
Xantrex solar inverters are the enabling technology for clean energy, providing a seamless, 
reliable solution for your home power needs. 

Our GT Series for grid-tie, and XW System for renewable and backup power applications, 
provide peak efficiency, integrated design and ease of installation.

For more information, visit www.xantrex.com or contact your local dealer. 

S
M

A
RT

 C
HOICE FOR PO
W

ER

AD
20

07
10

02
_h

om
ep

ow
er

-p
os

-a
d

www.xantrex.com


The Powerful Difference

No stacking required – 
120/240 volt split phase 
output from one unit

And no waiting – 
Now shipping the MS4448AE
and the MS4024AE

Why buy two, when one will do?

www.magnumenergy.com
Phone: 425-353-8833

Distributors:
Carmanah
Technologies Corporation 877-722-8877
Solatron Technologies 888-647-6527
Wholesale Solar 800-472-1142
SunWize Technology 800-817-6527
AEE 800-777-6609

Dealer and distributor inquiries welcome

Introducing the 
MS-AE 120/240V Series Inverter/Charger
The new, MS-AE 120/240V Series Inverter/Charger from Magnum 
Energy is a uniquely designed, pure sine wave inverter series that can 
provide 120/240 volt split phase output in one unit, eliminating the 
need to stack two units together to produce 240 volts.

The new MS-AE 120/240V Series comes with all of the 
comprehensive features that you’ve come to expect from 
Magnum Energy, including 24 and 48 volt models, the power 
factor corrected charger, accessible design, convenient switches, 
30 amp per leg transfer relay, durable chassis, and ease of installation.  

The only question left is what you’ll do with the extra space.
Also now available: 
The new MidNite Solar 120/240 
E-Panel for the MS-AE Series

www.magnumenergy.com


A Powerful Mission:
     The best renewable energy solution  
   for every energy consumer worldwide

AS ONE OF THE WORLD’S LARGEST COMPANIES 100% DEDICATED TO 
RENEWABLE ENERGY, WE’RE LEADING THE WAY TO A CLEANER PLANET.  

In over 25 countries on five continents, we provide renewable energy solutions tailored for any 

application — from large power plants to remote, off-grid homes. Conergy offers a full range 

of products including photovoltaics, solar thermal, wind, and solar water pumping. Our local 

expertise, powered by our global strength, makes us your ideal renewable energy partner.

Learn more at www.conergy.us or call toll-free: (888) 396-6611.(888) 396-6611.

O U R  W O R L D  I S  F U L L  O F  E N E R G Y

PHOTOVOLTAICS  |   SOLAR THERMAL  |   SOLAR WATER PUMPS  |   SMALL WIND POWER  |   BALANCE OF SYSTEM

www.conergy.us


Expanded Dealer Training Program 
We have added to our training staff and are greatly expanding our 
com-mitment to dealer training, at all levels from beginner to solar pro. 

AEE Solar dealers also get a 10% discount on industry-leading online 
training courses from Solar Energy International – plus a $100 purchase 
credit with us for each successfully completed SEI course! Check our web-
site for details and to learn more about upcoming AEE Solar trainings.

Plenty of Panels in Stock
PV module shortage? Not at AEE Solar! We’ve got grid-tie 
and off-grid modules in stock, plus everything else you 
need – the widest selection in the industry.

First Annual AEE Solar Dealer 
Conference 
In early 2008, we’ll be holding our first annual AEE 
Solar dealer conference. Get all the latest informa-
tion on products, sales aids, training opportunities 
and more. Check our website for the latest updates!

There’s Never Been a Better Time 
to Become an AEE Solar Dealer!

The Only Wholesale
Distributor You’ll Ever Need

1155 Redway Drive
PO Box 339, Redway, CA 95560
707-923-2277
707-923-3009 fax
sales@aeesolar.com

2007-2008 Renewable 
Energy Design Guide 
& Catalog

All-new, full-color 
design —192 
pages featuring 
thousands of 
products plus 
invaluable tips 
and informa-
tion. Find out 
why the AEE 
Solar catalog 
has been the 
industry’s most sought-after 
resource for more than 20 years.

Contact AEE Solar for more information, or apply online 

to become an authorized AEE Solar dealer.

Check Our New Website
Please visit our newly redesigned 
website. Authorized AEE Solar 
dealers can order online!

www.aeesolar.com


http://www.solarworld-usa.com
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 28 buying wind
Ian Woofenden & Mick Sagrillo
Expert advice on how to put a wind-electric system to work at your site. 
Plus: Detailed specs on the top 24 turbines available today. 

 36 solarscaping
Topher Donahue
No space for a rooftop or ground-mounted solar-electric system?  
No worries: New system design strategies are expanding your options.

 42 electric pickup
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conventional gas-engine pickup to run solely on electricity.
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Jeffe Aronson
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shocking truth about this abundant yet problematic energy source.
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Claire Anderson
Not your ol’ fashioned filling station —this PV-powered Eugene, Oregon, 
fuel stop offers biodiesel and bioethanol at the pumps, and an eco-smart 
mini-mart. 
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The Solar Power 2007 conference offered first peeks at many of the new 
products in the solar industry. Here are some that caught our eye. 

