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TO THE PEOPLE OF THE PACIFIC NORTHWEST:

Three generations ago, the people of the region started building the

largest hydroelectric power system in the world. The resulting supply of

low-cost power has contributed immeasurably to the quality of life and

economic development in the Pacific Northwest. Now, the region must plan

to meet future energy needs with conservation programs and resources that

are 6 to 15 times more expensive than power from the existing dams. The
challenge facing us is to support a strong growing economy while protecting
our investment in the low-cost hydropower supply.

The Northwest Power Planning Council is charged with the responsibility
of determining how much electric power the region will need and planning for

the cheapest way to serve that need. The Council is proud of the diverse
and valuable contributions made to this process by the public, governmental
and tribal authorities, utilities, and businesses. We look forward to

receiving comments from the people of the region and the governments and
utilities that serve them. Comments should be sent to the Council by
March 21, 1983.

With cooperation and dedication, the Council is confident that the

region can develop the resources needed to meet the region's future electri-
city needs at the lowest possible cost.
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Foreword

The Northwest Fbwer Planning Council was created on April 28, 1981 in accordance

with the F&cific Northwest Electric Fbwer Planning and Conservation Act (the

Act). The Council is an interstate conpact agency made up of eight members, two

each from the states of Idaho, Montana, Oregon, and Washington. Who are

appointed by their governors and confirmed by their legislatures. The Council is

not an agency of the United States government.

The Cbuncil was authorized by Cbngress and created by the Northwest states to

encourage conservation and the development of renewable resources in the

Northwest to assure an adequate, efficient, economical, and reliable power

supply, and provide for broad public participation and consultation in the

development of regional power plans and related fish and wildlife programs. (A

detailed description of the Council's role is given in Appendix A.)

The Act directs the Council to "prepare, adopt, and promptly transmit to the

Administrator [of the Bonneville Power Administration] a regional conservation

and electric power plan." The Act also directs the Council to accomplish this

task by April 28, 1983. This draft plan documents the process and describes the

strategy developed by the Council to meet the region's energy needs over the

next two decades with flesibility, responsibility, and at least cost to the
region.

To lay the groundwork for development of its strategy, the Council's initial

meetings in 1982 were devoted to assessing the status of regional energy demand

forecasting, resource and conservation programs, and other issues relevant to

the Council's responsibilities. In the fall of 1981, the Council initiated six

major studies needed to prepare this plan. Final reports totaling over 4,000
pages were completed in the summer of 1982 and used by the Council to develop

this draft plan.

A number of efforts have been made to stimulate active public involvement in the

preparation of this draft plan (see Appendix B). In the fall of 1982, the

Council identified the key issues to be addressed, and papers were prepared on
each of these issues for review by the Scientific and Statistical Advisory

Conmittee and other interested parties. Based on the canments received, the

issue papers \nere revised and presented at Council meetings. The Council

provided time for public comment on each of the issue papers and decision

memoranda, then made a preliminary decision, incorporating public comment, on
the major issues proposed in this draft plan.

Detailed comments are requested on the data, assunptions, and analysis used in

this draft plan which, it is important to note, does not create one additional
kilowatt of energy in the region. To accomplish its purpose, the plan must be

implemented by Bonneville, the region's utilities, state and local government,
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private businesses, and the people of the Northwest. Therefore, the Council is

actively seeking broad public review of this document, and will hold public
hearings throughout the region in March.

Written comments should be sent to the Council's Portland office by March 21,

1983.

After reviewing and evaluating all comments received, the Council will revise

the draft and adopt the final R^ional Conservation and Electric Fbwer Plan by

April 28, 1983.
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Chapter 1

Introduction

Today, our region faces a new challenge — the challenge of a new era in

generating electricity for the Pacific Northwest. Fundamentally, it is a

challenge to us as Northwesterners to exert some control over our energy future,

to craft a plan that can confidently meet a wide range of potential tomorrows at

the lowest possible cost to the ratepayers of our states — Washington, Oregon,

Idaho, and Montana.

Such is the challenge given the Northwest Power Planning Council when Congress

passed the F&.cific Northwest Electric Power Planning and Conservation Act of

1980.

Authorized by federal law and created as a regional agency, the Council is a new

public forum for resolving questions about our energy future and the best

resources for the Bonneville Ebwer Administration to sponsor as we head into the

next century. The Council's two main goals are straightforward: (1) get the

power the region needs, and (2) get it at the lowest possible cost.

With this plan, we can meet even the strongest prolonged period of economic

growth with a flexible and reliable array of resources. Still, if we are to be

in control of our electrical destiny, we must recognize the changes from our

past that will influence the decisions we make about our future.

Energy Economics — Then and Now

At the foundation of today's energy choices is a turnabout in the economics of

power.

For years, the region had been blessed with low-cost electricity fran the

seemingly inexhaustible Columbia River system. And with the region growing

rapidly, there was a steady demand for more and ncre power. In fact, the growth

rate was so steady that it could be plotted simply and with reasonable accuracy

using little more than a pencil, some graph paper, and a ruler. Because of

econanies of scale and a growing number of ratepayers to pay the costs, each new

dam actually brought the cost of electricity down. From 1940 to 1973, the

wholesale rate for public utility customers of the Bonneville Ibwer

Administration dropped, wlien adjusted for inflation, from 1.7 cents to 0.5 cent

per kilowatt-hour (see figure 1-1). Thanks to the region's huge hydroelectric

systen — built when inflation and interest rates were low — the Columbia's

hydroelectric system provided the nation's cheapest electricity. From farm to

factory, the region prospered during this hydroelectric era. And with the cost

of power dropping, "living better electrically" indeed becaxne the axion of the

times. Power planning in the 1950s and 196Qs was a rather low-risk endeavor.
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Average Rate (cents/kilowatt-hour)

2.0

(167)

1937 1940 1945 1950 1955 1960 1965 1970 1975 1980 1983
Year

"Real" dollars have been adjusted for inflation All figures based on 1980 dollars.

Figure 1-1. BPA Power Rates, 1937 - 1983

Demand grew at a fairly constant pace. If supplies exceeded demand, demand was

certain to catch up soon. The far greater risk, or so it was perceived at the
time, was to underbuild, to have demand exceed supplies.

By the raid-196Us, with most of the major hydro sites developed, the region's
utilities turned to thermal plants \*tiich would use coal or uranium to create
steam and spin the power turbines, instead of simply falling water. The shift to

coal and nuclear plants was one which other parts of the nation, not bestowed
with great flowing rivers like the Cblumbia and Snake, had made years before.
For the Northwest, however, the transition to the thermal age was to prove a

most difficult one.

With projections hovering around 6 percent annual growth in electricity

consumption, the utilities laid out the first phase of the Hydro-Thermal Power

Plan in 1968. The program envisioned building 20 nuclear plants and 2 new coal
facilities. The notion, in part, was to use these plants to carry the base
electric loads in the region, wtiile the hydro system would be used to meet
seasonal peaks in demand, such as on cold winter days. With rapid growth
projected to continue for years ahead , the Hydro-Thermal R^wer Plan was based on

the energy economics of the day. Nuclear reactors appeared to be cheaper to

operate as base-load facilities because so much of the cost is anbedded in the

actual physical plant, not in the cost of fuel. Once running, it makes little

economic sense to run a reactor up and down to follow the daily fluctuations in

power demands. The hydro system, on the other hand, could follow the

hour-to-hour electricity demand of the region.
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But few had anticipated the cost of the thermal era transition. The cost of new
coal or nuclear plants ballooned by billions of dollars, with the plants costing
many times nore than the existing Northwest dams. Figure 1-2 ccmpares the
average cost of existing hydroelectric dams, new conservation programs, and new
thermal plants. As the cost of the new thermal plants increased, so did the
value of the hydro system. For while its output varies with annual rainfall and
snowpack conditions, the hydro systan can generate thousands of megawatts for a
tenth of what the electricity would cost fran additional thermal plants.
Furthermore, by using the hydro system to carry base and peak loads it rreans

that in high water years there is enough cheap hydropower to allow other, more
expensive resources to be shut down, thus saving ratepayers some of the cost of
running thermal plants. This past year is a good case in point. A combination of
factors (high water, mild \\eather, and a sluggish r^ional econany) has meant
that there is enough hydropower so that sone thermal plants — particularly coal
units which have higher fuel cost savings — were simply shut down. Given
today's cost of building any new resource, economics point toward getting
maximum use out of the hydro system wtiile planning new resources that complement
the hydrosystem.



determine \»iiether a resource is actually needed. Electrical denand no longer can
be plotted with simple pen and paper.

Yet any forecast, no matter how sophisticated, has an inherent element of
imprecision. No one can predict with pinpoint accuracy the miyriad of events that
go into determining our energy needs 20 years from now. And as events have
underscored, there is a high cost to being wrong. The major challenge therefore,
is to reduce the probability and consequences of being wrong.

A New Planning Strategy

Certainty about the future does not come from the technical sophistication of a
forecast. Instead, it conies from the flexibility and confidence one has in the
array of resources available to meet any given condition. Times and conditions
change. So must our plans. The Council began developing this plan with these
specific goals in mind:

o To provide an adequate supply of low-cost electricity;

o To select resources following the cost-effectiveness principles and
priorities in the Act;

o To evaluate resources fran a total r^ional system perspective to assure
resource compatibility with the hydro system;

o To select those resources with the least environmental inpacts or where
such impacts can be mitigated;

o To select resources that are consistent with the Act's requirements for
protecting, enhancing, and mitigating power system impacts on fish and
wildlife;

o To provide a reliable power supply to meet any realistic future load
growth; and

o To develop a flexible strategy so that the plan can be modified as

conditions change and new information is available.

Planning for Economic Growth

Recognizing the shifting nature of energy demand projections, the Council wanted
to frame the region's energy future by setting the highest and lowest plausible
growth forecasts over the next 20 years. By doing so, the Council is confident
that actual electricity demand will fall somewhere within that range.

An important indicator of regional econcmic performance is how well the
Northwest does relative to the nation. The Council's high growth forecast
assumes that regional anployment will grow more than twice as fast as the nation
over the next 20 years — a ratio that is even greater than the Northwest's most
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rapid five-year growth period fron 1974 to 1979. Figure 1-3 compares the Pacific

Northwest and national employment growth rates for three historical periods and

the 20-year forecast period. In the high growth forecast, total employment would

increase by irore than 3.4 million between 1980 ajnd 2000, cofiijared to 1.5 million

additional jobs between 1960 and 1980.



Planning With Flexibility

The forecast range points toward another element of the Council's planning
strategy, resource flexibility. The Council's plan, follows the priorities of
the Act and places anphasis on smaller resources with shorter lead times from
the initial planning stages to ultimate generation of electricity. By placing
enphasis on resources which can be developed quickly or in increments, the
Northwest can defer decisions to begin expensive construction work on a resource
until the need for it is wore certain. This riKans resources can be more closely
tailored to fit the emerging pattern of energy growth. For example, some
resources, like conservation programs, can be developed in quickly implemented
increnents, with the pace of the program's implementation adjusted to the rate

of future energy demands. Other resources require much more time frcm inception
to conpletion and a new l^al arrangement, called "options," would add
flexibility to their scheduling. Options on certain resources are sort of an

insurance policy that would allow the region to plan for even the strongest
growth rate without immediately, and perhaps needlessly, caimitting to build to
it.

An option would allow a resource to be taken through the time-consuming but

relatively inexpensive siting and design stages and placed in a "ready"

condition. In that condition, the project could be constructed, delayed, or
shelved depending on the demand for power. Bonneville would provide financial
assistance for the cost of an option. While this cost might run into the
millions it would nevertheless be, in most cases, a very small portion of the
total cost of the resource. Also, by controlling the schedule for an option, the
region could ensure meeting the high growth forecast without having to make an

inmediate commitment to build a resource that might not be needed for years.

Monitoring Implementation of the Plan

This plan cannot be a static document. F&rt of its success will hinge on

continually manitoring v*iat is happening to power demand projections and new
information available on the performance and schedule of model standards,
prcgrams, and resources included in the plan.

As conditions change and new information comes to light, the plan will have to

be revised. For example, a number of the conservation programs included in this
plan represent new, more aggressive approaches than any previous efforts in the

region. The Council will need to check on hew much energy is actually being
saved as compared to what was projected in this plan to be saved.

The Council will also monitor the costs and timetables for other resources, as

well as watch for changes in technology or new technologies that might enter
into the Council 's resource mix considerations.

If the plan is to be truly flexible, the Council must be prepared to revise it

whenever necessary. In seme cases, this may even include rearranging the

cost-effectiveness ranking of resources and their timing.
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Clearly, there are many questions that must be answered before the regicm can

effectively use the options concept. Time prevents all these from being resolved

before this plan must be adopted. The Council is committed to working with the

region's utilities, resource developers, and state and federal regulatory and

siting agencies to resolve these issues.

This plan is the first step into a new era for generating electricity — one in

which the emphasis must be on proncting more efficient use of the resources we

already have before turning to conventional power sources. If nothing else, we

are being driven by today's econcmic realities. New power, whatever the source,

is expensive compared to electricity generated by the Columbia Eliver system.

Yet, on an average a new kilowatt-hour produced by efficiency improvements costs

about a third of the kilowatt-hour from a new nuclear plant. Econanics tells us

to make the most out of the resources we already have. And for those we must

develop for the future demand, to plan and develop them in a way that holds

planning risks — and the accompanying costs — to a minimum.

Key Elements of the Plan

Although this draft plan deals with an uncertain future, it is not an uncertain

plan. The Council has proposed specific directions on what actions should be

taken and has provided a decisionmaking schedule to deal with future

uncertainties.

The plan relies heavily on the developnent of programs to improve energy-

efficiency in the region. It also calls for development of new hydroelectric

facilities designed to have minimal impact on fish and wildlife or the

environment. Industries will be encouraged to develop cogeneration facilities

that would provide power for the r^ion. If the region experiences high economic

and population growth, or if conservation and renewable resources do not perform

as well as expected, the plan includes potential combustion turbines and coal

resources in the mid- and late-1990s.

The plan also is designed to develop resources that work well with the existng

power system. Cheap power from the region's hydroelectric dams represents a

tremendous asset; however, the power available from these dams varies depending

on seasonal rain and snowfall. The Council's plan, therefore, emphasizes the

resources that complement the variable nature of the existing system. The

Council is also proposing policies to use more of the cheap interruptible power

from the hydropower system inside the region for the benefit of Northwest
businesses and industry.

Chapter 2 addresses the policies that guided development of the plan and that

must be applied to its implementation by Bonneville, the utilities, state and

local governments, and resource developers. Chapter 3 details the draft resource

portfolio to meet the region's long-term energy needs and major issues facing

the Northwest. It also describes the major assumptions underpinning the energy

forecast range through 2002. It includes the analysis used in setting levels of

conservation, renewable resources, cogeneration, combustion turbines, and coal
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plants that might be needed to serve future power demands. The chapter also

spells out specific actions to be taken over the next two years in order to

carry out the 20-year plan. Chapter 4 describes the Council's process for

revising the plan as conditions change and new information becomes available.

Additional technical detail has been presented in the appendices. Appendix J,

the Cbuncil's model standards, is too voluminous and in much too technical

detail for inclusion in this document. It is therefore being issued as a

separate document that will be made available to interested parties on request.

The detailed reports and analyses used to develop the plan have been included in

the Technical Exhibits. These volumes are available for review at Council and

Bonneville offices.
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Chapter 2
Policies

This power plan is required by law to provide a general scheme for inplementing

conservation and acquiring resources to meet Bonneville's loads. Generally,

Bonneville may only acquire conservation and other resources that are consistent
with this plan.

It is not possible to forecast the exact loads that will be placed on Bonneville

throughout the 20-year planning period, or even to identify all the entities
that will be purchasing power frcm Bonneville. Many Bonneville utility customers
own their own generating resources, and utilities can choose to develop their

own resources or to continue purchasing power from Bonneville. The exact

resources that should be acquired to meet loads are equally difficult to predict

since costs vary significantly from resource to resource, particularly w*ien

environmental costs are taken into consideration. The Council does not pretend
to have resolved all of these problems in this plan; these factors must be taken

into consideration by Bonneville when evaluating a specific resource proposal.

Chapter 3 identifies activities Bonneville should undertake in carrying out this

plan. The policies included in this chapter should guide Bonneville in designing
and implementing those activities.

Need

All resources must be needed to meet Bonneville's load — buy only what is

needed.

Even during periods of surplus, resource programs are needed to ensure that

cost-effective, high-priority resources are available to meet future loads. To

develop conservation in existing buildings, for example, administrative programs
must be developed and programs must be phased in before the power is needed.

Other resources must be acquired when the opportunity arises. New buildings will

be in place for 30 years or more, and certain efficiency inprovements can be

installed only at the time of construction or equipment replacement. Under those

circumstances, it is prudent to acquire low-cost conservation when it is

available. Cogeneration resources also become available intermittently. A

decision to install a new industrial boiler or replace an existing boiler is

made primarily for business reasons, not for power production; so if a
cost-effective cogeneration unit can be installed at the same time, it is in the

best interests of the region and the ratepayers to acquire the resource. The
terms of purchase can take into consideration the region's surplus power
conditions through offers of marketing assistance and access to transmission
lines.
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Surplus

Bonneville's resource programs should be designed to conform to the current

surplus power conditions without hinderir^ Bonneville's ability to meet

long-term resource requirements at the lowest cost and in a manner consistent

with the priorities described in this chapter.

To carry out this policy, Bonneville should:

o Schedule conservation and other resource acquisition prograjns at levels

which do not unduly exacerbate the surplus, but which support adequate

program development, administration, and staffir^ to permit accelerating

the prc^rams as needed to meet load growth; and

o Develop markets for the sale of surplus firm power outside the Northwest.

Power that cannot be used in the Northwest should be made available to

other regions on terms which allow the other i^gion to defer or displace

new power plant construction, but which also recover the full cost of

generation and transmission in the Northwest.

Bonneville should also develop long-term markets within the region for the use

of interruptible hydropower in excess of firm requirements. This would take

better advantage of the economic value associated with Northwest hydropower. The

Council has identified these examples:

o Development of bi-fuel steam generation capabilities and industrial process

heaters that can be switched to and from electricity;

o Voluntary interruptible rates and contracts for utilities and industrial

custcxners; and

o Voluntary interruptible irrigation pimping loads.

These narkets could be developed and maintained based on the high likelihood of

better than critical water conditions.

Cost

All resources must be cost-effective — buy the cheapest resources first.

This appears to be self-evident, but it has important consequences. Conservation

may be the highest priority resource, but any resource that is more

cost-effective than conservation (recognizing conservation's 10 percent cost

advantage under the Act) should be acquired first. The same principle applies to

the other resource categories. No resource is inherently better than any other

— they all produce electricity.

2-2



In evaluatir^ resources, Bonneville should consider all system costs directly
associated with the resources over their effective lives, as required by the
Act. The Cbuncil interprets this to include all direct costs borne by the
region, not just those borne by Bonneville and recoverable through Bonneville's
rates. In the case of conservation, for example, direct costs include the share
of any conservation measure paid for by the consumer.

Compatibility With Hydropower System

All resources must be evaluated on the basis of how they perform in conjunction
with the region's enormously valuable hydropower system.

The Council has found that some resources clearly outperform others under this
test. Some conservation and cogeneration, for example, follow loads, and they
are available during periods of low water — a good match with hydropower.
Combustion turbines have low capital costs and high fuel costs, allowing them to
be built for little cost and held in reserve for use during low-water
conditions. On the other hand, some hydropower projects may only add to the
surplus in the spring and be unavailable during the winter due to low flows or
frozen streams.

Resource Priorities

Where resources have equivalent costs and equivalent environmental and fish and
wildlife impacts, Bonneville should select resources for acquisition in the
following order:

o First, conservation;

o Second, renewable resources;

o Third, generating resources using waste heat or generating resources of
high fuel conversion efficiency; and

o Fourth, all other resources (including conventional thermal resources).

Environmental Quality/Fish and Wildlife

In the acquisition of resources, Bonneville must give due consideration to

environmental quality and the protection, mitigation, and enhancement of fish
and wildlife. In addition, any Columbia River Basin hydropower acquired by
Bonneville must be consistent with the Council's fish and wildlife program.

The Council has made every effort to give due consideration to these factors in
the context of planning unknown resources for an uncertain future. Further work
is needed to understand these impacts and their costs more fully. The method for
(;ietermining environmental costs and benefits (see Appendix F) and the fish and
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wildlife provisions of this plan will guide Bonneville until better information

is available. Bonneville should consult with the region's utilities,

environmental agencies, fish and wildlife agencies, and Indian tribes in

developing that information.

Market Mechanisms

Resource acquisition programs should use existing rrarket mechanisms and

organizations as much as practicable. They should also impose a minimum of new

administrative requirements, ftesource developers already face a wide variety of

legal and r^ulatory barriers. Bonneville should make every effort to facilitate

the development of resources to meet its loads. Implonentation of this policy
will improve Bonneville's ability to select resources based on the two most

important factors: need and cost.

Incentives

The Council finds that three primary tools are available for achieving

conservation: incentives, regulatory standards, and rate designs. To give

utilities and state and local governments as much freedom as possible, this plan

favors incentives.

It is the Council's intention that incentives be self-implementing. Those who

respond should benefit. Incentives should not be diluted simply to protect

against rate impacts on those who do not respond. Conservation is a resource,

and it is subjected to the same need and cost-effectiveness standards as other

resources. The incentives needed to acquire conservation are the costs of

acquisition. Those costs should be treated the same as other resource
acquisition costs.

The Council expects that incentives will be sufficient to achieve most of the

conservation savings that are identified in this plan. If that does not prove to

be the case, the Council will put more anphasis on regulatory standards and rate
designs to achieve that goal.

Diversity

Resource acquisition programs should acconmodate the diversity that exists

within the region and should encourage local initiative, ingenuity, and choice.

It is not necessary or advisable to require that program features be uniform

throughout the Northwest. The diversity in climate, geography, economy,

population, urban/rural character, and utility and local government structure

call for sensitivity to local needs, which can be met best at the local level.
Also, with encouragement, the approximately 120 utilities and 900 local

governments in the region can provide significant experience in developing and
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testing new «ays to acquire conservation and develop renewable resources and
cogeneration.

Local Government

Bonneville should provide local governments with a full opportunity to

participate in the implementation of this plan. The role of local governments
should be facilitated through consultation, financial assistance, and other
support.

Local governments will play a valuable role in carrying out this plan. A number

of programs, such as street lighting improvements, geothermal district heating
projects, and voluntary conservation measures, will require the active
involvement of local governments to succeed. Their support also will be needed

to secure adoption of the energy-efficient building codes included in the model
conservation standards, and their resources and skills will be needed to ensure
that those codes are implemented. Bonneville will be expected to provide
sufficient information and technical and financial assistance to local
governnents for these resource acquisition programs to succeed.

Consistent Policies

The timely and cost-effective development of resources requires the
participation of many individuals and organizations. Developers must investigate
resources and sites, must secure satisfactory financing, and must obtain a

number of regulatory approvals. The commitments and expenses necessary to

undertake these efforts require consistent and sinple resource acquisition
policies and procedures, both from program-to-program and over time. This is

particularly important for developers of renewable resources, cogeneration, and
other less conventional resources. The failure to develcp and follow consistent
and simple procedures will discourage developers and force Bonneville to resort
to less cost-effective and lower-priority resources.
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Chapter 3
Development of the Twenty-Year Plan

The Council's draft regional electric jjower plan provides a mixture of electric

power resources — conservation, additional hydroelectric generation,

cogeneration, combustion turbines, and conventional coal-fired power plants —
intended to meet the region's electric needs over the next 20 years. Resources
were selected for the Council's power plan based on their technical, econcmic,

and environmental characteristics. The Council's primary concern is assuring an

adequate supply of electricity at the lowest possible cost to the region's
ratepayers. To accomplish this, the Council has developed a comprehensive

approach to regional power planning that evaluates the contribution of specific
resources to overall system cost-effectiveness by carefully analyzing the way
resources work together over a wide range of future, uncertain loads.

The Council collected and analyzed great amounts of detailed data. The
information was systematically evaluated using several computerized models

simulating the region's electric power system. This analysis and the Council's

consideration of non-quantifiable factors relating to resource costs,
availability, lead times, and environmental and fish and wildlife impacts that

cannot be mitigated, helped guide the Council's decision in selecting the
resources finally included in the power plan.

The Council's approach emphasizes flexible resources and conservation programs

that have schedules that can be adjusted to weet changing economic and
demographic conditions. Some resources, like conservation programs, can be
initiated quickly, and the rate of implementation can be modified over time to
fit actual needs. On the other hand, major electric generating plants with long
construction periods require decisions many years before the power might be

needed. Therefore, long lead times increase the risk posed by the uncertainties
inherent in energy forecasts. An investment in a long lead-time plant is

warranted only when it is clearly the lowest-cost resource, and the probability
of needing that type of electricity-producing resource clearly indicates low

probability of future demand falling short of the forecast.

These concepts of risk and uncertainty are well known to every decisionmaker

faced with large capital investments in new plants or facilities that will only
be profitable if the economy, markets, and other factors are favorable. On the
other hand, there is always the possibility that the future will not turn out as

expected and the decision to invest may be costly.

The Council's decisions on new resources for the plan have many of the

attributes of a business decision. If resources can be acquired with shorter
lead times, the uncertainties surrounding future conditions will be reduced.

Lower capital costs and snaller resource sizes also can lessen the risk — they
reduce the size of the investment and permit intermediate decisions on each
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resource addition. While smaller and shorter-lead-time plants are clearly better

from a risk perspective, bigger long-lead-tinne plants could be good investments
if the electricity they produce were cheap enough to offset the increased
risks.

Options — A New Approach for Power Planning

The Cbuncil developed a new approach to power planning so that they could

consciously factor uncertainties into the decisions anbodied in the plan. This

approach involves first shortening the lead time of all resources through

"options." To option a resource, the region provides financial assistance for

the siting, licensing, and design of a generating resource or the design and
testing of a conservation program. In exchange for this small investment, the

r^ion can acquire the right to decide w*ien conditions warrant beginning

construction. This would both shorten lead times and reduce the need for

extremely accurate long-term forecasts.

The Cbuncil has been careful to select the cheapest resources possible \»*iile

giving due consideration to lead times and the ability of a shorter lead-time
resource to be cost-effective.

The Council has planned for enough options and resources to meet a high level of

economic growth. If the region actually experiences lower growth rates, some of

the options would be delayed or even abandoned. This approach reduces the chance

of overbuilding resources. An optioi contract would permit the region to decide
when construction should begin.

There are five generic types of power planning resource qjtions:

o Site-banking : A resource could be designed, sited, and licensed, but the

construction phase would be put on hold.

o Acquisition prior to regional need : A resource could be acquired before the

region needs the power, but the power would be sold outside the regicai at a

price that recovers all costs of producing the electricity. Specific

"callback" provisions would permit Bonneville to use the power inside the

region \\tien necessary.

o Demonstration projects : The cost and amount of energy provided by a

resource could be verified through demonstration projects. For exanple,

conservation programs that have been tested and proven effective could be

instituted throughout the region on short notice and with predictable
results.

o Existing resource option : An existing resource whose output could be

acquired by paying for its operating costs. (Examples are existing

combusticxi turbines.)
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o Contingency rate designs : The r^ion could establish low-water contingency

rates that would make ratepayers quickly aware of a shortage. This would

recover the higher cost of buying electricity outside the region or running

high-cost resources during a low-water period.

An option is handled differently from a resource acquisition in to ways. First,

the option agreement authorizes the region to construct, delay, or cancel the

project as part of a cost-effective regional energy plan. Second, the project

sponsor would be compensated for the risk that the project might be rescheduled

or terminated. An option is a form of insurance to the region, because it helps

the regional planning process adapt to uncertain future loads. The

preconstruction payments to the sponsor are similar to insurance premiums.

Using the Council's planning strategy, a resource might go through five steps:

. 1. Option Planned : The resource is identified as a potential need, but no

decision or financial ccmmitment needs to be made. Bonneville could begin

developing requests for options, establishing criteria for selecting

options, and resolving potential legal and technical questions.

2. Option Initiated : The Council and Bonneville determine that the

resource may be needed in the future and Bonneville enters into a

contractual arrangement to provide regional financial assistance for the

design, licensing, and siting of a resource or the design, administration,

and testing of a conservation program, in return for regional control of

project timing.

3. Option Secured : All technical, legal, and administrative issues have

been resolved and the resource is ready to move into the construction

phase. At this stage, the construction of the resource or implementation of

the conservation program could be delayed without affecting the ability of

the region to move ahead on the project at some future date.

4. Resource Acquired : The Council and Bonneville determine that the

secured cption should be developed based on current conditions and forecast
demand. Under the conservation and resource acquisition provisions of the

Act, Bonneville would purchase the resource and the project sponsor would

move into the more expensive construction phase.

5. Resource Completed : The power is available to meet the obligations of

the Bonneville Bower Administration.

In carrying out this strategy, Bonneville should comply with section 6(c) of the

Act.
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To describe graphically how the Council's decisionmaking process wjuld work,
figure 3-1 shows the energy that needs to be added in the hi^ load forecast for
1983 through 2002. Also shown are four resources that are planned to be c^tioned
(solid bar) and then built (open bar). If the high load forecast occurs, the
region would first initiate options on all resources and then build each of the

resources as soon as design, licensing, and siting are completed. Cations would

be needed on the hydroelectric dam in 1984, the coal plant in 1988, the
cogeneration facility and the combustion turbine in 1992 so these resources
could be available to meet the high growth forecast.

o
o
0)

Hydro

000 02

B Option

I I Construction

Figure 3-1. High Growth Forecast
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Figure 3-2 illustrates what happens if the Council makes a new forecast in 1985

and determines that the region is not growing along the high growth forecast. A

new range, with a new upper bound forecast is established, and a new decision

schedule results. In figure 3-2, the hydropower energy would not be needed until

1990. Since it takes approximately two years to build the dam, construction must
start by 1988. The region would secure the option on the dam in 1986 after

design, siting, and licensing have been completed; would hold the option for two

years; and would make a decision to begin construction in 1988 if the region is

still experiencing high growth. In this example decisions to initiate cptions on

the coal plant could be delayed until 1991, the combustion turbines until 1993,

and the cogeneration until 1994.

H Option

LJ Construction

OOO Delay

Figure 3-2. Medium-High Growtli Forecast
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Figure 3-3 illustrates a situation v*iere the Council has made the same new
forecast in 1985 and also determined that conservation programs and renewable
resources included in the first plan are not performing as well as anticipated.
As a result, the Council revises its portfolio by 2,000 ra^awatts and moves up
decisions on alternative resources. In this case, the hydroelectric dam might be
needed in 1988 to meet the high growth forecast. The option would be secured in
1986, followed by a decision to begin construction. A decision to initiate an
option on a coal plant is needed in 1986 so the plant could be designed, sited,
and built by 1996 if it was needed. Under the new decision schedule, options
would be initiated on the cogeneration in 1989 and on the combustion turbines in
1988.

New Resources

Hydro

_^_

84 66 88 90 90 94 96 98 2000 02

H Option

LJ Construction

Figure 3-3. Medium-Low Growth Forecast

Initial Council studies have shown option costs to be inexpensive when measured
as a percentage of total capital costs. The initial cost of design, licensing,
and siting a project or designing and testing a conservation program are quite
inexpensive conpared to the construction costs.

3-6



While optioning clearly I'educes lead time for all resources, there are important
differences in the amount of investment in the option and the consequent
reduction in lead time. Figure 3-4 shows the optioning and construction phases
and their costs for five resources. (Costs shown are approximate only.) Large
differences can be seen between the coal and nuclear plants. The period of time
required to secure the option is about the same (estimated to be six years)

while the cost of the option is significantly different ($59/kilowatt versus
$605/kilowatt). After the optioning phase, the coal plant takes only 4 years to
complete while the nuclear plant requires more than 10 years. It is clear that

an option on a nuclear plant leaves the region exposed to a decade of changes in
the energy growth forecast and requires a significantly higher option
investment. Much of the power planning risk remains, which should only be
shouldered if the need for the power is fairly certain or if the nuclear plant
could produce electricity at significantly lower cost to justify the risk.

Resource Strategy

The Council investigated a wide variety of resources to develop this power plan
and to identify the most cost-effective resources that could be added to the
existing power system. Based on these studies the most cost-effective resources
are conservation, hydroelectricity , cogeneration , combustion turbines, and
coal-fired steam-electric power plants.

Conservation, as defined in the Act, means "any reduction in electric power
consumption as a result of increases in efficiency of energy use, production, or
distribution." It is important to note that this does not mean doing without.
Conservation as used in this plan does not require any change in lifestyle or

amenity levels in the region's homes and businesses. The conservation actions
called for in this plan allow consumers to retain lifestyles, but to consume
less electricity in the process. Furthermore, conservation is treated in this
plan as a resource. This means that the Council has taken great care to analyze
conservation as a substitute for additional electric generation. Throughout the
discussion that follows, conservation is included as an additional supply of

electricity rather than as a reduction to the electric growth forecast. This
ensures equal treatment of conservation with all other resources. Illus,
conservation, like other resources, will only be "acquired" if it is

cost-effective. In order to be cost-effective, the "system cost" of conservation
must be no greater than that of the least-cost similarly reliable and available
alternative resource. The system cost of conservation includes the cost of

conservation passed on in consumer electric bills and the cost of conservation
borne directly by individual ratepayers. A specific resource strategy that
identifies a preferred combination of resources and a schedule for adding them
to the existing system has been developed for each of the four growth forecasts
shown in figures 3-5 through 3-8.

If the high growth forecast (figure 3-5) should occur, the Council plans to meet
most of the demand with conservation, followed by hydro, ccmbustion turbines,
cogeneration, and coal, in that order.
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Figure 3-5. High Growth Forecast Resource Mix
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Figure 3-6. Medium-l-ligh Growth Forecast Resource Mix
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Figure 3-7. Medium-Low Growth Forecast Resource Mix
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Figure 3-8. Low Growth Forecast Resource Mix
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To meet whatever actual growth occurs in the region, the Council modified this
resource plan and adapted it to meet the demands of the other three forecasts as
shown on figures 3-6, 3-7, and 3-8. The selected mix of resources is i^adily
seen by comparing these figures.

Figure 3-9 illustrates the major emphasis and effort that the Council and the
Act have placed on conservation programs and shows four rates of conservation
achievement. If the low growth forecast actually occurs, conservation prograins
will generate less savings because there will be fewer people, homes, and
buildings, and a smaller total amount of electricity consumed. In the high
growth forecast, large numbers of new houses are built and rapid growth occurs
in commercial businesses. These greatly increase the potential conservation
savings that the Council plans to make available by aggressively implementing
conservation standards and programs.
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The decision lead times necessary to ensure that the resources in this plan can

be constructed in tine to meet the high load forecast are shown in figure 3-10.

This figure shows as bars the amount of energy (MW) added in each year and the

resources that would provide this energy. The horizontal bars in this figure

illustrate the timing of decisions on optioning (solid bar) and constructing

(open bar) the resources. Following the option and construction phases, the

resource enters into operation. Also shown in this figure is the dramatic

differences in lead time for coal plants as compared to other resources. The

long lead time requires an option decision in 1988 for the first coal plant

needed to meet loads in 1998, much earlier than the option-decision times for

conservation, hydropower, cc^eneration , and combustion turbines that are needed

before the first coal unit. The requirements of the coal plants would cause the

purchase of an option earlier than other resources but this should only be

viewed as insurance against high load growth, not as a replacement for

shorter-lead-time resources that are more cost-effective.

Megawatts
11000

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 2000 01 02

Figure 3-10. Option/Construction Schedule (High Growth Forecast)
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Figures 3-11 through 3-13 illustrate how the decision schedule for resources is

modified as the load growth forecast is reduced. The longest-lead-tims resource

in this plan (coal) is also the highest cost; therefore, as the load projections

are reduced the coal resources disappear. In future revisions of this plan the

resource schedules shown in these figures will change due to changes in loads,

resource costs, options, and construction schedules. If futui^ load forecasts

are reduced, some of the resources shown in figure 3-10 would not be needed and
options would not be purchased on these resources. This, of course, assumes that

the load forecasts are revised prior to the time when an option decision is

planned.

Megawatts
11000 T

10000

9000

8000-

B optioning Phase

D Construction Phase

Conservation

CD Hydro

S Cogeneration

Combustion Turbine

Ei Coal

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 2000 01

Figure 3-11. Option/Construction Schedule (Medium-High Growth Forecast)

Until an appropriate inventory of resource options is acquired, the region needs

to initiate options on the resource schedule for the high growth forecast. This

ensures that the region has the ability to convert options to resources should

the high growth forecast occur. The Council reccwuiends an inventory of qptions

be developed so construction can begin on sufficient resources to meet the high

load growth rate for the next seven years. Resource options should not be
initiated unless actual growth trends indicate that they will be needed. The

seven-year rule will prevent purchasing unnecessary options that would never be

used.
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Figure 3-12. Option/Construction Schedule (Medium-Low Growth Forecast)
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Figure 3-14 shows the three phases (option, construction, and operation) of a

resource under the Council's plan. Oily generating resources are shown, because
conservation programs begin immediately and can be added incrementally each

year. They can be implemented quickly (or slowly if loads are not growing as
expected). Figure 3-14 provides a guide for making option and construction
decisions for each growth forecast. As all resources are not included in all

four forecasts, only i^elevant resources are listed on the schedule.

Those resources scheduled for an option or resource acquisition decision during

the next two years are bulleted in figure 3-14. For simplicity of presentation,
similar resources have been lumped into six hydropower and three cogeneration
groups. These groupings imply nothing about the number and size of the actual

projects that may result in the approximate amDunts of energy generation shown.

The figure shows that the only decisions needed during the next two years are on

the first two groups of hydro. Subject to Bonneville's need, hydropower

resources totaling 59 megawatts may need to be acquired and options on up to 198

megawatts of additional hydropower should be initiated (see the Two-Year Action

Plan later in this chapter for additional discussion of these actions). This

schedule also shows that subject to high load growth actually occurring, an

option on the first coal plant is not needed until 1988. On the other hand, if

loads grow more like the medium-high, the schedule requires the first coal
option to be initiated in 1991

.
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Sensitivity Analysis

Several groups have stated that the Council's estimates of conservation savings

and hydropower potential are too high. Their concern was that the Council may be

putting too much reliance on conservation and renewable resources and may be

overlooking decisions that need to be made on thermal resources. The

conservation and renewable resource estimates in this plan are considered
reasonable and based on the best information currently available. The Council

did evaluate the effect of overestimating by 1,000 megawatts the amount of

conservation available during the next 20 years (based on Bonneville's

comments) , and of overestimating by 700 megawatts of hydropower (based on

PNUCC's conments). The Council has reviewed the decisions required if the high

growth forecast occurs. Figure 3-15 is an example of what happens to the high

growth resource schedule if 1,700 megawatts of conservation and hydropower

generation are replaced by coal.
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D Construction Phase
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EH Coal
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Figure 3-15. Option/Construction Schedule for High Growth Forecast

(Reduced Conservation and Renewable Resources)

Reducing conservation and renewables by 1,700 megawatts accelerates the first

major thermal decision on a coal plant by two years, so an opticsi on two coal

plants would be initiated in 1986 instead of 1988 as was shown on figure 3-10 in

the high growth forecast. Therefore, the plan can meet the high growth forecast
by adding coal plants even if conservation programs and selected resources do

not perfonn as well as anticipated and there are no changes in the Two-Year
Action Plan described later.
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There is also an effect on cost since the coal plants are more expensive than

conservation and hydropower. This difference has not been estimated since, based
on the Council's review, it is clear that the region has at least three years to

improve estimates of conservation and hydropower potentials. The Council will

closely monitor and research these potentials as well as regional energy use so

that the 1985 revision of the plan can verify the need to initiate a coal plant

option during the second two-year action plan.

The Council and the region are significantly affected by the difference between

the addition of conservation or coal-fired plants. The conservation measures

recommended in this plan average about 1.8 cents per kilowatt-hour \^hile the

cost of electricity generated by coal is estimated at about 4.7 cents per

kilowatt-hour. Figure 3-16 shows the effect of replacing 4,000 megawatts of

conservation with coal. Electricity generated by the existing hydropower system

costs about 0.3 to 0.5 cent per kilowatt-hour. The hydropower system can be

relied on for about 12,250 megawatts of energy. If we add 5,300 megawatts of

conservation (at 1.8 cents per kilowatt-hour) and 3,204 megawatts of coal (at

4.7 cents per kilowatt-hour), the average cost of energy resources in this

example is about 1.4 cents per kilowatt-hour. If the amount of conservation is

reduced and regional growth requires replacement of the lost conservation, then

coal must be added. In this example the conservation programs are reduced by
4,000 megawatts, and 4,000 megawatts of electricity generated by coal is added
in their place. This raises the average cost of energy to 2 cents per
kilowatt -hour, about a 43 percent increase. While this is an extremely sinple
example, it demonstrates the importance to the region of acquiring all of the
conservation shown in this plan so that it can provide the lowest-cost new

resources in the future. Consistent with the Council's approach to conservation,

this example looks at total consumer costs rather than just utility revenue
requirements.

Major Issues Faced in Developing the Power Plan

Throughout the development phase of this power plan, the Council faced six

major issues. These issues, the ensuing decisions, and their ramifications were
carefully analyzed and presented to the public. Comments were received at

Council meetings and in writing. The six decisions involved:

o Treatment of growth forecast uncertainties;

o Treatment of current surplus;

o Quantity and cost of conservation;

o Quantity and cost of new hydropower;

o Quantity of combustion turbines; and

o Cost-effectiveness of WPPSS 4 and 5.
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Figure 3-16. Effect of Substituting-Coal for Conservation

Treatment of Growth Forecast Uncertainties

The first issue facing the Council was the treatment of uncertainties in the

load forecasts. To resolve this issue, the Council developed a planning

philosophy that provided for explicit recognition of electricity demand forecast

uncertainty and incorporated this philoscphy into the selection of resources.

This required an extensive process and resulted in development of the range of

economic and demographic projections used in this plan. Many individuals and

organizations contributed to the process through responses to a Council

questionnaire, written comments on issue papers, and public cccnment at Council

meetings. The Cbuncil 's range forecast encompasses the plausible high and low

needs over the next 20 years. The Council's mix of resources is designed to

adapt to wtiatever load growth occurs.

Current Surplus of Firm Energy

The second major issue faced by the Council ^\as how to deal with the current

surplus of firm energy. The Council's analysis shows an unavoidable surplus

occurring even with the high demand growth forecast, and a longer and larger

surplus if only the low demand growth occurs. The Council made three major

decisions regarding the current surplus.
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First, the Council decided to proceed with a new, more stringent building code
for residential and commercial buildings. Buildings built throughout the rest of
the 1980s will have lives considerably longer than the current surplus,
especially if demand growth is in the ipper half of the range. Because
retrofitting conservation is much more expensive than installing it at the time
the building is built, it is far more cost-effective to implement a new building
code in this first plan. Moreover, since one of the main drivers of demand
growth is the number of people coming into the region and the new buildings
built to accomodate them, conservation through building codes automatically
follows demand growth. Energy savings will be lav with low demand growth and
high with high demand growth.

Second, the Council decided to pace the development of other conservation
activities to the need for the energy. For this reason, the plan provides low
initial penetration rates for conservation programs to retrofit buildings and
the other sectors are designed, tested, and developed so that the programs can
be accelerated when the end of the surplus is iimiinent. The pace of actual
conservation activities will be based on the need for the energy.

Finally, the Council supports current regional efforts to sell the firm surplus
to California utilities. Future revision to the Council's plan will be
responsive to surplus sales agreenents that minimize the iiipact of the surplus
on Northwest rates through sales prices up to the full cost of current
resources.

Quantity and Cost of Conservation

Third, the Council needed to determine the quantity and cost of conservation in
each economic sector. The Council used a combination of detailed analyses on
individual conservation actions and the electricity demand forecasting models to
estimate the energy savings per action, the cost of installation, and the human
factors and habit changes that can be expected after conservation measures are
installed. Following many discussions with Bonneville and public comment at
several Council meetings, the Council determined that 5,300 megawatts of
conservation should be available at less than 4 cents per kilowatt-hour (1.7 to
1.8 cents per kilowatt-hour average cost) in the high growth forecast.

