentation can 
encourage the purchase of a good efficient device ("please yourself') arguing 
that it will not be more expensive in the end (introduction of the global cost 
notion and the cheapest models over the life time). 

3.2 Regarding competition, retailers could find a differentiation element in these 
projects, in a context where low price was until recently the only factor for 
competition. Participating retailers from the Nord Pas de Calais expressed the 
feeling of being watched by their competitors more than of watching them. 
3.3 Regarding manufacturers, one retailer in Nord Pas de Calais was able to 
influence the production towards more energy efficient refrigerators, using of a 
special marketing support. 
From a more general point of view, it seems that manufacturers are beginning to 
change their sales presentation towards distributors by including energy efficiency 
arguments. 
3.4 Regarding consumers, the evaluation in Nord Pas de Calais showed an 
evolution in the range, followed by a coherent evolution in the sales (but not in 
the volume). 
3.5 Regarding public authorities, these four projects established a dialogue between 
institutional partners and the retailers' profession, which did not exist before. Small 
retailers were pleased that institutional partners were interested in their activity, and 
appreciated the training activity concerning the implementation of the label 
(instead of the simple issue of a regulation). Some of the more important retailers 
participating in the projects judged the public action too timid, especially the 
support regarding competitors. 

4) Energy savings for the community 
A quantitative evaluation is now going on for the Nord Pas de Calais project, based 
on Boulanger activities. The following results are based on the four main types of 
white goods (type I : larder refrigerator, type 7: fridge freezer, type 8: upright 
freezer, type 9: chest freezer). Even though all the figures have not yet been 
validated, the evaluation already shows that: 
• Compared to the products sold by Boulanger (all over France) between June 94 

and June 95, the ones sold between June 95 and June 96 (year of the campaign), 
induced a yearly energy saving of 1 733 MWh, i.e. a reduction of 6.5 % of 
electricity consumed compared to the preceding period. These figures concern 
the first year of the campaign, in a competitive environment where Boulanger 
was the only retailer to change the range displayed, to raise prices, etc. 

• The over investment supported by consumers reaches 618 000 FF, which 
represents 0.4% of the turnover for the reference period. 

• The net benefit of the programme, including its cost, over 10 years, with a 
discount rate of 8 %, is 7.57 MFF. 
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• The cost of the saved kWh is on average 0.063 FF. This low figure can be 
partly explained by the fact that, especially for the type 7 fridges, a first 
restructuring of ranges by eliminating the least efficient and still expensive 
models allowed an improvement of the situation at low cost. It was more 
difficult for freezers, for which a selling point had already been developed to 
distinguish between normal and super-insulated models. For these products, a 
rise in the sale of efficient devices was accompanied by a rise in the average 
price. However, for types 8 and 9, the cost of a saved kWh is respectively 0.591 
and 0.524 FF (the average domestic price of the kWh, excluding subscription 
but including taxes, is 0.70 FF). 

3. Public support of retailers: implications 

3.1 Knowing the partners and adapting to their specific needs 

For the public bodies in charge of energy efficiency programmes, working with 
retailers implies learning on the retailing profession. The time frame issue seems to 
be particularly important, as some retailers complained about the relative slowness 
on the administrative side. (Special attention has also to be given to the timing of 
the design of the range, the selling peak, etc.). However, the time gap in decision 
making between private and public actors - which is different from administrative 
slowness - seems unavoidable, but must be taken into consideration. One difficulty 
lies in the fact that an industrial operator needs three minutes to make a decision 
and implement it where public partners might need a little bit more time. On the 
other hand, it seems normal for public money coming from a local authority and 
going to a private operator for training activities for example, to be 
(democratically) controlled at some point. 

There also seems to be a need for synergy between all the parties involved in a 
project for the promotion of efficient households appliances : retailers are the 
interface with consumers, therefore, institutional and general public 
communication should be consistent with the commercial communication provided 
for by retailers in their shops. 

As there are different types of retailers, they have different interests and strategies 
which have to be understood in order to find compatibility of interests when 
elaborating a project with them. The goal of an energy efficiency programme in 
this field is not to force the retailer to change his job and tum into an energy 
efficiency pilgrim, but to find an "anchorage point" in his respective strategy. 
The example of accompaniment measures for the EU label has shown that, 
according to their size, their strategy and their relationships with purchasing 
groups, wholesalers and manufacturers, retailers will not have the same needs. The 
Public support should be adapted to each scenario. For example: 
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• Large retailers' chains seem to be interested in the support they can get from 
institutional partners on the design of a range compatible with energy 
efficiency. Energy efficiency is not a selling point and generally does not 
appear in technical leaflets used by retailers to negotiate a selection of products 
with suppliers (though this is beginning to change). Even though energy 
efficiency has a cost for a manufacturer, it does not necessarily appear in the 
price, since there is no attention given to this criteria on the market. This leaves 
room for rather inefficient and expensive products. Therefore, the relation price 
/ energy efficiency is not automatic (even if not completely random: the same 
F and G-rated kind of products can have very different prices, whereas there is 
no low price for A and B rated products). This is where work has to be done, to 
establish this relation as much as possible. 

• Such an approach is not adapted to small retailers. For small retailers 
representing one brand, support on range elaboration has limited interest. 
However, in some cases, the products proposed by a brand vary from one 
country to another: a project could aim at providing even simple information to 
suppliers and importers on technical characteristics of appliances, cost, the 
label, etc. 
For other small retailers, purchasing groups often have a decisive influence, 
since they elaborate the range for small shops, and are the providers for 
information : professional visits, technical training, newsletters, catalogues ... 
New actions could be developed for these specific actors. 

• Even the training sessions, which were appreciated by all types of retailers, 
have to be tailored to their specific needs. For the large chains, training has to 
be worked out through discussion with each of them since it depends of their 
strategy. 

3.2 Public authorities and judicious support of the market 

The four French projects involving retailers showed it is possible to act on the 
market in partnership with market operators, at relatively low costs. 

3.2.1 They first revealed the interest retailers may find in such projects. They can 
be active intermediaries on the market, instead of reluctantly being subjected to 
imposed regulations and market evolution. 

3.2.2 If retailers become interested in participating in such projects, they will be 
eager partners, giving to public authorities elements for negotiation : the leverage 
has to be mutual. 
According to their characteristics, retailers will eagerly ask for different kinds of 
support: good training sessions tailored to their strategy, advice on how to improve 
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relationships with their suppliers, support for creating a database for the 
management of the range, support for the purchase team, communication tools, etc. 
The system's regulation is based on the market, and not on an administrative body 
mandated to control the effective fulfilment of commitments: participating retailers 
are taking the risk of being publicly denounced (by consumer associations or one 
of the public partners for example) if they do not fulfil their commitments, in a 
context where public authorities clearly announce the nature of these commitments 
and massively support participating retailers. 

Public authorities commit themselves to supply this support only on condition that 
energy efficiency be a key element in the retailers' strategy. Salesmen should be 
encouraged to promote efficient products (the French selling system authorises sale 
on commissions: the salesman gets a higher commission - which comes in addition 
to his salary - if he sells "strategic" products for the shop; in the case of 
participating retailers, these products should be as much as possible energy 
efficiency products). Likewise, information given to the consumers should be of 
effective quality, etc. 
Conversely, public authority needs to act with the same rigour : the guarantee and 
backing it brings to retailers and the quality of its public announcement have to be 
strong and continuous. Continuity of actions with private sector partners is a 
prerequisite to credibility. 

3.2.3 The main interest of the regional projects lies in the differentiation they 
introduced on the market. There was on the one hand public authorities explicitly 
publicising a collective value, energy efficiency, and on the other hand, retailers 
committing themselves on a unilateral basis. 
This allowed a differentiation on the market between retailers signing the Charter 
and the others, while all of them were invited to participate. 
Only this differentiation can start a competition on the energy efficiency criteria, 
ensuring that, eventually, all retailers will have to follow. 

However, out of concern for equity and in order to be fair to every retailer and 
avoid any discrimination (even positive) that would disturb the market and the 
normal rules for competition, the concept of the project was changed: inviting all 
retailers to participate with the expectation that not everyone would strongly 
commit themselves (in order to create differentiation) is no longer the main focus. 
Public authorities, by aiming at bringing together the greatest number of retailers 
but with a less demanding approach, have opted for compromise and may have less 
bargaining power. This may not lead to sufficient differentiation and therefore 
competition between participating and non-participating retailers. Retailers may not 
be motivated enough to produce real efforts since they will not have to fear 
sanctions on the part of the market if they do not fulfil their commitments. 
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It is of course not easy to set up an action on the national level which is to be 
implemented in thousands of shops across the country. This, along with the budget 
issue, explains why the training sessions were lighter than for the regional projects 
and why working on ranges with each retailer was not envisaged. 
Despite these difficulties, the national campaign represents a definite step forward: 
through the communication campaign targeting the general public, which requires 
considerable financial means in order to appear in the most important magazines, it 
participates in the development of a new attitude in France in favour of a more 
energy efficient economy. 



Climate change and appliance efficiency 

Gianni Silvestrini 
Scientific and Technical Commission of the Italian Ministry of Environment 

The climate change issue is more an more conditioning the energy strategies of 
industrialized countries. 
According to the agreements reached by the European Ministries of Environment, 
Italy should reduce the greenhouse gases emission in the year 20 I 0 by 7% 
compared with the 1990 level. 
The Ministry of Environment has prepared, with the cooperation of the other 
Ministries involved, a National Communication on climate change that presents all 
the actions that could permit to achieve this target. 
One of the sectors considered in this report is the increase of the efficiency in the 
use of electricity. 
The 1996 electric demand (including losses) has been 262 TWh, while 365 TWh 
have been forecasted by the national utility for the year 2010. 
According to a study prepared for the Italian ministry of Environment by the 
Californian Institute Ipsep, the potential achievable by the year 2010 has been 
estimated between 40 and 50 TWh/y according to the strength of the policies that 
will be activated. 
The higher electricity saving reduction would then reduce the electricity 1996-2010 
growth from 39% to 20%, while the increase in efficiency would represent a 14% 
reduction of the 2010 demand considered in the reference scenario. 
According to the Ipsep study, the technical net saving potential of the appliances 
(including lighting) in 2010 is 64 TWh. A third of this potential (21 TWh/y) could 
be implemented with an aggressive policy. 
An economic evaluation has been made considering also the space and 
conditioning penalty, the programs administration costs and the transmission and 
distribution credits. 
The results presented in tab. 1 show the average costs for the electricity savings in 
different sectors. 

Tab. 1 Cost of conserved electricity by end-use and sector (lire/kWh) 
Water heating Lighting Appliances 

Domestic 34 84 95 
Commercial 63 23 86 

Considering that the average production cost is in the order of 70-90 lire/kWh, it is 
clear the interest in the achievement of the energy efficiency improvements. 
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Till now, however, there has been little government effort in this direction (except 
in the information area). 
Given the necessity of achieving the ambitious carbon reduction targets in 
discussion, and considering the economic benefits of a correct energy saving 
strategy in this field, a more active approach will be promoted. 
For this reason, the Italian Government is considering different policy actions that 
will permit to activate these demand-side resources. 
A discussion with the appliances industries is going on in order to evaluate the best 
policies that could lead to an increase in the efficiency of the products and an 
encouragement of the diffusion of appliances with higher energy performances. 
After the Kyoto Conference of the Parties on Climate Change, in order to 
contribute to reduce the carbon emissions and increase the efficiency of the 
electricity use a set of measures to encourage the improvement of the appliances 
efficiency sold in the Italian market will be introduced. 



Conclusions and Recommendations 

Dario Chello 
Italian Ministry of Industry and Trade 

The fascinating and useful discussions of the last three days here in Florence 
highlighted the fact that rational energy consumption, in the field of household 
appliances, can be seen as a multi-purpose instrument of energy policy. Rational 
energy consumption is a virtual source of primary energy, and as such, can be 
included in the mix of fuels and be considered at the same level as the other 
sources meeting electricity demand. In particular, it can be compared to the 
demand side management techniques. 
Moreover, rational energy consumption has an important role in reducing the 
carbon dioxide emissions produced by fossil fuels. 

It can be put into practice trough the energy labelling, that is to say through 
agreements made with the industries belonging to this branch or through more 
coercive measures consisting in bringing industries to comply with the minimum 
energy efficiency requirements. In both cases the rational energy consumption 
proves competitive, which has considerable effects on international trades and on 
the introduction of the products on the upcoming markets. 
Furthermore, rational energy consumption allowes consumers to receive more 
detailed information concerning both the peculiar performances of household 
appliances and energy consumption; in this way consumer associations would have 
a new and effective instrument to control and stimulate the industries belonging to 
this branch and they would help consumers to choose according to advantage and 
environmental friendliness. 

To end with, we could say that rational energy consumption can lead to update the 
measurements regulations used for check tests in specialised laboratories. 