In addition to the total amount and cost of conservation, the Council faced
difficult decisions on the appropriate penetration rates for the conservation
programs (how much of the available conservation would actually be installed)
and the need for the region to pay the full cost of conservation improvements
(full financing). The Council has chosen very high penetration rates (85 to 90
percent) on the basis that over the next 20 years the Cbuncil and the region
have available under the Act a wide variety of measures to increase penetration.
These measures range frcm incentives to regulations and surcharges and can be
applied as needed to achieve the necessary conservation levels.

The Council has had several public discussions on the merits of full versus
partial financing. During these discussions there has been very little public
comment. The decision to offer full or partial reimbursement of the costs of
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conservation actions under the Cbuncil's residential weatherization program is

significant because it influences participation in the program and also
determines how costs will be shared between utilities and consumers.

For purposes of this draft, the Cbuncil has chosen to provide for financing of

conservation measures at a level that achieves the desired energy savings at the

least possible cost to Bonneville ratepayers, up to the full cost of the
conservation measures if necessary. The Council also has provided for full

financing of conservation measures for low-income households (under $16,000 in

income) and for renters, in order to overcome any undue burden on those

consumers

.

The Cbuncil is seeking public comment regarding the appropriate level of

financing and the availability of conservation programs to low-incom9 consumers,

renters, and other groups.

Quantity and Cost of New Hydropower

Fourth, the amount and cost of new hydropower resources was an issue that had to

be decided. The Council selected hydropower projects that are believed to be

low-cost and that generate most of their energy \*^en needed (in the fall and

winter). The Council's analysis also considered fish and wildlife and

environmental considerations. This resulted in a selection of 1,236 megawatts of

new hydropower generation. This figure represents less than 10 percent of the

new hydroelectric potential in the regicxi at a cost of less than 4 cents per
kilowatt-hour.

Quantity of Combustion Turbines

The fifth major issue involved the selection of conbustion turbines to provide

shorter-lead-time, low-capital-cost insurance against rapid increases in the

demand for electricity. Analysis showed that if the load was known with

certainty, no additional combustion turbines were appropriate. However, to cope

with uncertainty in the growth forecasts, adding uf) to 2,800 megawatts of new
ccmbustion turbines would reduce the expected cost of electricity.

After much discussion and several analyses presented to the Council by FWJCC,

the Intercompany Pool, and Bonneville, the Council selected 1,050 megawatts of

additional combustion turbines as appropriate insurance against future load

uncertainty. Subject to further study, utility representatives concurred with

the Council's decision.

Cost-Effectiveness of WPPSS 4 and 5

Finally, the Council faced the issue of whether WPFSS plants 4 and 5 or new coal

units would be more cost-effective in meeting the resource requirements of the

late 1990s in the high load forecast. Based on the cost analysis completed to

date, it appears that coal plants perform better than nuclear plants when

operated with the region's hydropower system.
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The preliminary risk analysis also favors coal over nuclear plants. Coal plants

are smaller and have shorter lead times than nuclear plants. Consequently, they
are more flexible and allow the region to make major financial commitments

closer to the time new power is needed. The decisions schedule for two partially
complete nuclear plants, WPPSS 4 and 5, indicates that construction would have
to be restarted in 1990 to serve a 1998 load. This would mean mothballing the

plants for at least seven years, »*iich would expose the region to the risk of

both a long mothball period and a long construction period.

The Council analysis on WPPSS 4 and 5 has not assumed an out-of-region sale. At

this time, the Council does not have enough information to evaluate the

financial impact of such a sale, or the ability to reduce risk for the region.

It is not possible to make this evaluation without information on the terms of

an out-of-region sale; the effect on other resource and conservation schedules;
the effect on the near-term surplus; and a comparative analysis of the costs of

an out-of-region sale of WPPSS 4 and 5 versus other resources, including energy

made available by conservation. The Council is seeking additional information on

all these issues during the comment period on this draft.

Note on Terminology

Throughout this plan, the most frequent measure of electric energy consumption
and production is the "annual average m^awatt." One thousand kilowatts for an

entire year is equivalent to one (1) annual average megawatt. Unless otherwise
stated, all references to megawatts mean average annual megawatts.

If the plan refers to peak capacity, a specific reference to peak megawatts or

capacity is included. "Power" is used in this plan in a non-technical sense to

refer to either energy or capacity or both, if the difference is not important.

The terms "energy" and "capacity" or "peak capacity" are used in this plan. A

simple example may help to distinguish these terms.

Suppose a family wanted to accomplish two activities: (1) dry a load of clothes,
and (2) bake a loaf of bread in the oven.

The family can accomplish both tasks, drying and baking, at the same time or one
after the other. If the dryer and the oven each require 4 kilowatts for one hour

to accomplish these tasks, the energy cost to the household will be the same,

whether the activities are performed simultaneously or separately — drying and
baking will require a total of 8 kilowatt hours of "energy." However, the

effects on the electric enei^y systan are significantly different. If the family

chose to bake the bread and dry the clothes at the same time, the electric
systan would need to provide enough "capacity" to serve both loads — 8

kilowatts of capacity would be needed. If the family chose to do the jobs

separately, the system would only need 4 kilowatts of capacity.
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Summary

Details of the Council's resource and conservation choices are described later

in this chapter. While this first power plan represents a major step toward

comprehensive regional power planning and resource development, the Council is

aware that long-range energy plans cannot be written and then followed blindly

for 20 years. As the future begins to unfold and better information is

developed, it is critical that the Council and the r^ion continually revise and
improve this first power plan. To meet this need, the Council is adopting a

flexible process through whidi the regional electric power plan is modified

every two years to keep pace as new and more accurate information about the
future becomes available.

The Council plans to focus its attention in the future on the implementation
activities by Bonneville, the region's utilities, resource developers, and state

and local governments. As additional information becomes available concerning

the cost and effectiveness of resources in the plan and others not included, the
plan will be revised to reflect these changes.

The Council currently plans to revise the plan every two years with the first
revision scheduled for November 15, 1985. The procedure for modifications to,

and interpretations of, this Council plan if information becomes available

between now and November 15, 1985, is described in chapter 4.

The next section of this chapter presents the development of the Council's

demand forecasts, followed by a section describing the portfolio analysis and
system reliability. The next section presents conservation analysis and

assessment of resources to illustrate the quantity and cost of resources used to

develop this plan and how they were chosen. The final section in this chapter is

a two-year action plan describing those actions Bonneville, the Council, and

other organizations must take to put the Twenty-Year Plan into operation to meet

the region's energy needs at the lowest possible cost and with the least
possible risk.
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Forecast of Electricity Demand

Summary of Results

The starting point for electricity resource planning is an understanding of
future needs for the services electricity provides in various sectors of the
Pacific Northwest economy. Those needs are uncertain. The Council has relied on
the best available forecasting nethods to enhance the understanding of those
needs under various conditions. Possible future conditions have been explored
and incorporated into the Council's planning using a wide range of assumptions
about the significant factors determining electricity demand over the next 20
years. The result is a range of electricity needs that is expected to include
the actual future demands.

The most important information for determining electricity danand growth is the

economic forecast. The Cbuncil developed its four econcmic forecasts (low
growth, medium-low growth, medium-high growth, and high growth) within an open
process of public consultation and review. The high growth forecast anbodies a
rate of growth in total employment for the F&.cific Northwest economy that
exceeds any comparable historical period, in spite of the fact that national
growth is projected to be considerably slower. Figure 3-17 illustrates that the
high growth forecast for the region relative to the nation exceeds even the
highest historical five-year regional growth period, 1974-1979. In the low
growth forecast, national economic growth is slower and the effects of the
recession on the regional economy are longer lasting with only slow and limited
recovery for several key Northwest industries.

The implications of these four economic forecasts for future electricity demands
were determined using forecasting models specifically tailored to the f^cific
Northwest. The forecasting models were developed with guidance and comments from
the Forecasting Subcommittee of the Scientific and Statistical Advisory
Conmittee and other interested parties in the region. The models include the
detailed information needed to evaluate conservation alternatives and
investigate the effects of econcmic activity on electricity demands. When no
conservation programs were included, the Council's alternative sets of
assunptions about the F&.cific Northwest economy resulted in electricity demand
forecasts ranging fron an annual growth rate of 2.8 percent in the high growth
forecast to 0.9 percent in the low growth forecast. The range covered by these
forecasts is wide. By the year 2002, there is a difference of nearly 9,000
average megawatts of demand between the high and low forecasts. In the low
growth forecast, 3,300 average megawatts of new resources (including resources
now under construction) would be needed by 2002, while in the high growth
forecast nearly 12,100 megawatts of additional resources would be required.

Two intermediate growth forecasts, mediun-high and medium-low, predict annual
electricity demand growth rates of 1.7 and 2.3 percent. Figure 3-18 displays the
Council's four principal forecasts from 1981 to 2002. Table 3-1 shows demand
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Table 3-1.

Electricity Demand and Price Projections
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Figure 3-19. Forecasts of Total Employment

grew at an average annual rate of 3.1 percent between 1960 and 1980. The high
growth forecast calls for total OTiployment to increase by 3.7 percent per year
from 1980 to 2000, a record 20-year growth rate.

The high growth forecast is based on a rapid recovery from the current
recession, with the region's economy returning to long-term levels by 1985. The
long-term growth is based on healthy, but not rapidly growing, traditional
industries such as lumber and wood products, aluminum, transportation equipment,
paper, and agriculture. Lumber and wood production is projected to maintain
levels comparable to peak production experienced between 1977 and 1979.

Errployment in transportation equipment is 50 percent higher than 1980 levels by
the year 2000. It is assumed that the proposed Alumax plant is completed by
1987, adding 10 percent to the region's aluminum capacity. Electronics and other
light manufacturing industries are assumed to grow rapidly, as are secondary
activities such as trade and services. By the end of the century, the
electronics industry is projected to employ more workers than any other
manufacturing industry in the region, adding 140,000 new jobs to the existing
86,000 jobs in the industry. More detailed tables and documentation are
available in the Council's revised draft of "Economic and Demographic
Assumptions," Issue Raper A-1. (Some of this information is included in Appendix
D.)
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In the low growth forecast, total employment in the region would increase by a

million employees between 1980 and 2000 — an implied regional growth rate of
1.3 percent per year, about the same rate as the low growth national forecast

for the same period.

In addition to the long-term growth rates being lower in the low growth

forecast, the recovery from the current recession is assumed to be much slower.

The region's econoiry would not reach its long-term growth levels until nearly
1990. Traditional industries are assumed to experience a longer adjustment
period to the current recession than in the high forecast. The low forecast
assumes that 30 percent of the current aluminum capacity remains idle and. the

Alumax plant is not built. Lumber and wood products industries would recover to

1980 anployment levels but would not return to recent peak employment levels

during the next 20 years. Transportation equipment employment would fall to 20

percent below its recent 1980 peak employment by the year 2000.

For each of the employment growth forecasts, a consistent set of other econanic

and demographic indicators is also projected. These other factors include

population, number of households, per capita inccme, and the mix of housing

types. Each of these indicators plays a role in determining future electricity
demands.

Two intermediate econanic and demographic forecasts were developed based on

combinations of high and medium ranges and medium and low ranges of industry

forecasts and other assumptions.

In the medium^igh growth forecast, rapid growth in high technology and

caimercial industries is coupled with moderate levels of activity in traditional

industries such as forest products and aerospace. This results in total
enployment growth of 2.9 percent per year, and population and household growth

of 2.1 and 2.7 percent per year.

In the riBdium-low growth forecast, traditional industries experience low levels

of economic activity w^ile other manufacturing and commercial industries

experience moderate growth levels. Total enployment is projected to increase at
a rate of 2.3 percent per year, with population and households increasing at

rates of 1.5 percent and 2.1 percent per year.

Fuel Price Assumptions

Fuel prices affect electricity demand w^iere alternative fuels may substitute for

electricity. It is generally expected that higher prices for natural gas or fuel
oil would lead to a greater reliance on electricity as an energy source in the
Pacific Northwest. Although the direct effects on electricity demand of a given
fuel price change are small, the effects are felt in each of the major economic
sectors (industrial, residential, and commercial). In addition, future fuel
prices are highly uncertain.
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To develop forecasts of alternative fuel prices the Council adopted a set of

assunptions that link retail prices of oil and natural gas to trends in world

oil prices. Fuel price forecasts, therefore, rely on a range of underlying
assumptions about world oil prices. Four future possibilities were investigated.
In the lowest forecast the world oil price (in 1980 dollars) drops fran 30
dollars a barrel in 1980 to 20 dollars a barrel in 1985, and remains at that

level through 1990. It increases thereafter to 25 dollars a barrel by 2000. In

the high forecast, the world oil price returns to 1980 levels by 1985 and begins
increasing at a rapid rate, reaching 63 dollars a barrel by the year 2000. The
assumptions for world oil prices for all four forecasts are illustrated in
figure 3-20.

1980$
Per Barrel

/O-i

60-



for each growth forecast are then used to adjust the respective demand

forecasts. Adjustments are then made to resource requirements and, if necessary,

the process continues until loads, resources, and prices are balanced in each of

the growth forecasts.

The demand forecasting system is designed to permit analysis by sector, state,

Bonneville \\holesale power rate pool, and climate zone. The primary sectors are

residential, conmercial, and industrial. Washington and Oregon each have two

climate zones; one east and the other west of the Cascade Mountains.

The starting point for the demand forecasts is characterizing electricity uses

in each sector. Electricity use in major applications and building types is

estimated. Table 3-2 lists specific electricity uses for the three major sectors

included in the Council's forecasting madels. Irrigation electricity demand is

examined in less detail by the demand model.

In addition to separate demand models for the residential, commercial, and

industrial sectors, the Council's forecasting nodel includes a peak demand

model, wtiich produces estimates of total peak electricity demand, and an

electricity pricing model, which projects electricity rates by sector and rate

pool based on electricity sales and resource costs.

Development of the Council's forecasting tools, like the economic and

denngraphic assumptions, included broad public review and participation. The

Council established the Scientific and Statistical Advisory Committee (SSAC) to

help develop the plan. Members of the Forecasting Subccmmittee of the SSAC

represent private business, public and private utilities, state agencies, and

academic institutions. The Forecasting Subcommittee worked with Council staff

and contractors throughout the process, beginning with contractor selection in

the fall of 1981, monitoring contractors' work through various stages, and

providing valuable advice on methods, assunptions, tests, and documentation.

Electricity Prices

Demand forecasts start with economic, demographic, and specific resource

assumptions and their costs. The pricing model converts the resource cost to

electricity prices that will vary depending on the particular resource strategy

being evaluated. The pricing model mirrors current Bonneville and utility

pricing practices. It also recognizes the complex requirements detailed in the

Act which affect the pricing and allocation of Bonneville power and the

acquisition of generating and conservation resources by Bonneville.

As demand grows, the costs of the necessary additional resources are added to

the forecast electricity prices. The resource strategy determines wtiat resources

are used to meet the growth in electricity demand, llie cost of the resources in

the strategy detemiine future electricity prices.
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Table 3-2.

Model Characteristics

Residential



Commercial
2713 MW
18%

Other 293 MW
2%
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5%

Industrial

6425 MW
41%

Figure 3-21. Electricity Dernand by Sector, 1981

Residential Electricity Demand

The residential sector axicounted for 34 percent of regional firm electricity

sales in 1981. Residential sector electricity demand is influenced by many

social and econcmic factors such as fuel prices, per capita income, and

available technology. However, the most important factor is the number of

households. Its importance is reflected in the structure of the residential

sector demand model; the basic unit of this model is the individual household.

The composition of the sector's electricity use is reflected in the model's

structure. Figure 3-22 illustrates the proportions of residential electricity

use during 1981. The model predicts the growth in the number of households;

their choice of housing type; the amount of electricity-using equipment the

average household owns; choices of fuel for space heating, water heating, and

cooking; the level of energy-efficiency chosen; and the energy-using behavior of

the household. These choices are influenced in the nrodel by energy prices,

equipment costs, per capita incomes, and available technology.

The projections of residential electricity demand cover a wide range. In the

absence of conservation programs, projected residential demand increases from

5,323 average megawatts in 1981 to 10,493 megawatts in the high growth forecast

and to 6,546 megawatts in the low growth forecast. As shown in table 3-3, the

average demand growth rate ranges frcm a low of 1.0 percent per year to a high

of 3.3 percent.

Although total residential electricity use increases in all four growth

forecasts, use per household decreases significantly. Figure 3-23 shows that

this reduction in use per household is quite stable across the growth forecasts,

ranging from 11 percent below 1980 levels in the low growth forecast to 14

percent in the medium-low growth forecast. The projected increases in total

electricity use despite these reductions in average household use reenphasize

the importance of the increasing number of households in determining total use.
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Figure 3-22. 1980 Residential Electricity Use

Table 3-3.

Residential Electricity Demand

Growth
Forecast
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Medium Low
Low

1981
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Demand
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The reduction in electricity use per household is achieved in spite of a
projected shift toward electricity for space heating in all but the low
forecasts. The choice of fuel for space heating, water heating, and cooking is
influenced in the model by the relative prices of fuels, cost of equipment,
efficiency of equipment and structures, and consumers' preferences for
particular fuels. The fraction of all households using electricity for space
heating rises in all except the low growth forecast. This is due principally to
the projected shift in relative fuel prices to favor electricity. The larger
number of new additions (whose fuel choice depends more on price than that of

existing houses which have heating systems already in place) in the
faster-growth forecasts also contributes to the increased choice of electric
space heat.

The most important influence leading to reductions in electricity use per
household is the projected change in efficiency of homes and buildings and
energy-using equipment in all of the growth forecasts. Partly as a result of (1)
building codes already in effect, (2) price increases, and (3) the introduction
of the more efficient equipment into the market, the ajixount of electricity
necessary to provide the same standard of service decreases in every forecast.
This change varies by building type, type of electricity use, and growth
forecast, but two examples will help illustrate the trend. As shown in figure
3-24, the average thermal efficiency of electrically heated single-family houses
improves by between 23 and 56 percent in the various growth forecasts without
any changes in existing building codes. The change is less in lower-growth
forecasts because of smaller increases in prices of electricity and other fuels
and also because of lower population growth. Lower population growth means that
the supply of housing that exists in the year 2000 will have a smaller
proporticxi of recently built, more thermally efficient houses. Figure 3-25 shows
the projected decrease in efficiency of electric water heaters between 1980 and
2000. The general pattern is similar to that of figure 3-24 but with less
improvanent and less difference between the growth forecasts.

2000



2000



important factor on which energy use projections i^asonably can be based: the

total floorspace of the buildings in the ccmmercial sector. The commercial

sector demand model projects the amount of commercial floorspace and then

predicts fuel choice, efficiency choice, and intensity of use of the

energy-using equipment necessary to service this floorspace. These choices are

based on investment factors, fuel prices, and available technology. This study

separates energy use in the sector by building type, type of electricity use,

and fuel type. The fractions of total commercial electricity use \*^ich were
attributable to various applications historical ly are shown in figure 3-26.

Cooking 0.1%

Water Heating 1.6%

Refrigeration 4.0%

Other
6.8%

Lighting

43.6%

Heating,

12.6%

Air Conditioning
22.9%

Figure 3-26. Shares of Commercial Sector Electricity Use by Application

Projections of conmercial electricity demand vary widely. In the low growth

forecast, commercial electricity demand increases from 2,713 megawatts in 1981

to 3,451 m^awatts by 2002. In the high growth forecast, it reaches 6,018
m^awatts. As shown in table 3-4, the average rate of growth of demand ranges
from 1.2 to 3.9 percent. The size of this range is due principally to the range
of employment projections in the commercial sector (floorspace projections are
based on onployment). Examining some components of these projections gives a

clearer picture of the developments that would produce these totals.

Use of electricity per square foot of floorspace, shown in figure 3-27,

decreases in all growth forecasts. As in the case of use per household in the

residential sector, the amount of decrease in use per square foot is quite
similar for all forecasts, ranging from 8.5 percent in the high growth forecast
to 12.1 percent in the low growth forecast.

The proportion of electrically heated commercial floorspace is projected to

increase in all but the low growth forecast. In addition, the fraction of

ccmmercial floorspace \\hich is air conditioned is projected to increase in all
forecasts, with greater increases occurring in the higher-growth forecasts.
Under these conditions, electricity use per square foot could be expected to
increase without offsetting changes in the efficiency and intensity of equipment
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Industrial Electricity Demand

In 1981, the industrial sector accounted for 41 percent of firm electricity
sales in the region. Forty percent of industrial demand was sales to
Bonneville's direct service industrial (DSI) customers. An additional 40 percent
was sales to major electricity-consuming industries, including lunijer and wood
products, pulp and paper, and chemicals. Together, these two groups accounted
for 80 percent of industrial electricity consumption.

The concentration of sales in only a few industries and the distinction between
DSI and non-DSI customers led to the adoption of a three-pronged nodelirg
strategy. DSI electricity consumption was forecast separately, based on the
industry's own projections of firm demand in the short run and their firm
contract demand in the long run. Demands for the large electricity-consuming
non-DSI industries (lumber, paper, and chemicals) were forecast using a detailed
electricity use model known as the key industries m^del. Load forecasts for the
remaining industries were developed using an econometric model, referred to as
the minor industries model.

Electricity demand forecasts for the non-DSI industrial sector depend on
projections of production by industry and on electricity prices. The minor
industry forecast also depends on fuel price assumptions.

The high and low forecasts of industrial sector electricity demand are shown in
table 3-5. Growth in firm industrial electricity sales is projected to range
from 0.8 percent per year in the low growth forecast to 1.9 percent in the high
growth forecast. Two intermediate forecasts show demand growth rates of 1.0
percent and 1.8 percent per year.

Table 3-5.

Industrial Electricity Demand (Firm Sales)



and chemicals. Figure 3-30 shows the percent of industrial electricity

consiinptic« by industry in 1980 and as projected for 2000 in the high and low

growth forecasts. Industrial electricity consumption increases drajnatically for

the minor electricity-consuming industries since they are projected to increase

production at a faster rate than the key industries or DSIs in all growth

forecasts. As shown, the industrial consumption accounted for by the DSIs

decreases in all forecasts because firm sales are assumed to be limited to

Bonneville contracts.

The DSI canponent of industrial demand assumes that the Alumax aluminum facility

will be completed in the high and medium-high growth forecasts. In the

medium-low forecast, all existing alumintin capacity is assumed to remain but the

Alumax plant is not completed. In the low forecast, 30 percent of existing

aluminim capacity is assumed to shut down, which accounts for the considerably

lower DSI share of total industrial consumption in the low growth forecast.

The share of electricity consunption in the lumber and wood products industries

is projected to decrease in all forecasts because the other key industries are

growing faster. The chemicals industry, on the other hand, is projected to

increase its share, primarily because of growth in the chlor-alkali and

miscellaneous chemicals industries. The pulp and paper industry's share

increases in the low forecast but changes very little in the high growth

forecast.

Irrigation Electricity Demand

Irrigation loads represent approximately 4 percent of total firm loads in the

region. The amount of electricity used for irrigation depends on factors such as

nunber of irrigated acres, weather conditions, topography, and punping lifts, as

well as electricity prices. The rtodel used by the Council to project irrigation

loads relates electricity demand to grotrth in irrigated acres, electricity use

per acre, and electricity prices. The projections, shown in table 3-6, range

from an average annual growth rate of 2.2 percent in the high growth forecast to

1.0 percent in the low. The two intermediate forecasts were based on the sajne

assumptions regarding growth in irrigated acres and electricity use per acre.

The difference between these forecasts is due to the higher electricity prices

implied by the medium-high forecast.

Table 3-6.

Irrigation Sector Electricity Sales Projections

Growth
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39% •

Chemical

Paper

Lumber

Other Manufacturing
Primary Metals
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^°°^ 28.8%
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''°°'^ 24.4%

Figure 3-30. Composition of Industrial Firm Sales
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Role of Demand Forecasts in Resource Selection

Two significant adjustments are made to demand forecasts before they are used in
the resource selection partion of the analysis. First, transmission and
distribution losses are added into the demands, and second, certain adjustments
are nade to avoid counting some conservation actions twice (double counting)
because they may have been induced by prices in the demand models and at the
same time counted as potential resources on the supply side.

To describe the exact method used to avoid double counting , we must go beyond
the demand and pricing analysis and look into part of the resource assessment
and selection process. To treat conservation in a way that is consistent with
the analysis of other resources, the Council's resource evaluation process
considers all potential conservation along with other available resource
choices. This implies that price-induced efficiency improvements for sectors and
electricity uses where conservation prc^rams are proposed should be included as
resource potential, rather than as reductions in demand. For this reason, each
of the Cbuncil's load forecasts is increased by the appropriate amount of
price-related conservation for purposes of resource analysis. In the residential
and coimercial sectors, this was done by "freezing" equipment and building
efficiencies at their current (1983) levels and allowing the mDdels to forecast
what future electricity use would be if no efficiency improvements were made.
Figure 3-31 illustrates the effect of the double counting adjustments.

Megawatts

30,000

25.000

20.000

15.000
1980

Figure 3-31. Double Counting Adjustments
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Aside frcm treating conservation consistently as a resource, there are other
advantages in the Council's approach. First, once a conservation program is
available, savings that would have occurred in response to price are impossible
to separate from those that take place due to the program. Second, it is the
Council's policy to evaluate the cost-effectiveness of all resources on the
basis of the total cost to the region's population. The amount of conservation
that is cost-effective to the region according to the resource portfolio
analysis is larger than the amount that is selected by individuals in response
to price increases. Achieving all of the regionally cost-effective conservation
in a house at once would be cheaper than having the homeowner do part of it in
response to price increases and then having the region came back and do the
rest.

This approach does not imply that the demand nodels are not used for
conservaticxi analysis. On the contrary, the special characteristics of the
residential and ccmmercial models have been used as much as possible. Ihe models
were used intensively for estimating the potential for conservation savings
under specific programs. They are used, throughout the process, to evaluate
behavior and fuel choice aspects of energy demand. After resource assessment and
selection, the demand analysis system evaluates the final impacts of

conservation and other resources on the overall balance between electricity
demand and resources as \vell as electricity rates. This approach avoids double
counting and helps ensure the selection of resources that will provide the
greatest benefits to the region.

Once demand forecasting predicts a range of possible future energy needs, the
next st^ is to design a portfolio of resources that is flexible enough to meet
any of those needs. The next section describes how that portfolio was developed,
and explains the different factors that were considered during its development.
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Resource Portfolio and System Analysis

The previous section described the broad range of possible energy needs the

region may experience during the next 20 years , including record employment
growth that would exceed the growth rate experienced during the past 20 years.

The resource portfolio presented in this section has the ability to provide

enough resources to meet a broad range of future regional electrical needs,

including the high growth forecast without significant risk of overbuilding
resources.

This section identifies the resources currently in operation or under

construction (including WPPSS 1, 2, and 3; Colstrip 3 and 4; and Valmy 2). The
Council compared the total anticipated electric power output from existing
resources and resources under construction with the high-demand forecast in the

previous section to determine the maximum possible need for future firm energy
additions. The Council then developed a combination of resources and
conservation programs capable of meeting the full range of possible loads. This
does not mean the resource portfolio is designed to deal only with the
high-demand case. Esther, the plan is able to meet the entire range of possible

demand at low expected cost and a low level of risk.

The following sections of the plan will describe the existing resource base,

including a characterization of the most important features of the hydroelectric
system. Following that, the process of analysis which the Council went through
to develop the resource portfolio will be explained. This explanation will
include a brief description of the computer models anployed and the results of

those models. Finally, there will be a brief description of the tc^ic of

marketing additional interruptible energy in the ^k^rthwest.

A key element in evaluating resources is how they perform with the existing
hydroelectric system. This section begins with a background discussion of how
the hydroelectric system works and the planning criteria used to ensure
compatibility with the region's existing resources.

The Hydroelectric System

The Pacific Northwest electric power system is dominated by hydroelectric
energy, making it unique in the United States. The hydroelectric system now

produces approximately two-thirds of the region's total energy. With demand for

electricity in the medium-high case, hydroelectricity will still be producing
almost half of the region's energy at the end of the century.

There are two key characteristics to the Northwest hydroelectric system. First,

there is a large variation in the amount of electricity that can be generated,

depending upon the rainfall and the snowpack accumulated in the region each
year. The annual output of the hydroelectric system during an "average" year is
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approximately 3,300 megawatts more than the 12,250 megawatts in a drought year.

During a good year, output can be as much as 6,600 megawatts greater than during
a drought year. "Critical year" and "critical water" planning assumes that the

hydroelectric system will produce no moi^ energy than it did during the worst
actual conditions of the 102 years for vrtiich records are available. These \MDrst

conditions are either the four-year period from 1928 through 1932 or the more
severe, but shorter two-year period fran 1943 to 1945. These conditions are
expected to recur about every 45 years. Energy available above that critical
level is called "non-firm" or "secondary" energy.

The second characteristic is that the variation within a typical year can be

even greater than the difference between a drought year and a wet year.

A large part of the hydroelectric system water supply comes from the snowpack in

the upper Cblumbia and upper Snake river basins, in the mountains of British

Columbia, Montana, and Idaho; but less than half of even the average snowmelt
can be stored in the system's reservoirs. This means that large portions of the

total annual water supply cone during the spring runoff of May, June, and July.

Moreover, most of the water fran the melting snows must pass through the
generators or over the spillways if it cannot be used in the springtime, because
it cannot be stored for use in the following fall and winter \»tien loads are

higher. There is relatively little non-firrn energy available in the fall, while

much larger amounts are available in the spring. Figure 3-32 shows the amounts
of electric energy at various availability levels above the critical period

quantities over the 102-year historical record for which data are available. The
variability of the hydro system has major effects on the economics of other
existing and new resources because it influences the way they cperate.

Reliability Criteria

Because the hydroelectric system is so variable, the primary issue in analyzing

system reliability is the choice of appropriate water condition against which to

plan resources. The region has traditionally used the critical water standard.

This issue has been raised because of the observation that an "average" year has
3,300 megawatts more hydroelectric energy available than does a critical year.

However, it rmist be recognized that the 3,300 megawatt average may be composed
of megawatts in the fall and early winter and 6,600 megawatts in the spring
and sunmer. The excess cannot be transferred fran spring to fall, exc^t for

approximately 1,000 megawatts which may be safely "borrowed," according to
current practice, in the fall against the next spring's runoff.

The Cbuncil does not intend to plan for any shortages. Its plan does not require

lifestyle changes either through voluntary or mandatory curtailment efforts by
consumers. The Council plan deliberately includes resources to meet all
electricity demands that are even remotely likely to happen. The resource
portfolio, including the ability to cption resources and bring them into
operation as electricity demand develops, is intended to achieve the same

reliability as the current system. Because of the current surplus of firm
electric energy, the large amount of conservation resource potentially available
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Figure 3-32. Non-Firm Energy Availability

to the Northwest, and the extremely unlikely possibility that the demand under

the high growth forecast will occur, the Council has not felt the need in the

first plan to investigate taking risks with the hydroelectric system beyond the

risks associated with current critical water planning. These issues will be

investigated further in the future. All resource analysis for the Council

portfolio was based on critical water and resources were balanced to loads

against that critical water standard, except when firm surpluses are projected.

Further discussion of reliability and the hydro system is presented in Appendix

C of this volume.

Energy Analysis Not Capacity Analysis

The hydro system has an additional important characteristic for resource

analysis. The hydro system's ratio of installed peaking capacity to firm

electric energy capability is greater than that required to meet the loads in
the f^cific Northwest. Water is fuel for a hydroelectric system and the total

amount of fuel available to the system is much more of a limitation on the

amount of load that can be met than the size and number of the generators
(peaking capacity), lb meet a greater instantaneous load more water can almost

al\»ays be run through the generators, but the total ajiount of water in the

system is often limited. As a result, the region will almost always be short on
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energy resources before it is short on peak capacity resources. For this reason,

the primary focus in resource analysis for the Council's portfolio has been
adaptability to meet seasonal and monthly energy loads rather than instantaneous
peak requirements of the system.

Existing Resources and Resources Under Construction

This section of the plan describes the amount of energy and peak capacity
available from existing Northwest resources, including the hydroelectric system

under critical \*ater conditions. These resources are the base to wtiich the
Council's portfolio must be added to meet the total load as it develops.

Facilities under construction and those assumed to be completed on schedule
include three nuclear power plants, WPPSS 1, 2, and 3 in Washington, and three
conventional pulverized coal-fired steam-electric units, Colstrip 3 and 4 in

Montana, and Valmy 2 near Winnemmucca, Nevada (125 megawatts of Valmy's capacity
will be available to the region). WPPSS 1 was assumed to be complete in 1988 in

the high and medium-high growth forecasts and in 1991 in the medium-low and low
growth forecasts.

Figure 3-33 shows the amount of electric power that should be available over the

20-year planning period from existing resources and resources now under
construction. The Council's high forecast and low forecast are superimposed on

existing resources. The shaded areas indicate periods of near-certain surplus
(pre-1985) and possible future energy needs (post-1985) with existing resources.
Figure 3-33 shows a starting point for planning purposes only; it is not a

prediction of future surpluses and deficits. If the Council's lowest growth

forecast were to occur, existing electrical generation facilities and those now
under construction could meet all of the region's electricity needs through the
year 1998.

Existing conservation is not shown as a resource in Figure 3-33. In its

analysis, the Council has included existing conservation in the data used to

determine regional energy loads through the Cbuncil's forecasting model. The
data on existing residential conservation is based on a 1979 Bonneville survey
of conservation measures in existing homes and buildings in the region conducted
by Elrick and Lavidge. The Council's residential energy forecasting model and
data from more recent utility billing and weatherization programs were used to

estimate conservation that has taken place between that survey and 1983. The
Council's commercial energy forecasting madel and a variety of utility and
contractor surveys were used to infer commercial sector conservation levels.

Industrial and agricultural conservation were based on Council studies and
interviews with industrial customers.

The Council has relied on information developed by FNUCC for existing resources
and resources under construction as listed in Long Range Projection of Ftower

Loads and Resources for Resource Planning, Northwest Regional Area 1982-1983
Through 2001-2002 (thi ^Wue Book"), published on August 26, 1982. 1^
assiimptions used to develop this information are summarized in this section.
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Figure 3-33. Electric Power Availability 1982-2002

Existing Hydroelectric Resources

Existing hydroelectric resources represent 28,083 megawatts of capacity and
12,250 riBgawatts of energy. This includes power from all the existing
hydroelectric dams in the region (except those of Montana Fbwer Company and Utah
Power and Light) including generation in the United States resulting from
storage regulation of three Canadian reservoirs — Duncan, Arrow, and Mica — in
accord with the F&,cific Northwest Coordination Agreement. Montana Fbwer Company
and Utah Fbwer and Light generation are included under the section, Imports to
the Region (see also figure 3-33). The energy production from existing
hydroelectric facilities has been adjusted to consider irrigation requiranents
at Grand Coulee Dam.

Hydroelectric resources have also been adjusted to take into consideration the
effects of the Council's fish and wildlife program. The Northwest Fbwer Act
required the Council to develop a Columbia River Basin Fish and Wildlife Program
to protect, mitigate, and enhance fish and wildlife on the Columbia River and
its tributaries. An important element of the fish and wildlife program is a
Water Budget to improve streamflows for downstream migration of salmon and
steelhead. The Water Budget is expected to reduce the firm electric energy load
carryir^ capability of the region's power system by approximately 550 m^awatts.
This projected loss is based on studies conducted primarily by the Instream Flow
Work Group, a group representing the water management agencies and dam owners,
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the fishery agencies, the Indian tribes, and the Council. Although the studies
are based on the best available data and simulation of the Columbia River
System, the Council recognizes that continuing studies and actual implementation
of the Water Budget may bring about changes from this projection.

Existing Renewable and High-Efficiency Resources

Existing cogeneration (where a facility providing heat for industrial use can

also be used to generate electricity) totals 130 average megawatts of firm

resources and includes Eugene Water and Electric Board's Weyerhaeuser Energy
Center, Washington Water Power's Vaagen Brothers Lumber, Ibrtland General
Electric 's Publishers F^per plants, Puget Sound Power and Light's Boeing Number

1, Seattle City Light's Metro West Fbint Project, and Bonneville's Weyerhaeuser
and Longview Fiber purchase. Firm cogeneration from existing resources is
expected to drop to 49 average megawatts in the 1983-84 operating year (see

PNUCC "Blue Book"). These projects are described in detail in the Technical
Exhibits, which may be examined at the Council offices in the four states, at
the Portland, Oregon office, and at the nine Bonneville offices throughout the
region.

Existing renewable resources include 3 average megawatts frcm Bonneville's

Goodnoe Hills Wind Turbines. Washington Water Fbwer's Kettle Falls project and
Idaho Bower's Tamarck project are expected to increase the contribution of

renewables to 38 average megawatts by the 1984-85 operating year.

Existing Large Thermal Resources

Existing thermal resources represent 3,160 megawatts of energy and 4,023
megawatts of peaking capacity in the I^cific Northwest. A detailed listing of

plants included in this category can be found in table 3-7. Additional thermal

units, or portions of thermal units serving r^ional loads but owned by
companies with both in-region and out-of-region loads, are included in the
section. Imports to the region.

The Cbuncil has assurred that electricity generation frar the Hanford N reactor
will continue through July of 1993 as specified in a recently negotiated
contract between the U.S. Etepartment of Energy and the Washington Public Power
Supply System.

Existing Gas and Oil Fired Resources

These resources have a total peak capacity of 1,444 megawatts. These plants,

with the exception of Portland General Electric 's Beaver Plant, are not designed
to serve firm base loads in the region. Combustion turbines include fecific
Power and Light's Libby Unit; Portland General Electric 's Bethel Unit; Puget
Sound Power and Light's Whidbey Island, Whitehorn, Frederickson , and Fredonia
Units; Washington Water Power's Othello and Northeast Units; and Idaho Power's
Wood River Unit. Also included in this category are old existing steam plants,

small diesel generators and miscellaneous small purchases. These resources are
listed in table 3-8.
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Table 3-8.

OIL
FIRED

Project

Beaver

Boundary

Libby

Othello

Whidbey

Point

Whitehorn 1

Bonners Ferry

1 and 2

unavailable

Crystal

Mountain

Summit 1 and 2

Lake Union

Shuffleton

Bethel 1

Bethel 2

Technology^

Combined Cycle

Combustion Turbine

Combustion Turbine

Combustion Turbine

Combustion Turbine

Combustion Turbine

Diesel

Diesel

Diesel

Steam Electric

Steam Electric

Combustion Turbine

Combustion Turbine

NATURAL Frederickson 1 Combustion Turbine
GAS Frederickson 2 Combustion Turbine
FIRED

Northeast Combustion Turbine

In-Service

Date

1977

1976

1972

1973

1972

197't

1930

1969

1970

1921

1930

1973

1973

1981

1981

1978

Sustained Average
Capacity Energy
(MW) (Average MW)

53^.0

0.75

20.0

32.8

29.0

68.0

2.2

2.8

68.0

301.0

Reserve Unit

Reserve Unit

H.O

0.7

7.0

Reserve Unit

0.1

6.0



Imports to the Region

Regional resources include arrangements for importing both firm energy and

peaking capacity from systems outside the region. These arrangements are largely

comprised of intraccmpany transfers by utilities that serve both regional losids

and loads in portions of Montana, Utah, and Wyoming that are outside the region,

and are primarily coal-fired generation in Montana and Wyoming.

Additional resources include capacity and energy exchanges with California

utilities-

Resources Under Construction

New Hydro Resources

Figure 3-33 includes new hydro projects in cases where constrxiction is assured

(FNUCC "Blie Book"). All federal projects included are authorized projects which

are under construction or have been funded for constniction, or preconstruction

planning. Non-federal hydro projects include expansion at Seattle City Light's
High Fioss E6.m, or its equivalent. Other new projects, both under construction
and planned, not included in figure 3-33 are discussed in a later section of

this chapter.

Thermal Resources Under Construction

Thermal resources under construction represent 2,994 average megawatts to serve

regional loads. This category includes Washington Public Fbwer Supply System

Plants 1, 2, and 3; Idaho Power Company's Valmy 2; Colstrip 3 and 4 operated by
Montana Power Company; and Fredonia Units 1 and 2 owned by Puget Sound Power and
Light. Characteristics of these plants are listed in table 3-9. Resources not

included in this category and therefore not represented in figure 3-33 include
WPPSS 4 and 5 and Skagi t/Hanford Plants 1 and 2.

System Analysis and Cost-Effectiveness

The unique characteristics of the Northwest hydro-based system require

particular attention to integrating new resources with the existing system. The

cost-effectiveness of any resource can only be determined by the way it operates

within the existing system. For instance, the cost-effectiveness of new hydro
projects is heavily influenced by v^tIether they are primarily fed by rainfall or
by snowpack. anall hydroelectric projects are generally uncontrollable
resources, in the sense that their output cannot readily be increased or
decreased in response to load and cannot be stored for later use when
electricity demand is higher and resources are lower. The small hydro project

whose major output comes in the spring at the tine when the system is most
likely to have a large surplus of low-cost non-firm electric power is less

valuable than a resource with similar average energy wtiose nuin output comes at

a time when the system is more likely to be able to meet firm loads with it.
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Figure 3-34. System Analysis

In preparing this first regional electric power plan, the Council developed and

followed a systematic process for evaluating the cost-effectiveness of resource

alternatives. This process evaluated the ability of each set of resources to

adapt to uncertain load growth. This plan includes those resources which could

best provide for the region's electric energy needs at the lowest possible cost

over a range of future loads. Figure 3-34 illustrates the fundamental steps in

the Council's system analysis. The process began with three primary data

collection and analysis activities.
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Table 3-9.

Thermal Resources Under Construction

(Included in the Council's Plan)



Resource supply functions were developed at the same time as conservation supply
functions. The Council developed a very large resource information base to

provide a consistent basis for estimating the costs and technical

characteristics of each generating resource that would be available to the
r^ion. From this information base, similar resources are ranked in order of

their expected cost and the result becomes the resource supply function. The
Council developed a third kind of information, the 20-year load forecast of

possible future electric power needs within the region, adjusted to eliminate
potential double counting of conservation resources. This forecast was described

in the previous section. Recognizing the large number of possibilities with
respect to future electricity demand, the Council departed fran typical past

efforts that focused on developing a single most-likely demand forecast.

Instead, the Cbuncil developed a range of possibilities that varied frcm a

forecast of the most rapid growth that could be expected under very unlikely
economic conditions down to a low-growth forecast which was also unlikely. The

Council assigned probabilities of occurrence to the resulting four final growth
forecasts based on the economic and demographic factors underlying the four

forecasts and the Council's judgment.

As shown in figures 3-35 and 3-36, the Council's judgment is that the

probabilities of the high and low forecasts are generally equal and, practically

speaking, there is little likelihood of being outside that range. The

medium-high and nedium-low forecasts, and all demand outcomes between than, are
equally probable. The distribution is best approximated with the straight lines

shown in figure 3-36. The probability of being between the low and medium-low
forecasts is about 31 percent, between the medium-low and the medium-high about
46 percent, and between the mediim-high and the high about 23 percent.

The resource assessment involved tliree increasingly specific steps. First, the

Council screened resource types based on their costs, operating characteristics,
and potential availability to the region. This preliminary analysis eliminated
certain resource types, such as solar photovoltaic, geothermal, and wind
generation, because of poorly developed technology or relatively high costs.

Research and development programs for some of these resources are recommended
later in the plan. The second and third steps of the analysis are mare complex
and used computer models.

Earlier in this section, we described hydroelectric system uncertainties. Major
thermal plants also demonstrate significant uncertainties — especially
availability for all plants (the amount of time they are not down for

maintenance and forced outages) and on-line dates for new plants. Hydroelectric
system flexibility can make up for some of these uncertainties, but the degree
of compensation depends on the actual electric energy that either hydroelectric
or thermal facilities can generate conpared to their expected output.

Because the Council must deal with uncertainty in looking at future electricity
demand and electric energy resources, two major computer models have been used
— each of than deals with particular aspects of uncertainty in planning and

operating the system.
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First is the Strategic Planning Model, a linear progranming optimization model

that looks at all the possible sets of electric energy resources over 20 years,

over all four possible electricity demand estimates, and over four

representative water conditions. The model selects frcm those sets of resources

the amount, timing, and combination of electric resources that will minimize the

total cost of building and operating the system to meet loads. The Strategic

Planning Model is used to pick the set of resources to be analyzed in greater
detail.