Rational energy consumption is an important instrument of energy policy and, 
more generally, of industrial policy, especially for those who, like us, aim at 
protecting and fostering the competitiveness of the national industrial system. This 
instrument is needed to ensure that distributed energy meets demand and that 
therefore the industrial economic system remains competitive on a global scale. If, 
in the future, Italian Industrial system should be held responsible for the increase in 
the level of carbon dioxide in the atmosphere (even a slight increase, compared to 
the level at the beginning of this century), we would continue to use energy 
rationally, in order to reach the aims of our policy. 
On the other hand, we have to take cognizance that the horizontality of energy 
policy is today less visible, because of the particular situation of prices and 
availability of fossil fuels and also because of the weakness of the EEC steps in this 
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field; as a matter of fact, regulations on a treaty base are still missing and national 
interests are often prevailing. 
During the Conference of the representatives of EU Member States, in May, Italy 
suggested to add a new Title to the Establishing Treaty of the EU, which was by 
then being revised. However the proposal remained unfulfilled, though some 
countries, and the Commission in particular, found it worth noticing. 
Anyway we must consider that Europe is facing a new shock caused by the electric 
and natural gas inner market created trough the EEC directive 96/92, which is at its 
very early stages in different countries national legislations, and through the gas 
directive. The latter will be discussed on December 8th by the Council of Ministry 
of Energy. The drawbacks related to this inner market, will show up slowly, if 
compared to those following the oil shocks; even though they will change the 
energy sector deeply; these changes will also affect significantly the relations 
between the administrations in charge of the energy sector and those people 
operating on the market, and will also affect consumers' interests. 
On the other hand the character of horizontality of environmental policy becomes 
more and more evident, thanks to the phenomenon of climate changes and to a 
sound EU initiative supported by a treaty. 
A horizontal policy involves both those taking decisions and citizens and at the 
same time it makes decisions hard to be taken. This happens because agreements 
between the different parts are needed and because agreements must necessarily be 
taken through negotiations; avoiding these negotiations would therefore be 
impossible. 
This does not necessarily mean slow operating times, especially considering that 
previous negotiations make things simpler as far as time of intervention and 
agreements among the parts are concerned. This is exactly what happens to the 
rational energy consumption for household appliances. This policy must have the 
characteristics mentioned above especially if we want to prevent only an elite of 
consumers with high income from benefiting from it and if we want the national 
and European industrial systems to share their commitment to an environmental 
friendly behaviour. 



Closing Speech 

Paolo Bertoldi 

First of all I would like to thank you for your endurance for three very long and 
dense days but I feel it was worth. Thanks also to the local organizers and to all 
the sponsors. 

We started with the political message and I would like to go back to that and in 
particular to the clear message delivered by Mrs. Angele Eagle. There is an 
urgency to reduce CO2 emissions and to move without delay towards a sustainable 
model for our society and for its energy use. Whatever will be the agreement 
reached in Kyoto, energy efficiency will be a key element, nobody in this 
conference has questioned the need and the great potential for white goods, home 
electronics and lighting. Kyoto will look for savings which are certain, quick and 
cheap. Appliances are good in all three respects relative to transport and housing. 

There is a clear market failure in investments in energy efficiency, let's think about 
CFL lamp. We have heard in details how to address this market failure mainly 
through policies (standards, labelling, voluntary agreements, DSM, etc.) and how 
to make them more effective (for example through methodologies to measure the 
real consumption) in terms of energy savings and cost/effectiveness and we have 
demonstrated that the associated energy savings are profitable. Mr. Caccia 
Dominioni in his opening speech launched an appeal for two actions, i.e. for a full 
collaboration with all the "actors" and for a well defined plan to promote energy 
efficiency in appliances. 
We have heard in the conference that we made great progress in the dialogue with 
manufacturers both in the EU and in the US. We have also discussed about a more 
active engagement by utilities and about energy services, a new market for utilities. 
Some of them are already introducing these energy services although at a too low 
pace. 

We have, as policy makers, an obligation to guarantee that market transformation 
happens as this fulfills all three criteria ofEU energy policy, as Mr Chello just said, 
and for this, we need a clear framework policy with clear efficiency targets for 
domestic appliances based on the Life Cycle Cost analysis. This is essential, then 
we can choose the best and more cost effective policy instruments to achieve the 
targets. Although, I personally believe that minimum efficiency standards or an 
equivalent negotiated agreement are the cheapest option in terms of 
implementation costs and, more important, that it will guarantee that technology 
itself takes care of delivering the savings, without relying on consumer behaviour. 
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Another important issue raised is international co-operation and the Commission is 
very interested on this issue. First, it is important to exchange expertise, share 
analysis and information on policy programs : this was one of the main purpose of 
this conference. And I believe that on this issue the conference has been very 
successful. 

Let me remind that we have been for three days here in Florence, a city where a 
new vision of the world was invented in the 15th century by the 
humanism/renaissance movement. I hope that this conference can contribute to 
create a new sustainable vision of a world and a new "age" for energy efficiency. 

Let me conclude with a sentences suggested by a friend, which I fully share: 
"We can see that more efficient products will save money and the environment. 
We know that our current success is still modest. We must recognize that anything 
less than 100 % success compromises the future of our children, their children and 
their children's children. Given these facts, we must decide that failure is 
unacceptable" . 



Households: A New IT Market 

Giovanni Chiabrando 
Intel 
Technical Marketing Manager for Southern Europe 

Intel will outline what the future of the PC in the home looks like. There are two 
distinct uses in which the PC will be deployed in homes in the future: one is as a 
home office and the second is for family entertainment. 

As a home office the PC affords personal communication, creativity and 
productivity. As a family PC, it allows group communication, entertainment 
experience and family productivity and creativity. In households in the future 
ProShare conferencing, the Connected PC and PC Theatre will no longer be 
novelties but necessities and computers will be deployed to manage everything 
from the contents of your pantry to the alarm and central heating systems in your 
home. 
The PC is tomorrow's -must have- technology much like a phone or car is viewed 
today. 

Entertaining PC, "centre of edutainment" will focus learning and entertainment. I 
t will integrate advance 3d and video capabilities, advanced peripherals, DVD 
ROM and Movie Playback 

PC Theatre will focus the best way to experience audio and video entertainment, 
cinema, telephony and games. 

The Creativity PC will include the best way for consumers to create and share 
photos and videos and also a rich capability to manipulate pictures. A home video 
studio, photo printer and removable mass storage 

Key message: PC technology will make consumers' lives easier and safer while 
also creating new possibilities for family recreation and communication. 



New CustomerlUtility Services and Communication 
Media 

Richard Fonnby 
EA Technology 

Improved management of customer energy use can result in overall reduced 
demand and energy consumption. the application among customers of energy 
management services can be greatly improved if increased communication between 
customers and energy suppliers is developed at acceptable cost. In order to obtain 
these acceptable costs at the present time, many different functions have to share 
communications and infrastructure. 

Utilities a providing additional services that may include remote metering and end 
of use energy consumption infonnation on an itemised basis, planned and 
unplanned supply interruption details as well as infonnation on supply quality. 

Communications media presently being considered for the most critical link in the 
chain in tenns of cost justification, that immediately connected to customers, are 
low power radio, mains borne LV network signalling and local telephone exchange 
lines. 

Evolution and migration of customer/utility function to high speed networks will 
take place as they become available at a competitive cost in the future. 

Modelling of infonnation flows, based on providing different customer and 
supplier services scenarios and mapping of those flows for each communication 
medium in different geographic environment has been carried out. The cost of 
technically viable solutions have also been quantified. 

The development of a limited functionality, low cost gateway is a critical element 
to link together communication systems inside and outside home. 
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CustomerlUtility Functions 

Function Residential Commercial Industrial 
Current Future Current Future Current Future 

AMR 
Electricity v v v 
Fraud Control 
Revenue Forecast 
Gas v v v 
Water v 
Heat 

Customer Service 
Automated Payment 
Prepayment 
Account Status 
Disconnection 
Itemised Billing v v v 
Supply Quality v v 

Tariff Management 
Meter Rate Switching v v 
Price information v v v 
Dynamic Pricing 

Load control 
Load Switching v v v 
Interruptable Tariffs v 
Load Shedding 
Intelligent Controllers 
Fuel Switching 
Load Profiling v v 



Home Electronic Systems 

Hans-Paul Siderius, van Holsteijn en Kemna 

Abstract 

Based on the situation in the Netherlands, threats and opportunities of Home 
Electronics Systems (HES) for household electricity consumption have been 
analysed. In principle a HES offers possibilities for energy savings. The most 
favourable situation for energy savings is in new (not yet built) houses, where no 
extra appliances are needed to realise the desired applications. Main functional area 
with regard to energy savings would be the optimisation of the indoor climate. The 
energy consumption of a HES could amount to 1000 kWh per year, if existing 
components are used. The largest part of this consumption is needed for the power 
supply of the HES and the (extra) appliances that are needed to realise certain 
applications. Savings are possible; a first estimate indicates a potential of 35 %. 

1. Introduction 

For several years or maybe even decades, Home Electronic Systems (HES) or 
Domotique is the promise for a better home to live in. The coffee is ready when 
you wake up, the doorbell rings and you can see who is at the door on TV, 
appliances which need repair call the service centre by themselves, and thieves will 
be deterred by the burglar alarm and video surveillance. 
However, the market introduction and penetration of HES are in contrast with the 
numerous applications described in brochures of manufacturers. Of course, several 
pilot projects have been realised, but a large scale introduction of HES in important 
European markets has not been realised (yet). 
Several, dependent reasons can be indicated: 
• prices of HES are high 
• no single, world-wide standard for a homebus exists 
• there is no "killer" application for HES 
• to realise HES (on a large scale) several groups with conflicting interests have 
to be involved 

In advance it is not clear what the impacts of HES are on household electricity 
consumption. Energy management and energy conservation are frequently 
mentioned as positive aspects of a HES. However, the first selling points are 
comfort, convenience and security. HES applications often need - besides the 
system itself - additional appliances, and it is unknown from an energy point of 
view if and in which situations this extra consumption is outweighed by savings. 
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Therefore, Van Holsteijn en Kemna BV carried out a study for NOVEM, the Dutch 
Agency for energy and the environment, on the threats and opportunities of HES 
for household electricity consumption. In this lecture the main points of this study 
will be highlighted. 
First, in the next section, a description of a HES is given and functional areas, 
applications and components are indicated. Section 3 gives an overview of the 
analysis and the results. Finally section 4 contains the conclusions of the study. 
Although the study was based on the situation in the Netherlands, the general line 
of the results are also interesting for other countries. 

2. HES: definition, functional areas and components 

HES: a definition 
What is a HES? One can probably find as many definitions as authors writing on 
the subject. According to the "Domotica Platform Nederland" (Dutch HES 
Platform) a HES contains all appliances and infrastructures in and around homes, 
which use electronic data for measurement, programming and control of functions 
for occupants or service providers in the home. 

Some important aspects of this definition will be explained below: 
• appliances: applications of a HES will be carried out by (electrical) appliances. 
• infrastructures: the infrastructure (hardware and software) is needed for 

communication between appliances in the home and communication with the 
world outside the home. 

• measurement, programming and control: these are the internal operations of a 
HES to realise the functions for the occupant. 

• functions (applications): finally, this is what it's all about, functionality for the 
user. 

Functional areas 
In general the function of a HES is often described as improving the welfare of the 
occupant. However, this description is too general for analysis. Therefore, the 
following functional areas have been defined for analysis; see table 1. which also 
includes some applications for each functional area. 
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Table l.Functional areas and applications of a HES 

Functional area Application 

Lighting Occupancy sensors 

Functional lighting 

Security lighting 

Security Burglar alarm 

Accident detection (social 

alarm) 

Fire alarm 

Video surveillance 

Indoor climate Heating, cooling 

Ventilation 

Sunlight control 

Entertainment and communication Audio/video network 

Telebanking 

Teleshopping 

Teleworking 

Control (Home management) Energy management 

Telemetering 

Control of large household 

appliances 

Operation of HES 

Looking at the applications in table I. it can be noted that these applications can 
also be realised without a HES. Therefore the synergy of realising these 
applications within a HES, is the linking of applications through the infrastructure 
of a HES. Furthennore, the function fulfilment of appliances in a HES is larger 
because the function fulfilment can be programmed, i.e. actions can be displaced in 
time and actions can be tied to certain conditions. A well-known example of 
programming is the setting of room temperatures for a central heating system by 

the user, e.g. 20 °c in the living room at 8.00 am on workdays, but at 10.00 am 
during weekends. An example of an action that is tied to certain conditions is: if the 
doorbell rings, decrease the sound volume of the TV and show on the screen who 
is at the door. 

Parts of a RES 
In general the following parts of a HES can be distinguished: 

10 (input/output): actuators, sensors and user interfaces 
communication network or bus: hardware and software 
control, co-ordination and power supply 

The communication network (bus) is a very important part of a HES, because it 
also has impact on how other components can operate. Although the work towards 
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a single standard for a (home )bus is in progress, still several bus systems exist that 
are not (100 %) compatible. 

3. Analysis and results 
Levels of analysis and basic assumptions 
The impact of a HES on energy consumption can be analysed on 3 different levels: 
• the energy consumption of the HES 
• the impact ofHES on energy consumption of applications in the home 
• the impact of HES on energy consumption in general by moving applications to 
the home that used to take place outside the home, e.g. teleshopping and 
teleworking 
On each level analysing the impact becomes more difficult. The energy 
consumption of a HES can be assessed by studying manufacturers' brochures, 
literature and measurements. 
The analysis of the impact on applications in the home is already somewhat more 
difficult. Which reference is used to calculate savings? Which are the indirect 
impacts? Will an application lead to an increase or decrease of the frequency of 
use? 
The third level of analysis requires even more assumptions, among which 
assumptions about behaviour of actors outside the home. E.g. teleworking requires 
changes in the structure, procedure and culture of organisations. 
In the study only the first and second level have been assessed. 
In analysing the impacts of HES on household energy consumption, the following 
basic assumptions have been made: 
• the analysis is carried out for an "average" Dutch household, and not for specific 
target groups, e.g. disabled or elder people 
• the analysis is carried out for a standard (newly built) house with a gas fired 
central heating system and mechanical ventilation 
• savings are determined by comparing with the energy consumption of appliances 
with average energy efficiency 
• introduction of HES does not have effects on frequency of use 
• cost effectiveness of savings is not taken into account 
Furthermore, a basic set is defined of components which are used for all 
applications. This basic set consists of: 
• power supply (230 V AC to IS or 24 V DC; efficiency SO %) 
• modem 
• control unit 
• central user interface 
• homebus 
Energy consumption of a HES can be calculated as follows: 

EHES = EHES, basic set + iEHES, applications 
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EHES, applications energy consumption of HES components dedicated to an 

application [kWh/yr] 

Savings are calculated as follows: 

E = Eapplication - Eapplication with HES 

where E savings [kWh/yr] 

Eapplication energy consumption of application without HES (based on appliances 

with average efficiency level) [kWh/yr] 

Eapplication with HES energy consumption of application with HES [kWh/yr] 

Results 
For each application in table 1. the savings were estimated or calculated. For some 
applications a range of savings is given. 