The nodel for more detailed analysis of how new resources integrate with the

existing system is called the System Analysis Model. This model was prepared by

a joint team from Bonneville, P^aJCC, and the Interconpany Pcxjl, with additional

development work by the Council . This is a detailed model that simulates the

Northwest power system. It simulates the operation of any chosen set of

resources. The System Analysis Model explicitly treats the uncertainty in new

thermal plant arrival time, thermal plant availability, hydro availability, and

monthly and annual short-term load variations aroiond a given electricity demand.

In the second stage of the analysis, conventional resource supply ciirves, and

conservation supply curves for the remaining resource types were combined with

the load forecasts using the Strat^ic Planning Model and the Council's judgment

to produce several resource portfolios for further analysis using the System

Analysis Model.

The Gbuncil evaluated several portfolios of electricity-producing resources

beginning with the results fron the Strategic Planning Model analysis. Many
alternative portfolios were evaluated beginning with a resource combination

using much less conservation and hydropower. This evaluation confirmed the

Strategic Planning Model's selection of conservation as the cheapest resource.

Several other portfolios were analyzed using the System Analysis Model to reduce

the costs of neeting the four load forecasts. Figure 3-37 shows the final cost
curve for the resource portfolio described in the plan.

In general the Council sought the mix of resources that provided the lowest

possible cost curve as shown in figure 3-37. Considerations other than cost were

included in the Council's selection of the "best" portfolio. These

considerations included unmeasurable environmental impacts and legal or

regulatory constraints.

The Council's judgment is that the costs of this portfolio are as low as

possible at all four load forecasts, taking into account appropriate insurance

against future uncertainties. This plan provides the region with the ability to

meet a range of possible electricity growth rates while acquiring resources that

will provide that electricity at the lowest cost. The introduction to this

chapter discussed the use of options as insurance against future uncertainty;

and further discussions in this chapter will describe the importance of short

lead-time, low-capital-cost resources, like combustion turbines, as another type

of insurance. Both concepts are included in the Council's plan.
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Figure 3-38. System Cost Probability Plot

resource portfolios and growth forecasts. The greater the frequency, the more
likely the region would actually experience that level of cost. Figure 3-38

shows that the Council's analysis produced a range of cost outcomes fran a

present value of 17 billion to 64 billion of 1981 dollars additional system
cost. The number that occurs most frequently is about $25 billion while the
average is about $33 billion. If we correctly plan for the low electric-demand
growth forecast and experience average or better water conditions and thermal
plant output, the cost could be as low as $17 billion. If ^\e correctly plan for
the high demand growth forecast but experience low water conditions and thermal

plant interruptions, the cost could be as high as $64 billion. If vie need to
build for the high growth forecast, it will largely be due to a significantly
greater number of people and jobs in the region, so there will be nore people to

pay the $64 billion than the $17 billion. Since the $64 billion investment would
produce many more megawatts than the $17 billion, the cost per kilowatt-hour
paid by the consumer would not increase as dramatically as it might appear. An

estimate of the probable rate increases for all four growth forecasts was shown
in table 3-1.

The Council 's analysis throughout the development of this first regional
electric power plan has been based on identifying alternatives and evaluating
their impacts on the total present value of system costs. Real levelized cost is

a second, related concept used below. (All costs are expressed in 1980 dollars
unless otherwise specified.) The concept of present value is a well-established

3-60



econcmic procedure tx5 provide consistent evaluations between investment choices

that require paying out nroney at different times. Developing a regional electric

power plan involves evaluating energy investments made by the region over the

resource schedules and investment plans to identify the most cost-effective

resource schedule. (An explanation of the economic analysis is provided in

Appendix I, Economic Analysis of Resource Costs.)

The Council's approach is to evaluate the total present-value cost of various

resource alternatives seeking that set of electricity-producing facilities which

has the lowest possible total system costs over the useful lifetime of the

facility, with due consideration of envi romental , fish and wildlife, legal, or

political constraints that cannot be specified in dollars or examined in

quantitative models. In this respect the quantitative analysis results provided

the basis from which the Council exercised its judgment to select the

appropriate combination of resources to rreet the r^ion's future electric power

needs.

Marketing Interruptible Energy in the Northwest

Another important topic examined by the Council is the marketing of

interruptible energy. While interruptible energy is not treated as a resource in

the plan, it is discussed in this section because the examination involves

characteristics of the hydroelectric system.

The large variation in annual and seasonal quantities of energy available from

the hydroelectric system affects this plan beyond the level of firm resources

required and the most appropriate resource mix. The limited storage capability

of the system's reservoirs forces lainge amounts of either generation or spill

during the spring runoff in most years. Even vHaen the systan is not spilling,

but is sending electricity through the intertie to California and shutting down

North\vest thermal plants (that are more costly to operate), those interruptible
energy sales over tieline are nade at a very low spill rate. This year the spill

rate is under 0.9 cents per kilowatt-hour. These sales are being made so that

California can shut down gas- and oil-fired generation that costs than 5.0-5.5

cents per kilowatt-hour. Because of the limited storage capability and weak

market for interruptible energy in the Northwest, a large amount of potential

value is either lost or exported from the Northwest to the Southwest.

As part of this plan, the Council expects Bonneville to actively develop

additional markets within the region for this spilled or low-price energy.

Possibilities include installing electric boilers in commercial and industrial

locations that now use fossil-fueled boilers and providing interruptible service

to irrigated agriculture. Electric boilers currently appear to be the most

promising. The Council estimates that between 900-1,400 megawatts of

interruptible electric-boiler load could be developed. Because the Council's

report focused mainly on the forest products industry, this figure probably does

not show the entire potential in the r^ion.
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A major hindrance to developing the in-region value of this additional load is

the first cost of the boiler installation itself. While not large in absolute
terms (approximately $1.2 million to install a 20-megawatt electric boiler), the
current economic recession makes the cost high for individual conpanies.

There are several ways to reduce the burden of this first cost. Bonneville could
offer the boiler owner a very low price on firm surplus power for the first year
or two to induce the owner to install these boilers in the region. This would be

firm surplus power Bonneville has available after all its custoners have been
supplied and for which there is currently no market. It is estimated that a 1

cent per kilowatt-hour rate for the whole year could pay back the boiler

investment in two years. After that, the boilers can operate competitively on

the various non-firm power rates depending on the cost for other boiler fuels. A
second alternative would be for Bonneville to pay for installing these boilers.

Approximately 1,200 megawatts of interruptible load could be developed for about

$75 million in capital investment that would be paid back to the region out of
increased secondary purchases in future years.

The Council supports recent efforts by Bonneville and other regional utilities
to market the current firm surplus to the Southwest. The proposed sale of the
region's firm surplus is entirely consistent with efforts to market

interruptible enei^ within the region, and neither effort is a substitute for

the other. The effort to develop additional methods for keeping the economic
benefits of low-cost non-firm energy in the region sould proceed immediately.

The following sections of the plan will discuss the conservation, renewable, and

conventional resource elements of the Council's portfolio. Detailed analyses of

the use of combustion turbines for planning and operations and of the choice
between WPPSS 4/5 and a future coal plant are presented. Finally, the plan
concludes with a two-year action plan for the region that fits the 20-year plan

into the framework of the current energy supply and demand situation and the
need to begin developing conservation programs so that they can be available in
case rapid economic growth resumes in the region.
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Conservation

The key element of the Council's resource portfolio for meeting future energy

needs is conservation. This section first describes present electrical

consumption for the region's residential, commercial, industrial, and irrigated
agricultural sectors. It then assesses potential conservation savings for each

and identifies how much conservation from that sector is included in the
Council's resource portfolio.

Conservation involves m^re efficient use of electricity — seeing to it that new

homes and canmercial and industrial facilities are more electricity efficient;

installing more efficient water heaters and appliances; and finding rrore

efficient ways to manufacture products, to perform industrial processes, or to

move irrigation water into the fields — using less electricity to get the job
done.

Conservation also involves steps to make existing homes and buildings more

efficient by adding insulation in walls and ceilings, installing water heater

blankets, and otherwise making existing buildings use electricity more

efficiently.

If we could ignore cost, there is technology available to reduce our electricity
needs drastically.

The Council considered any conservation measure as technically achievable if it

could improve the efficiency of electricity use at a cost of 10 cents (or less)

per kilowatt-hour. The Council's assessment of the portion of this technically
achievable conservation that can be cost-effectively developed took into account
four important factors.

First, the Act grants conservation a 10 percent cost advantage over other
resources. A conservation measure can cost 10 percent nx)re than the lowest-cost
resource and still be cost-effective. Secondly, conservation measures also
reduce the need for additional electricity transmission lines and other
distribution facilities. Regionally, a conservation action, by reducing the need
for these facilities, reduces the costs associated with these facilities by

approximately 2.5 percent.

Third, in addition to reducing the need for new transmission and distribution
facilities, conservation avoids "line losses." About 7.5 percent of the

electricity generated at a power plant is "lost" in transmission to its ultimate
point of use. To axjcount for this, the kilowatt-hour savings attributed to a
particular conservation action can be increased by 7.5 percent. Alternatively,
its cost can be reduced by 7.5 percent so that it can be compared with
generating resources on a consistent basis. For purposes of comparison with
generating resources, the combined effect of the above factors is to reduce
conservation's cost by 20 percent.
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Finally, to accurately assess the amount of cost-effective conservation
available, the administrative cost of programs needed to secure it must be

included. The Council reviewed current utility conservation programs and those
operated by other agencies. This review indicated that conservation program

administrative costs are in the range of 15 to 25 percent of the direct cost of

measures for fully operational programs. The Council, in its cost-effectiveness
evaluations of conservation, has assumed a 20 percent administrative cost.

After lengthy study, the Council established 4.0 cents per kilowatt-hour as the

cost-effective limit for the direct cost of conservation measures. Ignoring

compatibility with the existing hydro system and quantifiable environmental
costs and benefits, conservation measures which exceeded this cost (4.0 cents
per kilowatt-hour) were not considered economically achievable. That is, they
were less economically attractive than other new resources the region could
acquire.

Although the amount of conservation available at 4.0 cents per kilowatt-hour is

economically achievable, not all of these savings can be realized. Consumer
resistance, quality control, and unforeseen technical problems will prevent
development of 100 percent of this potential. However, the Council has decided
that, using the wide assortment of incentives and regulatory measures the Act

makes available, the region's electricity consumers could be persuaded to
install a large percentage of the economically achievable conservation. The
proportion considered i^alizable under the plan varies from 56 percent for

residential appliances to nearly 100 percent for the industrial and irrigation
sectors. In aggregate, the Council's plan, under the high growth forecast, calls
for the development of over 75 percent of the conservation that is econcmically
achievable at a cost equal to or less than 4.0 cents per kilowatt-hour.

The amount of technically and economically achievable conservation is directly

related to the amount of energy used. This section describes the amount of
electricity presently used in each economic sector, the amount that would be
used if there were no conservation programs, and the savings made possible by

the plan. The conservation available under each of the Council's growth
forecasts and a technical discussion of the Council's conservation assessnent
appear in Appendix K. The supply curves used in this section assume the
Council's high growth forecast which is based on record econatiic growth in the

region. If one of the Council's lower growth forecasts should occur, fewer new
buildings and new factories would be built — less total energy would be needed,
and consequently less could be saved.

Any direct comparison of the Council's conservation assessment with those made
by other organizations should take two factors into account. The supply curves
used in the plan include all conservation without distinguishing between
conservation put into place as a result of specific programs and conservation
measures motivated by rising electricity prices. These supply curves are also

based on the high penetration rates the Council ' s plan assumes for each
conservation program.
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The figures shown do not include any adjustment for line losses. All costs shown

are for the direct cost of the measures and do not include program cost,

trananission cost savings, or quantifiable environmental costs 6ind benefits.

Residential Sector — Current Use of Electricity

In 1980, the region's residential sector consumed an estimated 5,323 average

megawatts of electricity. This represented approximately 34 percent of the

region's total consimption. The two largest single residential electricity uses

are space and water heating. Space heat consumption in 1980 was 1,597 average

megawatts or 30 percent of the residential use. Electricity used for water

heating represented an estimated 21 percent of the residential use, or 1,118

average megawatts. The remaining 2,608 average megawatts (49 percent) was

consumed by lights and other appliances.

Residential-Sector — Potential and Planned Conservation

Council studies indicate significant cost-effective conservation potential in

the residential sector. Under the Council's low and medium-low growth forecasts,

residential needs in the year 2000 could be accommodated without using more

electricity than in 1980. Even the record population and economic growth rates

envisioned by the Council's higjh growth forecast could double the number of

residential customers yet require only one-third more electricity than in 1980.

Three-quarters of the currently identified residential conservation potential is

available through more efficient space and water heating. The remainder would

come from efficiency improvements in major household appliances, such as

refrigerators and freezers, and in lighting. The conservation potential for each

of these electricity uses is discussed in the following paragraphs.

Figure 3-39 shows estimated space heating savings available in existing

residences at a cost between 1 and 10 cents per kilowatt-hour. These savings can

be achieved through improving the insulation levels, adding storm windows, and

reducir^ the air leakage in existing homes and buildings. Of the 770 megawatts

of technically achievable space heat conservation shown in figure 3-39, the

Council's plan calls for developing 475 megawatts at an average cost of 1.5

cents per kilowatt-hour by the year 2000. This assumes a 33 percent reduction in

energy used for space heating.

New residences can be built much more electricity efficently than homes

constructed using current practices. Figure 3-40 shows the space heating

conservation potential in new residences under the Council's high growth

forecast. The Council's plan calls for inplementing model standards to improve

the efficiency of new single-family and multi-family structures by 60 percent

compared to current construction practice. Figure 3-41 shows how the Council's

standards would affect the annual space heating use of a typical new home in

Portland or Seattle. This standard could save 920 megawatts by the year 2000, at

an average cost of less than 2 cents per kilowatt-hour.
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Figure 3-39. Residential Space Heating (Existing Homes)

Water heating represents the second largest single residential use. Figure 3-42

shows the potential for improving the efficiency of residential water heating at

a cost between 1 and 10 cents per kilowatt-hour. These savings represent

better-insulated water heaters, pipe wraps, and lower water temperature. Also
included in the estimated technical potential are water heaters that use a heat
pump to heat water rather than electric resistance elements. These devices are
commercially available fran major distributors throughout the region. However,

because they are relatively expensive, heat pump water heaters are most
economical for households with above-average water use. Therefore, the

cost-effectiveness of the savings from heat pumps depends on the nuntoer of

people in a household.

The Council's high growth resource portfolio includes 890 megawatts of water

heating conservation. The average cost of more efficient tanks, pipe wraps,

etc., is less than 2 cents per kilowatt-hour. Heat pump water heater savings are

expected to cost 3 cents per kilowatt-hour.
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Figure 3-40. Residential Space Heating (New Homes)

Nearly one-half of residential electricity is consumed by an assortment of

appliances. Refrigerators and freezers, cooking and lighting, make up
approximately one^ialf of the electricity used by these appliances. Figure 3-43

compares the average amount of electricity used per household in the region by
these appliances with the annual electricity use of the most efficient models
currently on the market. Under the Council's high growth forecast, the
conservation potential fron these more efficient appliances is 895 megawatts, or
about 10 percent of the total electricity used by appliances. The Council's plan
calls for developing approximately 56 percent of this potential (500 megawatts)
by the year 2000.
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Figure 3-41. Average Monthly Space Heating Use

The Council anticipates that these savings can be achieved by providing
information and incentives to consumers. However, during the next two years the
Council will monitor the effect of these programs to assess the potential need
for model appliance efficiency standards.

Figure 3-44 summrizes the savings anticipated under the plan for different
electricity uses under the Council's high growth forecast. Space heating use in
existing homes would be one-third more efficient than at present. New homes
would use nearly 60 percent less than homes built to current standards. Water
heating demands would be reduced by over 35 percent. Refrigerators, freezers,
and other appliances would consume 10 percent less than projected at their
current efficiencies. Together, these savings are projected to bring about a 26
percent reduction in residential electrical needs conpared to residential
requirements in the year 2000 without further efficiency improvements. The
average cost of these savings is less than 2 cents per kilowatt-hour.

The Council assessed the potential inpact that adoption of the State of
California's Appliance Standards would have on improving residential appliance
efficiency. The California standards were conpared to estimated average
efficiencies of appliances now sold in the Region. It appears that the current
California Standards, adopted in 1979, are being met by the vast majority of
appliances now marketed in the Pacific Northwest. The Council Plan calls for the
implementation of incentive programs which prcmote consumer purchases of more

3-68



Average
Megavi^atts

1800

1600-

1400

1200-

1000

800

600-

400-

200

12345 6 789 10
Conservation Cost (Cents/KWH)*

•1980 Dollars

[_j Potential not realized due to incomplete market penetration

Figure 3-42. Residential Water Heating

Technical
Potential

1800 MW@
10C/KWH



Space Heating
Existing

Structures

New
Structures

Air Conditioning
]

Water Heaters

Refrigerators

Freezers

Cool<ing

Lighting

Ottier

—»—I—

I

1 r-

300 600 900 1200 1500 1800 2100 2400 2700 3000

Megawatts

I I

Witti Current Efficiencies

^H With Plan's Conservation

Figure 3-43. Appliance Energy Use and Savings

Refrigerators

Freezers

Cooking —
Single Family/

Mobile Home

Multifamily

Lighting

Other Appliances
(Washers, Dryers,

Dishwashers,
Waterbeds.
Well Pumps)



efficient appliances. During the next two years, the Council will be assessing

the impact of these incentive programs as well as the desirability of adopting
more stringent appliance standards.

Commercial Sector — Current Use

The commercial sector consumed approximately 17 percent of the region's total

firm sales in 1981, or an estimated 2,713 average megawatts. The camiercial

sector's energy consunption is split between space heating (13 percent), cooling

(23 percent), lighting (44 percent), and other (20 percent).

Commercial Sector — Potential and Planned Conservation

The conmercial sector is composed of diverse customers, ranging from individual

phone booth lights to entire office towers. This diversity, along with the

absence of data, prohibits the sort of detailed analyses of commercial
conservation potential by type of electricity use that was presented for
residential electrical use. Consequently, the Council's studies of the

conservation potential in commercial buildings focused on engineering
assessments and available survey data regarding commercial energy savings. This
review indicated that a 30 to 40 percent i^eduction in electrical energy use can

be achieved. Moreover, 90 to 95 percent of this conservation can be obtained at

a cost below 3 cents per kLlowatt-hour.

Figure 3-45 shows the technical and econonic conservation potential in existing

commercial structures available for between 1 and 10 cents per kilowatt-hour.
Under the Cbuncil's high growth forecast this represents a total conservation
potential of 785 megawatts for 4 cents or less per kilowatt-hour.

New comrrercial buildings are already more electricity efficient than existing

buildings. Figure 3-46 compares the regional average annual energy use by

building category for existing and new all-electric commsrcial buildings. For
new buildings, this figure shows energy use for existing standard practice as

well as under the most energy-conserving commercial building code currently in

effect in the region. Figure 3-47 shows the conservation savings that regionwide
adoption of this energy code would produce under the Council's high growth

forecast, at a cost between 1 and 10 cents per kilowatt^our.
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Figure 3-45. Commercial Sector — Existing Structures
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Figure 3-47. Commercial Building Conservation Potential

The Council's plan calls for developing 1,180 megawatts of the conservation

potential in new and existing commercial buildings by the year 2000. An
aggressive program to upgrade existing commercial buildings is projected to

produce 700 megawatts of these savings for 1.6 cents or less per kilowatt-hour.

The Council's proposed model standard for new non-residential buildings requires
that new commercial buildings in the region achieve efficiency levels equivalent

to those new required by the region's strictest energy code. Under the Council's

high growth forecast this standard would save 480 megawatts. The annual energy
use for a sample of buildings which represent the most efficient design

practices now ccmmercially available is shown in table 3-10. The average annual

use of these buildings is 45 percent below that expected frcm comparable
buildings shown in table 3-11, all of which comply with the strictest energy

code now in effect in the region. The Coioncil anticipates that an incentive

prc^ram to encourage widespread use of these more efficient conmercial building
design practices could achieve another 440 megawatts of savings for less than 3

cents per kilowatt-hour. However, the plan does not consider savings that exceed

the Council's standards to be "firm resources." As a result, the 440 megawatts
do not appear in the Cbuncil's resource portfolio. Table 3-12 summarizes
commercial conservation potential for the Council's high growth forecast.

Planned conservation would reduce projected commercial electricity use in the
year 2000 by approximately 20 percent. The average cost of these savings is less

than 2 cents per kilowatt-hour.
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Table 3-10.

Energy-Efficient Commercial Buildings

Building Size BTU/sq ft KWH/sq Ft

NOAA Administrative 8f,000 28,000 8.2
Building, Seattle,

Washington

Western Life Insurance/ 350,000 f6,585 13.7

Massachusetts
Woodbury, Minnesota

Gulf Oil Square 1.3 million 3^^,130 10.0
Ontario, Canada

Shell Wood Creek 828,000 32,000 9.*
Harris County, Texas

Hooker Chemical Company 2,000,000 33,000 9.7
Niagara Falls, New York

Willow Creek Building 28^^,000 38,23» 11.2
Idaho Falls, Idaho

Average Use 33,993 9.97.
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Table 3-11.

Annual Energy Consumption of Major Commercial Buildings

In Downtown Seattle

Constructed between 1979- 1983



Table 3-12.

Commercial Sector — Summary of Projected Loads arid Conservation Potential Year 2000



The Council's assessment of industrial sector conservation, suimarized in table

3-13, is based on surveys conducted by the region's major industrial electricity

custaners, including Bonneville's direct service industries. Each industry was
asked to estimate the amount of electrical efficiency improvements it would make

if it were paid a specific amount of money for the savings. While all

respondents indicated that their assessments were preliminary, these survey
results do signify that industrial conservation could provide the region with
significant savings.

Table 3-13.

Industrial Sector — Technical and Economic Conservation Potential

Cost
Cents per kilowatt-hour Cumulative Fbtential

(in $ 1980) Average Megawatts

1.0 102
1.5 195

2.0 510

The Council's plan includes developing 510 megawatts of the currently identified

conservation potential in the industrial sector at an average cost of 1.5 cents
per kilowatt-hour. Under the Council's high growth forecast these savings would
reduce projected industrial electricity danand in the year 2000 by approximately
5 percent.

Irrigated Agriculture Sector — Current Use

Electricity used in irrigated agriculture accounted for approximately 5 percent

of the region's firm electricity sales in 1981. Just over 770 average megawatts
were used for well and irrigation punping in that year.

Irrigated Agriculture — Potential and Planned Conservation

The costs of energy-conserving water application systems axe highly variable
depending upon specific situations. In general, the cost per kilowatt-hour saved
for new energy-conserving systems is less than or equal to the cost of

electricity that farmers are currently paying. The costs are generally higher
for conservation efforts on existing systems than for installation of more
efficient technologies and new systems.

Scheduling improvements and more efficient water application systems could

provide the largest energy savings potential of any of the irrigation energy
conservation options studied. Because such improvenents reduce the amount of
water used for irrigation, more ftater could be available for hydropower
production. Council studies indicate that 440 megawatts can be saved in
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irrigated agriculture at a cost between 1 and 10 cents per kilowatt-hour.

Figure 3-48 depicts this potential.
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Figure 3-48. Irrigated Agriculture Conservation Potential

The Cbuncil concluded that conservation programs in irrigated agriculture would

be implemented rapidly if adequate financing can be secured. Farmers,
particularly those with high pumping lifts and high pressure systems are
experiencing significant electricity cost increases. Consequently, they are

actively seeking ways to reduce their electric consunption.

The Cbuncil 's plan anticipates that 385 megawatts of conservation potential in

irrigated agriculture will be realized by the year 2000. The development of this
conservation would reduce anticipated agricultural electricity demand in the

year 2000 by 32 percent.

Planned Conservation — All Sectors

Table 3-14 presents a sunmary by sector of projected loads and planned
conservation for the Council's high growth resource portfolio. Conservation
listed in this table could reduce the projected overall demand for the four
economic sectors by 18 percent in the year 2000. This would require developing
just over three-quarters of the technical and economical conservation potential
available for less than 4 cents per kilowatt-hour by the turn of the century.
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Table 3-14.

Summary of Projected Loads and Conservation in the Year 2000
(Average Megawatts')

Load in 2000
High Growth Forecast



Renewable and Thermal Resources

Renewable resources, cogeneration and thermal resources are also included in the

Council's energy portfolio. This section describes the amount of

hydroelectricity included in the plan. Detailed analysis is also presented on

the use of combustion turbines for both operation and planning and choice

between WPPSS 4 and WPPSS 5 and future coal plants. This section concludes with

discussions on the environmental costs and benefits imposed by the resources and

reconnendations for fish and wildlife protection.

Renewable Resources

Council studies indicate that 2,100 megawatts of renewable electricity-producing

resources are available in the region during the 20-year planning period, using

currently available technology, at a cost ranging between 2 and 7 cents per

kilowatt-hour in 1980 dollars. This estimate includes no firm contribution from
geothennal, wind, or solar because the Council's analysis shows that these

resources are not presently cost-effective. The Council expects that future
technological advancements will increase this estimate and at the same time

decrease costs in real terms.

This plan recommends enhanced development of renewable resources. Renewable

resources are grouped into five categories: hydroelectric, geothennal, wind,

solar-electric, and biomass. Costs of distribution and transmission, and

quantifiable environmental costs and benefits are not included in the following

estimates but were included in the system modeling efforts and/or in the

Council's determination of which resources to include in the plan.

Hydroelectricity

For planning purposes, the Council has identified 1,500 average megawatts of new

hydroelectricity at costs ranging from 1 to 5 cents per kilowatt-hour. The
Council has included 1,236 megawatts, at a cost of 4 cents or less per kilowatt-
hour, in the 20-Year Plan. This represents less than 10 percent of the r^ion's
undeveloped potential. The Council believes that this is a conservative
estimate. If the region were facing deficits and suitable arrangements could be

made to protect the environment and fish and wildlife, then the potential could
be closer to the 4,350 megawatts identified by the FNUCC Hydropower Subcommittee
in their report. Northwest Regional Hydroelectric Power Development

Projections, (November 16, 1982) . New hydropower does not include any eneingy or
capacity that has been identified as "scheduled" by FNUCC in the "Blue Book."
Scheduled hydropower is already included in the systems analysis model and is

assumed to be operated as scheduled.

Hydropower availability and costs are difficult to assess because of the large

number of potential sites and because costs and operating characteristics depend
on the site chosen. Several studies and information bases were used in the
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Council's assessment. The Council assessed the hydroelectric potential that

could be reasonably developed between now and 2002, concentrating on sites where

adequate cost estimates existed. The study also screened sites to eliminate

those with environmental constraints, such as proximity to wilderness areas,

scenic and wild rivers, etc., which might preclude development. The Council

identified 130 new hydro sites with a total potential of 1,585 megawatts of firm

energy and 4,244 megawatts of peak energy at a cost ranging from 0.6 to 12 cents

per kilowatt-hour. Ninety-four percent of the hydropower energy available fell

below 4 cents per kilowatt-hour.

The Council considered a number of alternative studies which projected

achievable levels of hydro development far below the regional potential for the

resource after taking into account fish and wildlife and other environmental

concerns. Tliese are siiimarized in table 3-15.

The Council, considering the merits of each of those studies and after

consultation with Bonneville and FNUCC, decided to use 1,500 average megawatts

as a planning guide representir^ that amount of hydropower the Council thought

was realistically achievable over the 20-year planning period. The 1,500

megawatts includes approximately 450 megawatts currently past the license

applications stage of the Federal Energy R^ulatory Commission (FERC) licensing

process and 59 megawatts now under construction.

The Council then allocated the 1,500 average megawatts between additions to

existing facilities (420 megawatts) and undeveloped sites (1,080 megawatts).

Each of these two categories were further broken down into a high-cost and

low-cost component. Based on data provided by the Corps of Engineers on seasonal

characteristics of streamflows in 12 Northwest river basins and the relative

proportion of energy by basin and by resource type, seasonal distributions

(winter-peaking and spring-peaking) were developed for additions to existing

facilities and for undeveloped sites. The combination of four cost cat^ories
with two seasonal distributions resulted in eight categories for small hydro

resources.

This information on seasonal flows, costs expressed in dollars per average

kilowatt, and the total number of megawatts in each category were used to

determine how miich hydro power to include in the plan. Based on nrodel results

and Council judgmsnt, 1,236 average megawatts have been included in this plan.

Of the 1,500 average megawatts that could be achieved, 264 megawatts were judged

to be too expensive and not compatible with the regional system. The 264

megawatts, although it is relatively low-cost power, would generate most of that

power during the spring runoff when its value to the region is considerably

lower.

The 1,236 average megawatts of hydropower is assumed to come on-line in

increments over the 20-year plam depending on how electricity demand develops.

The proposed acquisition schedule was described earlier in this chapter.
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Table 3-15.

Comparison of Realistically Achievable Hydropower

STUDY NAME
Average MW

Council's Study '^15 875 1,286 [ ,i*Z5 1,530

PNUCC Hydro Powers
Subcommittee 108 1,270 'f,356

CH2m Hill*b, c — 80 330 f 30 't50

BonnevUled — 1,050 1,^00 1,600 1,600

Approximate translations to 1980 levelized dollars.

aPNUCC's hydropower subcommittee started with the total theoretical

energy potential of all undeveloped hydropower within the region. This

theoretical potential was separated into four categories of potential pro-

jects, (1) proposed sites, (2) irrigation sites, (3) existing non-power sites, and

(4) existing power dams. These categories were reduced to 19 percent, 72

percent, 'f8 percent, and 6^ percent of the theoretical totals, respectively,

to account for efficiency losses, land use, and fish and wildlife constraints.

The PNUCC study used 1982 constant dollars; thus, this chart may under-

estimate the amount of hydro available at each cost. That is, there will be

at least 'f,350 megawatts at 30 mills or less.

'^The CH2M Hill study, "Pacific Northwest Regional Hydropower Assess-

ment," October 1982, was based on a hydropower project list compiled by

PNUCC and its hydro resource subcommittee. This list contains over 700

hydro sites with current FERC licensing activity. The study begins by

removing from the PNUCC list projects representing approximately 500

average megawatts. Those projects removed include recently completed
hydro projects (71 megawatts), projects with licenses granted (99 mega-
watts), projects outside of the region (69 megawatts), projects sponsored by

the Corps of Engineers (U^f megawatts), projects that have been granted

exemption (22 megawatts), and projects under construction (U^f megawatts).

A supply function for new hydro was then developed from the remaining

sites identified on the PNUCC project listing. The supply function was
developed using the results of a telephone survey of potential developers.

^For comparison with other studies in the table 350 MW should be added to

this number to account for projects that were removed from the data base

prior to constructing a supply curve.

•^Bonneville, in their Draft "Generating Resources Supply Curve",

September 15, 1982, developed estimates of costs and quantities for the

region for the years 1985-2000.
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Geothermal

Geothermal energy represents a potentially large contribution to the region's

electric energy supply. However, opinions are divided as to how much and at \»^at

price. A Cbuncil study estimated more than 2,000 average megawatts of

electricity generation were available frcm high-temperature (greater than 150

degrees centigrade) resources at costs ranging fron 3.2 to 8.8 cents per
kilowatt-hour. In addition, intermediate-temperature (90-150 degrees centigrade)

hydrothermal resources could provide direct heating for groups of homes and

businesses, replacing 716 average megawatts of electricity at costs ranging from

3.0 to 6.5 cents per kilowatt-hour.

These estimates represent only part of the geothermal potential in the region.

The Council has not examined geothermal resources at temperatures below 90

degrees centigrade for non-electrical uses or temperatures between 100 and 150

duress centigrade for electric generation. Some cormiunities in the region,

including Boise, Idaho, have developed low-tenperature resources for space
heating. Estimates show that other communities could exploit geothermal

resources to provide cost-effective space heating. Efforts are underway in the

region and in California to generate electricity from geothermal fluid in the

100 to 150°C range using wellhead generators. The Council will monitor progress
in these areas.

The Council has concluded that the geothermal resource is large and that

effective technology to develop these sites exists, ftowever, more information is

needed on temperature, chemical makeup of the geothermal fluid, and size of

premising geothermal reservoirs in the region before the Council can include
geothermal energy as a firm resource in the 20-year regional plan.

The Council has identified actions to assure the possibility of cost-effective

geothermal resource development in the future. The Cbuncil expects geothermal
energy to be included as firm resources in subsequent regional power plans.

Detailed actions are described in the Two-Year Action Plan in this chapter.

Wind

Wind resources are presently in a research, development, and demonstration

stage. The region could have as much as 2,200 megawatts of wind turbines

installed by the year 2000. However, estimating costs of future wind turbines is

highly speculative. Cost will decrease only if more new wind turbines are built.

More wind turbines will be built if wind turbines become cost-effective. The

Council has not included any wind energy in this power plan because of the

uncertainty about costs and performance. However, the Council has identified a

number of actions so the region can take full advantage of the wind resource if

and when technology and production improvements reduce the cost of wind turbines

to a cost-effective level. These actions were described earlier in this chapter.
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Solar

Solar electric generation is an emerging technology with medium- to long-term
potential in the region. The direct application of solar energy for space or
water heating was considered in the Council's conservation assessment. (See the
Two-Year Action Plan section.)

The Council has not included solar-electric generation in the 20-year power plan
because of the high cost of electricity generated from either central station
solar receivers or photovoltaics. Council studies estimate the cost at 11 to 19
cents per kilowatt-hour for central station receivers and from 65 to 75 cents
per kilowatt-hour for photovoltaic stations. The Council reccmmends continuing
and expanding Bonneville's current data collection activities as described in
the Two-Year Action Plan section.

Biomass

Bicmass includes wood residue, agricultural waste, and municipal solid waste.
Biomass is used as a fuel in stand-alone (condensing) generators as well as in
cogeneration. Bianass assessment was divided into two parts: (1) the potential
for biomass industrial cogeneration, and (2) non-industrial biomass potential
\**iether as a cogenerator or a stand-alone generator.

Industrial Cogeneration (Biomass)

Industrial cogeneration occurs \^tien an industrial plant produces both electrical
energy and useful thermal energy fron the same fuel source.

The Cbuncil has identified 541 megawatts of existing cogeneration capacity in
the region. In the past, these resources have produced 320 average m^awatts of
electricity in good business years. (Less than 100 megawatts of these resources
were included in the Existing Resources and Resources Under Construction section
because most do not belong to utilities and therefore have not been offered to
the region as firm resources. ) Since the last two years have been poor for
business and the region has had surplus hydroelectricity , many of these existing
facilities have not been operated. This situation points out one of the primary
benefits of cogenerated electricity. It tends to follow changes in electricity
demand caused by business-cycle fluctuations. When business is off, so generally
is the demand for electricity, and the cogenerating units can be shut down. If
business improves, so does the demand for electricity, and the cogenerating
units can be brought on-line.
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The Council has concluded that 500 average megawatts of new industrial

cogeneration (in addition to that which currently exists) could be developed at

a cost of between 3.5 and 6.5 cents per kilowatt-hour. About 80 percent of this

total (or 400 megawatts) is identified as using biomass fuel. The rest is fueled
with gas, oil, or coal and is a priority three resource [see Cogeneration

(Non-Biomass) below] under the Act. This assessment assumes development of a

regional policy recognizing cogeneration 's positive aspects and addressing the
difficulties potential cogenerators face when they try to market electricity.

These difficulties arise because of limited access to trananission lines and the

fact that cc^enerators generally are not part of the utility community. A

regional cogeneration policy is described in the Two-Year Action Plan section.

The Cbuncil has included all 400 megawatts of the achievable bictnass-fueled

industrial cogeneration in its 20-year plan under the high or the medium-high
growth forecast. Industrial cogeneration acquisition schedules are outlined in

the introduction to this chapter.

Non-Industrial Uses of Biomass

The Council has not counted on any non-industrial biomass resources in the plan.

The Cbuncil has estimated the biomass potential, other than bicmass used in

industrial cogeneration processes, to be 380 average megawatts by the year 2000.

About 45 average megawatts of biomass are planned to be in service between now

and 1985. This includes the 32 average megawatts from Washington Water Power's
Kettle Falls project (included in the Existing Resources and Resources Under
Cbnstruction section in this chapter). A municipal solid waste project at Oregon
City, sponsored by the Metropolitan Service District and scheduled for service
in 1986, has recently been cancelled. Environmental concerns were chiefly
responsible for the suspension of the plant. Citizens in the area of the planned
facility passed an initiative to stop development.

Plants totaling 48 average megawatts have proceeded to the prospective stage,

and 290 average megawatts have been identified as potential. All of these
identified sites must clear many hurdles before development.
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The Council felt that if it \*ere cost-effective, the region could acquire ICX)

average megawatts from non-industrial bionass. Cost estimates range from to

21.9 cents per kilowatt-hour depending on negotiated price of fuel, in the case

of wood residue-fired biomass generation, and how much credit is given for

avoided dumping costs when municipal solid waste is used as fuel. The Council's

initial resource assessment indicated that the 100 average megawatts could be
acquired for 6.5 cents per kilowatt-hour or less. Considering the lower costs

and abundance of competing resources, the Council has not included biomass

resources in the plan. The Council's decision considered the apparent riskiness

of planning for biomass-fueled generation plants which often depend on municipal

solid waste for fuel as did the recently cancelled Qr^on City project. Although

not included in this plan, bionass is a high-priority resource in the Act, and

the Cbuncil encourages development of cost-effective and environmentally sound
projects that can be acquired by the Administrator to benefit the region.

Thermal Resources

The Cbuncil has assessed the cost and availability of thermal generating units
that could meet regional electricity demand over the 20-year planning period.
This assessment included plants that have been identified by name in various

planning documents as well as unnamed resources.

Because of the size and importance of the Washington Public Power Supply Systems

plants 4 and 5, the Council prepared a separate analysis comparing
cost-effectiveness to the region of either conqjleting the WPPSS 4 and 5 plants
or building generic coal plants. Alternatively, cost estimates for a generic
nuclear plant or the proposed Skagit/Hanford plants 1 and 2 could have been used
in this assessment. The Council's levelized cost analysis showed that WPPSS 4

and 5 was the lowest cost alternative nuclear plant (see table 3-16). Estimated
costs of the proposed Creston coal plants in Washington were used to represent
typical future coal plants.

In another study, natural gas combustion turbines were analyzed to determine the

effectiveness of including large numbers of combustion turbines in the 20-year
plan and were also analyzed separately to determine how many combustion turbines
to acquire for system operation.
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Cogeneration (non-Biomass)

A total of 500 average megawatts of industrial cogeneration could be developed

in the region over the 20-year planning period. Most of this (400 megawatts) is

fueled with biomass, a priority two resource in the Act. The other 100 average

megawatts is fueled with oil, gas, or coal. Assuming that cogenerated
electricity could be acquired at just below the price of coal-generated
electricity, the Council's analysis has included all 100 megawatts in the plan

under both the high and medium-high load growth forecasts.

Coal

Coal-fired electricity generation is a \sell-established technology. Qierators of

coal plants are still gaining experience with new pollution abatement equipment

required to comply with environmental standards. These requirements have made
new and proposed coal plants more costly and somewhat less reliable than earlier
plants. However, the Council has determined that coal could meet energy needs
through the Council's 20-year planning period at a cost between 4.0 and 4.7

cents per kilowatt-hour. For the plan, the Council relies on conventional
coal-fired plants only. Advanced concepts are discussed later in this chapter.

Currently, the r^ion relies on coal-fired generation for 2,112 average

megawatts with a total peaking capacity of 2,943 megawatts. Additionally, most
of what is classified as "imports" to the region is energy from coal-fired
plants in Montana and Wyoming. (See table 3-7 in the Existing Thermal Resources
section.) Planned or prospective coal plants in the F&cific Northwest represent
2,860 average megawatts with a sustained peaking capability of 3,840 megawatts.
These plants include Colstrip units 3 and 4 and Valmy 2 which are under

constniction, the four Creston units being planned by Washington Water Bower,

Ftortland General ELectric's Boardman 2, and Pacific Bower and Light's Wyodak II.

(The Colstrip and Valmy plants are assumed to be built on schedule and have been
included in the Resources Under Construction section.

)

Council studies have also developed cost estimates for five generic coal plants

that can be used to meet load in the region over the planning period. These

generic plants are shown in table 3-16 along with the planned and prospective
plants. Table 3-16 contains capacity and energy rating for the plants along with
estimates of capital costs. The generic plants include advanced technology coal
plants using atmospheric fluidized-bed combustion, pressurized fluidized-bed
combustion, coal-gasification combined cycle, and coal-gasification fuel-cell

combined cycle. Although cost estimates appear promising for these advanced
technologies, they are not certain enoiogh to be included in the current plan.

The Council will continue to study development of these technolcgies.

The Council has analyzed cost-effectivness to the system of using either coal

plants or nuclear plants. The results of the analysis lead to the conclusion
that, within the makeup of the Northwest electric generating system, coal plants
cost less than nuclear plants. The Council has considered this analysis and has

included approximately 3,200 average megawatts of coal-generated electricity in

its high load growth forecast. Approximately 700 average megawatts are included
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Table 3-16.

Planned, Prospective, and Generic Coal Plants

Cost tob

Project



in the medium-high load growth forecast and no coal plants are needed in the
medium-low and low forecasts. Council decisions on acquisition schedules for

coal plants were described in the Introduction to this chapter.

Nuclear

The Cbuncil has focused on the nuclear plants where construction has begun or
\^tiere signicicant planning has occurred. Plants included in the Council's
assessment are WPPSS 4 and 5 and Skagit/Hanford 1 and 2. The WPPSS 1, 2, and 3

plants are assumed to be completed and have been included as existing resources

earlier in this chapter. WPPSS 1 is assuned to be conpleted in 1988 in the high

and medium-high growth forecasts and in 1991 in the low and medium-low growth
forecasts.

The Cbuncil has put together technical and cost data for nuclear plants. The
data was derived from published sources and was used in the comparison of
nuclear and coal plants. Cost data for the four proposed plants are shown in

table 3-17 along with capacity and energy ratings for each of the plants. These
cost estimates should be viewed cautiously. Levelized costs of energy in cents
per kilowatt-hour are shown for conparative purposes ajiong these plants only.
The contribution of these plants to total system costs can only be determined in

a comprehensive assessment of the regional system. (See WPPSS 4 and 5 conparison

with coal plants.) Further, the WPPSS 4 and 5 plants have started constnaction
and their costs have undergone considerable examination; thus, the degree of
uncertainty may be different for the estimates of the four plants shown.

Based on current analysis, no additional nuclear plants beyond WPPSS 1, 2, and

3, vktiich are assumed to be completed, are included in this plan.

WPPSS 4 and 5 Compared with Generic Coal Units

Council analysis suggests that if the high growth forecast occurs, a thermal

plant would be needed in 1998. Under these conditions, the region would need to

initiate an option in 1988 to help finance the design, licensing, and siting of
a coal plant. If the high forecast occurs and other cheaper resources and

conservation programs do not perform as well as anticipated, the decision would
be needed sooner (see figure 3-16). If the medium-high growth forecast occurs, a
new thermal plant would not be needed until the years 2001-2002.

When a decision is made to initiate a thermal option, the Council and Bonneville

must select the cheapest resource. The cost analysis must consider the
compatibility with the existing regional power system and the risk associated
with alternative plants. Based on available cost analysis, coal plants appear to

perform better with the region's hydroelectric system than nuclear plants.

The Council analysis has shown that no large thermal plants beyond WPPSS 1, 2,

and 3; Golstrip 3 and 4; and Valmy 2 will be required in the region unless
electricity demand achieves a growth rate as high as the mediun-high forecast

(2.4 percent) which would require 700 average m^awatts of new generating
capacity. If growth rates follow the Council's high growth forecast, then 3,200
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the same interest rate on 4 and 5 that currently prevails for 1, 2, and 3. In

addition, this unfavorable case included the total costs for the plants

includirg the $2.25 billion that has already been spent. The present-value

costs, includirg capital costs, production costs, and non-firm energy sales

revenue, for the two analyses were then compared to the present value costs
v^here coal plants of equivalent capacity were assumed to replace WPPSS.