The energy consumption of the HES was based on data from manufacturers for 
components that are already on the market. A reduction of about 35 % can be 
achieved if a HES with more efficient components is used, Le.: 
• a power supply with an increased efficiency (75 %) 
• components that are 33 % more efficient 
• a more efficient central heating control 

Table 2 displays the results in more detail. 
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Table 2. Results of analysis 
Functional area Consumption [kWh/year] Savings [kWh/year] 
Application 

per application per functional per application per functional 
area area 

present Improv present Improv min max min max 

Basic set 201 71 n.a. n.a. 
Lighting 32 22 39 64 

Occupancy 18 12 13 38 
sensors 
Functional 9 6 0 0 
lighting 
Security lighting 5 4 26 26 
Security, safety 82 56 0 0 
Burglar alarm 8 6 0 0 
Fire alarm 12 8 0 0 
Social alarm 4 3 7 7 
Video 53 35 0 0 
surveillance 
Monitoring of 5 4 0 0 
large appliances 
Indoor climate 361 287 451 902 
Heating 340 273 451 902 
Ventilation 18 12 0 0 
Sunlight control 3 2 0 0 
Entertainment 273 183 0 ? 
and 
communication 
Audio/video 103 69 0 0 
network 
Teleshopping 4 3 0 71 

Telebanking 4 3 0 7 
Teleworking 162 108 0 72 

Control (Home 61 45 0 160 
management) 
Energy 61 45 0 160 

management3 

Telemetring - - 0 0 
Control oflarge - - 0 0 
appliances 
Operation of HES - - n.a. n.a. 
TOTAL 1010 665 490 1126 
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Present: consumption with available components 
Improved: estimation of consumption with more efficient power supply, 
components and central heating control 
- consumption already verbruik al in andere toepassingen verwerkt 

1 according to ERM (1994), in thoery, a reduction of 50 % on energy 
consumption for transportation is possible 

2 indicative estimation savings telework 2150 kWh/jaar (calculation 
Thermieproject Haarlemmermeer 1992- 1996) 

3 application of HES for electricity generation in the home (e.g. photovoltaics) 
not included. 

Conclusions 

The results lead to the following conclusions. 

• In principle a HES offers possibilities for energy savings. A distinction can be 
made between applications for which: 

both energy consumption and savings are realised in the home, e.g. lighting, 
indoor climate 

the consumption is in the home, but the savings are realised in other sectors 
(transport, offices), e.g. teleshopping and teleworking 

The most favourable situation for energy savings is in new (not yet built) 
houses, where no extra appliances are needed to realise the desired applications. 
Main functional area with regard to energy savings would be the optimisation of 
the indoor climate. However, as other measures, e.g. insulation, already decreased 
energy consumption, it is harder to realise (further) savings with a HES. 
Existing housing stock seems to offer low savings potential without fundamental 
changes to the home. 

• Savings are difficult to determine because: 
- there is a lack of data, e.g. on user behaviour 
- indirect effects (will people change the frequency of use of appliances) are 
unknown 
- savings depend on a large number of aspects that are not directly related to the 
HES in the home 

• The energy consumption of a HES could amount to 1000 kWh per year, if 
existing components are used. The largest part of this consumption is needed for 
the power supply of the HES and the (extra) appliances that are needed to realise 
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certain applications. Savings are possible; a first estimate indicates a potential of 35 
%. 
Furthermore the study lists the following recommendations: 

It is recommended that attention is paid to energy efficiency of power supply 
units. 

• Manufacturers could give more standardised information on the energy 
consumption of components and systems. 

• Data is needed on user behaviour and habits with regard to HES in practice. 

• More insight is needed into the cost-effectiveness of HES applications for energy 
savings, compared to other measures. 
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Introduction 

Many items in homes (and businesses) actually consume electricity when they are 
thought to be "off." You can verify this in your own home by touching the wall 
transformer for your cordless telephone, hand-held vacuum, or portable drill -- it's 
warm. Or by observing the LED clock display on your microwave, TV, VCR, or 
audio system. The electricity consumed by a device when it is "switched off and 
not performing its primary function" is known as leaking electricity. The average 
American household leaks an estimated 50 watts of power constantly (Rainer et al. 
1996). This amounts to nearly 450 kilowatt-hours (kWh) per household (i.e., about 
$40 per year) -- two-thirds of the energy consumed by a new refrigerator. This 
leaking electricity costs American consumers $3 billion annually. 

Leaking electricity arises from several sources: (i) components that provide a small 
service, auxiliary to the product's primary function, such as powering a small 
display for a clock, or charging a battery; (ii) components for products that are 
always ready to be activated, such as remote control or other sensors (e.g., for 
telephone signal detection); and (iii) components that simply waste energy, where 
power may be supplied to a transformer or integrated circuit that provides no useful 
function when the device is turned "off' (Rainer et al. 1996). In all cases, 
significant off-mode power reductions are achievable through the application of 
more efficient power supplies, smarter batteries, and improved integrated circuitry. 

Over the past year, with the support of the U.S. Environmental Protection Agency 
(U.S. EPA), our understanding of leaking electricity has increased considerably as 
a result of the work of ACEEE, the Florida Solar Energy Center (FSEC), Lawrence 
Berkeley National Laboratory (LBNL), and Synertech Systems Incorporated (SSI). 
In the policy arena, the U.S. EPA has worked successfully with the TV and VCR 
industry to negotiate an agreement on an Energy Star labeling program for these 
products. This program is expected to be launched in January 1998. 

The remainder of this paper is divided into three sections: 
• Improving Our Estimates of Leaking Electricity provides estimates of the 
magnitude ofleaking electricity from a range of U.S. household items; 
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• Alternative Design Options discusses a range of solutions to address the various 
sources of leaking electricity as well as their potential energy savings and market 
status; and 

• Identifying Program and Policy Options presents an overview of the policy tools 
that are available to address leaking electricity, some of the actions that are 
currently being taken in the U.S., and options for the future. 

1. Improving Our Estimates of Leaking Electricity 

Past data on leaking electricity in the U.S. has been derived largely from studies of 
a few households. Over the past year, several efforts have contributed to a greater 
understanding of the magnitude of leaking electricity in U.S. homes. First, ACEEE, 
working with the Florida Solar Energy Center (FSEC), has collected data on 
standby power consumption in TVs and VCRs as well as a range of other 
miscellaneous consumption products including digital satellite systems (DSS), 
portable audio systems, portable personal care products, home security systems, 
cordless hand-held vacuum cleaners and power tools. This effort represents a larger 
number of measurements of similar products than has been recorded in the U.S. in 
the past and includes measurements of some devices for which little data was 
previously available (e.g., DSS). 

Second, a team at the Lawrence Berkeley National Laboratory (LBNL) has 
collected new data on cable boxes and several types of audio equipment. This team 
also has developed and implemented a comprehensive model of baseline U.S. 
miscellaneous electricity use (active plus standby) (Sanchez 1997a). The model 
tracks energy use for many miscellaneous end use categories over a 35 year period 
using historic shipment data and a consistent stock accounting framework. Future 
work relying on a similar methodology will assess the technical potential for 
efficiency improvements in miscellaneous end uses (Sanchez 1997b). 

Because a more sophisticated model of the technical potential is not currently 
available, we relied on equipment saturation and usage data, together with 
available data on leaking electricity from household items to estimate total leaking 
electricity in the U.S. Recent data collected by FSEC and LBNL, as well as 
information from the literature, including articles from the ACEEE Summer Study 
Proceedings and the journal Home Energy were the basis of per unit standby power 
estimates (Lamb 1996; Meier 1993; Rainer et al 1996). Where U.S. data was 
unavailable, data from studies performed by the European Union and The Open 
University (UK) were used (European Union 1997; Herring 1997). Equipment 
saturation and usage data as well as shipment data were compiled from several 
sources, including Appliance and Home Energy magazines, and the Television and 
Cable Factbook (1997). 
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Based on this analysis and the available data, leaking electricity in the U.S. 
amounts to 35 TWh per year, or roughly 358 kWh per household.] Earlier studies 
report similar conclusions -- approximately 450 kWh per household or 45 TWh per 
year in the U.S (Rainer et al. 1996). And a recent estimate by LBNL suggests a 
total leaking electricity of 47 TWh (Sanchez 1997b). Table 1 below lists the 
products considered in our analysis that contribute to leaking electricity, with those 
that account for the greatest share of leaking electricity listed first. Our analysis is 
somewhat limited by available data and thus, the estimate of total leaking 
electricity should be viewed as a starting point for understanding the magnitude of 
different contributors to the total. Considerable work is still needed to refine these 
estimates. Also, some product categories, such as home office equipment, which 
we anticipate contributing a significant and increasing share of household leaking 
electricity, are not included in this analysis, but will be added to future revisions. 
Information on leaking electricity and current market trends for each of the main 
product categories presented in Table 1 are summarized below. 

1.1 Television and Video Equipment 

As a product category, television (TV) and video equipment is the greatest 
contributor to leaking electricity. Color TVs emerge from this analysis as the 
greatest waster of electricity, leaking 5.87 TWh annually. Per unit loss for TVs 
averages 4.31 watts. While this may not seem large on a per-unit basis, TVs are by 
far the most widely-owned single item in the analysis (approximately 186 million 
are in place in the U.S.), and thus 

IOther equipment contribute to total standby losses, but data is not currently available to 
adequately assess their total impact. These items include: home office equipment, video 
disc players, cordless tools, electric lawnmowers, baby monitors, battery chargers, cellular 
phone rechargers, and antenna amplifiers. Per unit standby losses are provided where 
available. 
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Table 1: Per Unit and Total Leaking Electricity 
Item Per Unit Saturatio Total 

(Avg. n (TWh/yr) 
W/unit) (%) 

TVNCR/Set-top Boxes 17.01 
Color TVs 4.31 188% 5.87 
Projection TVs 2.20 5% 0.07 
VCRs 5.01 121% 4.81 
TV NCR Combinations 9.80 8% 0.56 
Cable Boxes 11.70 45% 3.81 
Digital Satellite Systems 14.90 7.6% 0.82 
Video Games 2.00 64% 1.07 
Home Audio 6.79 
Compact Audio Systems 10.94 54% 4.89 
Rack Audio Systems 4.15 55% 1.90 
Telephony 3.26 
Telephone Answering Devices 2.95 67% 1.72 
Cordless Phones 2.90 61% 1.54 
Cellular Phone Rechargers ND ND ND 
Home Security and Protection 3.21 
Doorbells 2.24 36% 0.70 
Security Systems 18.25 20% 1.04 
Smoke Detectors 0.40 84% 0.29 
Garage Door Openers 5.00 28% 1.18 
Kitchen 2.48 

Microwaves 3.65 79% 2.48 
Portable Audio 1.37 
Portable Stereos (boomboxes) 2.25 73% 1.37 
Personal Stereos (walkmen) ND ND ND 
Personal Care 0.97 
Toothbrushes 2.20 12% 0.22 
Shavers, Men's and Women's 1.40 47% 0.57 
HairlBeard Trimmers 0.90 8% 0.06 
Hand-held Massagers 1.10 13% 0.12 
Home Care and Maintenance 0.39 
Cordless Hand Vacuums 2.10 22% 0.39 
Cordless Power Tools 2.20 ND ND 
Cordless Lawnmowers 3.60 ND ND 
Miscellaneous ND 
Baby Monitors 1.10 ND ND 
Battery Chargers 1.35 ND ND 
Wallpack Adapters 1.00 ND ND 

Notes: 
Numbers in bold represent preliminary estimates; in many cases, there is missing data. Thus, 
total TWh for product categories is for items for which data is currently available. 
ND =No data 
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contribute the largest share to total leaking electricity. Forecasted color TV 
shipments call for slow growth increasing from 33.39 million units in 1996 to 
35.15 units in 2002. 

Several new products have the potential to impact standby power associated with 
TVs. Among these are home theater systems which are now in approximately 10 
million homes (Appliance 1997). The larger television sets used with home theater 
equipment exhibit similar standby losses to smaller models, but more data are 
needed on leaking electricity from audio and video equipment associated with 
these systems. A second new product is digital television. Several broadcasters 
have announced plans to introduce digital programming in late 1998 and 
manufacturers hope to have their first digital models in stores at the same time. 
Data on standby losses associated with digital TVs were not available for this 
analysis. Additionally, set-top boxes for e-mail and Internet browsing via the 
television will impact TV standby losses. The first such product, WebTV, hit the 
market in late 1996 and several other companies have since introduced similar 
products. According to Philips/Magnavox product literature, their WebTV set-top 
box uses 5 watts in standby mode. It is unclear how well these products will sel1.2 

They face increasing competition from cable operators who are beginning to offer 
similar services with the benefit of high speeds of data transfer that cannot be 
matched by WebTV and others relying on telephone wire connections (losses from 
cable boxes are discussed below). 