Present-value costs were calculated under three different debt structures for

investor-owned utilities, who were assumed to be 60 percent owners of the coal

plants. The Council heard testimony that with the backing of the regional Act,

Bonneville, and the Council, privately owned utilities might be able to fina nee

their projects with 80 percent borrowing and 20 percent stockholders investment

(80/20 debt /equity). This was the most favorable financing assumption for

private utilities. The least favorable assuirption was 50/50 debt to equity. A

business-as-usual case assumed 60/40 debt to equity.

Key assunptions employed and the results for these cases are summarized in table

3-18. Cost estimates for coal plants are taten from contractors' estimates for

costs of constructing the Creston units.

It can be seen from table 3-18 that when nuclear plants are viewed under the

most favorable conditions, the coal plants have lower costs, ranging from a

difference of $17 to $418 million. When unfavorable assunptions are made for

continued financing of WPPSS 4 and 5 and sunk costs are included, coal is far

cheaper ($3.2 - $3.6 billion). These figures are compared to a base system
present-value cost of approximately $55 billion.

Coal leads to lower total system costs because the hydro system influences the

way generating units are operated. Because of the critical period planning that

controls hydroelectric operations, three out of four years have plentiful

hydropower. During times when hydropower is available, other generating imits

can be shut down while the region takes advantage of the low-cost
hydroelectricity. Those units with the highest operating costs are shut down
first as they result in a larger savings to the region. Because coal plants have

about 40 percent of their total costs in operating costs compared to less than

10 percent for nuclear plants, they can take better advantage of the

hydroelectric power when it is available.

Preliminary risk analysis also favors coal over nuclear plants. Coal plants come

in smaller sized units and have shorter lead times than nuclear plants. Coal

requires six years of preconstruction and four years of construction time, while
a nuclear plant requires six years of preconstruction and ten years of

construction time. As a result, coal plants are more flexible and allow the
region to make major financial commitments closer to the time new power is

needed. To have an operating coal plant available in 1998 to meet the high

forecast, construction would have to start by 1994. The decision schedule for

WPPSS 4 and 5 indicates that construction would have to begin in 1990, fully
four years sooner, to have plant 4 available in 1998. This would mean holding
the WPPSS 4 license and siting certificate for seven more years. A task force of

nuclear experts convened by the Council concluded that it would be difficult to
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Table 3-18.

Key Assumptions on Nuclear Versus Coal Cost-Effective Study

(Costs in July 1981 Dollars)

Ownership
public (%)

private (%)

Financing^

public debt (%)

private debt (%)

return on equity (%)

Capacity factor (%)

Sunk Costs Included (%)

Capital Costs ($/kW)b

Fixed ($/kW/yr)

Variable (mills/kWh)

Fuel escalations (%/yr)c 1.5 1.5

Total System
Net Present Value Costs^

(million 1981 dollars) 55,958 59,131

50/50 debt/equity

60/40 debt/equity

80/20 debt/equity

WPPSSZ/if and //5



mothball a nuclear plant for more than five years. Therefore, holding these
plants until the early 1990s to meet the high load forecast is very risky.

The Council analysis on WPPSS 4 and 5 has not assumed an out-of-region sale.
Building WPBSS 4 and 5 earlier than 1990 and selling their output to California
could reduce the risk of a long mothball period. Provisions to call back their
output for use inside the region could reduce the risk associated with the long
plant construction period.

There has been a great deal of discussion recently about a potential long-term
power sale to California. Proponents of this idea predict mutual benefits for
ratepayers in both California and the Northwest if WPPSS plants 4 and 5 were
completed and their output sold to California until the power was needed in the
Northwest. Only limited information is now available on an out-of-region sale.

At this time, the Council does not have enough information to evaluate the
regional financial iinpact of an out-of-region sale, or how much a sale would
reduce risk for the region. It is not possible to make this evaluation without
detailed evidence describing the price of the power to be sold, the general
terms of the callback provisions, and the allocation of responsibility for
"dry-hole" risks and potential cost overruns between the NDrthwest and
Southwest. In addition, the Council would need information on the effect of a
WPPSS 4 and 5 sale on other resource construction schedules, including
implementation of regional conservation programs; the effect of a sale on the
near-term surplus; and a comparative analysis of the costs of an out-of-region
sale of WPPSS 4 and 5 and the Creston Coal Plant, the Skagit/Hanford Nuclear
Plant, or energy produced by conservation. Based on this additional information,
the Council would also need to consider the risk of an out-of-region sale if
the region experiences load growth below the high forecast. Also, if the p^ice
paid by California does not pay for the total cost of the plants, including
money already spent, the Council wjuld need to determine the economic impact an
the region both during the sale and wiien plants are used to serve Northwest
loads. The Council is seeking additional infoimation on all these issues during
the conment period on this draft.

The Council does not want to inhibit efforts to sell power to the Southwest
outside of the regional plan.

The Council recognizes that conditions may change and new information may be
developed before a decision to initiate a thermal option is needed. Regulatory
uncertainties exist for both coal and nuclear plants, the cost and availability
of all resources may change, and new technology may become commercially
available. The Cbuncil is prepared to madify its plan if some of these unknowns
are resolved in the future.

Natural Gas/Fuel Oil (Combustion Turbines)

Fuel oil and natural gas have been used primarily in the region to provide
peaking capacity generated by combustion turbines.
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The Cbuncil has estimated that natural-gas/fuel-oil-fired combustion turbines

are available to the region at a cost of approximately $244 per kilowatt of

installed capacity. For natural gas combustion turbines this implies an

electricity cost of around 8 cents per kilowatt-hour. There appear to be no

significant restrictions on the use of these fuels as peaking units. The

provisions of the Fuel Use Act may prevent combustion turbine use for more than

1,500 hours per year although there is strong indication that variances can be

obtained when it can be shown that gas or oil fired generation is cheaper than

the next best alternative. There appear to be no major limits on the number of

these plants the region could build. The Council has made analyses to determine

the appropriate amount of combustion turbines to include for systems operation
and for planning.

Combustion turbines have been analyzed with two questions in mind: (1) What is

the riDSt econonical level of combustion turbines appropriate for systems
operation and (2) how can combustion turbines be used in planning as a hedge
against higher than expected rates of growth occurring in the region?

To answer the first question, one must consider the unique characteristics of

the Northwest hydroelectricity-based system and the way other resources

integrate with the hydro system. The cost-effectiveness of individual resources

can only be determined by considering how they int^rate with the entire

system.

The discussion of the hydroelectric syston at the beginning of this section
noted that the additional flexibility of the system allows approximately 1,000

megawatts of additional load to be met during the fall and winter months, over
the critical period average hydro systan capability, without risking empty

reservoirs before the spring runoff. This flexibility can be called "provisional
draft" of the reservoirs, because it borrows water from the expected large
spring runoff. If low innoff occurs, the borrowed water has to be repaid by
using high-cost resources that have been kept in reserve and that would have
otherwise been run if the provisional draft had not taken place.

Combustion turbines are good candidates for this backup to provisional draft.

Their capital costs are relatively low and their high operating costs can be
avoided most of the time through a conbination of the provisional draft in the
fall and expected non-firm electricity in the spring. (Figure 3-1 showed that
there is relatively little non-firm electricity in the fall and a relatively
large amount in the spring.) Using up to 1,000 megawatts of combustion turbines
to gain additional flexibility is appropriate, based on preliminary analysis.
Trying to use more than 1,000 megawatts raises major additional risks which have
not yet been analyzed, though they might be beneficial if the region were in
major difficulties. The Council's analyses have assumed 800 megawatts of
existing combustion turbines are available although only about 300 megawatts are
planned to meet firm loads.

In planning, one is faced not only with water supply uncertainties but also with
uncertainties associated with future electricity demand. Combustion turbines
have short construction lead times (18 months) compared to coal plants (48
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months) and nuclear plants (128 months). Thus, a planning agency faced with
uncertain future demands could wait longer to see whether demand materialized if

they were willing to plan to build combustion turbines to meet uncertain rapid
future demand growth and if they were willing to hold options on ccmbustion
turbines. If demand did grow rapidly, ccmbustion turbines could be built to neet
the load over the 30 (48 minus 18) months additional time required to bring a
coal plant on-line. Qice combustion turbines were built to cover such an
emergency, they could become standby resources — they could provide interim
service if the region experiences rapid load growth. In this role the region
could use combustion turbines to verify the need for new resources. If

electricity demand did not materialize, nothing \*ould be built and the region
would be much better off than if generating facilities had been built in
anticipation of the demand.

Recent history emphasizes this point. If, instead of proceeding to construction
of the WPPSS nuclear units the region had instead taken out an option on coal or
nuclear plants and had planned to build interim combustion turbines if demand
materialized, neither the nuclear units nor the combustion turbines would have
been built and the region would have paid only the cost of holding an cation on
the coal or nuclear plant and the cost of an option on the combustion turbines.

Two sources of uncertainty wei^ discussed in the above paragraphs: hydro

uncertainty for which a maximum of 1,000 megawatts of combustion turbines is

probably appropriate, and future demand uncertainty, for which additional
ccmbustion turbines are appropriate. The Council concluded that 1,050 megawatts
of combustion turbines beyond what currently exists should be included in this
plan as a hedge against rapid growth in electricity demand.

This decision has been supported by Council analysis (see Appendix E) , the
preceding arguments, and support for this 1,050 megawatts frcm utility
representatives before the Council at public meetings.
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Environmental Costs and Benefits

The Act requires that all resource cost-effectiveness evaluations mist include

quantifiable environmental costs and benefits. Costs for pollution abatement

equipment and fish and wildlife mitigation required under state and federal

r^ulations have been included in estimating resource costs. The Act further

specifies that the Cbuncil must develop a method to quantify environmental costs

and benefits to be used by the Administrator in measuring the cost-effectiveness

of resource acquisition decisions. This method developed by the Council is

presented in Appendix F.

The Act also directs the Council to give "due consideration" in its plan for

environmental quality and protection, mitigation, and enhancement of fish and

wildlife. The Council, in selecting resources in this plan, considered the

environmental effects of generic resources. The Council expects Bonneville to

use the method for quantifying environmental costs in evaluating specific

resources and resource sites prior to acquisition.

The Cbuncil spent considerable time developing background information to give

due consideration to the impacts of resources to be included in the plan. Early

Council efforts focused on developing estimates of the dollar costs of

environmental impacts, referring to the current literature. The Council found

the literature to be sparse and too resource- and site-specific to be useful in

assessing impacts of the generic resources included in this plan. The Council

decided that making educated guesses from available information and representing

these as the true value of impacts would weaken this plan, and has declined to

do so.

Instead, the Council has examined effects in detail over the entire fuel cycle

related to each resource to the extent possible. The Council considered reported

environmental effects in making decisions about resources to be included in the

plan. Reference documents produced by the Council are included in the Technical

Exhibits.

The Cbuncil focused its attention on resources likely to be included in the

plan. The resources are listed down the left hand column of table 3-19, with

stages of the fuel cycle listed across the top of the table. Entries in the

table represent a significant impact on the corresponding resource and stage of

the fuel cycle. The numbered entries refer to the numbered paragraphs below

where the impact is briefly stated.

3-97



Table 3-19.

Identification of Environmental Impacts

Extraction Transportation Generation Retirement

Coal 12 3 5

Nuclear 1 — 4 —
Hydro ~ ~ 6

Cogeneration 7 — 8 —
Combustion Turbines 9 — 10

Conservation — — 11 —

1. The major impacts fron mining include health effects on miners of both

coal and uranium and the so-called "boon town" effects as new large coal

mines are opened. Surface mines cause a major disruption to the land.

Unless a mine is opened specifically to serve a planned coal or nuclear

plant, it will be difficult to deteimine \j*iich effects should be attributed

to a given generating plant.

2. The major concerns with coal transportation are safety and noise. A

four-unit site such as Creston would require three round trips per day by

trains containing 100-105 cars each. The risks at railroad crossings and

the possibility of holding up anei^ency vehicles (ambulances, fire trucks,

and police) are increased. Noise levels are increased in the vicinity of

the tracks.

3. A major concern with conventional coal-fired generation is with air

emissions. Coal plants emit SO2, NG^, and CO2 into the atmosphere.

Respiratory problans have been associated with 802 I'eleases and SO2 and

NOjj are known to produce "acid rain," precipitation high enough in

acidity to cause forest and crop damage, metal corrosion, and indirectly,

destruction of fish and wildlife. CO2 in the atmosphere causes a

"greenhouse effect," leading to long-term wanning trends on the earth.

Research is underway on the effects of CO2. The Council will follow the

progress of this research.

4. The kgy concerns with nuclear generation have been well publicized:

the risk of a serious nuclear accident, and concerns with nuclear

proliferation. Because of public responses to these issues and little or no

history to rely on, these impacts are not analytically resolvable.

5. The major concern on retirement of nuclear plants is disposition of

the reimining radioactive materials. California has barred construction of

additional nuclear facilities in that state until there is an acceptable
federal program for dealing with nuclear i*aste materials. Oregon and

Montana have similar laws.
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Table 3-19.

Summary of Conservation Acquisition Plan by Forecast

(Average Megawatts, Inclusive of Line Losses)

6. Hydroelectric power development has negative effects on the spawning

and rearing habitats of fish and wildlife and hinders the migration of both

juvenile and adult anadromous fish as they migrate to the ocean and back to

their spawning grounds. These effects and mitigation efforts have been

discussed in great detail in the Council's Columbia River Basin Fish and

Wildlife Program. The Council feels that the same guiding principles should

be used in developing hydropower outside of the Columbia River Basin as

they have recommended for development within the basin.

7. Much industrial cogeneration is fueled with biomass. Collecting and

stacking this material can cause land erosion and leaching into

groundwater. Both of these effects can pollute streams and surface- and
groundra.ter.

8. Cogeneration with biomass has many of the same air emissions as

coal-fired plants. The fact that cogeneration is more efficient than
separate production of steam and electricity tends to make the total irrpact

smaller. Countering the high efficiency is the fact that abatement
equipment for individual plants may not be as sophisticated as that at a

major generating facility and the possibility of the cogenerator being
closer to a population center.

9. Combustion turbines use oil or natural gas. Dependence on these fuels,

which are generally imported, has created concern, especially since the

Arab oil embargo of 1973. The value to be put on fuel independence should

be addressed at the national level.

10. Combustion turbines fired with natural gas present fewer environmental

concerns than any other fossil-fuel-fired plants. As with coal, CO2 is

emitted when burning natural gas but at about half the rate of that fron an

equivalent number of BTUs (British thermal units) of coal. Other air

emission is either not serious or can be mitigated.

11. Weather-tightening rreasures decrease the amount of air infiltration in

buildings, leading to increased concentration of radon and formaldehyde as
well as other indoor air pollutants. Very little is known about the health
effects of these indoor pollutants; however, radon is known to be a

carcinogen in higher concentrations. Research is underway into the effects
of indoor air pollution and the Council will follow these efforts. To
mitigate potentially harmful effects, the Council has included air-to-air
heat exchangers in their weatherization programs. Air-to-air heat
exchangers can be selected to maintain the building's air quality but they
lower the energy savings somewhat.
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Fish and Wildlife Protection

In develqping this plan, the Council is required by the Act to give "due

consideration" to the "protection, mitigation, and enhancement of fish and
wildlife and related spawning grounds and habitat, including sufficient
quantities and qualities of flows for successful migration, survival, and
propagation of anadrcmous fish."

The Cbuncil has concluded that the standards applicable to new hydroelectric
development under the Council's Columbia River Basin Fish and Wildlife Prograjn

based on the best scientific knowledge and, as a result should be applied to

hydroelectric development in other parts of the Northwest. Accordingly, to be
consistent with this plan, any proposal for Bonneville to acquire a hydropower
resource, to pay or reimburse investigation or preconstruction expenses of such
a resource, or to grant billing credits or other services with respect to such a

resource must satisfy the conditions of development contained in Appendix H.

Before acquiring the capability of a hydroelectric resource, Bonneville should
consider the cumulative effects of the development on a stream or river basin.

Bonneville is encouraged to negotiate a memorandum of understanding with each
state regarding fish and wildlife standards to be applied in the siting and
development of new resources.

The Council has given special attention in this plan to hydroelectric

development because of its status as a second priority renewable resource under

the Act, and because hydropower appears to offer potential for meeting a

significant share of forecast load growth. Nevertheless, hydropower also poses a
threat to anadrcmous fish runs and other fish and wildlife resources in the

region if such projects are not located at appropriate sites and carefully

designed, built, and operated. In focusing on hydroelectric resources, the
Council understands that other types of resources also cause fish and wildlife
impacts. The Cbuncil welcomes comments on appropriate standards for those

resources.

The next section outlines the important actions that Bonneville, the Council,

and the region must take in the next two years to implesnent the Council's
20-Year Fbwer Plan. It includes action on conservation prograjiis and resources
that will be needed to meet future demand.
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Two-Year Action Plan

The Council's 20-year power plan requires specific actions tx) be taken over the

next two years. These actions will include the initial stages of cptioning

resources, and if necessary, acquiring additional resources to meet Bonneville's

loads. Because the activities described in this section represent actual

expenditures of funds and comnitments to resource development, they are the most

important actions that Bonneville, the Council, and the region need to take in

response to this plan.

Specific actions are called for to:

o Initiate progra;ns which facilitate adoption of energy-efficiency standards

for new residential and new non-residential construction;

o Initiate conservation programs for existing residential and commercial

buildings;

o Initiate conservation programs to improve the efficiency of residential

appliances, including water heaters;

o Initiate industrial sector conservation programs;

o Initiate agricultural sector conservation programs;

o Initiate governmental sector conservation prograins;

o Establish a conservation research program to determine energy saved and

overall costs;

o Evaluate hydropower developnents under construction and request options on

additional, new hydropower development;

o Establish a market for interruptible power within the I^cific Northwest;

o Develop a geothermal demonstration project;

o Study and evaluate wind energy potential;

o Develop a policy encouraging cc^eneration;

o Study and design energy policy alternatives;

o Implement an environmental analysis methodology;

o Voluntarily adept the Coioncil's rate designs; and
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o Begin a prc^ram to monitor load growth, costs, resource acquisitions, and

resource schedules.

Conservation Program

This section outlines the Council's proposed long-term conservation program

goals and objectives. It sets forth the amount, timing, and expected cost of the

conservation savings Bonneville should acquire from each sector and, where

appropriate, by end use. All costs are in levelized constant 1980 dollars.

Finally, it lists specific actions Bonneville should take during the next two

years.

Goals

The Council's proposed conservation program focuses on the attainment of six

long-term goals

;

o Existing and new residential and non-residential buildings in the region

will be made as energy-efficient as current technology and life-cycle
economics allow;

o Electricity-consuming buildir^s in the region will be operated in an

energy-efficient manner;

o Renewable energy resources, in particular passive solar applications, will

be used in new and existing residential and non-residential buildings where

economically justified;

o Industrial electric processes, commercial equipment, and household

appliances will be as energy-efficient as current technology and

life-cycle economics allow;

o Energy-management considerations will be an integral part of the planning

and administrative processes of local and state government and the private

sector; and

o Legal arrangements will be made to allow government, utilities, and the

private sector to share energy-management resources, information, technical

expertise, and experience.

Table 3-20 provides the 5-year (1988) and 20-year (2002) conservation

acquisition targets for each of the Council's growth forecasts. A review of this

table reveals that depending on the need for additional electric energy, the

Council forecasts that Bonneville should acquire between 2,120 and 5,300

megawatts of conservation by the year 2002.

During the next five years the residential sector conservation provides

approximately 50 percent of these savings, the commercial sector 33 percent, and

the industrial sector 10 percent. The rsnaining 7 percent comes through

3-102



efficiency improvements in the agricultural sector. The Council's plan calls for

Bonneville to diversify its conservation efforts to achieve these relative

shares. The pace of Bonneville's current programs should be designed to enhance

its ability to effectively finance, develop, test, and/or implement new programs

which serve all sectors. Some reduction in the current pace of residential

retrofit activities is expected under the Council's plan.

Table 3-20.

Summary of Conservation Acquisition Plan by
Forecast

(Average Megawatts, Inclusive of Line Losses)

Sector End Use
1988
(MW)

High.
2002

(MW)

FORECAST
Medium-High Medium-Low Low
1988 2002 1988 2002 1988

(MW) (MW) (MW) (MW) (MW)
2002
(MW)

RESIDENTIAL
Existing Space Heating
New Space Heating
Water Heating
Other Appliances

Sector Total

97

119

121

1^3

511

1,011

955
565

55

102

5^

19

457
868
805

473

380 3,042 230 2,603

54

75

61

17

207

446
643
677

414

47

43

44

18

254
368

202

188

2,180 152 1,012

COMMERCIAL
Existing Structures 143 753 78 650

New Structures 77 540 57 400

Sector Total 220

INDUSTRIAL 82 548 44 548

Sector Total 82 548 44 548

1,293 135 1,050

74

48

122

44
44

618
332

950

548
548

62

39

101

38

38

333
275

608

301

301

AGRICULTURAL
Existing

New
Sector Total

TOTAL

36

17

53

735

323

91

414



implementation of new conservation programs as well as the modification of

existing programs.

The plan identifies some prograjns that should be implemented regionwide

immediately. Others should be phased in or expanded as new resource requirements

and the results of pilot and demonstration projects dictate.

These conservaticsi programs are discussed by sector. Where appropriate they are

separated into programs for new and existing users, and specific acquisition

targets are provided.

Residential Sector — Existing Buildings

The objective of this conservation program is to acquire additional energy

through efficiency improvements in existing residential buildings that use

electricity for space and water heating.

This program should include these principal features:

o Require, as a condition of receiving financial assistance, the installation

of all structurally feasible and regionally cost-effective conservation

measures based on a comprehensive audit of the home;

o Permit private contractors to solicit the consumer's business directly,

without goir^ through the local utility

;

o Provide for local utility or other qualified inspection of the conservation

measures before the private contractor may be paid;

o Irrplement all structurally feasible and regionally cost-effective space

heating and water heating conservation measures for each building in one

step;

o Provide financial assistance at a level that will achieve the expected

energy savings at the least possible cost to Bonneville ratepayers, up to

the full cost of the conservation measures, if necessary;

o Provide a low-incorie program that pays 100% of the actual cost of all

conservation measures, or a fixed amount per kilowatt-hour saved equal to

the cost-effective limit for new resource acquisitions, for households with

an income below $16,000 per year;

o Provide a renter program that pays 100 percent of the actual cost of all

conservation measures, or a fixed amount per kilowatt-hour saved equal to

the cost-effective limit for new resource acquisitions, for tenant-occupied
single-family and multi-family buildings;

o Permit and encourage individual entities (utilities, local and state

governments, private entrepreneurs, etc.) to market residential space and

water heating savings and market them directly to Bonneville;
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o Provide certification of retrofit (or energy-efficient) rental property

units; and

o Ftermit retrofit contractors and other entities, with approval of

owner/tenant, to contract directly with the utility (or other entities

operating a retrofit program) rather than the individual property

owner/manager to deliver energy conservation services at a n^otiated cost

and delivery schedule.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Undertake a demonstration program which tests the feasibility, affect on

market penetration, and cost-effectiveness of directly contracting with

private energy services firms to secure residential conservation; and

o Modify its existir^ residential programs to incorporate the features and

rate of acquisition expressed above.

During the next two years, the Council will :

o Conduct a review of the effect that alternative financial assistance levels

have had on participation rates in programs currently offered in the region

and elsewhere. The analysis will include an examination of participation by

income group;

o Conduct research to assess the effectiveness of alternative conservation

financing approaches, including full-cost reimbursement for all residential

consumers regardless of income. These projects will assess each

alternative's effect on:

o Desired penetration rates;

o Administrative and related program costs; and

o Estimated potential versus actual savings.

o To the extent practicable, these research objectives will be incorporated

into programs currently in place or those soon to be implemented, such as

the Hood River and Elmhurst projects.

Expected Cost and Savings

Through this program, Bonneville should acquire 110 megawatts of space and water

heating savings by January 1, 1988. The average cost of these savings is not

expected to exceed a levelized cost of 1.6 cents per kilowatt-hour. For

individual conservation measures the marginal cost is not expected to exceed a

levelized cost of 4.0 cents per kilowatt-hour. The measures taken should result
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in an average savings per unit of at least 3,000 kilowatt-hours per year for

space heating and at least 1,530 kilowatt-hours per year for water heating.

Residential Sector — Conversion Standards

Model Efficiency Standard for Conversion to Electric Space Heating

The objective of this standard is to ensure that buildings converted to electric

space heating from other fuels neet minimum energy-efficiency requirements. The

Council's model standard for conversion of residential buildings to electric

heating is described in Appendix J. (Due to its size, this appendix is in a

separate volume, which is available on request.) This standard should be adopted

by state or local governments or by utilities vhere l^ally authorized. Entities

who choose not to adopt this standard should prepajre an alternative plan that is

expected to result in comparable savings. Failure to implement this standard or

achieve comparable savings will result in the imposition of a rate surcharge
(see Surcharge Methodology, Appendix G).

Two-Year Actions

By January 1, 1986, state and local government or utilities where legally

authorized should:

o Adopt and enforce the Council's efficiency standard for conversion to

electric space heating, or prepare an alternative plan for achieving

savings comparable to those that would be achieved through implementation
of the Cbuncil's efficiency standard for conversion to electric space heat.

During the next two years, Bonneville, in consultation with the Council, should:

o Provide financial and technical support to state and local governments

and/or utilities vrtiich implement the Council's model efficiency standard
for conversion to electric space heat prior to January 1, 1986.

Expected Cost and Energy Savings

The Cbuncil evaluated the potential conversion of unweatherized oil- and

gas-heated homes to electric heat. This assessment revealed that each conversion
could cost the region in excess of $8,300 in new resource requironents over the

next 20 years. This standard is expected to reduce this cost by more than $3, 100

by requiring weatherization prior to conversion to electric heat. This standard
is expected to reduce the annual electric space heating needs in an average heme

that converts by approximately 5,000 kilowatt-hours. Total regional savings will

vary depending on how consumers respond to future oil and natural gas prices.
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Residential Sector — New Building Standards

Efficiency Stanciards for New Buildings

The objective of this standard is to ensure the construction of energy-efficient
residential buildings b^inning January 1, 1986. The Council's performance
standard for the space heating requirements of single-family (up to 4 units) and
multi-family (5 units and larger) dwellings is shown below:



o Develop, in cocperation with state and local governments, professional

societies, trade associations, and other interested parties, a consistent
procedure for certifying compliance with the Council's model standards for

new buildings. This procedure should be available to all jurisdictions
adopting the Council's model standards for new buildings on or before
January 1, 1986;

o Develop and implement, in cooperation with state and local governments,

trade and professional associations, and other interested parties, an
education program regarding the provisions of the Council's model standards

for home builders, architects, designers, real estate appraisers, code
officials, and lending institutions;

o Develop and implement, in cooperation with local governments, trade and
professional associations, and other interested parties, an incentive
program which results in at least 55 average megawatts of savings in

buildings built between the adoption of the plan and January 1, 1986;

The principal features of this program should include:

Certification of homes w^ich meet or exceed the Council's efficiency

standards by the local utility, local government, and/or independent

appraisers;

— A public education and marketing program v^hich anphasizes the

energy-savings features and value of the homes achieving the
efficiency standards; and

Efficiency awards to builders of buildings w*iich meet or exceed the
Council's model standard, regardless of the type of fuel used for

space heating.

o Provide technical and financial assistance to the shelter industry
(builders, lenders, appraisers, etc.) for the inplementation of an

energy-efficiency rating system for new residential buildings. This rating
system should be similar to that used by the Environmental Protection
Agency to provide consumers with information about automobile fuel

efficiency. This system should be fully inplemented on or before January 1,

1986;

o Develop and initiate an incentive program for governmental entities
adopting and enforcing the Council's model standards for new buildings,

prior to their required implementation date. The incentives provided in

this program should be similar to those offered under Bonneville's retrofit
energy "buy-back" program; and
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o f^y for the incremental cost above current code for a sanple demonstration
of homes built to the Council's model efficiency standard. The principal
features of this program should include:

A sample of at least 100 single-family (up to 4 units) and 20

multi-family (5 units and above) buildings *tiich are separately
metered for space heating, water heating, and other appliances' energy

use. The buildings should be located in proportion to population
distribution across the region;

Measurement of the level of air infiltration for the madel hemes;

Cbcupant data, including the type and number of appliances owned,
family size, and other information determined in consultation with the
Council ; and

— A control group of comparable buildings built to current code or
practice.

Expected Cost and Energy Savir^s

This efficiency standard should produce at least 100 megawatts of space heat

savings in new buildings built during the next five years, assuming the
Council's medium-high growth rate. The average cost of these savings is not
expected to exceed a levelized cost of 1.8 cents per kilowatt-hour. The marginal
cost of any individual conservation measure needed to achieve the Council's
standard is not expected to exceed a levelized cost of 4.0 cents per
kilowatt-hour.

Residential Sector — New Appliances

The objective of this conservation program is to encourage the purchase, either
new or as a replacement of an existing unit, of appliances which are
energy-efficient. This program's principal features should include:

o An initial focus on refrigerators, freezers, central air conditioners, and
space- and water-heating heat pumps;

o Dealer and/or customer incentives based on the amount of the energy saved
by the appliance compared to average use by cortparable units available on
the market;

o Ftermit manufacturers/distributors to market appliance energy saving
directly to Bonneville; and

o Offer financial incentives to entities, including dealers, sufficient to
remove older, inefficient refrigerators and freezers frcra the operating
stock.
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Two-Year Actions

During the next two years, Bonneville, in consultation with the Cbuncil,
should:

o Undertake a danonstration program which assesses the feasibility, cost-
effectiveness, and effect on market penetration of offering direct
financial incentives to manufacturers, distributors, and/or dealers to
encourage the sale of energy-efficient appliances;

o Undertake a demonstration program to assess the feasibility, cost-

effectiveness, and effect on market penetration of offering third-party
purchasers (e.g., builders, rental property managers, etc.) direct
financial incentives to install energy-efficient appliances; and

o Undertake a field research project which assesses the effect of
energy-efficient appliances on the space heating requirements of fully

weatherized residential buildings and new residential buildings that meet

the Cbuncil 's rrodel standard.

During the next two years, the Council will:

o Assess the impact of incentive programs as well as the desirability of

adapting more stringent appliance efficiency standards.

Expected Cost and Energy Savings

Bonneville should acquire 19 megawatts of energy savings from nore efficient

appliances during the next five years. The average cost of these savings is not

expected to exceed a levelized cost of 1.6 cents per kilowatt-hour. The marginal
cost of individual appliance conservation savings is not expected to exceed a

levelized cost of 4.0 cents per kilowatt-hour.

Commercial Sector — Existing Buildings

The objective of this program is to provide technical and financial assistance

which leads to the acquisition of energy-efficiency improvements in existing
canmercial buildings.

The program should include these principal features:

o Permit and encourage non-utility entities to market commercial sector

electrical energy savings to utilities;

o Audits which investigate the potential for energy-efficiency improvements
that could conserve all fuel forms;

o Payment based on a set amount per kilowatt-hour saved up to the

cost-effective limit for new resource acquisitions, regardless of the

measures taken;
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o Reimbursement for auditing costs incurred by commercial customers when
performed by qualified personnel according to generally accepted practice
when these audits result in demonstrated electrical enerigy savings; and

o Require that all technically feasible and regionally cost-effective

conservation measures be implemented by the custcmer as a condition of

receiving financial assistance.

Two-Year Action

During the next two years, Bonneville, in consultation with the Council, should:

o Initiate a regionwide commercial sector enei\iy acquisition ("buy-back")
program. This program should acquire at least 40 megawatts of energy by
January 1, 1986.

Expected Cost and Energy Savings

Bonneville should acquire 78 megawatts of savings from existing commercial
buildings during the next five years. The average levelized cost of these
savings is not expected to exceed 1.6 cents per kilowatt-hour. The marginal
levelized cost of any individual conservation measure is not expected to exceed
4.0 cents per kLlowatt-hour.

The average electrical energy savings expected per building is 30 percent. These
savings should be obtained through the implementation of equipment-efficiency
improvements such as lighting, heating, ventilation, cooking, air conditioning
and refrigeration, and building envelope modifications.

Commercial Sector — Conversion Standards

Model Efficiency Standard for Conversion to Electric Space Heating

The objective of this standard is to ensure that buildings converted to electric

space heating from other fuels meet minimum energy efficiency requirements. The
Council's model standard for conversion of non-residential buildings to electric
space conditioning is described in Appendix J. (Due to its size, this appendix
is in a separate volune which is available on request.) This standard should be
adopted by state or local governments or by utilities where legally authorized.
Entities who choose not to adopt this standard should prepare an alternative
plan that is expected to result in comparable savings. Failure to implement this

standard or achieve comparable savings will result in the imposition of a rate
surcharge (see Surcharge Methodology, Appendix G).
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Two-Year Actions

By January 1, 1986, state and local government or utilities where legally
authorized should:

o Adopt and enforce the Council's efficiency standard for conversion of
non-residential buildings to electric space conditioning, or prepare an
alternative plan for achieving savings corrparable to those that would be
achieved through implementation of the Council's efficiency standard for
conversion to electric space heat.

During the next two years, Bonneville, in consultation with the Council, should:

o Provide financial and technical support to state and local governments
and/or utilities \\hich inpleraent the Council's model efficiency standard
for conversion to electric space heat prior to January 1, 1986.

Expected Cost and Energy Savings

The Council evaluated the potential conversion of existing oil and gas buildings
to electric space conditioning. This assessment revealed that each conversion
could cost the region in excess of $6,000 for each average kilowatt of new
resource cost over the next 20 years. This standard is expected to reduce this
cost by requiring cost-effective lighting, HVAC, and water heating efficiency
improvements prior to conversion to electric space conditioning. Total regional
savings will vary depending upon how consumers respond to future oil and natural
oil prices.

Commercial Sector — New Building Standards

The objective of this standard is to ensure that new non-residential buildings
are energy-efficient beginning January 1, 1986. The Council's proposed model
standard is a modified version of the American Society of Heating, Refrigeration
and Air Conditioning Engineers' (ASHRAE) nxDSt recent rrodel energy code, ASHRAE
90-80. This standard includes equipment performance specifications, lighting
budgets, and minimum building envelope efficiency requirements. The lighting
budgets included are identical to those now required by Seattle's Energy Code
with the exception of office buildings. The standard for office buildings is
equivalent to that proposed by the California Energy Commission. The conplete
standard appears in Appendix J (in a separate volume, available on request).

This standard or an alternative program which is anticipated to achieve
comparable savings should be implemented by state and/or local governments by
January 1, 1986. Bonneville should provide technical and financial assistance to
entities adopting and implementing this standard.
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Two-Year Actions

By January 1, 1986, state and/or local governments should:

o Adept and enforce the Council's nodel standard for new buildings; or

o Prepare an alternative plan for achieving savings conparable to those that

would be achieved through implementation of the Council's model efficiency
standard for new buildings. This plan should be developed in cooperation
with the electrical utility or utilities serving the jurisdiction.

During the next two years, Bonneville, in consultation with the Council, should:

o Develqp and initiate a program which reimburses code enforcement agencies
for the cost of model standards implementation and inspection. This program
should be fully implemented by January 1, 1986;

o Develop, in cooperation with state and local governments, professional
societies, trade associations, and other interested parties, a consistent
procedure for certifying compliance with the Council's model standards for
new buildings. This procedure should be available to all jurisdictions
adopting the Council 's model standards for new buildings on or before
January 1, 1986;

o Develop and implement, in cooperation with state and local governments,
trade and professional associations, and other interested parties, an
education program regarding the provisions of the Council's model standards
for builders, architects, designers, code officials, and lending
institutions;

Develop and implanent, in cooperation with local governments, trade and

professional associations, and other interested parties, an incentive
program w^ich results in at least 18 average megawatts of savings in
buildings built between the adoption of the plan and January 1, 1986;

The principal features of this program should include

:

— Certification of buildings which meet or exceed the Council's
efficiency standards by the local utility, local government, and/or
independent appraisers;

A public education and marketing program which emphasizes the energy
savings features and value of the buildings achieving the efficiency
standards; and

— Efficiency awards to builders of buildings which meet or exceed the

Council's model standard, regardless of the type of fuel used for
space heating.
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o Develop and initiate an incentive program for governmental entities
adopting and enforcing the Council's model standards for new buildings,
prior to their required implementation date. The incentives provided in

this program should be similar to those offered under Bonneville's retrofit
energy ("buy-back") program.

Expected Cost and Energy Savings

The efficiency standard should produce approximately 57 iiBgawatts of savings
from new cciranercial buildings during the next five years assuming the Council's
medium-high growth forecast. The average levelized cost of these savings is

notexpected to exceed 1.7 cents per kilowatt-hour. The marginal levelized cost
of individual conservation measures in new commercial buildings built to the

Council's proposed standard is not expected to exceed 4.0 cents per
kilowatt-hour

.

Commercial Sector — Conservation Options

The objective of this conservation program is to develop a resource option for
acquiring energy-efficiency improvements in commercial buildings beyond those
required by the proposed model standard for new non-residential buildings.

The program should include these principal features:

o Financial incentives for architect/engineers, developers, and other

entities (e.g., contractor/builders) \»^ich design and build non-residential
buildings that operate below a performance budget of 40,000 BTUs per square
foot per year;

o Permit and encourage local governments to adept model standards for new
non-residential buildings which exceed the Council 's by providing technical
and financial assistance in development and implementation of such
standards; and

o r^yments which are "fuel blind" for the value of energy savings above a

specified energy performance budget set at an amount up to the

cost-effective limit.

Two-Year Actions

IDuring the next two years, Bonneville should proceed to develop a resource

option for acquiring commercial sector conservation savings above the Council's

proposed model standard. Specifically, Bonneville, in consultation with the
Council, should:

o Provide funding for a program \»*iich offers financial incentives to secure
construction of energy-efficient commercial buildings. These buildings
should be designed to use no more than 40,000 BTUs per square foot per
year; and
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o Undertake a technical and financial assistance program targeted at local
governments who wish to develop and adopt efficiency standards that exceed
the Council 's for new commercial buildings.

Expected Cost and Savings

This program's savings are not currently included in the Council's resource
portfolio. The Council's plan calls for development of a resource option for
acquiring energy savings in new commercial buildings in excess of its model
standard by 1988. It is expected that this option could produce a 30 percent
improvement in commsrcial building efficiency over the Council's standard at an
average levelized cost of below 4.0 cents per kilowatt-hour.

Industrial Sector

The objective of this program is to secure industrial sector efficiency
improvements. This program's principal features should include:

o Solicitation of industrial sector conservation projects issued either by
Bonneville or through retail utilities;

o Paynents for energy savings set at a level up to the cost-effective limit
regardless of the measures installed;

o Require verification of efficiency improvements; and

o Technical and financial assistance, for industrial customers who reqiest
it, for the purpose of preparing a response to a solicitation for

industrial conservation projects.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Cbuncil,
should:

o Initiate a regionwide industrial sector energy acquisition ("buy-back")
program \»tiich purchases at least 16 megawatts of savings;

o Initiate an industrial sector technical and financial assistance program to
aid industrial customers in preparing a response to a solicitation for
industrial conservation projects; and

o Conduct, in cooperation with the region's industrial customers, a detailed
survey to identify industrial conservation potential above the 510
megawatts contained in the Council's resource assessment. This survey
should identify specific conservation potential up to a levelized cost of
5.0 cents per kilowatt-hour.
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Expected Cost and Energy Savings

This prograin is expected to produce 44 megawatts of savings by 1988. The average
levelized cost of these savings is not expected to exceed 1.6 cents per
kilowatt-hour through 1988. The marginal levelized cost of individual
conservation measures is not expected to exceed 4.0 cents per kilowatt-hour.

Irrigation Sector

The objective of this program is to acquire energy-efficiency improvements on
new and existing irrigated acreage. The principal features of this program
should include:

o Solicitations for irrigation conservation projects which offer a set
payment for energy savings up to the cost-effective limit for new resource
acquisitions;

o Offer financial assistance to lending institutions which provide below
market-rate capital to custoners for the installation of energy-efficient
irrigation systems; and

o Provide set payments per kilowatt^our for irrigation energy savings.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Initiate an irrigation sector energy acquisition ("buy-back") prograin which
acquires at least 28 megawatts of irrigation conservation by January 1

,

1986;

o Initiate a denonstration project which assesses the feasibility and cost-
effectiveness of working through agricultural lending institutions to

facilitate irrigation sector conservation; and

o Initiate a request for commercial demonstrations of irrigation system
efficiency improvements including low-enei^gy precision application systems,
irrigaticsi scheduling, and advanced pump designs.

Expected Cost and Savings

This program is expected to produce 49 megawatts of savings by 1988. The
average levelized cost of these savings is not expected to exceed 1.6 cents per
kilowatt-hour through 1988. The marginal levelized cost of individual
conservation measures is not expected to exceed 4.0 cents per kilowatt-hour.
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state and Local Government

The objective of this program is to assist local governments in the

identificaticai and preparation of energy conservation plans and projects. The

principal features of this program should include:

o Technical and financial assistance in the revision of land-use planning,

zoning, and subdivision ordinances which affect on-site electric energy use

and distribution losses;

o Technical and financial assistance to those jurisdictions and communities

wishing to identify and initiate conservation projects for government

owned/operated facilities. Payments for conservation savings from local

government projects should be made at a level up to the cost-effective
limit for new resource acquisitions;

o Provision for full recovery by local governments of incremental costs in

carrying out expected activities under the Council's plan including, but

not limited to, implementation of the Council's model standards;

o Maximum flexibility for state and local governments in the implementation

of this plan; and

o Full opportunity for state and local governments to participate in the

implanentation of this plan.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Initiate a regionwide program which provides technical and financial

assistance to government entities seeking to implement elements of the

Council's plan; and

o Initiate an assessment of energy conservation potential in government owned

or operated facilities, exclusive of buildings.

Expected Cost and Savings

The savings produced through efficiency improvements in new and existing

goverment buildings are included under the commercial sector acquisition

target. Energy savings from other government owned or operated facilities (e.g.,

street lighting, water, and waste treatment plants) were not counted in the

Council's resource portfolio. The marginal cost of individual conservation
measures is not expected to exceed 4.0 cents per kilowatt-hour.
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other Programs

Resource and Other Program and Policy Options

This section cxitlines additional short- and long-term goals and objectives
established by the Cbuncil. Contained in this section are Council decisions on
renewable resources; marketing interxnaptible power in the region; policies on
cogenerated electricity, surcharges, rate designs; methods for quantifying
envirormental costs and benefits and establishing surcharges; and options
developed to provide assurance against rapid increases in electricity demand.
This section lists specific actions to be taken by Bonneville and the Council
over the next tvro years and beyond.

Hydropower

The objectives of this program are to acquire cost-effective hydroelectric
resources as needed during the next two years and to develop cptions for future

hydroelectric development. The Council has concluded that hydropower is an
important resource in this plan. In the high load growth up to 1,236 megawatts
of hydropower would be needed and appear to be available at less than 4 cents
per kilowatt-hour. The Cbuncil recognizes that modifications to regulatory
processes may have to be made before hydropower can be used as a viable option
in the Council's planning strategy. Further, there is unresolved concern
regarding the effects of hydro sites on fish and wildlife in the region. The
Council's Two-Year Action Plan addresses these concerns.

Two-Year Actions

Bonneville, in consultation with the Council, should:

o Coordinate and fund a 12Hnonth study by state and federal fish and wildlife
agencies, affected Indian tribes, and interested resource sponsors to
identify and rank potential hydropower development sites within the
following general categories:

1. Sites at wtiich the construction and operation of hydropower facilities
will pose no risk or only insignificant risk to fish and wildlife
populations and habitat;

2. Sites at v^liich the construction and operation of hydropower facilities
will pose significant risk to fish and wildlife populations and
habitat, but at which that risk may be reduced to an insignificant
level by development and implementation of proven mitigation
techniques; and

3. Sites at «^ich the construction and operation of hydropower facilities
will pose significant risk to fish and wildlife populations and

habitat, and at \ntiich that risk cannot be satisfactorily reduced
because of the critical nature of the habitat or populations affected,

3-118



because of a lack of proven mitigation techniques, because of expense

and delay, or for other reason.

Rie study should be based on existing data, studies, and literature. The

study should be scheduled to first identify sites within the no-risk or

low-risk category in order to facilitate early canmitment to those sites.