VCRs consume approximately 4.81 TWh annually in standby mode. This item is 
found in most U.S. homes (121 percent saturation). However, little to no growth is 
expected in VCR sales in the future; shipments are expected to drop from 15.11 
million units in 1996 to 10.5 million in 2002 as new technologies, such as digital 
versatile disc (DVD), DSS and on-line video-on-demand, provide consumers with 
higher quality viewing options. TV /vCR combinations are responsible for an 
additional 0.56 TWh of losses annually. These combination units are found in 7.95 
percent of homes and projected sales remain low at just over 2 million units per 
year. 
After VCRs, cable boxes leak 3.81 TWh per year. These items are present in 
approximately 45 percent of homes. Recent data suggests that new models are not 
as inefficient as previous measurements indicate; nonetheless, cable boxes have the 
third highest per unit standby losses of any item included in the analysis (i.e., 11.7 
watts). Despite the widespread availability of cable-ready TVs, cable boxes are 
still required for access to pay TV (including premium channels, pay-per-view). 

2WebTV reports 85,000 consumers have subscribed to their service in the first nine months 
since the WebTV box was introduced. The company plans to introduce an upgraded set-top 
box in the fall of 1997. Several manufacturers have introduced competing set-top devices 
for Internet-browsing recently, but sales/subscription figures on these models are not 
available at this time (Crain Communications 1997). 
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Given industry trends, standby losses may increase as analog cable boxes are 
replaced with even higher loss digital boxes and as additional consumers use the 
boxes to access digital video and audio, video-on-demand, and Internet browsing 
services. 

Digital Satellite Systems (DSS) provide consumers with an alternative to cable TV, 
but these systems exhibit even larger losses in standby mode (e.g., 14.9 watts, on 
average). At present, total losses from DSS are relatively low (0.76 TWh) because 
the product is found in only 7.5 million homes (Appliance 1997), but their use is 
growing rapidly. Since the product's introduction in 1994, it has been the fastest 
selling consumer electronics product of all time and thus could become an 
important source of leaking electricity. Although DSS is replacing cable television 
in many subscriber homes/ it appears that cable boxes may continue to have a 
place in U.S. households as cable operators offer the new services noted above. 

Additional leaking electricity is contributed by video disc players and video games. 
No data are available for the former. Video games are estimated to contribute an 
additional 1.07 TWh annually in standby mode to this product category. Sales of 
in-home video game systems have declined in the last two years (Nielsen Media 
Research 1996) and this trend may continue as access to on-line games improves. 

1.2 Audio Equipment 

Home audio equipment (including portable audio systems, such as boomboxes and 
walkmen) is the second largest contributor to off-mode and standby power use (i.e., 
with an estimated leaking electricity of 8.16 TWh yearly). Compact audio systems 
(i.e., stereos with all components-- except speakers in some cases--incorporated 
into a single unit larger than a portable stereo) are the second overall contributor, 
with annual losses of 4.89 TWh. These systems are quite common (present in 54 
percent of U.S. households), and their presence is projected to grow in the future as 
the prices for these units become comparable to those for portable stereos. 

Rack audio systems (Le., individual component-based stereo systems) are 
estimated to lose 1.90 TWh. This figure assumes standby losses of 4.15 watts, 
which may vary depending on the age, components and features of the rack system. 
Portable stereos (boomboxes) use less power in standby mode (averaging 2.25 
watts) for an aggregate of 1.37 TWh. A more detailed analysis of the types of units 
making up the existing stock of audio equipment would be useful to more 
accurately gauge standby losses from both boomboxes and rack audio systems. 

3 According to a CEMA survey, 64 percent of DSS subscribers cancel their cable service 
altogether (Shapiro 1997). 
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1.3 Telephony 

Telephone answering devices and cordless telephones leak an estimated 3.26 TWh 
annually, and are the fourth largest contributor to leaking electricity. Telephone 
answering devices are found in 67 percent of homes, but sales forecasts predict a 
slowdown in this market. Shipments are expected to fall slightly between 1995 and 
2002. The increasing availability and popularity of voice mail systems may 
account for the stagnation. Cordless telephones are present in 61 percent of U.S. 
homes with strong sales projections continuing, particularly for newer 900MHz 
models. (No data are available for cellular phone rechargers although this market 
is experiencing considerable growth in the U.S., and thus warrants further 
investigation). According to the Cellular Telecommunications Industry 
Association, there were slightly more than 44 million subscribers to 
cellular/personal communication systems (PCS) services in the U.S. at the end of 
1996. This number was expected to grow to 51 million by the end of August 1997. 
Sales of cellular phones and the newer PCS handsets are projected to continuing 
growing. CEMA reports that it is currently seeing rapid grown in sales of 
accessories for these products, such as additional battery packs and chargers. 

1.4 Home Security and Protection 

This category includes home security systems, garage door openers, doorbells, and 
smoke detectors, and contributes 3.21 TWh per year to leaking electricity. Garage 
door openers are the largest single contributor to this (i.e., 1.18 TWh per year). 
Home security systems are responsible for annual standby losses of 1.04 TWh, 
doorbells waste approximately 0.70 TWh each year, and smoke detectors 
contribute additional losses of 0.29 TWh. This number can be expected to grow in 

light of building in the bedrooms, requirements mandating installation of hard

wired smoke detectors hallway and garages of new homes. 

1.5 Additional Categories 

Of the remaining energy wasters, microwave ovens account for 2.48 TWh of 
leaking electricity annually. Seventy-nine percent of homes contain microwaves at 
the present time and it is projected that 92 percent of households will have a 
microwave by the year 2010. Still other appliances exhibit standby losses 
attributable to their wallpack adapters (or external power supplies) and battery 
charging devices. Many of these are cordless items that rely on "wallpacks" (i.e., 
external plug-in power supplies) to recharge internal batteries. In addition to 
cordless phones, discussed above, examples of these items include personal care 
appliances (shavers, toothbrushes, hand held massagers, hairlbeard trimmers), 
cordless hand vacuums and cordless tools. In many cases, wallpacks continue to 
leak electricity even after the battery has been fully recharged. All of these items 
are forecast to experience growing sales through 2002. 
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2. Alternative Design Options 

Most of the household items that contribute to leaking electricity contain a handful 
of components or functions that are responsible for leaking electricity (e.g., the 
power supply, battery technology, sensing technology, etc.). Products that leak 
electricity and their typical components are summarized in Table 2. 

2.1 Efficient Power Supplies 

The most ubiquitous of the components is the power supply. Inefficient power 
supplies are responsible for leaking electricity from numerous products regardless 
of standby function. This is particularly true of those devices using external plug
in power supplies. Telephone answering machines, cordless phones, cellularlPCS 
phone rechargers, personal stereos, personal care appliances, battery chargers, and 
cordless hand vacuums, power tools and lawnmowers are among the products that 
may be powered by wallpack power supplies. Many of these products, use a 
wallpack to power a battery-charging device. 

Efficient "switch mode power supplies" (SMPS) are currently available and can 
achieve significant energy savings relative to linear power supplies, more typically 
used in products that leak electricity. SMPS are used fairly commonly for products 
with internal power supplies, such as TVs, VCRs, and audio equipment, but have 
had relatively little penetration among lower-end products. However, a number of 
product manufacturers, for products such as cellularlPCS phone rechargers, have 
incorporated SMPS into their products (Frizzell 1997). It is not clear, however, if 
SMPS are cost-effective at this time for lower-cost products. Another option for 
reducing power supply losses is to redesign the power supply to switch off on the 
primary side of transformer, particularly when there is no secondary load 
requirement. Several efforts to do so are currently underway (European Union 
1996; Synertech Systems Incorporated 1996). 

Home security products, such as smoke detectors, security alarms, baby monitors 
and doorbells are nearly always in standby mode. Reduction of standby losses from 
this category of equipment will come largely from the use of more efficient power 
supplies. However, based on the data available, it appears that SMPS have not yet 
penetrated this market. 

2.2 Smart Batteries 

The potential for reducing standby losses in products with rechargeable batteries 
(including cordless devices as well as stand-alone battery chargers) is dependent on 
the wallpack, charger, and battery technologies incorporated into these devices. 
Advanced power supplies and smart batteries can both be used to decrease leaking 
electricity. Smart battery technologies (pulse chargers, voltage sensors) allow for 
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faster recharge times and provide a mechanism for cutting off power to the 
batteries once charging is complete. Demand for smart batteries is rising among 
consumers and OEMs, but use of the batteries in low-end appliances is still 
relatively rare. With use of smart battery technologies, standby losses will be 
limited to leakage attributable to the wallpack. 

2.3 Energy Storage Devices 

Portable stereos, microwaves, and garage door openers often are equipped with 
remote controls or instant-on circuitry and, therefore, need power to detect the 
remote control signal or provide instant operation. One proposal to significantly 
reduce leakage related to this function is installing a small battery or other storage 
device (e.g. a supercapacitor) to operate the remote control sensor (Rainer et al. 
1996). 
Microwaves, telephone answering machines, security systems and some telephones 
and boom boxes use power when switched off to maintain clocks and other 
programmed user settings; these same items often have lighted panels which 
display the time and information about the device's operational status (e.g., armed 
or unarmed in the case of security alarms, or the CD track number in a boombox). 
Reducing leaking electricity from these features is thought to be achievable 
through improved integrated circuits. 

3. Identifying Program and Policy Options 

Given that some technical options to reduce leaking electricity are available and in 
use in certain devices, what are the best methods for transforming the market for 
consumer electronics and household appliances to low-leakage products? Further 
research and development is clearly needed to explore proposed methods for 
reducing electricity and to better understand the technical potential and cost
effectiveness of existing options. Other policies that could playa role in this market 
are the following: 

• Voluntary labeling oflow-leak products, such as ENERGY STAR labeling 
• Bulk purchasing activities and demand aggregation; and 
• Mandatory standards. 
Where energy-efficient technology is available at a reasonable cost, but consumers 
lack information on the benefits of the new technology, voluntary labeling is an 
appropriate choice. Manufacturers are more willing to invest in new technologies, 
and to add to product cost, when they are confident that the consumer understands 
and has a willingness to pay for the benefits. In the case of the U.S. EPA ENERGY 
STAR Office Equipment Program, manufacturers were able to incorporate low 
power designs used in laptop computers into PCs to meet the ENERGY STAR 
specifications. 
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Volume purchase activities and buyer aggregation can jump start a market, offer 
manufacturers a sustained demand, and supplement a voluntary labeling effort. In 
the case of the Super-Efficient Refrigerator Program (SERP) and in the New York 
Power Authority and Consortium for Energy Efficiency Apartment Refrigerator 
Program, as well as in several NUTEK-initiated procurement activities, a volume 
purchase was used to bring a new technology to market (Suozzo & Nadel 1996). 
In other cases, volume purchases and other activities to aggregate buyers have been 
used to support an existing energy-efficiency level (e.g., such was the case with an 
Executive Order in the U.S. that required federal purchasers to buy ENERGY STAR 
office equipment). 

Mandatory efficiency standards are appropriately used when the market is not 
likely to shift significantly in the absence of regulatory requirements. At this point, 
this does not appear to be the case for many of the equipment categories 
highlighted above. In the absence of outside intervention, a number of TV and 
VCR manufacturers have incorporated SMPS into their products and 
manufacturers of telephony and hand-held tools are now using smart batteries in 
their products. 

We focus here particularly on the labeling as the policy tool of first choice. At least 
one voluntary labeling effort is beginning to address the issue of leaking electricity. 
The U.S. EPA is now working with the U.S. consumer electronics industry on an 
ENERGY STAR TVNCR program. Both parties see this as a win-win situation. 
Several manufacturers view the label as a potential marketing tool and through the 
program the U.S. will realize energy savings and reduced greenhouse gas 
emissions. This effort may pave the way for additional ENERGY STAR-labeled 
consumer electronics products. Areas currently under consideration include cable 
and set-top boxes, and compact and rack audio systems. 

A "one watt" power level -- a target power level for the majority of products that 
leak electricity -- is currently under investigation. LBNL is assessing the benefits 
and costs of such a target. A range of the product categories tested contain 
equipment that leaks one watt or less, suggesting that a one watt target is already 
feasible for certain product types .. 
ACEEE is now gathering additional technical and market information to inform the 
development of future policies and to evaluate the potential for a one watt target, 
focusing specifically on telephony. Products in this category incorporate a wide 
range of standby power-consuming features (i.e., battery chargers, wallpacks, 
clock/memory, displays, etc.), are found in a majority of American homes, and are 
purchased through typical retail channels (e.g., unlike cable boxes). In addition, 
data on technologies and markets for this category are thought to be more readily 
available than in other miscellaneous end-uses and we are aware of alternative 
technologies being incorporated into these products. For instance, Power 
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Integrations, which produces small SMPS, lists Lucent and Motorola (market 
leaders in cordless and cellular phones, respectively) among their customers.4 

Many of these firms are also engaged in "design for environment" initiatives and 
similar practices that encourage the development and manufacture of energy- and 
resource-efficient consumer products. We anticipate that our analysis of telephony 
will help give rise to some of the answers that we seek in designing an effective 
standby power reduction target for a wide range of miscellaneous equipment. 

Conclusion 

Leaking electricity represents a largely avoidable waste of electric energy 
consumption. And a number of technical options to reduce leaking electricity 
exist. Some of these options are already in place in consumer electronics and 
household appliance products; others require further research. Over the next year, 
we hope to gain a better understanding of the cost-effectiveness of these 
technologies, particularly in low-cost products. 

Early efforts by the U.S. EPA to work with consumer electronics manufacturers 
have proven very valuable and have resulted in the development of a program to 
address leaking electricity in TVs and VCRs. We see an opportunity for voluntary 
labeling to be an effective instrument for addressing leaking electricity in a number 
of other arenas, including in cable boxes (as a follow-on to TVs and VCRs) and 
audio equipment. The remaining product categories present greater challenges, but 
a labeling program for these products also offers the potential for harnessing 
substantial energy. A "one-watt" power level for these products is currently being 
explored. 
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