The results of the study should be submitted to the Council for review by

January 1985 for possible inclusion in the next revision of this plan.

o Acquire hydropower development under construction as needed, if it is cost-

effective and consistent with this plan;

o Prepare a list of options available for hydropower development and make

reconmendations concerning those resources for vihich Bonneville would like

to initiate an option. The Council's portfolio would require options on

approximately 198 megawatts by 1984 to meet loads in 1988;

o Fund the preparation of a guidebook for hydropower development in the

Pacific Northwest. The guidebodt should outline the fish and wildlife
problems likely to be encountered, alternative solutions to those problems,

and their estimated costs. It should also contain, to the extent

practicable, standard criteria for fish ladders, intake fish screens, and
diversic«i building placement design. The guidebook should be completed by

April 30, 1984; and

o Cooperate with the Council in its efforts to refine the data base on

existir^ and potential hydropower sites that are environmentally sound and

cost-effective.

Market Interruptible Energy in the Northwest

The objective of this program is to develop additional markets for interruptible

energy in the Northwest. The effort to develop additional means of Training
the economic benefits of low-cost secondary energy in the region is the most
important single regional energy-related economic issue over w*iich the region

has control, and it should be treated accordingly.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Initiate a policy to develop, to the fullest extent possible, regional

markets for secondary energy including industrial and irrigation markets;
and

o Set an initial goal of 900 to 1,400 megawatts of potential interruptible
load in the industrial sector and conduct further investigations to

determine wtiether more potential is available.

3-119



Bonneville and other regional utilities are engaged in an effort to market the
current firm surplus to the Southwest. The Council supports these efforts. The
proposed sale of the region's firm surplus is entirely consistent with efforts
to market interruptible energy within the region. Neither effort is a substitute
for the other.

Geothermal

The Cbuncil has concluded that a large geothermal potential exists in the
region. However, the precise size, characteristics, and technical potential of
the i^esource must be identified. Therefore, the objective of this program is to
continue to improve the region's base of infonnation about geothermal resources
so they can be developed quickly when the need exists. The following actions
will lead to the inclusion of geothermal resources in future plans.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Establish and post a price for electricity generated from geothermal sites;
and

o Develop a geothermal demonstration program that guarantees the purchase of

electricity from the first 10 average megawatts generated at a promising
geotheimal site within the region. The fixed purchase price should be tied
to the cost to Bonneville of the energy fran a new coal plant. Recognizing
the demonstration nature of this venture, Bonneville should recommend a
price up to 50 percent higher than the cost of energy fran a coal plant at
the time of acquisition. The program should be ready to be inplemented in
the next revision of this plan or when r^ional conditions justify
development of a geothermal resource option.

Wind

The objective of this program is to continue to assess the potential of wind
resources without investing in additional wind generation so that this resource
can be included in the plan when it becomes cost-effective.

Two-Year Action

During the next two years, Bonneville, in consultation with the Council, should:

o Conduct a study of the cost-effectiveness and operating experiences of

existing wind demonstraticxi projects. The Council is interested in
determining the feasibility and cost-effectiveness of a goal of 50 average
megawatts for inclusion in the next revision of this plan.
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Cogeneration

The cogeneration included in this plan is not needed to serve regional loads

until 1995 in the high case. Nevertheless, the Council recognizes the potential

contribution of cogeneration to the region's power system and has decided that

actions by Bonneville are necessary in the interim to preserve the option of

cogeneration in the mLd-1990s. The objective of this program is to preserve
cogeneration opportunities that are available before they are needed in the
region.

Two-Year Actions

During the next two years, Bonneville, in consultation with the Council, should:

o Assist potential cogenerators in obtaining access to tielines to enable

them to market cogenerated electricity not currently needed in the region.

As part of this effort Bonneville should find ways, once tieline access is

obtained, to use the region's surplus to displace cogenerated power. When

surplus power is being sold for less than the cogenerator's variable
operating cost, the cogenerator could substitute surplus power for
cogenerated power for sale to the tieline. The lower cost to the

cogenerator could be reflected in a shared-savings price to the purchaser;
and

o Assist potential cogenerators in their efforts to market cogenerated
electricity in the region. ,

Solar and Other Technologies '

New techologies will emerge that are not currently being counted on to provide
firm energy. The region should be alert to any potential for new, cost-effective
resources. The Council recommends a low-level effort by Bonneville to keep
abreast of emerging technologies, specifically solar. The Council and Bonneville
should follow closely demonstration projects currently underway in California.
Also, Bonneville should work to improve the data base on solar insulation in the
Northwest both on a broad basis and at specific promising sites.

Other Program Options

These program options have been developed by the Council to fill a need which

might arise from a rapid increase in the electric demand. These options would
provide insurance if conservation programs and resources do not perform as well
as planned , or if the region experiences growth above the high load growth
forecast.
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Principal Features

The following measures are complementary and WDuld be developed in the following
priorities:

o Bonneville should develop Northwest markets for conversion of existing firm
loads to interruptible status. Such loads might include the second quartile
of DSI power, some industrial loads of utilities, and certain irrigation
loads. Bonneville could purchase the right to interrupt the load during a
particular low-water event. In the case of irrigation loads, farmers could
decide to use cheaper interruptible power to serve a portion of their
existing firm loads;

The interruptibility would be gained solely through voluntary contractual
arrangements between Bonneville and the customer or utility and would not
be a condition of service for any custoner. Due to their nature, these
loads would have much less potential for receiving advanced energy in order
to mate them more firm;

o Bonneville and the Council will seek to secure the support of state utility
commissions and public utilities for a surcharge in the event that
reservoirs do not refill. The surcharge, if implemented, would need to be
sufficient to pay for an out-of-region purchase of energy to meet loads;

o The Cbuncil will study, for inclusion in a revision to this plan, a
marginal cost building code for new buildings which would be cost-effective
to the region, if not to residential consumers. Bonneville WDuld then
purchase the energy saved above that which is cost-effective to the
consumer

;

o The Council will also study feasible retrofit levels for existing houses
using the marginal cost of power, rather than the average cost of power
that was used to develop the current conservation targets; and

o British Columbia may experience substantial surpluses of electricity in the
next two decades. The Council will investigate the size of such a surplus
and the mechanisms for acquiring an cption to purchase it if necessary.

Two-Year Action

Some of the concepts in this section may not be feasible due to legal and
technical barriers. A study of the legal, financial, and technical issues
associated with these concepts should be conducted by Bonneville, in
consultation with the Council, over the next two years. The goal of this
analysis is to reliably identify the amount, cost, and legal and technical
characteristics of each of these concepts so that they can be included in future
revisions of the plan beginning with the 1985 revision.
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Method for Determining Environmental Costs and Benefits

The Act requires that this plan include, "in such detail as the Council
determines to be appropriate," a method for determining "quantifiable"
(measurable) environmental costs and benefits. Those costs and benefits will
then be used in determining the cost-effectiveness of various resources.
Environmental costs and benefits that cannot be measured must be identified and
given due consideration.

Principal Features

The Council's method for determining quantifiable environmental costs and
benefits is contained in Appendix F.

Two-Year Action

Bonneville should prepare to implement the Council's methodology and be prepared
to make full use of it for any contemplated resource acquisition.

Method for Calculating Surcharge

The Act requires the Council to provide a method in the plan which the
Administrator shall use in imposing surcharges.

Bonneville is authorized under the Act to impose surcharges on the rates of

utilities and other wholesale customers for their failure to achieve
conservation savings comparable to those that would have been achieved under the
model conservation standards contained in this plan. The surcharges must be
recommended by the Council and may not be less than 10 percent or more than 50
percent of Bonneville's otherwise applicable rates. Surcharges must be
calculated in accordance with a nethod provided in this plan.

Principal Features

The Council's method for calculating surcharges is contained in Appendix G. The
only conservation measures that are subject to surcharges are those that have
been so identified in this plan. They are:

o Energy efficiency codes for new residential construction;

o Residential space and water heating conversion standards;

o Energy efficiency codes for new commercial construction; and

o Commercial space and water heating conversion standards.

These conservation standards must be adopted by January 1, 1986. Thereafter,
utilities will be expected to achieve the energy savings obtainable through
these standards or demonstrate, through the adoption of other conservation
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measures (including rate design), that equivalent savings have been

accomplished.

Rate Design

The Council encourages the use of various rate designs to bring about

conservation without proposing specific rate design reccmmendations as model

conservation standards. Depending on utility progress toward the Council's

conservation program goals , the Council may choose in the future to include more

specific rate design reccmmendations in the model conservation standards.

Principle Features

Section 9(j)(l) of the Act states:

The Council, as soon as practicable after the enactment of this Act,

shall prepare, in consultation with the Administrator, the customers,

appropriate State regulatory bodies, and the public, a report and

shall make reccmmendations with respect to the various retail rate

designs i**iich will encourage conservation and efficient use of

electric energy and the installation of consumer-owned renewable

resources on a cost-effective basis, as well as areas for research and

development for possible application to retail utility rates within

the region.

Pursuant to Section 9(j) the Council reccmmends the following:

o The primary cost test (after the total utility and class revenue

requirement test) of the appropriateness of a particular rate design should

be regional marginal cost. Only regional marginal cost gives a true test of

the cost-effectiveness of "conservation and efficient use of electric

enei^y and the installation of consumer-owned renewable resources;"

o A reasonable theoretical and anpirical base exists for the presunption of

the significance of marginal prices in determining consumer behavior. The

Council reconmends that the appropriateness of proposed or existing rate

designs be examined by looking at the effect of marginal prices on consumer

behavior rather than that of average price or the total bill faced by

consumers

;

o Marginal energy costs should receive more weight than marginal capacity or

customer costs in designing rates, and rate designs should place heavier

emphasis cxi energy charges and less anphasis on demand and customer

charges. Because of the operating characteristics of the regional hydro

system under current and projected conditions, after the end of the current

surplus, the binding constraint on the system is expected to be, as it has

been in the recent past, the meeting of energy loads rather than of

instantaneous peak demands; and
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o Customer bills should contain both the rate structure and a calculation of

the amount by which the total bill would have been reduced for a
significant reduction (10 to 15 percent) in consumption.

Reduced customer charges and demand charges, increased energy rates, and

particularly increased marginal energy rates (inverted rates) are appropriate
rate designs given the above recommendations, but the exact form these rate
design changes take should reflect the diversity among local utilities. The
aggressiveness with \vtiich these rate designs should be implemented will depend
on the duration and saleability of the current firm surplus and the revenue

problems attendant on the surplus.

An appropriate method for calculating the conservation impacts of different rate
designs is included in the ICF study. Module IV Final Report (with Technical
Appendix), included in the Technical Exhibits to this plan.

In reference to wholesale rates, the Council recommends that Bonneville:

o Make its rate designs at the wholesale level consistent with the goal of
giving individual wholesale customers the most appropriate price signals
about future energy costs. In particular, given the nature of the hydro
system described above, further shift toward increased energy charges and
reduced demand charges would be appropriate in the future; and

o Institute wholesale low-water surcharge contingent upon specific system
conditions, such as expected failure to refill and high-cost resources
operation or purchase, as an appropriate mechanian to give customers the
correct short-term price signals. The presence of such a surcharge could be
expected to reduce the cost of constructing and operating the system for

low-probability events such as low-water conditions.

While the Council believes that an adequate theoretical and enpirical base
exists for determining that rate structure changes do make a difference, that
customers do pay attention to marginal prices, and that increased marginal
energy prices will aid in achieving the highest penetration of conservation and

consumer-owned renewables, the exact magnitude of these effects is not clear,

particularly in the context of a strong institutional conservation program. A
study of this question would offer additional information about the appropriate
magnitude of billing credits for rate design as well. In consultation with the
various interested parties, such a study and additional appropriate studies will
be devised by the Council to be carried out following adoption of the initial
plan.

The Council will monitor changes in rate design and conservation penetration
rates throughout the region.

Monitoring

A major objective of the Council in developing the plan was to deal effectively
with the obvious uncertainties facing the region. As a result, the plan is much
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more than just a document; it is a continuing and adaptive process. TTierefore, a
crucial Council function will be to monitor both changes in the conditions and
assumptions on which the plan depends, and Bonneville's implementation of the
plan.

New information about underlying assumptions of the plan becomss available
frequently. In order to take full advantage of this information in the planning
process, the Council will monitor and analyze:

o Changing economic and demographic conditions;

o Qianging electricity consunption patterns;

o Resource costs and schedules;

o Effectiveness of conservation programs;

o Prepress toward implementing the optioning concept;

o Development of new resource alternatives; and

o Progress of resource demonstration projects.

The Council will be actively involved in monitoring Bonneville's implementation
of the plan. This is important for two reasons. First, it is inportant to ensure
that Bonneville's actions reflect the intent of the plan. Second, it is
important that the Council work closely with Bonneville so that the plan's
implementation is truly adaptive to changing circumstances and new information,
while still adhering to the basic principles and objectives of the plan.
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Chapter 4
Plan Revisions, Consistency Determinations,

and Interpretations

The Northwest Fbwer Act recognizes the need for this plan to be flexible and

adaptable to changing conditions. Section 4(d)(1) of the Act provides that

"[t]he adopted plan, or any portion thereof, may be amended fran time to time,

and shall be reviewed by the Cbuncil no less frequently than once every five

years." Section 4(i) of the Act further provides that:

The Council may from time to time review the actions of the

Administrator pursuant to sections 4 and 6 of this Act to determine

whether such actions are consistent with the plan and programs, the

extent to wtiich the plan and programs is [sic] being implemented, and

to assist the Council in preparing amendments to the plan and

programs.

Biennial Revisions

Recognizing that uncertainties and changing conditions will require frequent

plan review, the Council has decided to review the plan every two years. EXoring

the first two-year period, the assumptions, forecasts, and resource selection

tools used to develop this plan will be reviewed and changed as better data

become available. Data collection activities will be undertaken to improve the
data available to the Cbuncil and other regional organizations. Bonneville,

utilities, state and local governments, and other interested groups and

individuals will be consulted fran time to time to gather and verify

information. Forecasting and planning models will be revised to better reflect
the conditions existing in the region, and implanentation of the programs in

this plan will be monitored.

On or before July 1, 1985, the Council will propose a revision of this plan. The

revised plan will be made available for public comment and hearings will be held

in accordance with section 553 of Title 5, United States Code, and such

procedures as the Council may announce vhen the revised plan is proposed. As

required by the Act, prior to developing the revised plan the Council will

request fish and wildlife recommendations from the federal and state fish and

wildlife agencies, the region's appropriate Indian tribes, and others. The

revised plan will be adopted by November 15, 1985. Subsequent biennial revisions
will be scheduled to coordinate with Bonneville's rate case and budget

processes, to the extent practical.

The two-year planning cycle was adopted to allow the Council and staff enough

time to conduct meaningful research yet respond to changing conditions. One year

was considered too short to allow the Council to conduct the i^searcti needed to

develop useful information and tools, to make the revisions to the plan, and to
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conduct the necessary public participation programs. On the other hand, a
significantly longer period would not allow the Council to respond to the
region's changing electrical needs.

Interim Revisions

The Council may revise this plan on its own motion at any time. If proposed
revisions are substantial and non-technical, within the meaning of section
4(d)(1) of the Act, the Council will make the revisions available for public
comment; will consult with Bonneville, utilities, state and local governments,
and other interested persons in the region; and will hold public hearings as
required under section 553 of Title 5, United States Cbde, and the Northwest
Power Act. The Council will request fish and wildlife recommendations regarding
any major revision of this energy plan fran the federal and state fish and
wildlife agencies, appropriate Indian tribes, and others. The Council will
publish its procedures at the time the revisions are proposed.

Council Review of Major Resource Proposals

Pursuant to section 6(c) of the Act, the Council will review each proposal by
Bonneville to acquire a major resource. This review will include all proposals
to acquire major resources, to implement major conservation measures, to pay or
reimburse investigation and preconstrue tion expenses of major resources, or to
grant billing credits or services for major resources. For each such proposal,
Bonneville nxist provide the Council with a complete copy of the proposal and a
written decision including Bonneville's determination regarding consistency with
this plan. The Council nnay then determine by majority vote \vhether the proposal
is consistent with this plan. Bonneville may not implement any major resource
acquisition proposal if the Council finds the proposal inconsistent with this
plan, unless Bonneville further finds that the resource is neeeded to meet its
obligations and Bonneville obtains Cbngressional approval for that resource
acquisition.

For purposes of section 6(c) of the Act, a major resource is any resource that:

(A) has a planned capability greater than 50 average megawatts; and

(B) if acquired by the Administrator, is acquired for a period of more than
five years.

Such term does not include any resource acquired pursuant to section
11(b)(6) of the Federal Columbia River Transmission System Act. [Act,
section 3(12).]

With respect to conservation programs, the Council understands this to include
any program that meets these requirements on a systemwide (as opposed to
utility-by-utility) basis.
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Council Request for Action

Section 4(j) of the Act authorizes the Council to request Bonneville to take an

action under section 6 of the Act (regarding the acquisition of conservation and

other resources) to carry out Bonneville's responsibilities under this plan. To

the greatest extent practicable within 90 days after the Council's request,
Bonneville must respond to the Council in writing specifying how Bonneville will

take the requested action or any modification thereof or why such action WDuld
be inconsistent with this plan or with Bonneville's legal obligations under the

Act or other law. If Bonneville decides not to take the requested action, the
Council may, within 60 days after Bonneville's response, request Bonneville to
hold an informal hearing and make a final decision.

Council Interpretation of This Plan

To ensure wide understanding and consistent interpretation of this plan, any

person may request in writing an interpretation by the Council of any provision
of this plan. The Council may respond in any appropriate manner, giving its

opinion as to the proper interpretation. An interpretation shall apply only to

the specific facts presented, and shall be superseded without notice by any plan

revision that affects the interpretation or at any other time upon written
notice to the recipient.

Fish and Wildlife Program Revisions

Section 4(h)(2) of the Act requires that the Council request fish and wildlife
program reccnmendations from the federal and state fish and wildlife agencies
and the region's appropriate Indian tribes, and others prior to any review or
major revision of this plan. Section 1404(b)(1) of the fish and wildlife program
states that the Cbuncil will accept recommendations for program amendments on

November 15, 1983 and on November 15 every two years thereafter. The Council may
also amend the fish and wildlife program on its own motion at any time,
following the procedures prescribed in the Act and other applicable laws.

In order to coordinate the timing of the fish and wildlife program amendments
with the revisions to this plan, the Council now proposes to amend Section
1404(b)(1) of the fish and wildlife program to accept recommend ations for
program amendments on November 15, 1983, November 15, 1984, and on November 15
every two years thereafter. The Council does not anticipate revising this plan
in conjunction with the November 15, 1983 fish and wildlife program amendment
process

.

The Novariber 15, 1984 fish and wildlife program amendment process will be
coordinated with the July 1, 1985 draft revision of this plan. Recommendations
that are received on November 15, 1984 will be considered by the Council and
incorporated in the revision of this plan prcposed on July 1, 1985. The fish and
wildlife program and energy plan revisions will be adopted by November 15,
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1985 within one year after receipt of the fish and wildlife recanmendations.
Subsequent biennial revisions of the fish and wildlife prograjn and this plan
will be coordinated in a similar fashion.
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Glossary

This list of terms has no legal significance and is provided for clarification

purposes only.

Average Megawatt

A unit of average energy output over a specified time period. It is

equivalent to the total energy in megawatt-hours divided by the number of
hours in a year.

Avoided Cost
According to the Federal Energy Regulatory Ccmmission regulations
irrplementing the PUblic Utility Regulatory Fblicies Act [18 C.F.R.
292.101(b)(6)], the incremental cost to an electric utility of electric
energy or capacity or both which, but for the purchase from the qualifying
facility or qualifying facilities, such utility would generate itself or
purchase from another source.

Base Load

The minimum load in a power system over a given period of time. Base load
resources run continually except for maintenance and scheduled or
unscheduled outages.

Billing Credit

Under the Northwest Fbwer Act, a payment by Bonneville to a utility
customer (in cash or offsets against billings for actions taken by that
customer to reduce Bonneville's obligations to acquire new resources.)

Bonneville Fbwer Administration (Bonneville)
A federal agency that markets the power produced at all federal
hydroelectric dams in the Columbia River Basin. Bonneville sells power to
public and private utilities, direct service industrial customers, and
various public agencies. The Northwest Power Act now also charges
Bonneville with other duties including pursuing conservation, acquiring
sufficient resources to meet its contract obligations and implementing the
Council's plan.

BTU (British Thermal Unit)
The amount of heat eneiigy necessary to raise the temperature of one pound
of water one degree Fahrenheit (3,412 BTUs are equal to one kilowatt-hour).

Buy-Back
A conservation program that in effect purchases electrical energy in the
form of conservation measures installed by a consumer. The consumer is paid
a certain amount per kilowatt-hour of energy saved.



Call-back

A power sale contract provision that gives the seller the right to stop
delivery of power to the buyer when needed to meet other specified
obligations of the seller.

Energy
That \»1iich does, or is capable of doing, work. Energy is measured in terms
of the work it is capable of doing. Electric energy is commDnly measured in
kilowatt-hours

.

Average annual enei^y is the total kilowatt-hours generated divided by the
number of hours in one year. The Northwest "Power Year" extends from July
through June.

Federal Energy Regulatory Commission (FERC)

A federal agency which regulates interstate aspects of electric power and
natural gas industries. It has jurisdiction over the licensing of
hydroelectric projects and the setting of seme rates. The FERC was formerly
the Federal Fbwer Commission.

Firm Energy

Energy considered assured to the customer to meet all load requirements. It
is that energy available based on the worst case, critical planning period.

Firm Surplus
An excess amount of firm energy.

Forecast
An estimate of the level of energy that is likely to be needed at some time
in the future. It is a planning tool. New methods of forecasting and
indications that future growth rates may be less consistent than they have
been make forecasting a complex task.

Full Financing
A scheme in which the entire cost of a cost-effective conservation measure
would be paid for or reimbursed by Bonneville. The level of payment would
be set at the full cost of purchase and installation of materials
reasonably necessary to achieve the energy savings.

Generation
The act or process of producing electric energy fron other forms of ener^gy.

Also, the amount of energy so produced.

Geothermal
Fbwer generated frcm heat energy derived fron hot rock, hot water, or steam
in the earth's surface.



Hydroelectric Fbwer (Hydro power)
The generation of electricity using falling water t turn turbo-electric
generators. In addition to providing energy, this type of generation is

well suited to providing peak load power, due to the relative ease of
changing the amount of power output.

Hydrothemnal
Geothermal power generated from heat energy derived from hot water in the
earth's surface.

Intercompany Pool (ICP)

An organi2ation formed to coordinate the power operations of the
investor-owned utilities of the Pacific Northwest, includes Fbrtland
General Electric, Pacific Fbwer and Light, Puget Sound Fbwer and Light,
Washington Water Fbwer, Montana Fbwer Company, Idaho Fb\»er Cbmpany, Utah
Power and Light, and Sierra Pacific Fbwer Cottpany.

Interruptible Fbwer

Fbwsr that, by contract, can be interrupted in the event of a capacity or
energy deficiency on the supply system.

Intertie
A transmission line or system of lines permitting a flow of energy between
major power systens.

Kilowatt (kW)

The electrical unit of power vitiich equals 1,000 watts.

Kilowatt-Hour (kWh)

A basic unit of electrical energy which equals one kilowatt of power
applied for one hour.

Leach

To be dissolved and washed out by percolating water.

Level i zed Cost

The present value of a resource's cost (including capital, interest, and
operating costs) converted into a stream of equal annual payments and
divided by annual kilowatt-hours saved.

Load

The amount of electric power delivered or required at a given point on a

system.

Major Resource

According to the Northwest Fbwer Act, a resource with a planned capability
greater than 50 average negawatts, and if acquired by Bonneville, acquired
for more than five years.



Marginal Cost

The price for each additional unit of energy equal to the cost of producing
the last unit (the long-run incremental cost of production).

Megawatt (MW)

The electrical unit of power which equals one million watts or 1,000
kilowatts.

Non-Firm Energy

Energy which is subject to interruption or curtailment by the supplier.
Same as secondary Energy.

Pacific Northwest (The Region)

According to the Northwest Rower Act, the area consisting of Or^on,
Washington, Idaho, Montana west of the Continental Divide, and such
portions of Nevada, Utah, and Wyoming as are within the Columbia River
Basin. It also includes any contiguous areas not more than 75 miles from
the above areas which are part of the service area of a rural electric
cooperative customer served by Bonneville on the effective date of the Act
and whose distribution system serves both within and without the region.

Pacific Northwest Coordination Agreement

An agreement between federal and nonfederal owners of hydro generation on

the Columbia River system. It governs the seasonal releases of stored water

to obtain the maximum usable energy subject to other users.

Pacific Northwest Utilities Conference Committee (PNUCC)

Formed by F&cific Northwest utility officials in order to coordinate policy
on Pacific Northwest power supply issues and activities. It lacks
contractual authority, but it does play a major role in regional power

planning through its RDlicy, Steering, Fish and Wildlife and Lawyers
conmittees, and the Technical Coordinator Group. PNUCC publishes the
Northwest Regional Forecast and the Blue Book, containing information on

regional loads and resources.

Partial Funding
A conservation funding scheme in which a portion of the cost of

conservation measures would be paid or reimbursed by Bonneville, with the
remaining share of the cost borne by the consumer.

Peak Capacity
The maximum capacity of a system to meet loads.

Peak Demand
The highest demand for power during a stated period of time.



Penetration Rate
The annual share of a potential market for conservation that is realized.
Also the cumulative share of a potential market that is realized, as in "75

percent of the region's homes have been weatherized."

Photovoltaic
Direct conversion of sunlight to electrical energy.

PNUCC "Blue Book"

A publication of the F&cific Northwest Utilities Conference Cciimittee

containing information on r^ional loads and forecasts.

Present Value
The worth of future returns or costs in terms of their value now. To obtain
a present value, a discount rate is used to discount these future returns

and costs.

Quantifiable Environmental Costs and Benefits

Costs and benefits capable of being expressed in terms of quantity (for

exanple, in dollars, deaths, reductions in crop yields).

Quartile
An interruptible load is divided into four quartiles. The top quartile is

the portion of that load most susceptible to interruption.

Ramp-in Rate
The rate at which a project or measure is phased-in.

Region (See F^cific Northwest)

Reliability
The ability of the power system to continue operation while some lines or
generators are out of service or while the systan is under stress.

Renewable Resource
Under the Northwest Fbwer Act, a resource which utilizes solar, wind,

hydro, geothermal, biomass, or similar sources of energy, and \rtiich either
is used for electric power generation or wtiich reduces the electric power
requirements of a customer.

Reserve Capacity
Generating capacity available to meet unanticipated demands for power, or
to generate power in the event of outages in normal generating capacity.
This includes delays in operations of new scheduled generation. Forced
outage reserves apply to those reserves intended to replace power lost by
accident or breakdown of equipment. Load growth reserves are those reserves
intended for use as a cushion to meed unforecasted load growth.



Resource
Under the Northwest Power Act, electric poower, including the actual or
planned electric capability of generating facilities, or actual or planned

load reduction resulting from direct application of the renewable resource
by consumer, or from a conservation measure.

Retrofit
To weatherize an existing structure.

Secondary Energy

Eneiigy wtiich may beccme available because of greater than critical
streamflow conditions in hydroelectric systems. This energy cannot be
guaranteed for firm load requirements.

Siting
The process of situating or locating a power plant on a site, including any
applicable regulatory requirements.

Sunk Cost
A cost already incurred and therefore not considered in making a current
investment decision.

Surcharge

Under the Northwest Power Act, an additional sum added to the usual
wholesale power rate charged to a utility customer of Bonneville to recover
costs incurred by Bonneville due to the failure of that customer (or of a
state or local government served by that customer) to achieve conservation
savings comparable to those achievable under the Council 's model
conservation standards.

System Cost
According to the Northwest Fbwer Act, all direct costs of a measure or
resource over its effective life. It includes, if applicable, distribution
and transmission costs, waste disposal costs, end-of-cycle costs, fuel
costs (including projected increases), and quantifiable environmental costs
and benefits Bonneville determines (using a methodology developed by the

Council in its plan) are directly attributable to the measure or resource.

Thermal Resource

A facility that generates electricity by burning coal, oil or other fuel,
or by nuclear fission.

Tieline
A transmission line connecting two or more power systems.

Transmission
The act or process of transporting electric energy. In the Pacific
Northwest, Bonneville operates a majority of the high voltage, long
distance transmission lines.
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Washington Public Fbwer Supply System (WPPSS)
Municipal corporation and joint operation agency in Washington canprised of
representatives of public utility districts and nxinicipal utilities. Based
on power purchase contracts of its members or other utilities, WPPSS has
the power to acquire, construct, and operate plants and facilities for the
generation or transmission of electric power.





Appendix A
Role of the Council

The Northwest Power Planning Council was created on April 28, 1981 in accordance

with the Pacific Northwest Electric Power Planning and Conservation Act (the

Act) (P.L. 96-501). The Council is an interstate compact agency made up of eight

members, two each frcm the states of Idaho, Montana, Oregon, and Washington, viho

are appointed by their governors and confirmed by their legislatures. The

Council is not an agency of the United States government.

The Council was authorized by Congress and created by the Northwest states to

encourage conservation and the development of renewable resources in the

Northwest to assure an adequate, efficient, econcmical, and reliable power
supply, and provide for broad public participation and consultation in the

development of regional power plans and related fish and wildlife programs.

The Cbuncil's major responsibilities under the Northwest Rower Act fall into

three categories:

Regional Conservation and Electric Power Plan

Section 4(d)(1) of the Act requires the Council to prepare a regional

conservation and electric power plan within two years after the Council was
established.

The plan must give priority to resources \^tiich the Council determines to be
cost-effective (defined in the Act to mean cheaper than the lowest-cost,

similarly reliable, and available alternative measure or resource). Priority

shall be given: first, to conservation; second, to renewable resources; third,

to generating resources utilizing waste heat or high fuel-conversion efficiency;
and fourth, to all other resources. [Section 4(e)(1).]

The plan must set forth a general scheme for implementing conservation measures

and developing resources pursuant to the conservation and resource acquisition

provisions of the Act. The plan must be designed to reduce requirements for

power or meet the Bonneville Administrator's obligations to provide power "with

due consideration by the Coiincil for (A) environmental quality, (B) corrpatibil-
ity with existing regional power systems, (C) and protection, mitigation, and

enhancement of fish and wildlife in related spawning grounds and habitat,
including sufficient quantities and qualities of flows for successful migration,

survival, and propagation of anadranous fish." [Section 4(e)(2).]

To acconplish the priorities established by the Act, the Congress required that

the plan include the following elements to be set forth in such detail as the

Council deems appropriate: (A) An energy conservation program including model
conservation standards; (B) Ftecommendations for research and development;

A-1



(C) A methodology for determining quantifiable environmental cost and benefits;
(D) A 20-year forecast of electric energy demand and a 20-year power resources
forecast, including the pDrtion of demand to be met by resources in each of the
four priority categories (conservation, renewable resources, high-efficiency
resoiorces, and thermal resources); (E) An analysis of reserve and reliability
requirements and cost-effective methods for providing reserves designed to
ensure adequate electric power at the lo\M9st probable cost; (F) A Columbia River
Basin Fish and Wildlife Program pursuant to section 4(h) of the Act; and (G) A

methodology for calculating surcharges to be Imposed on a utility that fails to

implement model conservation standards. [See section 4(e)(3) of the Act.]

The model conservation standards to be included in the plan "shall include, but

not be limited to, standards applicable to (A) new and existing structures, (B)

utility, customer, and governmental conservation programs, and (C) other
consumer actions for achieving conservation. Model conservation standards shall
reflect geographic and climatic differences within the region and other
appropriate considerations, and shall be designed to produce all power savings
that are cost-effective for the region and economically feasible for consumers,
taking into account financial assistance made available tQ consumers under [the
Conservation and Ptesources Acquisition] section 6(a) of this Act." [Section

4(f)(1).]

The Cbuncil is required to hold hearings on a draft regional conservation and
electric power plan in Idaho, Vfontana, Or^on, and Washington and to consider
the comments it receives prior to adopting the final plan on April 28, 1983.

(See Appendix B for details.)

Following adoption of the Council's plan, all actions of the Bonneville

Administrator pursuant to the Conservation and Resource Acquisition section of
the Act must be consistent with the plan. [See section 4(d)(2).]

Oversight of the Implementation of the Power Plan

The Act also provides an oversight role for the Council. Under section 6(c) of
the Act, the Council has the authority to determine if major resource
acquisitions (more than 50 average megawatts) proposed by Bonneville are
consistent or inconsistent with this Regional Conservation and Electric Power
Plan. If the Council determines that a proposed major resource acquisition is

inconsistent, Bonneville will be unable to acquire the resource unless (1) it
finds the resource is needed to meet its obligations, and (2) expenditure of
funds for that purpose is specifically authorized by an act of Congress.

The Council will also review Bonneville's actions under the provisions of the

Act to determine the extent to wtiich its plan is being implemented. In addition,
the Cbuncil may request Bonneville to take actions under the conservation and
resource acquisition provisions of the Act. [See section 4(j).]
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Columbia River Basin Fish and Wildlife Program

The Act requires the Cbuncil to obtain recarmendations and prepare a

comprehensive program to protect, mitigate, and enhance fish and wildlife along
the Columbia River and its tributaries pursuant to section 4(h) of the Act. This
program was developed on the basis of the recommendations and ccmments from
Indian tribes, fish and wildlife agencies, the utility community, and others.
After extensive public comment, hearings, and consultation with affected
parties, the Council adopted its Columbia River E5asin Fish and Wildlife Program

on November 15, 1982. The draft power plan presented here is connpatible in all
respects with the fish and wildlife program. A detailed description of the
process used in developing the Columbia River Basin Fish and Wildlife Program is

in Section 102 of that document.

It is important to note that the Council's plan does not create one additional

kilowatt of electricity in the region. For the plan to be effective, it must be
implemented by Bonneville, the i^ion's utilities, state and local government,
private businesses, and the people of the Pacific Northwest.

To implement the Council's plan, the Act gives Bonneville new authority to

acquire conservation and resources. Bonneville can:

o provide financial assistance, consistent with the plan, for loans and
grants to consumers for insulation or weatherization, increased systan
efficiency, and waste energy recovery by direct application;

o provide technical and financial assistance to the region's utilities and
governmental authorities to encourage maximum cost-effective voluntary
conservation;

o aid the region's utilities and governmental authorities in implementing

model conservation standards adopted by the Council;

o conduct demonstration projects to determine the cost-effectiveness of
conservation measures and direct application of renewable resources; and

o in addition, Bonneville can directly acquire conservation and resources.

The Act requires that to the extent conservation measures or acquisition of

resources require direct arrangements with consumers, Bonneville must make
maximum practical use of utilities and local entities capable of administering
and carrying out such arrangements. [See section 6(e)(2).]

The Act requires that in the preparation, adoption, and implementation of the

plan, the Cbuncil and the Administrator must encourage the cooperation,
participation, and assistance of appropriate federal agencies, state entities,
local governments, and Indian tribes.
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Appendix B
Planning Process

The Council has undertaken a number of efforts to stimulate active public
involvement in the development of the power plan. Council meetings, held

approximately twice each month, have been conducted in open session in locations
throughout the Northwest. Each meeting has provided an opportunity for public
comment, and these sessions have been used by a wide range of speakers.

Council members and staff have consulted with the utility and industrial

customers of Bonneville, consumer and environmental groups, state and local

governments, and Bonneville throughout the developnent of this draft plan.

The most regularized consultation process is that with the voluntary Scientific

and Statistical Advisory Cbmmittee, authorized in section 4(c) (11) of the Act.
The Advisory Conmittee was organized in August 1981 and has 68 members from
throughout the Ffeicific Northwest representing the federal and various regional,
state, local, and Indian tribal governnents, consumer and environmental groups,
and customers of Bonneville. The committee works primarily through five
subcommittees, each covering a major study area of the Council: forecasting,
conservation, resource assessment, reserves and reliability, and fish and
wildlife.

Since Septenber of 1981, \\tien the first Advisory Comiittee meetings were held,

the subcommittees have beccme an important forum for public discussion and
participation. Approximately 1,500 individuals and organizations are on the

subccmmittee public mailing lists and receive copies of subcanmittee agendas and
materials distributed at the subcommittee meetings.

The Council's initial meetings in 1981 were devoted to assessing the

state-of-the-art in r^ional energy demand forecasting , resource and
conservation programs, and other issues relevant to the Council's
responsibilities. In the fall of 1981, the Council issued a Request for
Proposals (RFP) for six major studies: electricity demand modeling, conservation
and resource assessment, policy options and programs, rate design and analysis,

reserves and reliability analysis, and quantification of environmental costs and
benefits. The members of the Advisory Committee and Bonneville had an cpportun-
ity to review the RFP before it was issued. Council members, staff, and members
of the Advisory Committee participated in the interviews of contractors. lAxring

the spring of 1982 contractors were required to make public presentations to the
Council and to the Scientific and Statistical Advisory Subcommittees. Final

contractor reports were sutmitted in the sunmer of 1982, and Council staff began
using these tools to develop elements of this draft plan. The contractor reports
were made available to the public. They were circulated to approximately 400
individuals and organizations that requested them.
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These Council studies prcxluced the most comprehensive, up-to-date information
available in the region on the cost and availability of conservation and new
resources. The Council also developed state-of-the-art computer models to
forecast the region's energy needs and to determine the cheapest mix of
resources to meet those needs. In addition, the Council worked with PNUCC and
Bonneville to develop a tool to simulate how various resources interact with the
existing regional power system.

In developing its electrical demand forecast, the Council felt that it was
important to obtain projections relating to economic growth from the region's
businesses and industries. Over 200 businesses and industries in the region
\»ere asked to submit their projections on economic growth to the Council. These
responses were used in developing the Council's economic and demographic
projections, which are the backbone of the Council's electrical demand
forecast.

In March of 1982, the Council began publishing a monthly newsletter, "The
Northwest Energy News." The newsletter focuses on specific issues the Council is
working on (i.e., rates, forecasting, conservation, and fish and wildlife). The
newsletter serves as a means for notifying the public of Council meetings,
subcommittee meetings, public involvement activities in the states, and the
availability of Council publications.

To encourage broad public involvenent in the preparation of the draft plan, the
Council identified 24 key issues to be addressed in the draft. Papers were
prepared on each of these issues for review by the Scientific and Statistical
Advisory Committee and other interested parties. Availability of the issue
papers was announced in the Council's newsletter. Approximately 900 sets of the
issue papers were distributed to members of the public, environmental and
consumer groups, utilities, and state and federal governments. Based on the
comments received by the Advisory Committee, the staff revised the issue papers
and decision memoranda. The Council then made a decision, incorporating the
extensive public comment it received, giving guidance to the staff on the major
issues in this draft plan.

From March through June of 1982, the Council sponsored town hall meetings on
regional power issues in 22 locations throughout the Northwest. These public
iTBetings were planned by the state staff and the Council members from each
state. The Council produced a slide show for the meetings which explained the
role of the Council. The town hall meetings provided an opportunity for the
public to become more familiar with the Council, to ask questions and become
better acquainted with the Council's decisionmaking process. Although formats
varied, all the town hall meetings were widely publicized and well-attended.

The town hall meetings were followed by more intensive energy workshops during
the months of October and November. These public sessions focused on a number of
the key issues facing the Council and provided the public with an opportunity to
discuss specific issues relating to development of the energy plan with the
Council members in each state.
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The Council is making a special effort to inforro the public about the
availability of the draft plan and to encourage public participation in the
hearings.

During February, the Cbuncil will be conducting a series of eneirgy brief irgs.
The briefings will serve to inform the public about the elanents of the draft
plan and encourage participation at the hearings. The Council is producing a
10-minute film, viewgraphs, and background papers explaining the key elements of
the draft for these meetings.

The Council is also conducting an extensive direct mailing effort. Letters are
being sent to various groups discussing issues in the draft plan and announcing
the hearings and availability of the draft plan.

The Cbuncil has been \MDrking \^ry closely with local governments through the
local government associations in the four states. A paper. Local Government and
the Northwest Power Act, is being distributed to all cities and counties in the
region to help provide better understanding of the Act as it relates to local
governments.

Following adoption of the draft energy plan, a series of public hearings will be

held beginning in Fbcatello, Idaho (Idaho Field Hearing) on March 7, followed by
Missoula, Montana on March 9; Boise, Idaho on March 11; Coeur d'Alene, Idaho on
March 14; Salem, Oregon on March 16; and Seattle, Washington on March 18.

The Council maintains a public reading roan at its central office in Fbrtland
where the public can review all the contractors' studies and other reports as

well as the Council's Administrative Record, v**iich contains information
submitted to the Cbuncil by various individuals and organizations relating to
the development of the fish and wildlife program and the energy plan. Council
agendas and newsletters are mailed to approximately 11,000 organizations and
individuals throughout the Northwest.
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Public Involvement Calendar

April 1981
April 28

May 1981
May 13

May 20-22

June 1981

June 2

June 9-10
June 23-24

July 1981
July 13-14

July 29-30

August 1981

August 11

August 31

September 1981

Septanber 1

September 11

September 17

September 21

Septanber 30

October 1981
October 13

October 14

October 16
October 23

Council Meeting, Fbrtland, Oregon

Council Meeting, Helena, Montana
Council Meeting, Seattle, Washington

Council Meetir^, Boise, Idaho

Council Meeting, Ibrtland, Oregon
Council Meeting, Missoula, Montana

Council Meeting, Seattle, Washington
Council Nteeting, Coeur d'Alene, Idaho

Council Nfeeting, Portland, Or^on
Council Vfeeting, Seattle, Washington

Council Meeting, Seattle, Washington
Conservation Subccrmittee
Fish and Wildlife Subccrmiittee

Reserves and Reliability Subconmittee
Council Meeting, Butte, Montana

Executive Committee
Council Nfeeting, Fbrtland, Oregon
Forecasting Subcommittee
Fish and Wildlife Subcommittee

November 1981

November 4

November 17

November 17

November 18

November 30

Council Meeting, Seattle, Washington
Executive Committee
Conservation Subcommittee
Council Meeting, Idaho Falls, Idaho
Resource Assessment Subcommittee

December 1981
December 2-3

December 4

December 8

December 15

Council Meeting , Fbrtland , Oregon
Fish and Wildlife Subcommittee
Forecasting Subcommittee
Conservation Subconmittee

All of the meetings on this calendar were open to the public.

There was an opportunity for public comment at each meeting.
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January 1982
January 7



Town Hall Meetings
April 2

April 5

April 12
April 13
April 13

April 14

April 15
^ril 19

April 27
April 29

May 1982
May 5

May 6

May 11

May 21

May 21
May 21

May 28

June 1982
June 2-3

June 14

June 15

June 17

June 18

June 18
June 21-22

Town Hall Meeting
June 21

July 1982
July 13

July 15
July 15

July 16

July 21

July 21-22
July 30

August 1982
August 10

August 11

August 20
August 26

Butte, Montana
Ftendleton, Oregon
Medford , Oregon
Coos Bay, Oregon
Lewiston, Idaho

Eugene, Or^on
Cbeur d'Alene, Idaho
Portland, Oregon
Boise, Idaho
Spokane, Washington

Forecasting Subccnmittee
Council Meeting, Portland, Oregon
Reserves and Reliability Subconmittee
Conservation Subconmittee
Forecasting Subcomiittee
Resource Assessment Subcommittee
Fish and Wildlife Subconmittee

Council Meeting, Boise, Idaho

Forecasting Subconmittee

Executive Committee
Council Meeting, Seattle, Washington
Resource Assessment Subconmittee
Fish and Wildlife Subcommittee
Conservation Subcommittee

Portland, Oregon

Conservation Subconmittee
Reserves and Reliability Subcoimittee
Resource Assessment and Program
Fish and Wildlife Subcommittee
Forecasting Subconmittee
Council Meeting, Portland, Oregon
Fish and Wildlife Subconmittee

Conservation Subconmittee
Reserves and Reliability Subcommittee
Resource Assessment Subcommittee
Forecasting Subconmittee
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September 1982
Septeniber 1

Septonber 9

September 14

Septanber 16

September 17

September 24
September 27
September 29

October 1982

October 6

October 12

October 12

October 15

October 18

October 20-21

October 22

October 22

October 28

Energy Workshops
October 4

October 5

October 19

October 25
October 26

November 1982
November 3-4

November 5

November 15-16
November 19

November 22
November 29

Energy Workshops
November 17

November 18

December 1982

December 1-2

December 8
December 10
December 15-16

December 17

December 20
December 21

December 28-29

Council Meeting, Portland, Oregon
Fish and Wildlife Subcommittee
Conservation Subcommittee
Council Meeting, Helena, Montana
Reserves and Reliability Subconmittee

Resource Assessment Subcommittee
Forecasting Subcommittee
Executive Committee

Council Meeting, Spokane, Washington

Ganservation Subconmittee
Fish & Wildlife Hearing, Portland, Oregon
Fish & Wildlife Hearing, Boise, Idaho
Fish & Wildlife Hearing, Missoula, Montana
Council Meeting, Seattle, Washington
Resource Assessment Subcomnittee
Fish & Wildlife Hearing, Yakima, Washington
Forecasting Subcommittee

Butte, Montana
Spokane, Washington
Seattle, Washington
Dillon, Montana
Missoula, Montana

Council Meeting , Portland , Oregon

Conservation Subcommittee
Council Meeting, Fbrtland, Or^on
Resource Assessment Subcommittee
Forecasting Subcommittee
Reserves and Reliability Subcommittee

Libby, Montana
Kalispell, Montana

Council Meeting, RDrtland, Oregon

Conservation Subcommittee
Resource Assessment Subcommittee
Council Meeting, Portland, Oregon
Fish and Wildlife Subccximittee
Forecasting Subcommittee
Council Meeting, fbrtland, Oregon

Council Meeting , Portland , Ur^on
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January 1983

January 7
January 11

January 24
January 26-27

February 1983

Energy Briefings

February 22

February 22 (tentative)
February 23

February 23 (tentative)
February 24
February 25 (tentative)

March 1983

Council Meeting, Fbrtland, Oregon
Conservation Subcommittee
Forecasting Subcanmittee
Council Meeting, Fbrtland, Oregon

Boise, Idaho

Missoula, Montana
Idaho Falls, Idaho
Kalispell, Montana
Spokane, Washington
Butte, Montana

Energy Briefings
March 2 Seattle, Washington

Public Hearings
March 7

March 9

March 1

1

March 14
March 16

March 18

Fbcatello, Idaho (Idaho Field Hearing)
Missoula, Montana
Boise, Idaho
Coeur d'Alene, Idaho
Salem, Oregon
Seattle, Washington
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Appendix C
Reliability and the Hydro System

Introduction

This appendix provides additional detail on reliability issues and, in

particular, on the effects of hydro variability on system planning, operations,

and reliability. First, it describes the reliability questions: How reliable and

at what cost? Next, it discusses some outage cost studies performed by Council

contractors, and Council decisions about the issues raised. Finally, it

describes in more detail hydro system variability, critical water planning, and

the Council's decision to maintain that reliability standard for the current

plan.

Reliability Issues

The kind of system reliability that is dealt with in the Council's energy plan

is reliability of energy supply: \n1iether the system can meet the total mDnthly

energy load imposed upon it. The Council has not reviewed existing utility
standards for peak reliability of the system though it may lock at this issue

again in later plans. Recent historical experience and all indications frcm

ongoing studies are that peak demand upon the Northwest system is not a binding

constraint initiating major plant expenditures. Should that become the case

sometime in the future, a more detailed examination of system peak reliability
may be in order.

The primary existing reliability standard for energy supply in this region is

the critical water standard. There are other rules of thumb used in such

documents as the PNUCC "Blue Book" (the annual utility planning document) such
as the additional half-year's energy load growth reserve. These have not been

employed in the Council's planning process since they represent merely

additional reserve margins on a long-term planning basis, and are superseded by

the Council's options approach to long-term planning.

There are t\no general issues to be dealt with in reliability analysis. The first

of these is the decision about the appropriate level of reliability for the

system, and the second concerns the mechanism for ensuring that level of

reliability is achieved. The first problem is by far the more difficult to

analyze. The appropriate level of reliability is a function both of the cost of

additional energy supplies and the cost imposed on consumers should energy

supplies be inadequate. More reliable service requires more backup resources
simply to meet the same load, while less reliable service means increasing
chances that some customers may not have all they want and are willing to pay
for. A Cbuncil contractor conducted a study of the costs to the different
consumer classes of energy shortages of various amounts. These costs were based
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on a study defined by energy shortages having a duration of approximately 2 to 6

months with substantial prior notice of the onset of the shortage. The outage
costs under these circumstances, when customers are free to reduce their
least-valued uses, were relatively low, particularly for residential and
commercial customers.

The Council's Reserves and Reliability Subcommittee raised several questions
about the results of that study. The first question was about the use of
consumer surplus alone rather than total willingness to pay (consumer surplus
plus price) as relevant measure of outage cost.

The second question, raised by the Reserves and Reliability Subccmnittee was
that there needs to be wtiat might be termed a "threshold cost" attached to the
shortage cost estimates provided by the Council's study. The study implicitly
presumes a anooth transition from normal circumstances in w*aich customers are
not faced with shortages to the situation in which customers are faced with very
small shortages, going on to situations in wtiich customers are faced with larger
shortages. The Subcommittee pointed out that in the past (for instance in 1973
and 1977, two recent low-water episodes) there has been a substantial buildup of
political and administrative activity before the first calls for voluntary
curtailment to the public were made. Because of the nature of the hydro system
and our dependency upon the vagaries of precipitation, the end of low-water
conditions tends to be relatively unpredictable. All expressions of danger to
system operations have to be expressed in probabilistic terms rather than

clear-cut assurances. The complexity of the actual situation given these
conditions was perceived by those responsible for managing the shortage in the
r^ion to lead to substantial credibility problems if a correctly preceived
probable danger fails to occur because of abinipt changes in weather patterns.
Because of this, the Reserves and Reliability Subcommittee argued that the
smooth transition postulated by the report between normal conditions and
shortage conditions would not occur, and that there m.s an additional real,
though difficult to measure, cost which had not been evaluated in the study.

Beyond that, however, there is a significant policy issue involved. Should the
Council, on the basis of a study of aggregated consumer costs, plan a set of

resources that could require individual customers in different circumstances to
face a shortage of electricity? The Council believes the answer to that question
is "no." If worse than historical critical water conditions should occur,
coupled with abnormally bad resource performance, the Council anticipates that
high-cost resources would be run and drought surcharges imposed so that those
whose requirement for continued service is high would be able to have it, while
those whose requirenent is less stringent would have additional incentive for

short-term conservation efforts. An alternative solution that could be employed
in those circumstances would be a "buy-back" of energy from consumers at the
short run marginal cost.
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Reliability Issues in Current Plan

The Cbuncil does not intend to plan for any shortages. The Council's plan does

not require either voluntary curtailment efforts by consumers or mandatory
curtailments. It deliberately includes planning to meet all loads that are even

remotely likely to happen. The Council's resource portfolio, including the
ability to option resources and bring them on as load-growth patterns develop,

is intended to achieve the same reliability as the current system when that

system is in resource balance at critical water. Because of the current firm

surplus, the large availability of conservation resources in the region, and the

low likelihood of the high load occurring, the Council has not felt the need to

analyze further for this first plan the consumer costs of shortages or the risks
and possible benefits from pushing hydro system operation beyond the current
flexibility embodied in the critical water standard.

Because of the nature of the regional hydroelectric system, the reliability
criterion that has the largest consequence for resource choice and resource
operation is the choice of water condition to use in resource planning. The

nature of the hydro syston and the implications of critical water planning are
described below.

The Regional Power System

The electric power syston in the Pacific Northwest is doninated by hydroelectric

energy. The Northwest system is unique in the United States because of this
characteristic. Currently the hydro system produces approximately two-thirds of

the total energy used by the region. Even with load growth at the mediim-high
level, hydro would still be producing about half of the region's energy at the
turn of the century. There are two key characteristics to the Northwest hydro
system. First, there is a large variation in annual energy capability depending
upon rainfall and the snowpack accumulated in the region each year. The average
annual output of the hydro system is approximately 3,300 megawatts or 25 percent
greater than the critical period energy capability, and during a good year the
annual capability can be as much as 50 percent greater than critical period
capability. "Critical period" refers to that sequence of water conditions during
which the lowest amount of firm load can be carried. A second characteristic,
which is equally important, is that the variation within the year can be even
greater than the variation across the water conditicxis.

Over half of the annual firm enei^y from the Northwest hydro system comes from
natural streamflows; less than half comes from reservoir storage. Figure C-1
shows the variation in natural streamflow at The Dalles on the lower Columbia.
The relatively low amounts and low variability of natural streamflows between
about September and the onset of the spring runoff in about April are important
in considering the risks that can be taken in using the reservoir storage.
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The reservoir storage itself is significantly limited. A large part of the
hydroelectric system water supply comes from the snowpack in the upper Columbia
and upper Snake river basins, in the mountains of British Cblumbia, Montana, and
Idaho; but only 40 percent of even the average runoff is storable in the
system's reservoirs. This means that lai^ge portions of the total annual water
supply come during the spring runoff of April, May, June, and July. Moreover,
most of the water from the melting snows must pass through the generators or
over the spillways if it cannot be used in the springtime, because it cannot be
stored for use in the following fall and winter when loads are higher. Figure
C-2 shows the amounts of electric energy available at various probability levels
above the critical period quantities over the 102-year historical record for
which data are available. The variability of the hydro system has major effects
on the economics of other existing and new resources because it influences the
way they operate.
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Non-firm electric energy available above critical period amounts.

Figure C-2. Non-Firm Energy Availability — 702 Year Record
Percentages indicate percent of time less than amount is available.

Critical Period Planning

Power system planning is currently conducted on a critical period basis. The
total amount of energy resources required assumes that the hydro system will
produce no more energy than it did during the worst conditions of the past.
Critical periods run frcm the beginning of a drawdown season in August or
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September to the beginning of the refill season with the onset of the spring

runoff in March or April. The number of annual cycles of sequential dry years
the system can stand is a function of the amount of reservoir storage.
Currently, the \norst cc«iditions are either the four-year sequence from August
1928 to March 1932, or the more severe but shorter two-year sequence from
September 1943 through April 1945. For this operating year, 1982-1983, the
two-year critical period is being used. The comnon reference to a four-year
critical period in regional planning documents does not mean that the region
will necessarily have four years to W3rk out problems before the system's
reservoirs are enpty. Nor does it mean that an exact repetition of the water
sequence from 1928 through 1932 is required for the system to be in trouble. In

November of 1977, following the 1977 spring runoff, which was the worst runoff
since recordkeeping was begun in 1879, the r^ion was only cxie year past the wet
fall of 1976 when the region's reservoirs were high enough to sell secondary and
was within five months of having enpty reservoirs under continued bad water
conditions.

Planning to critical water does not guarantee that loads will always be met.
Although for contractual purposes the actual four-year, two-year, or
occasionally, three-year historical water sequences are used for planning,
independent statistical investigation by University of Washington researchers of
the complete historical record available since 1879 has shown, assuming all
possible combinations of water conditions from past water years, that not only
is the current planning basis not an extremely unlikely event, but also that it
is not even the worst possible sequence that could occur. For instance, a
two-year sequence worse than the 1943-45 water sequence (two-year critical
period) could occur with something over 2 percent probability and would have a
recurrence interval of approximately every 45 years.

Within the confines of syston planning, the hydro system does have some ability
to take advantage of the expected increased availability of energy above that

available during the critical period. This flexibility in the hydro system's
operation means that, although the total number of megawatts of energy resources
planned over the critical period will be determined by the critical period
energy capability, the kinds of resources that are used in that resource mix
should take into account the expected higher availability over the various water
conditions and the seasonal pattern erf that water availability.

Because the hydro system's storage capability is only about 40 percent of the
average annual runoff, the system's flexibility is limited. The ability of the
system to take advantage in the fall of the large quantities of secondary energy
available on an expected basis in the spring, is limited by the risk that system
operators are willing to take before the spring runoff begins. The maximum
drawdown of the reservoirs for energy generation in the fall and winter is
limited by the natural streamflow during the one-year critical period, 1936-37,
the lowest single natural streamflcw in the historical record. The hydro system
ran against this one-year critical period up until the late 1960s when the
building of the Canadian treaty projects increased the storage capability of the
system and increased the length of the critical period beyond one drawdown
season.
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The increased drawdown in the fall and winter to the limits of 1936-37 water

adds approximately 1,000 megawatts to the average hydro system firm energy

capability over that eight-manth period before the first year's runoff. This
1,000 megawatts may be generically called "provisional draft" since it is

borrowed frcm the follcwing spring against the expectation of greater than

critical runoff fran the snowpack. Going beyond 1,000 megawatts moves the risk

of emptying the reservoirs one year forward in time, fran before the second

year's runoff to before the first year's runoff. Doing this would require

additional backup resources (probably combustion turbines) and would

substantially increase the variability of power costs. The Council has not

investigated the economics of this additional risktaking and does not feel it

needs to be investigated unless the region is looking at a significant resource

deficit.

The hydro system has one additional characteristic that is very important for

the analysis of resources. The hydro system's ratio of installed peaking

capacity to firm (critical period) energy capability is in excess of that ratio
for a thermal plant, such as a coal and nuclear plant. Additionally, it is far

in excess of the ratio of the peak load to the average energy load placed on the
generating systen. As a consequence, the hydro system of the Pacific Northwest
is significantly different frcm the canpletely or predominantly thermal systems
in the rest of the United States. In a predominantly thermal system, if the peak
load can be met the eneiigy load placed on the system can always be met. In the
Pacific Northwest hydroelectric-thermal system, this is not true. Our experience
has been, and further investigation is indicating that it will continue to be,

that the binding constraint on the Northwest power system is the total firm
energy load rather than the maximum peak load.

C-7





Appendix D
Economic and Demographic Assumptions

The process of developing economic and denr^raphic assunptions began early in

1982. The first step was the develcpnent of illustrative economic forecasts by

the Council's contractor. The contractor also developed a simple economic
forecasting model to facilitate the development by Council staff of its own
forecasts. In June, Council staff circulated an issue paper on economic and
demographic forecasts that was accompanied by a questionnaire soliciting advice
and information on many significant areas of uncertainty. Responses to that
questionnaire, staff analyses, review of other forecasts for the region, and
conriBnts received on the contractor's illustrative forecasts all played a role
in the development of the Council's economic and demographic assunptions.
Preliminary forecasts were presented at the September 16, 1982 Council meeting.
Revisions v/ere incorporated based on Council and public comment and additional
research.

This appendix provides scxne additional detail on economic and demographic
assunptions developed by the Council. Initially, there \nere three forecasts
developed: a high, a rredium, and a low. These forecasts are described in detail
in a GDuncil staff working paper, "Economic and Demographic Assunptions." The
working paper is available upon request from the Council. The Council adopted
the low and high forecasts as acceptable bounds within w*iich to plan for the
region's future electricity needs. For planning purposes, two additional
forecasts were developed based on combining assumptions from the original three
forecasts. These two additional forecasts are called mediim-high and medium-low.
The assumptions embodied in them are shown in table D-1.

Consistency among the Council's forecast regional economic and demographic
conditions is ensured by a relatively simple mcxlel that links the various
aspects of the r^ion's economy. Figure D-1 illustrates the relationships
embodied in the Council forecasts.

The rest of the information in this appendix consists of various tables

extracted from the Council staff WDrking paper and other docunents. Persons who
are interested in description and explanation of the forecasts should request a
copy of the working paper.
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Table D-1.

Two Intermediate Scenarios — Economic and Demographic Assumptions

MEDIUM-HIGH

Characterized by rapid growth in high technology industries, chemicals, and
ccmmercial industries; moderate growth in traditional industries such as

forestry products, aluminun, and aerospace. Results in total employment
growth of 2.9 percent per year, population growth of 2.1 percent per year
and household growth of 2.7 percent per year.

Medium-High — combination of assumptions fran high case and medium case.

From High Case

SIC 27 - Printing and publishing
SIC 30 - Rubber and plastic products
SIC 34 - Fabricated metals
SIC 35 - ^^chinery
SIC 36 - Electrical equipment
SIC 38 - Professional instruments
SIC 2812 - Chlorine and Caustic soda
SIC 28XX - Other chemicals

Average of medium and high case employment multiplier.

All other assumptions from medium case.

MEDIUM-LOW

Characterized by moderate growth in high technology industries, chemicals,
and commercial industries; low growth in forestry industries; and elemental
phosphorus. Results in total employment growth of 2.3 percent per year,

population growth of 1.5 percent per year and households growth of 2.1
percent per year.

Medium-Low — combination of assumptions from medium case and low case.

Fran Low Case

SIC 24 - Lumber and wood products
SIC 26 - Pulp and paper
SIC 2819 - Elenental phosphorus
Alumax not completed

Low case housing additions by type.

All other assumptions from medium case.
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Table D-2.

Comparison of Regional and U.S. Growth Rates

Total Employment

Historical

Twenty years (1960-30)

Highest 10 years (1970-SO)

Highest 3 years ( 1974-79)

Forecast (19S0-2000)

High
Low

Average Annual
Rates of Growth
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Table D-4.

Relationships Among Employment,

Population and Households

Historical and Projected

Basic Employment (thousands)

Employment multiplier

Total Employment (thousands)

Employment/Population Ratio

Population (thousands)

Persons per Household

Household (thousands)

Share of single family dwellings

in housing stock

I960 1980 2000

^



Table D-5.

Summary and Comparison of Economic Assumptions

Average Annual Rates of Change (%)

1960-1980 1980-2000



Table D-6.

Electricity Consumption by Industry

Pacific Northwest, 1977

TOTAL MANUFACTURING

SIC 20 - Food and Kindred Products

SIC 2* - Lumber and Wood Products

SIC 26 - Pulp and Paper

SIC 28 - Chemicals and Allied Products

SIC 33 - Primary Metals

SIC 37 - Transportation Equipment

SIC 35, 36, 38 - "Electronics"

Other Manufacturing

Electricity

Consumed
(106 KWH)



Table D-7.

Forecasts of Employment
Lumber and Wood Products

Pacific Northwest
1980-2000

(in thousands)

SC 1980 19S3 2000

Lumber (SIC 2'»21)

Plywood (SIC 2<>36)

Particleboard (SIC 2<»92) 1

.

9

High Med Low High Med Low

51.8 57.7 51.5 *3.6 *7.9 *4.0 37.0

26.6 38.6 30.9 23.2 37.3 27.* 21.9

2.0 1.9 1.5 2.0 1.8 1.2

Other 2<» (2*XX) 58.7 7».8 67.0 57.6 69.7 63.9 53.5

Total SIC 2<» 139.1 173.1 151.3 125.9 156.9 137.1 113.6

Table D-8.

Forecasts of Employment
Pulp and Paper (SIC 26)

1980-2000

(in thousands)

SIC

Pulp (SIC 2611)

Paper (SIC 2621)

Paperboard (SIC 2631)

Other Paper (26XX)
Total SIC 26

1980

2.9
l*.l

5.2
7.8
30.1

2000

High
2.8
19.2
*.9
11.8
38.6

Med
2.7
18.5
*.5
10.3
36.1

Low
2.7

*.5
9.0
34.6
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Table D-11.

Employment Projections in Selected Industries

Pacific Northwest
1980-2000

(in thousands)

EmpJoyment Average Annual

Qn Thousands) Rate of Growth (%)

19S0 2000 1980 - 2000

INDUSTRY
Food and Kindred
Products (SIC 20)

High 99.2 1.3

Medium 73.2 90.8 1.1

Low 8*. 2 0.7

Transportation
Equipment (SIC 37)**

High 161.8 2.0

Medium 109.3 112.9 0.2
Low 86.* -1.2

Aerospace (SIC 372)*

High 90.0 0.6
Medium 80.0 62.0 -1.3

Low *6.0 -2.7

Electronics

(SIC 35, 36, 38)

High 226.1 t^.9

Medium 86.* 176.2 3.6

Low 137.2 2.3

State of Washington only.

Includes Aerospace in Washington
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Appendix E
Analysis of the Inclusion of Combustion Turbines in the Plan

To test the concept of including combustion turbines for planning purposes, the

Council analyzed each of the four load forecasts for each of three resource
portfolios: (a) no additional canbustion turbines, (b) 1,470 average megawatts
of additional combustion turbines, and (c) 2,940 average megawatts of additional
canbustion turbines. Each increase in level of canbustion turbines was offset by
a reduction in coal plants of equivalent capability. For each portfolio the
distribution of total system cost at each of the four load forecasts was
estimated. These distributions were combined with the Council's subjective
probability distribution on load to produce one distribution for total system
cost across the entire load forecast range. Figure E-1 graphically represents
the distributions for 0, 1,470, and 2,940 average megawatts of new combustion
turbines respectively. Net present value of total system cost is represented on
the horizontal axis, and frequency of occurrence on the vertical axis.
Examination of the three figures reveals that as combustion turbine capacity is

added to the system, the expected value of total system cost decreases.

Number of

Occurrences

800



The analysis \»as not pushed beyond 2,940 average megawatts of combustion

turbines because of the expectation that any additional combustion turbine

energy would cause costs to begin to rise, but it was decided that not much more

combustion turbine energy could be added before expected costs would begin to

rise. Two factors wDuld combine to cause this. First, with the limited secondary

available for combustion turbine displacement, addition of more combustion
turbines would soon result in significant levels of turbine operation (and

sharply increased levels of production costs) in all but the best water

conditions under the high forecast. Secondly, with a difference between the high

and medium-high forecast of 3,500 megawatts, and finn existing turbine

capability of about 300 megawatts, addition of more than 3,200 megawatts of new

combustion turbines ensures some combustion turbine operation under poor water

conditions in the much higher probability medium-high load case. As combustion
turbine operation increases across all load states, the operating cost penalty

should force expected costs upward.

This analysis was conducted for illustrative purposes only. It has simiiLated

what the decisionmaker might do with conplete uncertainty about future loads and

with no way of revising decisions once made. This is not the case in the real

world. For example, the region will know better in 10 years whether it is on the

Council's high load forecast or closer to the low. And the Council will make

appropriate revisions to the 20-year plan in each of the plan updates. The

analysis has shown the Council that some levels of combustion turbines, beyond

the 1,000 average megawatts or so that is appropriate for systan operations,

should be included in a 20-year plan — \*hether or not they are ever built — to

hedge against rapid increases in load growth.
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Appendix F
Method for Determining

Qualifiable Environmental Costs and Benefits

Priority is given in the plan to resources that are cost-effective. [Act,

section 4(e)(1).] The Administrator is required to "estimate all direct costs of
a resource or measure over its effective life" in order to determine if a
resource or measure is cost-effective. [Act, section 3(4)(A) and (B).]

Quantifiable environmental costs and benefits are among the direct costs of a
resource or measure. Section 4(e)(3)(C) of the Act required the Council to

include "a methodology for determining quantifiable environmental costs and
benefits under section 3(4)" in the plan. This methodology will be used by the
Administrator to quantify all environmental costs and benefits that are directly
attributable to a measure or resource.

Proposed Procedure

A. Identify the characteristics (technical, economic, environmental, and

other) of the resource or measure in question. Quantify each identified
environmental effect in terms of the liiysical units involved (e.g., acres
of habitat, tons of SO2. change in water tenperature).

B. Identify all potential environmental costs and benefits (e.g., the economic
valuation of the effects of changes in the environment) which will result

from the resource or iieasure. Each one of the environmental studies
previously completed by the Cbuncil should be continually subjected to

public review, comment, and improvement. Research to identify the
environmental costs and benefits of each resource in light of advancing
knowledge about environmental inpacts and of technical changes in resources
should be continued by Bonneville.

C. Screen the identified envirormental costs and benefits to determine whether

a meaningful economic evaluation can be performed. In making this
determination, reference should be made to the vrork products of the Council
— Study Module VI, Nero and Associates, Inc., Reports to Council (Tasks
1-6) c«i Quantification of Envirormental Costs and Benefits, Contract
82-020. In particular, consideration should be given to whether economic
techniques exist in a sufficiently developed state to allow for a
neaningful analysis of the environmental cost or benefit.

D. Determine whether environmental costs and benefits which can be
meaningfully evaluated in monetary terms will be so analyzed. This

determination should include consideration of:
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1. whether sufficient infonnation exists or can reasonably be obtained to

allow for an analysis of the environmental cost or benefit;

2. whether the relative cost-effectiveness of alternative resources is
such that the as yet unquantified environmental costs and benefits
would likely affect the decision on resource cost-effectiveness;

3. whether the enviix^nmental cost or benefit is subject to scientific
controversy regarding significance; and

4. \^*iether federal, state, or local standards exist which address the

environmental cost or benefit in question. Consideration should be

given to the intention of such standards, the long-standing public
approval of such standards, and the probable magnitude of the cost or
benefit that is not being considered as a result of standards.

E. For each envirormental cost and benefit that will be quantified, an

information base should be assembled by the Administrator which analyzes
the amount of information available to quantify each cost or benefit and
assesses the uncertainty affecting the ultimate quantity estimates.
Federal, state, and local studies of such environmental costs and benefits,
scholarly and professional quantifications, and data obtained as a result
of public comnent should be utilized to the extent appropriate.

F. A specific eccxicmic evaluation method should then be selected by Bonneville
based on the type of impact, data available on characterizing the

environmental effect and related econcraic data, experience with the method
(e.g., has it been successfully used in the past), and type of

uncertainties involved. The strengths and limitations of the evaluation
method vary with each environmental inpact. ^Jore than one evalimtion method
may be necessary in order to cross-check and verify results.

G. For those environmental costs and benefits \n*iere it is not possible to
develop monetary values, key physical and biological parameters should be
described and, if possible, quantified.

H. To the extent that no quantification on any terms is possible, the
environmental costs and benefits should be identified and described and an

assessment as to their probable magnitude in relative terms should be made.
The environmental costs and benefits of a resource should be given due
consideration by the Administrator before the resource is acquired. Such
environmental costs and benefits may be found to be sufficient to bar the

acquisition.

I. The application of the evaluation nethods should then take place. A record
should be conpiled which describes the resource, indicates wtiat impacts
were identified and wtiich measurement methods were selected, documents each
aspect of the calculation, and supports the final result. Throughout this

process, the Administrator should consult with the Council, the resource
sponsor, interested persons, Bonneville customers, consumers, states, and
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local political subdivisions. The Administrator should involve the public
to the maximun extent appropriate.

J. Each quantified environmental cost and benefit should then be placed within
the cost-effectiveness iiKthodology. Where the envirortnental cost or benefit
has been quantified in other than monetary terms, the Administrator should
make a decision about the cost-effectiveness of each resource or measure by
conparing the dollar cost of resources or measures with such costs or
benefits to the dollar cost of competing resources or measures. A
determination should then be made as to whether the quantifiable but
unpriceable costs or benefits are sufficient to make an otherwise
less-expensive resource or neasure, with such unpriceable environmental
costs or benefits, more "costly" than the next mDSt "costly" resource or
measure.
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Appendix G
Surcharge Methodology

Section 4(f)(2) of the Act provides for surcharges an customers for those
portions of their loads within the region that are within states or political
subdivisions which have not, or on customers which have not, inplemented
conservation measures that achieve enei^ savings comparable to the model
conservation standards. The Council is responsible for drafting a "methodology"
for the calculation of surcharges. Moreover, no surcharge may be imposed by the
Administrator unless the Council recoraiends it by a majority vote. The following
is the "methodology" for calculating surcharges:

1. The following model conservation standards are subject to surchai^es:

o Model Standards for new residential buildings;

o Model Standards for new non-residential buildings;

o Model Standards for conversion to electric space heat in residential
buildings; and

o Model Standards for conversion to electric space conditioning in
non-residential buildings.

2. The Administrator shall identify those customers, states, or political
subdivisions \\tiich have not:

a. adopted the model standards listed in paragraph 1; or

b. achieved comparable savings through other conservation methods.

3. The Surcharge shall be calculated by Bonneville £is follows:

Step 1 . Determine the Administrator's increased load to be served due
to the failure to implement model standards and

/

or achieve comparable
savings . The Council's estimate of the actual savings that have been
achieved by the implementation of the model standard shall be the
basis for this determination. (NOTE: The Regional Act refers to
"energy savings attributable to such conservation measures wtiich have
not been achieved." It is that "energy savings" that is meant by
"increased load" in this methodology.)

Step 2 . Identify the incremental Bonneville system costs and benefits
resulting from Bonneville service to the increased load in the service
area which did not implement the standards or achieve comparable
savings. The Council's plan shall serve as the basis for selecting
any additional resources needed to serve these increased loads.
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step 3 . Calculate the annual net cost in any given year that will be

incurred by Bonneville because the savings calculated in Step 1 were
not achieved. The net cost equals the costs identified in Step 2 less
any related benefits such as revenues obtained through Bonneville's
sales to meet increased load or other benefits as detennined by the
Administrator. Where these costs include the acquisition of resources
necessary to serve the "avoidable" load, the Council's resource plan
shall serve as the basis for identifying the cost of needed resources.

Step 4 . Divide the total net cost incurred by Bonneville in any given
year by the non-ccmplying customer's (or jurisdiction's) forecasted

total load on Bonneville for the given year to determine that year's

surcharge per unit of sales.

Step 5 . If the computed surcharge is below 10 percent "of the

Administrator's applicable rates for such load or portion thereof,"
then a 10 percent surcharge should be imposed. Any surchaj^ge above 50

percent will be limited to 50 percent of the applicable rates.

Step 6 . Bonneville shall then submit the data supporting the amount
of surcharge to the Council for a decision on whether to recommend the

imposition of a surcharge. The Council mist recomrend the surcharge to
the Administrator by a majority vote before the Administrator may
impose it.

Any entity that chooses not to adc¥)t a particular m^del conservation standard
within the allotted period for adoption and wishes to avoid a surcharge imst

declare before that period expires how it intends to achieve comparable savings.
In addition, that entity must indicate how it intends to demonstrate attainment
of coiparable savings. Bonneville shall determine, in consultation with the
Council, whether the alternative conservation plan will achieve comparable
savings. If Bonneville determines that it will not, Bonneville shall notify the
Council and the entity and shall give the entity an opportunity to cure the

defect. A surcharge shall not be imposed for any period prior to the deadline
for curing the defect. The alternative conservation plan, including monitoring
and evaluation procedures, shall be included in Bonneville's conservation or

other contracts with the utilities \*ho serve the area covered by the alternative
plan. The method of determining the energy savings of such an alternative
conservation plan shall be included in the Bonneville surcharge policy.
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Appendix H
Conditions for thie Acquisition of Resources
from Hydropower Development in the Region

1. Protection, mitigation, and enhancanent of fish: Bonneville should not

agree to acquire power from, grant billing credits for, or otherwise

support any hydrcpower development in the region without providing for:

(A) Consultation with the fish and wildlife agencies and tribes and the

Council throughout study, design, construction, and operation of the

project;

(B) Specific plans for flows and fish facilities prior to constructicai

;

(C) The best available means for aiding downstream and upstream migration

of salmon and steelhead;

(D) Flows and reservoir levels of sufficient quantity and quality to

protect spawning, incubation, rearing, and migration;

(E) Full compensation for unavoidable fish or fish habitat losses through

habitat restoration or replacement, appropriate propagation, or
similar measures which give preference to natural propagation over
artificial production of fish;

(F) Assurance that the project will not inundate the usual and accustomed

fishing and hunting places of any tribe;

(G) Assurance that the project will not degrade fish habitat or reduce

numbers of fish in such a way that the exercise of treaty rights will

be diminished; and

(H) Assurance that all fish protection measures are fully operational at

the time the project commences operation.

2. Protection, mitigation, and enhancement of wildlife: Bonneville should not
otherwise support any hydroelectric development in the region without
providing for:

(A) Consultation with the wildlife agencies and tribes and the Council

throughout study, design, construction, and operation of the project;

(B) Avoiding inundation of wildlife habitat, insofar as practical;

(C) Timing construction activities, insofar as practical, to reduce
adverse effects on nesting and wintering grounds;
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(D) Locating temporary access roads in areas to be inundated;

(E) Constructing subimpoundments and using all suitable excavated material
to create islands, if appropriate, before the reservoir is filled;

(F) Avoiding all unnecessary or pranature clearing of all land before
filling the reservoir;

(G) Providing artificial nest structures when appropriate;

(H) Avoiding construction, insofar as practical, within 250 meters of
active raptor nests;

(I) Avoiding critical riparian habitat (as defined in consultation with
the wildlife agencies and tribes) when clearing, riprapping, dredging,
disposing of spoils and wastes, constructing diversions, and
relocating structures and facilities;

(J) Replacing riparian vegetation if natural revegetation is inadequate;

(K) Creating subimpoundments by diking backwater slough areas, creating
islands and nesting areas;

(L) Regulating water levels to reduce adverse effects on wildlife during
critical wildlife periods (as defined in consultation with the fish
and wildlife agencies and tribes);

(M) Improving the wildlife carrying capacity of undisturbed portions of
new project areas (through such activities as managing vegetation,
reducing disturbance, and supplying food, cover, and water) as
condensation for otherwise unmitigated harm to wildlife and habitat in
other parts of the project area;

(N) Acquiring land or management rights where necessary to compensate for
lost wildlife habitat at the sajne tine other project land is acquired
and including the associated costs in project cost estimates;

(0) Funding operation and management of the acquired wildlife land for the
life of the project;

(P) Granting management easement rights on the acquired wildlife lands to
appropriate management entities; and

(Q) Collecting data needed to monitor and evaluate the results of the
wildlife protection efforts.

3. All proposals for Bonneville support of hydropower development should
explain in detail how these provisions will be accomplished or the reasons
why the provisions cannot be incorporated into the project.

H-2



Appendix I

Economic Analysis of Resource Costs

How do you canpare the costs of different energy sources? How do you determine

whether a conservation program is cheaper than a coal plant, or whether a hydro

project available in 1985 is cheaper or more expensive than one available in

1990? There are two kinds of analyses that must be performed to answer these

kinds of questions. The first is a cost analysis, \**iich puts the various costs

of different resources on a ccmparable basis; the second is a syston analysis,

which demonstrates how various resources perform in combination with the

existing Northwest power system. This appendix describes the first kind of

analysis - cost analysis.

The appendix will describe three concepts for dealing with the effects of

inflation: "nominal dollars," "real dollars," and "base year." It will also

describe two concepts for conparing the total costs of different resources:

"present value" and "levelized cost." The concepts will be illustrated using the

costs of a particular potential resource, the Skagit/Hanford Nuclear Plant.

Inflation distorts cost decisions because it makes it appear that a resource

purchased later is more expensive, whereas its impact on scxneone's budget may be

the sane whether it is purchased now or later since, if the inflation rate is

6 percent per year (assumed for the long-term in the Council analysis), both

costs and wages will rise by the same 6 percent; the relative cost and inpact on

scmeone's budget remain the same both before and after the inflation.

"Nominal" or "current" dollars include the effects of inflation; they are the

dollars you spend at the time you spend thon. "Real" or "constant" dollars do

not include inflation. A "base year" is chosen (the Council usually uses 1980

dollars) and all costs are converted to that year's dollars. Real dollars

represent dollars of constant purchasing power, and the apparent cost increases

caused by inflation are removed.

Even after costs are converted to real 1980 dollars, it is still difficult to

canpare the costs of different resources because costs occur in different years.

For instance, a hydro project has a large capital cost to build the plant but

the fuel is essentially free after that. An oil- or gas-fired combustion turbine

is the opposite; it has a low capital cost to build but the fuel cost is high

and may even escalate in real terms (that is, it may get more expensive to run

even after the general inflation is removed).

Real costs incurred at different times are conpared using the concepts of

"present value" and "levelized cost." The concept of present value inplies that

when you have money is important as well as the amount of money. A thousand

dollars is worth more now than it is a year fron now because you could use it

during the year. For example, you could earn interest on the thousand dollars

I-l



during the year, spend the thousand at the end of the year, and have the
interest left over. Level ized cost is just an alternate way of expressing
present value: it is the constant payment over the life of the loan that will
just repay the amount that was borrowed (the present value). For instance, the
anount borrowed frcm a bank is the present value of buying a hcxne; the mortgage
payment is the levelized cost. For power planning purposes the levelized annual
cost of owning a resource is usually divided by the annual kilowatt-hour output
of the resource to give a levelized cost in cents per kilowatt-hour.

Present value and levelized cost are calculated using an interest rate called a

"discount rate." The Council analysis was conducted using an inflation-free real
discount rate of 3 percent, since the inflation was removed when going to base
year 1980 dollars.

It is important to remember that the process described above is used to put
resource cost estimates on a consistent basis; it is not a prediction of the
impact of any given resource on consumer rates in any given year. In fact the
two example resources mentioned above (the hydro plant and the combustion
turbine) could have quite different effects on rates in any given year. The
hydro plant is the most expensive in the first year; since the capital cost is
fixed, its impact on people's budgets declines through time as other costs and
wages rise with inflation. Grand Coulee was a very expensive project when it was
finished in the early 1940s. It is only the succeeding 40 years of inflation
that made the cost of about 0.2 cents per kilowatt-hour relatively cheap
canpared to the cost of new power plants. A ccmbustion turbine, on the other
hand, has a large percentage of its total cost in its fuel cost. If operated at
reasonable levels of annual output, its total cost (capital plus fuel) could be
lower in the first years of its operation than the hydro plant. However, its

fuel cost will continue to rise with inflation, if not faster, and its relative
rate impact will be much higher 20 years from now than would that of a hydro
plant built now. The Council's resource choice was not based on the rate impacts
in any given year but was based on the present-value costs, taking into account
the costs and their timing over the life of the resource. A resource like the
hydro plant could have the lowest present value and levelized cost even though
it has the highest first-year cost.

The application of these concepts to the costs of the Skagit/Hanford Nuclear
Plant (coming on-line in 1993) are illustrated in figures I-l through 1-4 and
table I-l in the following paragraphs. Figure I-l shows several of the nominal
dollar expenditure patterns for this plant (inflation is still included in these
numbers). The line labeled "construction" shows the cumulative dollars spent to
construct the plant; the total capital cost is 6.3 billion dollars in nominal
dollars. For this diagrajn we have made the simplifying assumption that the
capital cost is repaid to lenders as a uniform annual amount like a mortgage
payment. This amount is about 800 million dollars per year and is labeled "debt
service." The operating cost, mostly nuclear fuel, rises slightly faster than
general inflation and is labeled "0 & M" (Operaticxis and Maintenance). It starts
at about 200 million dollars per year but rises with inflation to about 1.6

billion dollars per year by the end of its 30-year life.
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Figure 1-2 shows (on a different scale) the same construction cost as was shown

in figure I-l, but the amount is broken down into the actual construction costs,

such as labor and materials (about 4.2 billion dollars), and the interest on the
money borrowed to pay the direct construction costs (interest during
construction or "lUC"). This interest is the remaining 2.1 billion dollars of
the 6.3 billion dollar construction cost.

Figure 1-3 is the nx)st complicated; the line labeled "nominal" is the "debt
service" from figure I-l and shows the repayment of the capital cost of the plan

as a constant 800 million dollars per year obligation in nominal terms. This
payment is fixed in 1993 so it reflects inflation up to 1993, but benefits frcm
inflation frcm then on. The line labeled "constant 93$" shows this benefit from

inflation after 1993; the real capital cost declines as the payment remains
fixed and other costs and wages rise with inflation. The real capital cost in

1993 dollars is about 800 million dollars in the first year of its life, 1993,

but is only about 200 million dollars at the end of its life.

In order to compare different kinds of costs, we described above how costs are

either put into present value or levelized. To that end, the declining real

capital costs were converted to levelized real costs (the line labeled
"levelized 93$"). Finally, to give us comparable costs to resources that come
on-line in years other than 1993, the costs were converted to constant base year
dollars, in this case 1980 dollars, by ranoving expected inflation between now
and 1993. This last process gives the line labeled "levelized 80$."

Figure 1-4 goes through approximately the same process as figure 1-3. In figure
I^, the operating cost rises in nominal terms with inflation. It even rises
slightly in constant 1993 dollars, since we expect the cost of nuclear fuel to
rise slightly faster than the general inflation rate. These numbers were
converted first to levelized 1993 dollars and finally to levelized 1980 dollars.

The various numbers are summarized in table I-l. The capital cost in nominal
dollars is 6.3 billion dollars with 4.2 billion dollars for direct labor and
materials and the remainder for interest during construction. The first-year
cost, as it would actually affect rates in 1993, the first year of operation, is

14.5 cents per kilowatt-hour. Levelized in 1993 dollars for comparison with
other resources that come on-line in 1993, the cost is 9.3 cents per
kilowatt-hour. Finally, converted to the base year used in the Council analysis,
the levelized cost is 4.6 cents per kilowatt-hour.

As described in the text of the plan, these levelized cost numbers are
appropriate for rough conparison of resources. For the final analysis, the

resource's operating characteristics were simulated in the system analysis mDdel
and the costs from that simulation were converted to present values. As we

discussed above, present value and levelized cost are just two sides of the same
coin, just like the total bank loan and the nortgage payment at the same
interest rate.
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Appendix J

This appendix summrizes alternative approaches that could be used to comply
with the Council's model standard for new residential buildings. Separate
alternative packages are shown for each climate zone in Tables J-1 through J-4.
Table J-5 describes the air infiltration control measure required for each
package. Table J-6 shows the building specifications that could be used to
achieve the insulation levels required by each alternative package. The
estimated construction cost per square foot of floorspace added for each of the
packages is also provided. The costs shown are in 1982 dollars and include a 30
percent margin for builder overhead, fees, and profit.

The Council's ccxnplete Model Standards for New Construction is available on
request. They are also available for review at each of the Council's state
offices and in its central office in Portland. This summary was not formally
adopted by the Council.
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Table J-5.

Infiltration Control Packages

PACKAGE

Infiltration Package A

Nominal Standard

AC/HR

0.^

MEASURES

A.

Infiltration Package B 0.3 B.

Low Infiltration with

Supplemental Mechanical
Ventilation

1

.

Tight fitting weatherstripped doors

2. Tight fitting weatherstripped windows
3. Normal caulking

k. Install electric outlet plate gaskets

5. Caulk along sill plate (in addition to

the normal sill sealer) with

conventional caulk or foam.
Caulk between double studs in window
and door frames with conventional

caulk or foam.
Block partition wall leaks by sealing

moldings at the base of the wall with

caulk.

6. Install continuous plastic attic vapor-

air barrier in attic.

Measures in Package A, plus

1. Seal bypasses (e.g. flues, vents, etc.)

Seal zone communication (e.g. ducts

between floors).

Seal penetration in walls and ceilings.

If gas or oil heating plant or hot

water heater used, isolate combustion

air and chimney air from house air.

Windows shall be sealed type or casement or

awning.
Install continuous plastic vapor barrier

in exterior walls and floors.

Supplemental mechanical ventilation via

air-to-air heat exchanger shall be

required if the home does not meet the

Bonneville Power Administration's

exemption criteria for air tightening

measures. Air-to-air heat exchanger

required shall be capable of ventilating

the dwelling unit at a rate equal to at

least 0.7 times the volume of the

conditioned space per hour. An
air-to-air heat exchanger is a device

which will reduce the heat losses or

gains which occur when a building is

mechanically ventilated, by trans-

ferring heat between the conditioned

air being exhausted and the

unconditioned air being supplied.

2.

3.

4.

5.
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Table J-5. (Continued)

PACKAGE AC/HR MEASURES

This requirement may be met by a
central mechanical ventilation system
with an integral air-to-air heat

exchanger or by one or more single

package room mechanical ventilators

with an integral air-to-air heat
exchanger.

8. Dehumidifiers shall be provided capable
of maintaining a relative humidity no
higher than 60% (at 70oF) throughout
the building. If the designer anticipates

that the relative humidity may at times
during the heating season fall below 35%,
a humidifier should be considered. The
humidifier shall be centrally located,

free of restrictions such as filters

unless it is a direct component of the
furnance system, or the dehumidifier
control is connected to the furnance fan.

9. Bathrooms shall have exhaust fans with a
positive closure damper, vented to the
outside or through a heat exchanger to

the outside. Timed switches or humid-
istats shall be installed to prevent
unnecessary operation. Exhaust fan
capacity shall be at least 50 CFM.
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Table J-6.

Conservation Measures — Construction Tectiniques and Materials

Entry Door
R-2 Solid core wood
R-13 Metal, foam core

Wall

R-ll 2 X 'f studs, 3.5" batts

R-19 2x6 studs, 5.5" batts; or 2 x '^ studs, 3.5" batts, plus 5/8 - 1"

exterior foam sheathing

R-25 2x6 studs, 5.5" batts, 5/8 - 1" ext. foam
R-27 2x6 studs, 5.5" batts, 1" hi-R exterior foam
R-31 2x6 studs, 5.5" batts, 1.5" ext hi-R foam or combo in/ext foam;

or 2 x 8 studs, 7.5" batts, 5/8 - 1" exterior foam

Ceiling

R-30 9.5" batts; or 11" blown-in glass; or

R-38 2 layers of 6" batts; or 12.5" blown-in glass

Floor - Raised
R-ll 3.5" batts

R-19 5.5" batts

R-30 9.5" batts

Floor - Slab or basement perimeter
R-6.35 3/^" hi-R foam; or 1.5" standard foam
R-8 1" hi-R foam; or 2" standard foam
R-10 1.5" hi-R foam; or 2" standard foam
R-15 2" hi-R foam; or 3" standard foam

Glazing

Maximum U-value = A7 double-glazed with 1/2" air space, wood, or

aluminum with thermal break
Maximum U-value - .30 triple-glazed with 1/2" air space, wood, or

aluminum with thermal break.
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Appendix K

CONSERVATION ASSESSMENT METHODOLOGY AND ASSUMPTIONS

INTRODUCTION

The appendix provides an overview of the procedures and major assump-

tions used to derive the Council's conservation estimates. While identical

procedures were followed for each of the Council's forecasts, only the

Council's high growth forecast is illustrated. Citations are provided following

each sector's discussion to the specific technical studies which served as the

basis for Council's conservation estimates. These reports are available for

review at the Council's Portland office, and at the Council office in each

state.

RESIDENTIAL SECTOR ASSESSMENT

Space Heat Conservation in Existing Buildings

The Council's assessment of conservation potential available through

improving the thermal efficiency of existing dwellings involved seven steps.

These were:

1. Identify the thermal efficiency levels, house size, thermostat set

points, and other characteristics affecting electric space heating

use in existing dwellings;

2. Estimate the cost and potential savings available from the

thermal efficiency of existing electrically heated dwellings;

3. Develop preliminary conservation supply functions;

't. Compare projected cost and savings estimates with historically

observed cost and savings data;

5. Calibrate projected savings estimates and load forecasting model
inputs assumptions;

6. Develop final conservation supply functions; and

7. Estimate realizable potential.

The basic assumptions used in each of these steps are detailed below. Where
appropriate, illustrative calculations are also shown.
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Figure K.1

COMPARISON OF REGIONAL THERMAL INTEGRITY CURVE
ESTIMATED COST AND SAVINGS WITH OBSERVED BILL CHANGES

IN EXISTING UTILITY WEATHERIZATION PROGRAMS
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Figure K.2

COMPARISON OF AVERAGE USE PER RESIDENTIAL CUSTOMER
OF PUBLIC AND PRIVATE UTBLITIES
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Figure K.3

AVERAGE WATER HEAT CONSUMPTION BY
HOUSEHOLD SIZE

I

Annual KWH Consumption By Number of Occupants
Water Heating

2 3 4

Number of Occupants
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1. Identify Characteristics Affecting Electric Space Heating Used in

Existing Dwellings . The basic data source used to obtain dwelling charac-

teristics and occupant behaviors (e.g., thermostat setting) was the Pacific

Northwest Residential Energy Survey. This study was conducted for BPA and

PNUCC by Elrick and Lavidge in 1979. Is is the most recent, regionwide

assessment of the conservation measures extant in residential structures.

The results of this survey were used to develop three prototypical

residential structures. It was also used to identify the level of thermal

efficiency present in the region's existing electrically heated housing stock.

Tables K.l, K.2 and K.3 summarize the number of units in each building

category that were assumed to have specific insulation levels in 1979. Due to

the limited data contained in the Residential Energy Survey on mobile homes
and multifamily insulation characteristics, the values shown in Tables K.2 and
K.3, except for glazing, are based on professional judgment.

Table K.1

NUMBER OF SINGLE FAMILY ELECTRICALLY HEATED UNITS WITH
GIVEN NOMINAL R-VALUES EXISTING IN 1979

BY CLIMATE ZONE
(thousands)

Component

Roof

R-Value

7

11

19

24
38
49

Zone 1

6<f.6

^1.3

87.9
21.9
16.6
11.0

Zone 2

19.0

12.2

57.8

36.7
32.3
16.4

Zone 3

1.7

1.7

10.7
19.6

11.9
10.7
7.2

Total

85.3
55.2

216.2
191.8
70.5
59.6
34.6

Infiltration

Floor

0.6 ach

7

11

19

475.0

361.0
23.8
67.9
22.3

340.0

262.5
0.0

26.9
50.7

76.0

56.6
1.1

9.6

8.7

891.0

680.1
24.9
104.3

81.7

Glass

Walls

Doors

1 pain

2 pains

11

335.8
139.2

107.4

367.6

475.0

167.5

172.5

43.2
296.8

340.0

15.4

60.6

4.

71.

76.0

518.7
372.3

154.8
736.2

891.0
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Table K.2

NUMBER OF ELECTRICALLY HEATED MULTI-FAMILY UNITS
WITH GIVEN NOMINAL R-VALUES EXISTING IN 1979

BY CLIMATE ZONEa
(thousands)

Component R-Value Zone 1 Zone 2 Zone 3

Roof



Table K.4

ESTIMATED ENERGY CONSERVATION COST AND SAVINGS FOR EXISTING

SINGLE FAMILY BUILDINGS

Unit Cost Life

Resource Description 1980$ years

Insulate Roof
RO to R19 396 30

R7toR19 315 30

R19 to R30 128 30

Rll to R30 396 30

R30 to R38 93 30

R19 to R38 396 30

R2't to R38 338 30

R38 to R^9 128 30

R30 to R49 396 30

R38 to R49 303 30

Zone 1 Zone 2 Zone 3

Energy Energy Energy
KWH/unit KWH/unit KWH/unit

I0,7k7
2,01*5

717
1,761*

25k

1,041

683

211

k(>5

211

15,536
2,960
1,1^*1

2,555
382

1,523
[,001*

319

701

319

17,767
3,417
1,335
2,967

441

1,776

1,169
371

812
371

Infiltration

.60-.48

.48-.44

279
166

30

30

676
217

1,017
327

1,722
383

Insulate Floor

RO toRll
Rll toR19
R19 to R30
R7 to R19
Ri9 to R30
Rll toR30
R19 to R30

446
149

244

446
217

595
446

30

30

30

30

30

30

30

2,342
466
377

1,317
377

843

377

3,416
685
568

1,927
568

1,253
568

3,991
798
663

2,249
663

1,461
663

Insulate Glass
1-2

2-3

3-4

2-3

3-4

Insulate Wcdls

RO to Rll
Rll toR23

Doors
R2 to R15

756
1,012

872
756

1,278

573

3,553

424

30

30

30

30

30

30

30

30

2,013
600
273

600
273

4,142
979

449

2,982
910
413
910
413

5,983
1,474

674

3,455
1,072
489

1,072
489

6,967
1,762

794
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Table K.5

ESTIMATED ENERGY CONSERVATION COST AND SAVINGS

FOR EXISTING MULTI-FAMILY BUILDINGS

Zone 1 Zone 2 Zone 3

Resource Description



Table K.6

ESTIMATED ENERGY CONSERVATION COST AND SAVINGS
FOR EXISTING MOBILE HOMES



Table K.7

PRELIMINARY CONSERVATION SUPPLY FUNCTION
FOR EXISTING RESIDENTL\L STRUCTURES



if. Compare Projected Costs and Savings Estimated With Observed

Cost and Savings . The Council compared its estimates of projected energy

savings and cost with those observed in current utility weatherization pro-

grams. Figure K.l shows the relative space heating energy use of homes
before and after they have been retrofitted. It also shows the amount of

money spent to achieve those savings. The solid line on this graph plots the

predicted savings and cost used by the Council. The other points depict

utility program experience. The Council's cost and savings estimates appear

to be in reasonable agreement with existing utility program experience.

The principal assumption made in plotting the observed bill changes is

that pre-weatherization use represents the actual thermeil efficiency of the

home. In other words, it was assumed that those homes weatherized under

the Seattle City Light (SCL) program, and by Puget Sound Power and Light

Company (PSPL) had invested less than $100 in efficiency improvements prior

to weatherization. Similarily, it was assumed that homes weatherized by

Pacific Power and Light (PP&L) and Portland General Electric (PGE) had

invested approximately $750-800 in thermal integrity improvements prior to

weatherization. These expenditures may have been made at the time the

home was constructed or at some time later.

An alternative approach would have been to assume that differences in

the observed use prior to weatherization was due to occupant behavior, such

as temperature set-backs, room closures and wood heat use. This approach
was rejected for two reasons. First, assuming that observed use represents

the actual thermal efficiency of structures reduces the available technical

potential for conservation. It implies that some measures have already been
installed which indeed, may not be in place. Since survey data reveal

significant use of wood heat and room closures these assumption appear con-
servative.

Secondly, investor-owned electric utilities in the region who historically

did not have access to inexpensive hydroelectric power such as Portland

General Electric and Pacific Power and Light have had to encourage the

construction of more energy efficient electrically heated homes in order to

compete with lower cost fuels. Consequently, the housing stock in their

service areas tends to be better insulated than in utility service areas which
have historically, had low rates. Figures K.2 which compares the average
annucil use per residential customer for private utilities versus public utilities

illustrates this phenomenon.

5. Calibrate projected savings estimates and load forecasting model
input assumptions . The next step in the Council's conservation assessment
process was to make the projected technical potential for energy savings and
forecasting model inputs consistent. The Council's residential load fore-

casting model requires input on the average level of efficiency of existing

stock for both public and private utilities. The Council's conservation assess-

ment was based on a measure-by-measure analysis. Therefore, it was neces-
sary to translate the savings from individual measures to average savings per
structure. This was done as follows. First estimates of the total regional

space heating demand were developed assuming the thermal integrity levels

shown in Tables K.1-K.3. Each prototype building space heating use was
simulated with and without individual conservation measures. The "savings"

-Kll-



shown in Tables K.'f-K.6 were multiplied times the number of structures that

cilready have them installed. These savings were subtracted from the total

load that would be created had none of the measures been installed. For

example, there were an estimated 6't,600 single family units in climate zone

1 with uninsulated ceilings in 1979. Had these ceilings been insulated to R-19
they would have saved 10,7^*7 kilowatt hours per year. Therefore, 79 mega-
watts (6'f,600 units x 10,7^7 KWH/yr/unit 8,760 x 1000) would have been
subtracted from regional demand estimate.

Once this engineering estimate of the total region's space heating load

was developed it was divided by the number of electrically heated buildings in

the region to determine the average use per structure. Tables K.9 and K.IO

show the estimated total average annual consumption and average annual
consumption per square foot of floor area for existing structures in 1979
resulting from this process.

Table K.9

ESTIMATED ANNUAL SPACE HEAT FOR UNITS
EXISTING IN 1979 BEFORE RETROFTT

(kilowatt-hours per unit)

Housing Type



Secondly, the engineering estimates of consumption assumed no use of wood

heat nor zone control (i.e., room closures) by occupants. According to sur-

veys conducted by Puget Sound Power and Light, the use of wood heating

devices can reduce an electric space heating customer's consumption by 25 to

33 percent. Puget also found that homes heated with electric furnaces

(which are difficult to zone control) consumed 3^^ percent more than homes
with individual room baseboard heaters. Fourth, one prototype was used to

represent each building category. The single family category, for example

includes structures (duplex, triplex and fourplex) with common walls, and

ceilings. However, it was represented by a single family detached structure.

All of these factors would tend to overestimate average consumption per

unit. However, as shown in Figure K.l the simulations appear to give an

accruate measure of the savings that could be expected from individual

measures.

Table K. 11

ESTIMATED ANNUAL SPACE HEATING USE
IN EXISTING STRUCTURES - 1979

Annual Use
(kilowatt hours per year)

Forecasting Model Model Estimate

Engineering Public Private Weighted as Percent of

Building Type Estimate Utility Utility Average Engineering

Single FamUy 15,600 l^.l'tO 12,580 13,'f25 S6%
Multifamily ll,3'f5 6,070 5,W0 5,655 50%
Mobile Home 10.130 8,^90 7.555 7,905 78%

Weighted Average l't,150 13,230 9,'fW 11,060 78%

Given the above factors, the Council adjusted the engineering estimates

of use to those assumed in the forecasting model. This reduced the conserva-

tion potential available in existing residential structures by 't88 megawatts.
This adjustment was made as follows:

Given

1,387,000 existing housing units (622,000 in public utility service

areas and 765,000 in private utility service areas)

1^^,150 KWH/yr/unit = Engineering estimate of annual use

13,230 KWH/yr/unit = Econometric estimate of annual use for

space heat by public utility customer

9,'f40 KWH/yr/unit = Econometric estimate of annual use for

space heat by private utility customer.

Then
Total use projected by engineering estimates of individual unit use
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1^,150 KWH/yr X 1,387,000

8,760 X 1,000

= 2,2'tO megawatts

Total use projected by econometric estimates of individual use

13,230 KWH/yr x 622.000 -t- 9M0 KWH/yr x 765,000

8,760 x 1,000

= 1,752 megawatts

Adjustment

2,2^0 MW - 1,752 MW

^88 MW

In addition to the adjustment required to calibrate the base year (1979)

consumption in the forecasting model with the conservation supply a second
adjustment was made to account for weatehrization that occurred between
1979 and 1983. This was done by entering an estimate of the number of

retrofits that have occured since 1979 in the forecasting model. The model
was cilso run to incorporate consumer price responses between 1979 and 1983.

As a result of this retrofit activity the average annual space heating

consumption for public utility customers was reduced from 13,230 kilowatt

hours per unit in 1979 to 10,135 kilowatt hours per unit in 1983. Private

utility space heat consumption decreased from S,ttW kilowatt hours per unit

to 8,425 kilowatt hours per unit. The effect of these retrofits reduced the

technical potential for conservation in existing structures by 296 megawats.
This was derived as follows:

Given

Estimated 1979 consumption for space heating = 1,752 MW

Annual use of space heating in 1983

= 10,135 kilowatt hours per unit in public utility service areas

= 8,'f25 kilowatt hours per unit in private utility service areas

Number of existing electric space heat cusotmers

= 622,000 public utility customers

= 765,000 private utility customers

Then

Estimated 1983 consumption for space heat
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10, 135 KWH/unit x 622.000 -t- 8,^25 KWH/unit x 765.000
8,760 X 1,000

1,456 MW

Adjustment

1,752 MW - 1,456 MW

296 MW

6. Develop final conservation supply function . The combined effect
of calibrating the engineering estimates of conservation potential to the
Council's forecasting model reduced the technical potentiad for existing space
heat conservation by 784 megawatts.

This reduction was pro-rated across the savings available between 1.0

and 3.0 cents per kilowatt hour as follows:

Given

Proportion of technical potential between 1.0 and 3.0 cents per
kilowatt hour:

0-1. OC = 56%
l.l-2.0<;i = 34%
2.1-3.0<^ = 10%

Initial Estimate of Technical Potential between 1.0 and 3.0 cents
per kilowatt hour.

0-1. OC = 730 MW
l.I-2.0(i = 440 MW
2.1-3.0C = 140 MW

Then

Pro-rating the 784 megawatts across the initial savings estimates
for

- l.OC/KWH = 730 - (784 x .56) = 291 MW

1.1 - 2.0C/KWH = 440 - (784 x .34) = 173 MW

2.1 - 3.0C/KWH - 140 - (784 x .10) = 62 MW

The adjusted conservation supply function for residential space heat con-
servation in existing buildings is shown in Table K.12.
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Table K.12

FINAL CONSERVATION SUPPLY FUNCTION
EXISTING RESIDENTIAL SPACE HEAT

Levelized Cost



Table K.13

RELATIVE SUPPLY FUNCTION FOR SPACE HEAT
IN THE YEAR 2000

(1980$)



Total

Private

8,^25 KWH/yr/unit - 5,660 KWH/yr/unit x 765.000 units

8,760 hrs/yr x 1,000

2it2

318 + 21*2

= 560 megawatts

Comparing the 560 megawatts derived above for average savings per

unit with the savings estimated to be technically available on a measure-by-
measure basis in Table K.12 reveals approximately a 10 percent difference.

As a conservatism the Council used the lower value.

This 560 megawatts of technically avaible conservation potential was
then reduced by 15 percent to account for less than complete market pene-
tration, unanticipated structural barriers and quality control. Thus, the

amount of energy savings contained in the Council's Plan under its high

growth forecast is ^^75 megawatts (560 x .85).

Space Heat Conservation in New Buildings

The Council's assessment of conservation potential available through
improving the thermal efficiency of new dwellings involved many of the same
steps used to estimate retrofit potential for new buildings. The Council's

assement required five steps. These were:

1. Identify the thermal efficiency levels in new housing.

2. Estimate the cost and potential savings for thermal efficiency
improvements in new dwellings.

3. Compare projected cost and energy savings with observed cost
cind savings in new energy efficient structures

^. Develop conservation supply functions for technical potential

5. Esimate realizable potential.

The basic assumptions used in these steps are detailed below. Where
appropriate illustrative calculations are shown.

1. Identify thermal efficiency levels in new structures. The Council
assumed that new residential structures were being constructed in com-
pliance with current building codes. In those areas which have not adopted
mandatory energy conservation codes for new buildings the Council
attempted to identify "current practice". The principal data sources for this

latter procedure were discussions with home builders and an annual survey of
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new housing characteristics conducted for BPA. Table K.l'f summarizes the

Council's assumptions regarding the level of thermal efficiency present in

new residential structures.

2. Estimated Cost and Potential Savings for thermal efficiency

improvements in new dwellings . Tables K.15-K.17 show the Council's esti-

mate of the cost and savings available through improved thermal efficiency

in new residential structures on a measure-by-measure basis. The cost esti-

mates are given in 1980 dollars. The savings estimates are based on a

computer simulation of the annual space heating energy use of new dwellings

assuming no wood heating and an average 2^* hour per day thermostat setting

of 650 F.

3. Compare projected cost and energy savings with observed cost

and savings in new efficient structures. The Council compared the simulated

energy use for new structures to metered energy use in energy efficient

homes in the Northwest. For a sample of 39 energy efficient homes the

Council's projected annual use for space heating was 2.7 kilowatt hours per

square foot per year. The average actual use of this sample was 2.8 kilowatts

per square foot per year — a difference of less than 't percent.

'f. Develop conservation supply functions. The potential for con-
servation in new dewllings is directly related to the number of new dwellings

built. Under the Council's high economic and demographic forecast it is

projected that approximately 1.733 million new electrically heated housing
units will be built between 1986 and the year 2000. Of these 67 percent
(1.169 million) are expected to be single family units, 19 percent (327,000 are

expected to be multifamily units and I't percent (237,000) mobile homes. To
estimate the technical potential for conservation in new dwelling units the
Council multiplied the savings shown in Tables K.15-K.17 per unit for

individual measure times number of those units projected to be built.

Table K.18 summarizes the results of this process.

Table K.18

CONSERVATION SUPPLY FUNCTION FOR SPACE HEATING
NEW RESIDENTIAL STRUCTURES



Table K.14

NEW RESIDENTIAL CONSTRUCTION

BASE CASE EFFICIENCY LEVELS AND

ANNUAL USE ASSUMPTIONS



Table K.15

TECHNICAL POTENTIAL FOR ENERGY CONSERVATION

IN NEW SINGLE FAMILY STRUCTURES

Climate Zone

Unit Cost Life
Resource Description 1980$ years

Insulate Roof
R19 to R30 176 30
R30 to R38 128 30
R38 to R^9 176 30
R^9 to R60 176 30

Infiltration

.6-A 381 30

.'^-.2 635 30

Insulate Floors

Rll to R19 200 30
R19 to R30 301 30
R30 to M2 652 30

Insulate Glass
1-2 302 30
2-3 31^6 30
3-^ 495 30

Insulate Walls

Rll to R19 203 30
R19 to R27 213 30
R27 to R31 81 30
R31 to R38 569 30

Doors
R2 to R13 87 30

1 2 3

Energy Energy Energy
KWH/unit KWH/unit KWH/unit

729
239

156

106

1,096
941

422
290
171

2,046
584
200

860
365
127

72

474

1,097
363
262
179

1,650

1,471

637
480
312

3,005
875
347

1,284
554
190

136

702

1,266
427
313
215

1,927

1,745

750
571

380

3,499
1,046
419

1,480
653
229
168

814
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Table K.16

TECHNICAL POTENTIAL FOR ENERGY CONSERVATION

IN NEW MULTI-FAMILY STRUCTURES

Climate Zone

Resource Description

Insulate Roof
R19 to R30
R30 to R38

Infiltration

Insulate Floor

Rll to R19
R19 to R30
R30 to R38

Insulate Glass
1-2

2-3

Insulate Walls

Rll to R19
R19 to R27
R27 to R38

Unit Cost
1980$

in

30

340

It?

71

189

196

225
72^*

91

95
290

Life

years

30

30

30

1 2 3

Energy Energy Energy
KWH/unit KWH/unit KWH/unit

108

32

751

167

5*

19**

6k

1,178 1,372

30



Table K.17

TECHNICAL POTENTIAL FOR ENERGY CONSERVATION

IN NEW MOBILE HOMES

Climate Zone

Resource Description



5. Estimate Realizable Conservation Potential . The Council's esti-

mate of realizable potential for conservation savings in new residential struc-

tures is based on the implementation of its proposed model efficiency stan-

dard. The adoption of this standard, would reduce the current regional aver-
age energy use per unit from an estimated 8,2't^ kilowatt hours per unit to

3,100 kilowatts per unit. If 100 percent of the 1.733 million electrically
heated structures built between 1986 and 2000 complied with this standard
the region would save 1,018 megawatts (1.733 million units x
8,2^^ KWH/Unit - 3,100 KWH/unit 8,760 x 1,000). The Council's plan
anticipates that 90 percent of the new units built will comply with its pro-
posed standard. Therefore, the projected 1,018 megawatts of savings from
this standard were "discounted" for less than complete compliance reducing
the expected savings to 920 megawatts. Thus, of the 1,190 megawatts of
technically available savings costing k.O cents per kilowatt hour or less, the
Counci's plan captures 77%.

Water Heat Conservation

The Council's assessment of the conservation potential available
through improved residenticd water heating efficiency involved three steps.
These were:

1. Estimate the cost and savings potential available from improved
water heating efficiency.

2. Develop conservation supply functions for technical potential.

3. Estimate realizable potential for new and retrofit applications.

The basic assumptions used in each of these steps are detailed below.
Where appropriate illustrative calculations are shown.

1. Estimate the cost and savings potential available from improved
water heating efficiency . Table K.19 shows the Council's estimate of the
capital cost (1980$) and energy savings available through improved tank
insulation, pipe wraps, etc. and the use of heat pump water heaters. These
savings estimates are based on the assumption that the annual water heater
standby losses are 1,610 kilowatts-hours per year and that each occupant in a
building contributes 1,310 kilowatt-hours per year to the water heater
demand. These assumptions are based on an analysis by the Council's con-
tractor of metered water heater use in 120 Northwest homes and field and
laboratory test by Seattle City Light, Portland General Electric, Lawrence
Berkeley Laboratories and BPA. This survey data is summarized in Table
K.20 and Figure K.3. The water heater heat pump savings shown assume that
all standby loss reduction measures have been taken. They also assume an
annual heat pump C.O.P. of 1.8.
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Table K.19

ESTIMATED COST AND SAVINGS FOR WATER HEAT
CONSERVATION MEASURES



Table K.20

STATISTICAL SUMMARY
SUB-METERED HOT WATER DATA

Sample

Eugene Energy Efficient

Eugent Conventional

Portland PURPA

BPA Midway

Portland EPRI

Portland WHIP

Tacoma

Seattle City Light

All Samples

1 occupant
2 occupants
3 occupants
4 occupants
5 occupants

Standard
Size Mean Deviation

(kWh/yr) (kWh/yr)

10 6,50't.OO 2,15^.00

12 6,^75.25 1,891.1't

19 'f,i>22.00 1,576.00

17 8,605.25 2,876.95

10 6,113.00 2,375.00

18 5,65^.00 2,223.07

8 3,553.38 2,066.27

26 7, 'f55. 00 2,691.50

120 6,318.10 2,695.96

5 2, 37^^.20 ^11.11
22 i*,U0.e7 2,187.81
21 5,590.00 2,^*07.82

28 7,50^.29 2,407.82
12 8,069.83 2,771.30

Comments

All in heated spaces; no

jackets

All in unheated spaces;

no jackets

Random

All in unheated spaces;

no jackets

Random

All jackets?

R-11 jackets, temp, set-

backs

All in unheated spaces,

no setbacks

Variable Seattle EPRI WHIP

// homes
// occupants
// occ./home
daily gallons

gallons/home
daily gal./occ.

daily H2O kwh
daily kwh/occ.
gallons/kwh

Data Contacts

Tacoma

23



The proportion of households with a given number of occupants is

as shown in Table K.21.

Table K.21

AVERAGE NUMBER OF OCCUPANTS
AND WATER HEATER ELECTRICITY CONSUMPTION

BY HOUSING TYPE

Number
Occupants

1

2

3

k

5

6 plus

Weighted Average

Percent of Units

with 3 or more
occupants

Percent of Units With Given Number of Occupants
Single Family Multifamily Mobile Home

13.0%
36.0
18.0

18.7

9.0
6.0

39.9%
36.8
14.5

6.2
1.5

1.1

22,



3. Estimate Realizable Potential . The Council's estimate of the

realizable potential for water heat conservation is based on the following

assumptions:

o 70 percent existing single family structures with electric water

heaters and 3 or more occupants can be retrofitted with heat

pump water heaters. Of these 70 percent would do so by the year

2000.

o 10 percent of the single family stock with electric water heaters

and 3 or more occupants built between 198^^-1990 will install heat

pump water heaters

o 90 percent of the single family stock with electric water haters

and 3 or more occupants built between 1991 and 2002 will install

heat pump water heaters.

o 90 percent of all stock with electric water heaters existing in the

year 2000 will have efficient tanks, thermal traps, bottom boards,

pip wrap and 130° F water temperature settings.

o No heat pump water heaters will be installed in multifamily or

mobile home units.

The following calculations illustrate how these assumptions were used to esti-

mate the realizable conservation potential for water heat savings.

Given

5.7^^1 million residential units in the year 2000

2.160 million single family units in the year 2000 were built pre-

1983

736,000 new single family units are built 1984-1990

1.45 million single family units are built 1991-2000

85% electric water heater saturation in year 2000

70% of all existing single family units can physically accom-
modate heat pump water heaters

51% of all single family units have more than three occupants (see

Table K.21)

70% market penetration rate for heat pump water heaters in

existing units where they can be physically accommodated

A weighted average savings for heat pump installed in homes with

3 to 6 occupants of 2,947 KWH/yr/unit.
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Then

1. Heat Pump Water Heater Realizable Potential in retrofit applica-

tions =

2,9^7 KWH/yr x 2.160 million units x .85 x .70 x .51 x .70

8,760 hrs/yr x 1,000

15't MW

2. Heat Pump Water Heater Realizable Potential in New Units 198^*-

1990.

= 2,9^7 kwh/yr x 736.000 units x .51 x .10

8,760 hrs/yr x 1,000

= 13 megawatts

3. Heat Pumps Water Heater Realizable Potential in New Units
1991-2000

2,97^ KWH/yr x [A5 million units x .51 x .90

8,760 hrs/yr x 1000

= 2itk megawatts

li. Total Heat Pump Water Heater Realizable Potential

15^* + 13 + 22^*

= 391 megawatts

5. Total Realizable Potential From Tank Efficiency Improvements

1.180 kwh/yr x .85 x 5.7^1 million units x .85 x .90

8,760 hrs/yr x 1,000



6. Total Realizable Potential for Water Heat Conservation

391 + 503

= 89'f megawatts

Appliance Efficiency Potenticd

The Council's assessment of the potentially available savings from
improved appliance efficiency involved four steps. These were:

1. Identify current regional average consumption for major
residential appliances;

2. Identify the most efficient appliances now commercially avail-

able;

3. Estimate the technical potential for conservation assuming that

all consumers purchased to most efficient appliances now avail-

able; and

'f. Estimate the realizable conservation potential for less than com-
plete market penetration efficient appliances.

The major assumptions used in these steps are detailed below. Where
appropriate illustrative calculations are shown for the Council's high fore-
cast.

1. Identify the current regional average use per appliance . Table
K.23 shows the estimated average consumption for the major appliances
modeled separately in the Council's residential forecasting model. These
estimates are based on statistical analysis of customer use and appliance
saturation data carried out by BPA, the Oregon Department of Energy and
others. Their derivation is discussed in the Technical Exhibits.
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Table K.23

APPLIANCE EFFICIENCY SAVINGS



= Savings/unit x Total Households x Saturation

8,760 hrs/yr x 1000

Air conditioners - No savings estimated

Refrigerators

615 KWH/yr x 3.7^1 million x 1.16

8,760 hrs x 1,000

= it6Z megawatts

Freezers

WO KWH/yr x 5.7^1 million x .52

8,760 hrs/yr x 1,000

= 136 megawatts

Cooking

»5 KWH/yr x 5.7^1 million x .9^

8,760 hrs/x 1,000

Lighting

200 KWH/yr x 5.741 mUlion x 1.0

131

Other appliances

400 KWH/yr x 5.741 million x 1.0

262

Total Technical Potential

468 + 136 + 28 + 131 + 262

= 1,025 megawatts

4. Estimate the realizable potential for conservation from efficient

appliances . To estimate the realizable potential the Council made the
following assumptions:

o 50 percent of the 2.752 million new residential units added
between 1986-2000 would install the most efficient refrigerator

presently available (615 KWH x 2.752 x 10^ x .5 8,760 x 1,000 =

97 MW);
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30 percent of the 3.^^67 mUlion existing (in 1983) refrigerators

would be replaced with the most efficient model now available by

the year 2000 (615 KWH/yr x 2.989 x 10^ x .35 8,760 x 1,000 =

73 MW);

o 35 percent of the 2.752 million new residential units added

between 1986 and 2000 would purchase the most efficient freezer

currently avaUable CtOO kwh/unit x 2.752 x 106 x .35 8,760 x

1,000 = t^t^ MW);

o 20 percent of the 2.985 million existing (in 1983) freezers would

be replaced with the most efficient model presently available by

the year 2000 (WO KWH/unit x 2.985 x 10^ x .20 8,760 x 1,000 =

27 MW);

o 75 percent of the 2.587 million residential units built betwen 1986

and 2000 which use electric ovens and ranges would install the

most efficient models now available {k5 KWH/unit x 2.587 x 10^ x

.75 8,760 X 1,000 = 10 MW);

o No existing residential units would replace their cooking appli-

ances with more efficient ones;

o 75 percent of 5741 million residential units in the year 2000 will

have installed more efficient lights (200 KWH/yr x 5.7'H x lOb x

.75 8,760 X 1,000 = 98 MW); and

o Other miscellaneous appliances, including clothes washers, dryers,

dishwasters, waterbeds, well pumps will improve their efficiency

by 5 percent (230 KWH/yr x 5.7^*1 x 10^ x 1.0 8,760 x 1,000 =

150 MW).

Total Realizable Potential:

Air conditioning =

Refrigerators

New dwellings = 97

Existing dwellings 73
170 170

Freezers
New dwellings ^*

Existing dwellings 27

71 71

Cooking
New dwellings 10

Existing dwellings
10 10
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Lighting 98 98

Other Appliances 150 150

^99

PRINCIPAL DATA SOURCES

Palmiter, Larry and Baefor, David. Assessment of Electric Power
Conservation in the Pacific Northwest, Volume 1 Residential Building

Conservation , June 1982 (Draft) Submitted to Battelle Pacific

Northwest Laboratories by Ecotope Group

Palmiter, Larry and Kennedy, Mike "Cost Benefit Analysis of Residential Air-

to-Air Heat Pumps in the Pacific Northwest," December 15, 1982.

Submitted to Battelle Pacific Northwest Laboratories by Ecotope
Group.

Northwest Power Planning Council. "Predicted Versus Observed Bill Cahnges
Following Weatehrization," Staff Working Paper. June 1982.

Charles River Associates. Data and Program Documentation, Volume 2.

Draft Final Report. September 7, 1982.
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COMMERCIAL SECTOR ASSESSMENT

The Council assessment of the potential for electrical energy conserva-

tion in new and existing commercial buildings involved four steps. These

were:

1. Identify the current regional average consumption for typical

existing commercial building categories and typical new com-

mercial structures;

2. Prepare engineering estimates of the cost and technical potential

for energy conservation in new and existing commercial struc-

tures

3. Compare the engineering estimates with observed energy con-

servation cost and savings in commercial strucutres.

4. Develop estimates of realizable potential for conservation in new

and existing commercial structures.

The major assumptions used in each of these steps are detailed below. Where

appropriate, illustrative calculations are shown.

1. Identify the current regional average consumption for typical

commercial building categories. The Council's commercial sector forecasting

model contains representations of 10 building categories. The annual energy

use for all-electric commercial building assumed in this model is shown in

Table K.2'f. Also shown are the Council's estimates of the annual energy use

for new commercial buildings built to current practice and constructed under

the region's most stringent energy code.

Table K.2*

COMMERCIAL SECTOR
ALL ELECTRIC BUILDING ENERGY USE

Estimated Annual Use
(Kilowatt hours per square foot)

New Stock

Under Region's Most
Stringent Energy Code

18

18

22

I'f

25

27

10

50
31^

11
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Table K.25

SUMMARY OF AN^aJAL ENERGY USE FOR

NEW AND EXISTING COMMERCIAL BUILDINGS

LOCATED IN REGION



To verify the reasonableness of these estimates the Council reviewed

several recent analyses of commercial building consumption. Table K.25

summarizes the principal data the Council used to check its estimates of

energy use in new and existing commercial structures.

In comparing the data shown in Tables K.2't and K.25, three factors

should be kept in mind. First, the buildings shown in Table K.25 were not

selected to be statistically representative of the average. Secondly, several

building categories have extremely small samples or are known to be biased.

For example, the restaurant category represents only one "chain" and thus

cannot be considered a cross-sectional sample. Finally, the annual use

figures shown in Table K.2^ are for "all-electric" buildings. The consumption

figures shown in Table K.25, although given in kilowatt years, represent each

building's total energy use. Since many of these buildings are known to use

natural gas or fuel oil, the conversion efficiencies of these fuels should be

taken into account prior to drawing strict comparisons. Table K.26 compares
the estimated annual use in the Council's forecasting model for all fuels by

different commercial building categories and the sample means from Table

K.25 for existing buildings. Despite the limitations noted above, it appears

that the model's estimate of typical consumption is reasonable.

Table K.26

COMMERCIAL SECTOR FORECASTING MODEL
ASSUMED ENERGY USE VS. SAMPLE BUILDING ENERGY USE

Annual Use



Table K.27

Summary of Commercial Prototype Use and Potential Savings

Annual Use With
Less than 3.5(;i/l<Wh

Percent Savings

Over Base Case

Existing Large Office 105 20 80

New Large Office 23 13 *3

Existing Small Office 1*2 16 62

New Small Office 25 19.6 22

Existing Hotels 30 13 57

New Hotels 18.6 12 35

Existing Motels 22. 't 11.6 11

New Motels 15.3 9.5 38

Existing Retail 60 25.5 58
New Retail ^^3 31 28

New Elementary Schools 10.7 5.4 50

Table K.28 compares the technical potential estimates of savings with

the annual use assumed in the Council's commercial sector model. Savings

over the model's assumed use ranges from 38 percent in retail buildngs to

over 70 percent in hotels and motels. For new buildings the savings available

range from a low of 26 percent in new retail buildings to 80 percent in new
elementary schools.

3. Compare engineering estimates with observed energy conserva-
tion cost and savings in commercial structures . To verify the reasonableness
of its engineering savings estimates the Council compared them with several

surveys of commercial retrofit experience. These are summarized in Tables
K.29 through K.31. The Council's review of the experience depicted in these

tables lead it to conclude that in general a 30 percent savings can be realis-

tically expected in commercial retrofit programs. Moreover, both engineer-
ing estimates and actual utility experience appear to indicate that 90 to 95

percent of these savings can be realized at a levelized cost below 3.0 cents
per kilowatt hour.

The technical potential for conservation in new commercial structures

was verified by comparing the engineering estimates of use with new build-

ings recently constructed in Seattle. Table K.32 provides the projected an-
nual use of several new large commercial buildings. These buildings were
designed to comply with Seattle's energy code. The Council's proposed model
standard for new nonresidential structures closely approximates Seattle's

code.

'f. Develop estimates of realizable potential for conservation in new
and existing commercial stuctures . The Council's estimates of the technical

potential for conservation in new and existing commercial structures were
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Table K.28

COMMERCIAL SECTOR FORECASTING MODEL

ASSUMED ENERGY USE VS PROTYPICAL BUILDING ENERGY USE

Annual Use
(KWH/ft2)

Building Type



Table K.29

SUMMARY OF PUGET POWER COMMERCIAL SECTOR

RETROFIT CONSERVATION SAVINGS

Sample Size — 2.128 million square feet

Pre-retrofit average electricity use = 19.3 kilowatt hours per square foot.

Post-retrofit electricity use (projected based on audit) = 13.5 kilowatts hours

per square foot

Average electricity savings = 30%

Average retrofit cost (based on contractor bids) = $1.0^ square foot

Average cost = 9 to 10 mills per kilowatt hour

(Levelized at 3% for 30 years)

DISTRIBUTION OF SAVINGS BY COST

Levelized Cost Percent
(Mills/KWH) of Savings

0-5 32

0-10 58
0-15 73
0-20 86
0-25 9it

0-30 100
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Table K.30

COMMERCIAL BUILDING SURVEY

SEATTLE BUILDING OWNERS AND MANAGERS ASSOCIATION

APRIL 1, 1981

TOTAL SQUARE FOOTAGE SURVEYED ^,969,100 sq. ft

Conservation Programs Implemented

Lighting Reduction 4,969,100 sq. ft

HVAC Modification 3,855,893 sq. ft

Insulation 1,935,000 sq. ft

Hot Water System Modification 761,581 sq. ft

Reduction in Operating Hours 585,000 sq. ft

Publication of Energy Newsletter 253,8'f2 sq. ft

Energy Consumption*

Electrical - 'f,3't0,557 sq. ft.

Present KWH 98.1 x 10^ (22.6 KWH/sq ft)

Prior to Conservation Program KWH l'f6.7 x 10^ (33.8 KWH/sq ft)

Savings 33%

Steam - 3,101,985 sq. ft.

Present MLBS 735,37*
Prior to Conservation Program MLBS 2,519,959
Savings 70%

551,5'^'t square feet under new programs: savings not available.

Seattle City Light estimates that it serves approximately 71 million square

feet of office and retail space. The BOMA survey covered approximately

7 percent of this space.
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Table K.31

COMMERCIAL SECTOR — RETROFIT SAVINGS

SOURCE

D.O.E. survey of the actual energy use in 223 commercial buildings

across the United States.

FINDINGS

o 89% of retrofitted structures achieved simple paybacks of less

than 3 years

o 9% failed to save, largely due to improper maintenance

o Average savings for sample was 20%

o Average cost was $.62 per square foot.

SAVINGS BY BUILDING TYPE

Building Category



Table K.32

ANNUAL ENERGY CONSUMPTION OF MAJOR

COMMERCIAL BUILDINGS IN DOWNTOWN SEATTLE

CONSTRUCTED BETWEEN 1979 - 1983



developed on the assumption that the efficiency of these structures could be

improved by 30 percent. The total regional savings available from this aver-

age level of improvement were estimated using the Council's commercial

sector forecasting model.

First, this sector's demand was forecast without further improvements
in efficiency. Demand was forecast separately for new and existing struc-

tures. Then a 30 percent efficiency improvement over current efficiencies

was imposed on the model and demand re-estimated. The difference between
projected demand at current efficiencies and load with a 30 percent improve-
ment represented the total technical conservation potential. In the Council's

high forecast this was 863 megawatts for existing commercial buildings and
562 megawatts for new (post-1983) commercial structures.

In order to estimate how much of the technical potential was available

at a given cost, the Council combined data from its own studies and with the

experience of Puget Sound Power and Light. Table K.33 shows the distribu-

tion of total technically achievable savings by cost level for new and existing

structures used by the Council. It also depicts the distribution estimated by

engineering estimates as well as that experienced by Puget Power. The
Council judgmentally adjusted its engineering estimates of savings for cost

below 3.0 cents per kilowatt hour using Puget's experience. To estimate

realizable potential the Council's estimate of technically available potential

at 3.0 cents per kilowatt-hour was multiplied by a 90 percent market
penetration rate. Table K.3't shows the realizable potential for the Council's

high forecast.

Table K.33

COMMERCIAL SECTOR CONSERVATION SUPPLY FUNCTION
(Distribution of Savings by Cost Level)

(Percent Savings)

Puget
Power*
Existing

5%
86

100

Marginal



Table K.34

TECHNICALLY POTENTIAL VS. REALISTICALLY ACHIEVABLE
COMMERCIAL SECTOR CONSERVATION

Marginal



IRRIGATED AGRICULTURE

The Council's assessment of the potential energy savings available from
efficiency improvements in irrigated agriculture involved four steps. These
were:

1. Estimate the efficiency of conventional and energy conserving

irrigation systems.

2. Estimate the potential acreage that could technically adopt more
efficient irrigation technologies.

3. Estimate the cost of improving irrigation efficiency.

It, Develop irrigated agriculture conservation supply functions and
estimate realizable potential.

The major assumptions used in each step in the Council's assessment of

irrigation conservation are described below. Where appropriate illustrative

calculations are shown.

1. Estimate the efficiency of conventional and energy conserving
irrigation systems. The operating parameters for the conventional and
energy conserving application systems cind pumping plants are presented in

Tables K.35 and K.36. The other parameters used for estimating the energy
use of the various irrigation systems are the power unit efficiency (PUE), and
the decrease in water pumped (V) when improved scheduling methods are used
in conjuction with sprinkler irrigation systems. The power unit efficiency

(PUE) for electric motors was assumed to be 90%, based on manufacturer's
estimates, and the decrease in water pumped (V) for improved scheduling of
sprkinker irrigations was taken to be 2't%, based on empirical results

generated by testing of paired irrigation fields in California.

Because pumping head (Hp) and volume of water pumped (V) vary
significantly between different irrigated areas in the Northwest, it was
necessary to divide the Northwest region into 15 subregions for purposes of

analysis. These subregions are shown in Figure KA. The subregions defined
in Figure KA are basically the same as those defined in the Pacific North-
west Electric Power Planning and Conservation Act, except that an
additional region is added for Western Montana. Data on average surface
water and groundwater pumping lifts (Hp + H^) and volume of water applied
by conventional gravity flow and sprinkler irrigation systems were obtained
from a 1975 survey of irrigation operations. This data, by subregion, is

presented in Table K.37.

2. Estimate the potential acreage that could technically adopt more
efficient irrigation technologies . For purposes of estimating total regional
energy savings for each of the energy saving irrigation technologies, it was
necessary to obtain forecasts of the acreage of conventional irrigation

systems that could potentially be replaced or improved by energy conserving
irrigation measures in each subregion. These conventional systems were
identifed as gravity flow, hand-move, sideroll, and center-pivot systems. The
forecasts of irrigated acreages used by the Council were developed from a
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Figure K-4. Pacific Northwest Irrigation Subregions (Striped areas are defined under tfie
Pacific Northwest Electric Power Planning and Conservation Act but are not analyzed)
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Table K.35

OPERATING PARAMETERS FOR IRRIGATION APPLICATIONS SYSTEMS^

Conventional Systems

Gravity Flow
Hand-move
SideroU
Center-Pivot

Energy Conserving Systems

Reduced Pressure Center-Pivot
LEPA

Application Head
(ft)



Table K.36
OPERATING PARAMETERS FOR PUMPING PLANTS

Groundwater Surface Water
Pump Pump

Conventional Pumps Efficiency (%) Efficiency (%)

New Pumps^ 70 72

Existing Pumpsb 5^^ 58

Energy Conserving Pumps

Redesigned Pump Impeller and 75 NA
HousingC

Modifications to Existing 64 68

Pumpsd

^Based on manufacturer's estimates. The efficiency for surface water pumps
is assumed to be slightly higher because these are generally larger pumps.

'^Based on field pump testing results performed by the Bonneville Power
Administration (1981). Efficiencies for 31 to 7'f HP pumps were taken to be
representative of most groundwater pumps and efficiencies for pumps larger

than 75 HP were assumed for surface water pumps.

CThis estimate was taken from the tests of the system developer (Hamrick
1980). The system is only appropriate for groundwater pumping.

<^Taken from BPA's pump target efficiencies (Bonneville Power
Administration 1981). It is assumed that the modifications under study will

be able to raise existing pump efficiencies to these levels.
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U.S. Department of Energy study using a linear programming model.

Forecasts were developed in the DOE study using three alternative scenarios

concerning the future economic growth of the Pacific Northwest region — no

growth, moderate growth, and high growth. Forecasted acreages under the

moderate growth scenario were used by the Council.

Forecasted acreages for Western Montana were developed by using

current acreages and assuming that the rate of growth in Western Montana
would be the same as the rate of growth inherent in the linear programming
forecasts for Subregion 1 which borders Western Montana.

To facilitate comparisons with other acreage forecasts, the total

regional forecasted acreages used by the Council in its conservation assess-

ment are shown in Table K.38. Based on the sum of current irrigated

acreages in Oregon, Idaho, Washington and Western Montana, the forecasted

acreages presented in Table K.37 represent a annual growth rate of .8'f% in

irrigated acreage to the year 2000.

Because the energy savings and the cost per kilowatt-hour saved from
using energy conserving irrigation systems vary significantly between surface

and groundwater sources, forecasted acreages by system and water source

were needed. The forecasted acreages in the DOE study were not developed

by water source consequently, the relative percentage of groundwater and
surface water irrigation that occurred in 1975 in each subregion for each
irrigation system was multiplied by the forecasted acreages by system under

the assumption that the relative percentages of surface water and ground-

water irrigation will remain constant in the future.

Mathematically, the process of determining the forecasted acreage in

each subreagion m can be described as:

FAjjkm = Fijm X Pikm

Where:

f^^ijkm - Forecasted acreage for conventional irrigation

system i, in forecasting year j, for water source k, in

subregion m.

Fijm = DOE study model forecasts of forecasted acreage for

conventional irrigation system i, in forecasting year

j, for subregion m.

Pikm = Percentage of 1975 acreage for conventional irriga-

tion system i, using water source k, in subregion m.

i = Gravity flow, sideroll, hand-move or center-pivot

irrigation system.

j
= 1985, 1990, 1995, or 2000 forecasting period.

k = Surface water or groundwater source.

m = Subregions 1, 2, ..., 15.
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Table K.37

IRRIGATION PUMPING LIFTS AND VOLUME OF WATER PUMPED
FOR NORTHWEST SUBREGIONSa

Pumping Lift (ft)

Number



Table K.38

TOTAL FORECASTED ACREAGE BY IRRIGATION SYSTEMS

Year
System 1985 1990 1995 2000

Gravity Flow 4,569,9^^7 't, 668, 538 4,771,674 4,941,152

Center Pivot 909,917 1,097,907 1,291,584 1,479,570

Other Sprinklerb 2,933.948 3.169,23 3.314,707 3,457,007

total 8,413,812 8,935,675 9,377,965 9,877,729

^Sources: Projected Energy and Water Consumption of Pacific Northwest
Irrigation Systems. (King et al. 1977) and private telephone conversation
(Smith 1982).

^Includes hand-move, sideroU and solid set systems.
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The method of aggregating subregional results to obtain weighted

average regional estimates was as follows:

o For new energy conserving application systems, generic system

cost and energy savings estimates for each subregion were
multiplied by new acreages in each subregion obtained from the

acreage forecasts developed by King et al. (1978). The resulting

products were then summed over all 15 subregions and the cost

estimates were divided by the regionwide sum of the new acre-

ages to obtain average unit costs. For LEPA, only row crop

acreages were used.

o For conversion of existing conventional systems, generic sub-

regional cost and energy savings estimates were multiplied by

"base acreage" figures from each subregion. The "base acreage"

figures represent current acreages minus any decreases in acreage

forecasted by King et al. (1978). The resulting products were then

summed over all 15 subregions and the cost estimates were
divided by the regionwide sum of the base acreages to obtain

average unti costs. For LEPA, only row crop acreages were used.

o For the redesigned pump housing and impeller, generic subregional

cost and energy savings estimates were multiplied by forecasted

new groundwater acreages. The resulting products were then

summed over the 15 subregions and divided by sum of the new
groundwater acreages to obtain average unit costs.

o For general improvements in pump efficiency and for scheduling

improvements, generic subregional cost and energy savings

estmates were multiplied by total forecasted acreages from each
subregion. The resulting products were then summed over the 15

subregions and the cost estimates were divided by the regionwide

sum of total forecasted acreages to obtain average unit costs.

For scheduling improvements, estimates were developed for

sprinkler irrigation only, because improved scheduling was not

assumed to be effective when used in conjucntion with gravity

flow systems.

^. Estimate the cost of improving irrigation system effeciencies .

The incremental costs of investing in an energy conserving irrigation system
depends on the, nature of investment being considered. The incremental costs

for new energy conserving irrigation system compared to a new conventional

system will be different from the incremental costs of converting an existing

conventional system into an energy conserving system.

Alternative Water Appliation System Costs . The alternative water
application system conservation investments considered by the Council
included the following:

1. New conventional gravity flow, sideroll and hand-move systems
versus new reduced pressure center-pivot systems.
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2. New conventional gravity flow, sideroU and hand-move systems
versus new LEPA systems.

3. New reduced pressure center-pivot systems versus new LEPA
systems.

i*. Converison of conventinal gravity flow, sideroU, hand-move, and
center-pivot systems to reduced pressure center-pivot systems.

5. Conversion of conventional gravity flow, sideroU, hand-move, and
center-pivot systems to LEPA systems.

Note that the comparison of new high-pressure conventional center pivot to

the energy conserving systems was not included among the alternatives. The
Council has assumed that almost no new conventional center pivots will be
purchased in the future, given that the initial costs for new reduced pressure
center pivots are almost identical to those of new conventional center pivots.

The capital and operating and maintenance costs for each of the

systems included in these alternatives are presented in Table K.39. The
conversion system capital and operating and maintenance costs in Table K.39
represent the incremental costs of converting an existing system into an
energy conserving system. The capital costs for conversion from an existing

gravity flow system are the same as if the energy conserving system was
purchased new because no components of the gravity flow system can be used
in the conversion and these components are assumed to have no salvage
value.

The capital costs for conversion from a sideroll system are the capital

costs of the energy conserving system minus the revenue from the sale of the
side roll system at an assumed market value equal to its depreciated value at

the time of sale. The capital costs for conversion from an existing center
pivot shown in Table K.39 represent the costs incurred in replacing existing

high-pressure sprinkler heads with either low-pressure sprinkler heads (in the
case of reduced pressure center pivots) or with drop tubes and emitters (in

the case of LEPA). The cost of pressure regulating devices are also included
in the center-pivot conversion costs.

When existing application systems are converted into energy conserving
systems, modifications to the existing pumping plan are usually necessary to
take full advantage of the potential energy savings of changes in operating
parameters. The exact modifications, however, varies substantially

depending upon the nature of the existing pumping plant. The pumping plant

modifications assumed to be necessary for the conversions analyzed by the
Council and the cost of each of these modifications are shown in Table K.'tO.

It should be emphaized that the modifications shown in Table K.t^O are only
estimates by knowledgeable experts of some common modifications, and
these modifications may or may not be applicable in a specific situation.
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Table K.39

ESTIMATED CAPITAL AND OPERATING AND MAINTENANCE COSTS
FOR CONVENTIONAL AND ENERGY CONSERVING IRRIGATIONS SYSTEMS

Operating and



Table KAO

NECESSARY PUMP MODIFICATIONS AND COSTS FOR CONSVERSION
OF CONVENTIONAL APPLICATION SYSTEMS

Cost

Necessary Modifications

1

.

Pump Pulling^

2. Bowl ModificationC

3. Impeller trimming^

'f. Pump Flow Rate Adjustment^

Surface Water
($/Acre)



Pumping System Costs . The pumping plant alternatives analyzed by the

Council are the following:

1. New conventional groundwater turbine pumps versus new ground-

water turbine pumps with a redesigned housing and impeller.

2. Pumping plant modifications which will raise existing groundwater
and surface water pump efficiencies to BPA's target level pump
efficeiencies.

The system developer of the redesigned turbine pump indicates that the

incremental capital costs of the redesigned pump is minimal compared to a

conventional turbine pump. The pump packer cost would largely be offset by

a reduction in line and pipe costs and the modified impeller cost is all

research and development costs with no additional costs to the farmer. Thus,

the capital costs for the redesigned pump were assumed to be only $2 an acre

greater than those of a conventional turbine pump.

It is commonly accepted that farmers can raise their existing pump
efficiencies to BPA's target level pump efficiencies (an average increase of

10 percentage points), but the actions necessary to achieve these increases in

pump efficiencies and the costs of these actions are not well known.

The estimated cost per acre for the pump modifications being con-

sidered by the Council are shown in Table KAl. If should be emphasized that

these costs are only estimates and that costs vary substantially depending

upon the condition and type of the pump being modified.

Scheduling Costs . The costs of improved methods of irrigation schedul-

ing depend on the level of the scheduling services being provided. The costs

to the farmer for compiling and publishing general evapotransporation data

will be much lower than those associated with "full service" scheduling

programs where data is collected for individual fields and precise recom-
mendations on when and how much water to apply is provided. The "full

service" scheduling program offered in California from which the percentage

reduction in water use from improved scheduling cost an average of $5 an
acre per year in 1980. This cost was used to represent the cost of improved
scheduling methods.

5. Devleop an irrigated agriculture conservation supply function and
estimate realizable potential . The maximum technical potential energy
savings for a generic energy conserving irrigation system and the cost per

kilowatt-hour of electricity saved were estimated for each of the 15

specified subregions. The results shown are estimates of the weighted
average regional energy savings and cost per kilowatt hour saved for each
energy conserving option.

The technically feasible regional energy savings, cost per kilowatt hour

saved and the range in cost per kilowatt hour saved among the 15 subregions

for the energy conserving irrigation systems for the year 2000 are presented

in Tables K.'ti and K.'fB. All energy savings are cumulative to the year 2000.
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Table K.*l

ESTIMATED COSTS OF MODIFICATIONS TO EXISTING PUMPING
PLANTS TO IMPROVE PUMP EFRCIENCY



Table K.42

ENERGY CONSERVING APPLICATION SYSTEMS:
MAXIMUM POTENTIAL ENERGY SAVINGS, COSTS PER KWH SAVED,

AND RANGE DM COST PER KIWH SAVED IN 2000

0.89

Energy
Conservation Measure

New System
Reduced Pressure Center
Pivot vs. Gravity Flow

LEPAC vs. Gravity Flow

Reduced Pressure Center
Pivot vs. Sideroll

Sprinkler

LEPA vs. Sideroll

LEPA vs Reduced Pressure 1^.55
Center Pivot

Converted Systems

Reduced Pressure Center ^.I'f

Pivot vs. Gravity Flow

LEPA vs. Gravity Flow

Reduced Pressure Center
Pivot Sideroll Sprinkler

LEPA vs. Sideroll

Reduced Pressure Center
Conventional Center
Pivot

LEPA vs. Conventional 15.20

Technical Potential

EnergySavings
(Average MW)

Ground Surface
Water Water

Cost Per kWh
Saved (1980 mills)

Range
in Cost per kWh

Saved (1980 Mills)

Ob

Ground
Water

20

Surface
Water

73

^^.16



Table K.43

REDESIGNED TURBINE PUMP, PUMP EFHCIENCY IMPROVEMENTS,
IRRIGATION SCHEDULING IMPROVEMENTS:

MAXIMUN POTENTIAL ENERGY SAVINGS, COST
PER KWH SAVED AND RANGEa IN COST PER KWH SAVED IN 2000

Technical Potential

EnergySavings
(Average MW)

Ground Surface
Energy Saving Option Water Water



The total potential energy savings from all of the energy conservation

options analyzed by the Council are not equal to the sum of the energy

savings for each of the individual options. Two of the systems under study,

reduced pressure center pivots and LEPA, have overlapping applications.

Conventional center pivots can be converted to either reduced pressure

center pivots or to LEPA, but not to both. To avoid double counting of

energy savings the Council's analysis, used a decision rule for selecting

between similar options based on the cost per kilowatt hour saved. This rule

assumed that the option with the lowest cost per kilowatt hour will be used.

All energy savings estimates for reduced pressure center pivots and
LEPA shown in Table K.'f2 have been adjusted according to this decision rule.

For example, because LEPA cost less than reduced pressure center pivots

when compared to conventional gravity flow systems using groundwater, it

was assumed LEPA would replace gravity flow systems using groundwater on
all row crop acreages.

A summary of the estimated technically feasible aggregate energy
savings which could result from using energy conservation options as selected
by the decision rule are shown in Table KA^. The total energy savings

increase over time because new acreage on which the energy savings options

can be used are being brought into production. The Council's plan assumes
that all of the technically achievable potential costing less than 'f cents per
kilowatt-hour could be realized.

PRINCIPAL DATA SOURCES

Harrer, Bruce 3. Assessment of Electric Power Conservation and Supply
Resources in the Pacific Northwest . Volue IV. Irrigated Agriculture
Conservation . 3une 1982.

Whittlesey, N.K., 3. Buteau, and W. R. Butcher "Energy Tradeoffs and
Economic Feasibility of Irrigation Development in the Pacific
Northwest." Washington Agriculture Experiment Station Bulletin 0896.
(1981)

Washington State University, College of Agriculture Research Center.
"Demand Response to Increasing Electric Prices by Pacific Northwest
Irrigated Agriculture." Bulletin 0897 (1981).
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Table K.*4

TOTAL TECHNICAL FEASIBLE ENERGY SAVINGS FROM USING
IRRIGATION CONSERVATION OPTIONS

Option 1983 1990 1993 2000

Reduced Pressure Center Pivots^

LEPAb

Pump ImprovementsC

Scheduling Improvementsd

Total 431 t^55 it92 528

82



INDUSTRIAL SECTOR ASSESSMENT

The Council's assessment of the conservation potential available in the

industrial sector initially involved an evaluation based on a typical plant in

each industry. After discussions with industry representatives this approach
was abandoned in favor of cin approach which the Council ask industry to

conduct a self-assessment. The Council asked each major electricity

consuming industry, including the direct service industries of Bonneville, to

estimate the amount of conservation savings they could identify at given cost

levels. Specifically, industrial firms were asked to estimate the amount of

electrical savings that might be expected if they were offered an "up-front"

cash payment of between $1,000 and $3,000 per average kilowatt saved.

Table K.^5summarizes the response recieved by major industrial class.

Table KA5

INDUSTRIAL SECTOR CONSERVATION

Industrial Cateogry
Cumulative Savings (MW)

Pulp (5c DSI
Capital Cost/KW Paper Aluminum Chemical Other Total

$ 1,000 ttn 57 1.3 „ 102.3
$ 2,000 81 100 IHA — 193A
$ 3,000 95 376 3't.7 7 512.7

All respondents indicated that these data should be used with caution in

estimating the realizable potential for industrial conservation. The Council
decided, that since these savings represent less than 10 percent of the
region's current industrial electricty demand that they were a reasonable
conservation goal for the industrial sector.
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Appendix L
Efficiency Standards for Conversion to

Electric Space Heating

1.0 Efficiency Standard for Conversion to Electric Space Heat

1.1 Residential Buildings: Single-Family, Duplex, and Multi-Family

1.1.1 General

Before the utility will connect a new or enlarged electric service for electric
space heat in any residential building, the customer shall:

a. make any changes or installations necessary to comply with the efficiency
standards listed in Section 1.3, 1.4, or 1.5 (below); and

b. schedule and permit an inspection of the prenises by a utility or local
building code field representative.

NOTE: Compliance with the Model Standard for New Ftesidential Buildings will
satisfy the above requiranents, except in those instances ftliere standards apply
only to portions of an altered building. In such cases, these efficiency
requiranents will apply to the entire residential building.

1.2 Service for Purposes Other Than Electric Heat

For new or enlarged electric services of over 125 amperes in single-family or
duplex buildings wtiich are requested for purposes other than electric space
heat, the customer shall:

a. submit to the servicing utility or local government a notarized statement
wtiich avers that the new or enlarged service will not be used for electric
space heat; and

b. comply with existing efficiency requiranents at such time as electric space
heat is added in the future.

If consunption records indicate the presence of electric space heat in the
future, the servicing utility or local government will require inspection of the
premises by a utility or local building code field representative. If the
inspection reveals electric space heat, compliance with Section 1.1 of this
standard will be required.
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1.3 Efficiency Standards

a. Ceilings . Ceilings over the top floor must be insulated to a thermal
resistance of 38 (R-38). If there are arciiitectural barriers to R-38,
ceilings must be insulated to the maximum extent possible. If ceiling
insulation is less than R-19, the customer must insulate both walls and
windows to the standards set forth in Section 1.3(b) (below).

b. Walls and Windows . The customer must do one of the following:

1. Insulate all exterior walls to R-11 unless the walls have previously
been insulated; or

2. a. Install double-glazed windows (two panes of glass installed in a
single sash with at least 1/4" air space between them) ; or

b. Fit windows with sealed rigid-frame storm windows.

c. Floors . All floors over unheated spaces nust be insulated to a thermal
resistance of 19 (R-19) in Climate Zone 1 and 30 (R-30) in Clinate Zones 2
and 3, unless the insulation will require major alteration of the existing
building or unless installation with a thermal resistance of 11 (R-11) in
Zone 1 and 19 (R-19) in Climate Zones 2 and 3 has previously been
installed. If the existing building precludes insulating to R-11 in Climate
Zone 1 and R-19 in Climate Zones 2 and 3, insulation must be installed to
the maximun extent possible. All earth under the building shall be covered
with vapor barrier that is 4-mil thick polyethylene or equivalent.

d. Electric Water Heaters . Electric water heaters must be equipped with
additional insulation or an insulating wrap with a thermal resistance no
less than 10 (R-10) where space allows. Additional insulation will not be
required if the water heater has been certified by the manufacturer to have
a standby loss no greater than three (3) watts per square foot of external
area. Water heaters must also have anti-thermal siphoning devices ("thermal
traps") installed on inlet and outlet pipes. Where space permits an
insulating board with a thermal resistance no less than 10 (R-10) must be
installed beneath the water heater.

NOTE: Adding insulation above ceilings and under floors may increase
moisture condensation in those areas unless adequate ventilation is
provided. Adequate ventilation will prevent possible moisture damage and
preserve the integrity of the insulation.

The ventilation standards below are provided for reference:

Attics : Ventilation. Where determined necessary by the utility or building
official due to atmospheric or climatic conditions, enclosed attics and
enclosed rafter spaces formed where ceilings are applied direct to the
undrside of roof rafters shall have cross ventilation for each separate
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space by ventilating openings protected against the entrance of rain and

snow. The net free ventilating area shall be not less than 1/150 of the

area of the space ventilated, except that the area may be 1/300 provided at

least 50 percent of the required ventilating area is provided by

ventilators located in the upper portion of the space to be ventilated at

least 30 feet above eave or cornice vents with the balance of the required

ventilation provided by eave or cornice vents.

Underflooring : Foundation ventilation. Underfloor areas shall be

ventilated by an approved riBchanical means or by openings in exterior

foundation walls. Such openings shall have a net area of not less than

1-1/2 square feet for each 25 linear feet of exterior wall. Openings shall

be located as close to corners as practicable and shall provide cross

ventilation on at least two approximately opposite sides. They shall be

covered with corrosion-resistant wire mesh not less than 1/4 inch or more

than 1/2 inch in any dimension.

1.4 Heat Punp Standard

A heat puirp is a device that uses a refrigerant to transfer heat from a cooler

area (ground, water, or air) to a warmer c*ie.

A customer requestir^ a new or enlarged electric service w^o already has or

intends to install a heat pump must comply with all of Section 1.3, except

Section 1.3(b) — i.e., he/she will not be required to insulate either walls or

windows, provided that the heat pump system neither includes nor is backed up by

electric resistance space heat.

1.5 Alternate Efficiency Standards

Compliance with Section 1.1 may also be shown by providing a detailed analysis

\*tiich demonstrates compliance with either the heat loss efficiency standards or

the annual enei^y budget standard described below.

a. Heat Loss Standard . To show compliance with Section 1.1 of these efficiency

requirenents, the customer shall provide a detailed analysis of the

structure using a standard heat loss methodology (such as that of the

American Society of Heating, Refrigeration and Air Conditioning Engineers)

to show that the buildir^ is at least as efficient as it would be if

Section 1.3 were followed. The ccmponent performance approach described in

Section l.G(a) is an acceptable method for this analysis. Heat loss

calculations demonstrating compliance with the heat loss standard must be

supplied in writing by the customer to the servicing utility or local

building code official and approved in writing.

b. Annual Energy Budget Standard . To show compliance with Section 1.1 under

the Annual Energy Budget Standard, the customer shall provide a detailed

analysis to show that the annual consutiqition of electricity will be no

greater than the annual consunption of the building with conventional
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electric space heat if Section 1.3 were followed. The system analysis
approach described in Section 1.6(b) must be used for this analysis.

1.6 Calculation Procedures for Fterformance Alternatives

a. Heat Loss Standard — Component Performance Approach

General . This section establishes design criteria in terms of thermal
performance of various components of a building. A residential building
that is being converted to electric space heat shall meet these overall
thermal performance requirements of this section.

Overall Thermal Performance (Uq)

1. The stated Uq of any one element of a building, such as roof/
ceiling, wall, or floor may be increased and the Uq value for other
components decreased provided that the overall heat gain or loss for
the entire building envelope does not exceed the total resulting from
state Uq values.

2. Where return air ceiling plenums are anployed, the roof ceiling
assembly shall: (a) for thermal transmittance purposes, not include
the ceiling proper nor the plenum as part of the assembly; and (b) for
gross area purposes, be based on the interior face of the upper plenum
surface.

3. General insulation and vapor barriers (where physically feasible)
shall be installed in accordance with sound building practice.

4. General Requirements

A. Walls: For any low-rise residential building that is heated
and/or mechanically cooled, the overall thermal transmittance
value (Uq) of the gross wall area of exterior walls shall not
exceed the value given in table L-1. Equations 1 and 2 shall be
used to determine acceptable combinations to meet this

requirement. Steady state U,^ values for opaque wall sections
may be corrected by multiplying by the approximate M factor in

table L-2 before the calculation of the Uq value in Equation 2.

For glazing , the R-value of operable window insulation may be

installed in the Uq calculations, but shall be multiplied by .5

for calculation purposes.

B. Roof/Ceiling. For any low-rise residential building that is

heated and /or mechanically cooled, the overall combined thermal
transmittance value (Uq) for the gross roof/ceiling area of the

roof/ceiling assembly shall not exceed the value given in table
L-1. Equations 1 and 3 shall be used to determine acceptable
combinations to meet this requirement.
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Table L-1.

Thermal Performance Criteria for Low-Rise Residential Building Converting to Electric Heat

Element

Walls

Roof/Ceiling

Floors over

unconditioned spaces

exposed to outside air

All others

Slab-on-Grade Floors

Unheated (R-value)

Heated (R-value)

letached One and
Two Family
Dwellings



C. Floors Over Unconditioned Spaces. For any low-rise residential
building that is heated with electricity, the overall thermal
transmittance value (Uq) for floors exposed to outside air such
as floors over vented crawl spaces, garages, or overhangs shall
not exceed the value given in table L-1. For any other low-rise
residential building that is electrically heated and/or
mechanically cooled, the overall thermal transmittance value
(Uq) for all other floors over unconditioned spaces shall not
exceed the value given in table L-1.

D. Slab-On-Grade Floors. For slab-on^rade floors in low-rise
residential buildings, the thermal resistance value (R) of the
insulation around the perimeter of the floor shall not be less
than the value given in table L-1. The insulation shall extend
downward from the top of the slab for a minimum distance of 24
inches downward.

5. Exemption for Passive Solar Features. Subject to the following
limitations, glazing area, mass, or water wall areas in residential
spaces which qualify by iTEeting all of the criteria below may be
exempted from the Uq calculations.

A. The glazing trust be double glazing. Single glazing will be

permitted where the glazing is separated from the conditioned
space by a mass wall with a heat storage capacity of at least
15 BTU/''F-Ft2 or a water wall with a heat storage capacity of
at least 30 BTU/°F-Ft2. Solid concrete walls 8 inches thick and
water walls 6 indies thick are examples of wall deaned to comply
with these requirements.

B. The glazing area must be oriented within 30° of due south. If

mounted other than vertically, it must be tilted at least 30° up
from horizontal to face south.

C. The glazing must be clear. (Transmission coefficient numerically
greater than or equal to .80 for each light of the glazing.)

D. The glazing area must receive direct solar exposure for 50
percent of the hours between 9:00 a.m. and 3:00 p.m.

E. The glazing area must receive direct solar exposure for 85
percent of the hours between 9:00 a.m. and 3:00 p.m. on March 21.

F. The building must contain heat storage capacity equivalent to
15 BTU/°F-Ft'^ for each square foot of qualifying area between 8

percent and 15 percent of the total wall area and 20 BTU/°F-Ft2
for each square foot of qualifying area in excess of 15 percent
of the total wall area for light-frarae construction and 30
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BTU/'F-Ft^ for other than light-frame construction located
inside the insulated shell of the building, and not covered with
insulation materials such as carpet yielding an R-value of 1.0 or
greater. If the heat storage medium is not within the conditioned
space containing the qualifying glazing, an acceptable natural or

mechanical means of transferring the heat to the heat storage
mechanism shall be provided.

Mass or water walls which meet the requirements of Section

1.6(5) (a) above shall be deemed to comply with this requirement.

Heat storage capacity shall be calculated by the following
procedure

:

Hs = (WM)(SH)

A
Where:

HS = Heat storage capacity for each square foot of solar
glazing and for one degree F change in temperature

expressed in BTU/°F-Ft2

WM = The weight of materials (lbs) inside the insulated shell
of the building to a depth of 1 (R-1), except in the case
of slab floors where only the slab itself is credited

SH = Specific heat of those materials expressed in BTU/lbs°F

A = Area of passive solar glazing in square feet

The following will allow a quick method of calculation of mass
needed for each square foot of exempted glazing.

15 square feet of interior stud partition wall (2" x 4" @
16" o.c. with 1/2" gypsum two sides)

30 square feet of exterior stud wall or ceiling (2" x 4" @
16 o.c. with 1/2" gypsun inside and insulation and
various exterior wall treatnents)

5 square feet of 8" lightweight concrete block masonry
exterior i»all insulated externally, cores filled for
structural support only

4 square feet of concrete slab floor provided with a steel
trowel finish, exposed aggregate, tile terrazo, or
hardboard parquet not greater than 1/2" thick
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6. Equations

A. Equation 1

U =

^ + Rl + R2 + ... Rn + -jr

Where

:

U = The thermal transmittance of the assembly.

fg = outside air film conductance, ^ = .17 for all
exterior surfaces fo

fi = inside air film conductance, ^ = .60

Fi

—i_ = .60 for interior horizontal surfaces

Fi

^ = .68 for interior vertical surfaces

Fi

R = ^ = ^ = Measure of the resistance to the
C K to

the passage of heat for each element

C = Conductance, the heat flow through a specific material
of specific thickness

K = insulation value of a material

X = The thickness of the material

Equation 2

Uq = U^A^ + UgAg + U^A^j . .

.

Ac

Where:

Uq = The overall thermal transmittance of the gross wall
area

Aq = The gross wall area of exterior walls

U^ = The thermal transmittance of all elements of the cpaque
wall area
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A^ = The area of the opaque wall

Ug = The thermal transmittance of the glazing area

Ag = The glazing area, including sash

U(j = The thermal transmittance of the door

A(j = The door area

NOTE: Where more than one type of wall, window, and/or door
is used, the U and A terms for those itens shall be expanded
into subelements, as:

%Awi + Uw2Aw2 "*" UW3AW3 + •••etc.

Calculation shall include the effects of all heat flow paths
such as framing members. Framing as a percent of opaque wall
area is typical ly

:

17 percent for 2-inch studs @ 12" o.c.

15 percent for 2-inch studs @ 16" o.c.
12 percent for 2-inch studs @ 24" o.c.
20 percent for 3-inch studs @ 16" o.c.

C. Equation 3

Uq = Uj. X Aj. + Ug X Ag

Ao

Where:

Uq = The overall thermal transmittance of the gross
roof/ceiling area

Aq = The gross roof/ceiling area of a roof/ceiling assembly

Uj, = The thermal transmittance of all elements of the opaque
roof/ceiling area

Ap = Opaque roof/ceiling area

Ug = The thennal transmittance of all skylight elements on
the roof/ceiling assanbly

Ag = Skylight area (including frame)
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NOTE: Where more than one type of roof/ceiling and/or
skylight is used the U x A term for that exposure shall be
expanded into its subelements, as:

.

Uj.^ X Aj., + Upg X Aj.2 + UrQ ^ ^r^ ' ' ' ^^

'

Calculations shall include the effects of all heat flow
paths such as framing members. Framing as a percent of
opaque floor and roof/ceiling area is typically:

13 percent for 2-inch joist @ 12" o.c.

10 percent for 2-inch joist @ 16" o.c.
6 percent for 2-inch joist @ 24" o.c.

Systems Analysis Approach

1. General . This section establishes design criteria in terms of total
space heating energy use by a residential building. A residential
building that is being converted to electric space heat shall
demonstrate compliance if the expected annual heating consumption is
not greater than that of a building of similar design wtiose enclosure
elements and electric-energy-consuming systems are designed in
accordance with Section 1.6(A).

"Building of similar design" shall mean a building using the same
energy source(s) for the same functions and having equal floor area,
environmental requirements, occupancy, climate data, and usage
schedule. Inputs to the energy analysis relating to occupancy and
usage shall correspond to the expected occupancy and usage of the
building.

2. Analysis Procedure . The analysis of the expected annual space heating
usage of the standard design and the proposed alternative building
system design shall meet the following criteria:

A. The building heating load calculatiai procedure used for annual
energy consumption analysis shall be of sufficient detail to

permit the evaluatic« of effect of factors specified in Section
1.6(B)(3).

B. The calculation procedure used to simulate the operation of the
building and its space heating service systems through a full
year operating period shall be of sufficient detail to permit
evaluation climatic factors, operational characteristics, and
mechanical equipment on annual eneingy use . Manufacturers ' data or
comparable field test data shall be used \*tien available in the
simulation of all systems and equipment. The calculation
procedure shall be representative of 8,760 hours of operation of
the building and its service systems through one calendar year.
Variations in climatic data shall be represented. Engineering
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practices and standards approved by the servicing utility and/or

local building code official shall, be used.

C. The calculation procedure for the standard design and the

proposed alternative design shall separately identify the energy
input for heating and cooling.

D. When electrically driven heat pumps, except those which have a

waste heat or renewable energy source, are employed to provide

all or part of the heat for the alternative design, the standard
design shall also, for the purposes of the analysis, assume that

an electrically driven heat punp having at least the same
capacity as that used in the alternative design is employed.

3. Calculation Procedure . The calculation procedure shall cover the

following items:

A. Design requirements. The following design parameters shall be
used for calculation required under this standard:

1. Outdoor design temperature (as specified by ASHRAE in the

.6 percent column for winter of .5 percent column for sumner
for nearest location with comparable climate).

2. Degrees Days heating as specified by ASHRAE at 65 °F.

3. Indoor Design Temperature 70°F for heating and 78°F for
cooling.

4. Indoor design relative humidity shall not exceed 30 percent.

B. Climatic Data. Sufficient coincident hourly data for

temperatures, solar radiation, wind, humidity to represent
seasonal variation.

C. Building data. Orientation, size, shape, mass, air, moisture, and
heat transfer characteristics.

D. Operational characteristics. Control modes for temperature,
humidity, and ventilation (including variations for occupied and

non-occupied hoiors).

E. Mechanical equipment. Design capacity, part load profile.

F. Internal heat generation. Lighting, equipment, number of people
during occupied and non-occupied periods.
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1.7 Inspection

A utility or local building code field representative will inspect the building
for compliance with the efficiency standards prior to permanent electrical
service connection. The field representative will approve the requested service
for connection if the building complies with the standards. If not, the customer
must make necessary corrections and schedule another inspection to determine
conpliance.

1.8 Customer Assistance

A customer may contact the servicing utility or local buildirg code office for
advice and assistance in completing his/her own heat loss calculation or annual
energy budget analysis and filling out the appropriate forms.

1.9 Effective Date

The effective date of this Standard is January 1, 1986.

2.0 Nonresidential Customers

2 .

1

Scope

a. Application . This subsection, 2.1, applies, except as noted below, to all
non-residential custonei^ who request new or enlarged electric service

connections and it applies only to that portion of the premises which is

either owned, rented, or leased by the customer.

b. Exemptions .

1. Temporary services, construction services, and replacement services
w*iich do not increase the amperage capacity of the incoming service
are exempt from this subsection.

2. Those new buildings for \ntiich original building permits were obtained
on or after January 1 , 1986, are exenpt from this subsection.

3. Buildings \»*iich are designated as historical landmarks are exempt from
this subsection only to the extent necessary to preserve those
features necessary for its historical appearance or function.

2.2 General

Before the utility will premanently connect a new or enlarged service for a

building to which this subsection applies, the customer shall:

a. make all changes or installations necessary to comply with the Efficiency
Standards set out in paragraphs 2.3, 2.4, and 2.5;
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b. schedule and permit an inspection of the premises by a utility or local

building code field representative;

c. submit Lighting Power Budget forms as required below;

d. conduct an Electric Energy Analysis in accordance with the requirenents of
paragraph 2.6; and

e. submit the results to the utility or local building code official on

Electric Energy Analysis forms provided by the utility or local building
code official.

2.3 Lighting Efficiency Standard

The Lighting Fbwer Budget is the upper limit of electrical power that is allowed

to be used for permanently installed lighting. The Lighting Power Budget for a

pranises shall be the sum of the wattage limits computed for all lighted
interior and exterior spaces. The lighting wattage in the premises shall not
exceed the budget level calculated in this section. Lighting wattage includes
lamp and ballast wattage.

a. The exterior Lighting Fbwer Budget shall be calculated by multiplying the
building perimeter in feet by 7.5 watts per foot. The total installed

exterior lighting shall not exceed this calculation. An allowance for

outdoor parking lighting may be added at 0.05 watts per square foot of
parking area. Electric outdoor signs are exempt from this subsection.

b. The interior Lighting Power Budget is to be calculated as follows:

1. Determine the lighting power index for each occupancy, using the
acconpanying Lighting Rawer Budget Index (table L-3).

2. Multiply the power budget index (in watts per square foot) by the

gross floor area (in square feet) to arrive at the Lighting Power
Budget (in watts). The gross floor area shall be canputed by summing
the areas of the premises including basement, mezzanine, and

intermediate-floored tiers and penthouses of headroan height,
measuring from the centerline of walls separating buildings provided
that covered \ra.lkways, open roofed-over areas, porches, and similar
spaces and features such as pipe trenches, exterior terraces or steps,
chimneys, roof overhang, etc., are excluded.

3. Total the wattage for all lighting fixtures installed in the
establishment, including lamps and ballasts. The total wattage for

lighting must not exceed the allowable Lighting Power Budget
calculated in steps 2 and 3.
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Table L-3.

Lighting Power Budget Index Table

Lighting Power Budget
Occupancy Type (watts/sq. ft.)

Auditoriums, theatres, public assembly

Hospitals

Indoor parking

Libraries

Offices

Restaurants

Retail stores and museums:

Class I (less than 1,000 sq. ft.)

Class II (1,000 to 6,000 sq. ft.)

Class III (6,000 to 20,000 sq. ft.)

Class Iv (20,000 to ^^0,000 sq. ft.)

Class V (over ^0,000 sq. ft.)

Schools and day care centers 2.0

Warehouses 0-7

Gasoline and service stations (includes 2.0

the office, waiting rooms, and pump islands

plus five feet on each side of island).

Storage garage 0'3

Boat moorages 0.3

Paint shops and spray painting rooms 2.5

Auto repair and body shops 2.0
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4. The calculations of Lighting Ftower Budgets shall be determined for

each specific occupancy of the building or portion of a building. When

a building is 90 percent or ncre of one occupancy classification as

given in the Lighting Power Budget Index, then that occupancy may be
considered the primary occupancy for the entire building. Therefore,
when a secondary occupancy is less than 10 percent of the primary
occupancy, the secondary occupancy may be included in the calculation
of the Lighting Power Budget at the watts-per-square-foot level of the
primary occupancy.

5. Each Lighting Fbwer Budget calculation shall include the necessary

areas that directly serve the occupancy to be calculated. The

accessory areas shall include, but not be limited to:

A. Restrocm facilities;

B. Janitor closets and service rooms;

C. Stairways;

D. Mechanical rooms;

E. Ticket booths;

F

.

Coat rooms ; and

G. Indoor circulation areas immediately adjacent to the occupancy
under consideration.

6. If the installed lighting wattage exceeds the allowable Lighting Power

Budget, make the necessary changes to comply with the standard.

7. Exemptions. Lighting for the following applications shall be exempted

from inclusion in the calculation of the Lighting Power Budget:

A. Stage lighting, entertainment, or audiovisual presentations wliere

the lighting is an essential technical element for the functions
performed;

B. Lighting for medical and dental tasks;

C. Lighting in areas specifically designed for visually handicapped
people;

D. For restaurant occupancies, lighting for kitchens and food

preparation areas;

E. Power required for trickle-charging for battery-powered emergency
lighting; and
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F. Fbrtable task lighting for special tasks which require additional
lighting level such as drafting, machine work, and other detailed
work.

8. For Class I, II, and III retail occupancies (as defined in the

Lighting Power Index Budget), lighting for highlighting applications
may be included in addition to the power budget up to the following
limits:

Class I - 3.0 watts/sq. ft.

Class II - 2.0 watts/sq. ft.

Class III - 1.0 watts/sq. ft.

2.4 Water Heat Efficiency Standard

a. Electric Water Heaters. Electric water heaters and associated storage tanks
must be equipped with insulation or an insulating wrap with thermal
resistance no less than 10 (R-10) where space allows, wtiere walls or other
barriers prevent installation of insulating wrap of R-10, insulate to the
maximum extent possible. Additional insulation will not be required if the
water heater has been certified by the manufacturer to have a standby loss
of no greater than 4 watts per square foot of external area.

b. Piping Insulation for Electric Water Heat Hot Water Pipes. All exposed and
readily accessible electrically heated hot water piping installed to serve
buildings and within buildings shall be insulated. Piping containing
electrically generated steam or a fluid temperature exceeding 250°F shall
be wrapped with a minimum of one inch of insiolation material.

c. Hot Water Tank Thermostats. Domestic hot water thermostats (temperature
control devices) on electric hot water tanks and storage tanks shall be set

no higher than 130°F. Exanptions from this subsection shall be allowed:

1. For combination domestic water heating/space heating boilers;

2. When health departnKnt regulations require a higher temperature for
dishwashing or such other purposes;

3. For those domestic hot water heating systems capabile of using heat
that otherwise would be wasted; and

4. For those ccmmercial processes requiring hot water tenperatures in
excess of 130°F.

2.5 Heat Duct Insulation

All exposed electric-heating uninsulated ducts in unheated areas must be
insulated with at least one inch of insulation.
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2.6 Electric Energy Analysis (Audit)

Those customers whose new or enlarged service connection is for purposes other
than electric space heat shall be exempt from this subsection.

Those customers whose new or enlarged service connection is for the purpose of a

heat pump shall also be exempt fron this subsection provided that the heat pump
neither includes nor is backed up by electric resistance space heat. A heat pump
is an assembly which normally includes an indoor conditioning coil,
compressor(s), and outdoor coil or refrigerant-to-water heat exchanger,
including means to provide both heating and cooling functions. It is designed to
provide the functions of air circulating, air cleaning, cooling, and heating
with controlled temperature and dehumidifying , and may optionally include the
function of humidifying. This definition includes unitary and packaged terminal
heat pumps.

The electric energy analysis required shall follow accepted engineering and
economic analysis, practices, and procedures, and shall consist of an analysis
of existing electricity consunption, an analysis of modifications \^hich will
result in electric energy savings, and an economic analysis of those
modifications \»tiich illustrate the pay-back period for each modification as
follows:

a. The analysis of existing electricity consunption shall provide detailed
information to establish an estimate of annual electricity consumption. The
information shall include, but is not limited to:

1. Wattage and approximate number of hours of annual operation for all
permanently installed electric systems including lighting, heating,

air conditioning, ventilation, refrigeration, water, and process
heating;

2. Wattage and approximate number of hours of annual operation for all

electric equipment which is not permanently installed and for which
the connected electric load is or would be 5 kilowatts or greater;

3. Survey of construction details of the building which affect thermal
performance including, but not limited to, insulation levels (R
value), double glazing, infiltration, transmission; and

4. An estimate of the actual annual heating and/or cooling electric
energy consunption of the building.
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b. The analysis of modifications which will result in electric energy savings
shall include, but is not limited to:

1. Tune-up, operations, and maintenance modifications such as:

A. Establishment of routine, preventive maintenance program
including, but not limited to, schedules for the following
activities:

Equipment lubrication;

Qiecking operation of all mechanical system controls;

Changing filters;

Cleaning all heat exchange surfaces; and

Cleaning all lighting fixtures.

B. Repair and replacement of existing insulation as required;

C. Timing the operation of all electrical systems;

D. Shutoff of heating, ventilation, and air conditioning systems
during unoccupied hours, as consistent with the nature of the
building and the activities conducted on the premises; and

E. Removing lamps and disconnecting ballasts (in ballasted systems)
in areas wtiere lighting can be reduced beyond the values required
by the Lighting Power Budget.

2. Other mDdifications, such as:

A. Replacement of existing lamps or fixtures with more efficient
lamps or fixtures;

B. Installation of a new and more efficient heating, ventilation,
and air conditioning system and/or boiler controls;

C. Installation of an economizer cycle (an economizer cycle is a
controlled sequence of an air supply system that modulates the
quality of outdoor air supplied for the purpose of space
conditioning in order to reduce or eliminate the use of

refrigeration energy for cooling);

D. For those buildings installing electric space conditioning,
and improvement of building shell including insulation,
weatherstripping, caulking, and double-glazing; and
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E. Any other appropriate modifications which result in electric
energy savings.

3. Economic Analysis

A. The economic analysis of the electric energy saving modification
shall show a pay-back period for each nodification calculated by

dividing the cost of the modification by the annual benefits. The
costs shall include an estimated, itemized cost of the

modification, applicable taxes, and design and installation
costs. The benefits shall include the monetary value of the
annual kilowatt-hour savings, of reduction in demand charges, and

of any other identified benefits resulting fron the
modifications. The cost per kilowatt-hour and per kilowatt for

conputation purposes shall reflect all applicable costs and

charges in the applicable electric rate schedule at the time of
the computation.

NOTE: The above pay-back methodology does not take into

consideration potential future rate increases, inflationary

trends, interest rates, or other pertinent econcmic
considerations. It is offered as a simple method for calculating
how quickly the customer will retrieve his or her financial
investment. An alternative economic analysis (such as those
mentioned in 2) below will provide the customer with a more
accurate, representative analysis of costs and benefits.

B. Alternative economic analysis. Alternative economic analysis such
as life-cycle costing or net present value may be used provided

that the above pay-back conputation appears.

2.7 Confidentiality

Data obtained as a result of subsection 2.2 will not be reported in a fashion
which identifies an individual customer, except with that custcmer's permission.

2.8 Inspection

a. A utility or local building code official field representative will inspect

the building for compliance with the lighting and water heat and heating
duct efficiency standards prior to permanent electrical service connection.
For those customers required to comply with the electric energy analysis

(audit) subsection, a utility or code official field representative may
inspect the building to determine whether the electric energy analysis
submitted by the custerner complies with the requiranents of the subsection
prior to permanent electric service connection. The field representative
will approve the requested service for connection if the building ccmplies
with the efficiency standards and if the electric energy analysis conplies
with the subsection requirements. If not, the customer shall make the
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necessary corrections and schedule another inspection to determine

compliance.

2.9 Customer Assistance

Customers may contact the servicing utility or local building code office for

advice and assistance in completing his/her own Electric Energy Analysis form

and any other appropriate forms.

2.10 Effective Date

The effective date of this standard is January 1, 1986.
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