 80 sustainable living
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Energy- and resource-efficient strategies paired with solar-electric and 
solar thermal systems give this Wisconsin home a high-performance edge.
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If you need to pump water on your property and have access to 
reliable winds, water-pumping windmills are a worthy option.
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Biodiesel is susceptible to gelling at cold temperatures, but a simple 
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Think About It...

“...a full-blown push for clean energy could unleash a jobs bonanza that would 
make what happened in Silicon Valley in the 1990s look like a bake sale.”

 —Jeff Goodell (see “Big Problems with Big Coal,” page 60)

“It must be great to work in the renewable energy industry!” is one of the most 
common comments I hear from Home Power readers. My response is often 
something like, “Working in the RE field, you’ll have a bad day every now and 
then, but you’ll sleep well at night because the work you’re doing is both positive 
and important.” What I usually fail to mention is that there are also days that leave 
you thinking, “I can’t believe I make a living doing this!”

Recently, I had two full “I can’t believe it” days during the photo shoot for this 
issue’s cover. The stage was atop Frank and Deb Dehns’ wind generator tower, 
160 feet off the ground on Guemes Island, Washington. My first trip up the tower 
was a few weeks earlier, when I was in the area with Home Power’s advertising 
director Kim Bowker and art director Ben Root to install a PV system at Ben’s 
mom’s place in Anacortes. Kim and I decided to head over to the island so senior 
editor Ian Woofenden could take us up a few different towers to check out possible 
camera angles for the upcoming cover shoot.   

I headed north to Washington again, this time with photographer and RE enthusiast 
Shawn Schreiner. The day before we arrived for the cover photo session, Ian, his 
son Zander, and their friend Doug Moser had been hard at work rigging a platform 
to get Shawn and his camera far enough away from the tower to get the shot. The 
staging they built was somewhere between ingenious and insane. We spent the better 
part of the next two days up in the air, on what we jokingly referred to as the “plank 
of death,” as Shawn worked his Nikon. 

If you look into the backstage workings of Home Power, you won’t find us 
stagnating in cubicles in Anywhere, USA. We’ve got our boots on the ground—
and in the air—to keep you informed about the practical uses of real-world RE 
technologies. And we’re having a great time doing it.

—Joe Schwartz for the Home Power crew

www.outbackpower.com

European Sales O�ce
Barcelona, España
(+34) 600-843-845

Corporate Headquarters
19009 62nd Avenue NE
Arlington, WA USA
(+1) 360-435-6030

The OutBack Power Systems FLEXnet™ 

DC is the ultimate in DC System 

monitoring devices. Our integrated 

networked communications make 

valuable, usable data available from your 

system, providing you with the answers 

you need concerning your system’s 

health, performance and efficiency.  

Boots in the Air

from us to you
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European Sales O�ce
Barcelona, España
(+34) 600-843-845

Corporate Headquarters
19009 62nd Avenue NE
Arlington, WA USA 98223
(+1) 360-435-6030 www.outbackpower.com

OutBack Power Systems is a leading global manufacturer of power electronic 

products for renewable energy, back-up power, and mobile applications. No 

matter where your location, no matter what your power source, OutBack Power 

Systems has the solution for you. OutBack’s ruggedized inverter/chargers 

are designed to survive in environments that would normally cause other 

inverter/chargers to fail, without compromising outstanding performance 

and reliability. Utilizing our FLEXware line of balance-of-system components 

allows you to customize your system to your needs, from 2 to 36kW. Visit 

www.outbackpower.com and see how FLEXware, and our power conversion 

products, are bridging the gap between imagination and reality.

www.outbackpower.com
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The new
Fronius IG Plus 
Grid-tie Inverter

Leaps ahead

Higher effi ciency

Proven technology

Smart design

http://www.fronius-usa.com


Fronius USA LLC, 10421 Citation Drive, Ste 1100, Brighton, MI 48116
Tel: 810-220-4414 Email: pv-us@fronius.com Web: www.fronius-usa.com

With current IG series models and the new 
Fronius IG Plus models choose from inverters 
with rated outputs from 2 KW to 12 KW

Dramatically improved ef� ciency

Integrated technology to maximize energy harvest 
even on cloudy days

Integrated DC disconnect

Enclosure allows for indoor/outdoor installation

Smart ventilation design

Field programmable to 208, 240, and 277 volts

Field programmable to positive or negative ground

Removable power stage for � eld service

Built-in, fused six circuit combiner

Introducing the Fronius IG Plus Grid-tie Inverter.

Higher effi ciency, proven technology, smart design – all with world class customer service 
– what you’ve come to expect from Fronius, only better.  

Fronius. Supercharged.

A new line ready 

for anything.

http://www.fronius-usa.com


OutBack shown mounted on
a MidNite Solar E-Panel

$549 list (E-Panel only)
120VAC version

 

17722 67th Ave NE Unit C, Arlington, WA  98223
425-374-9060   www.midnitesolar.com

Magnum Energy shown mounted 
on a MidNite Solar E-Panel 

$799 List (E-Panel only)
120/240VAC version

The MidNite E-Panel with two 63 amp breakers.......$575 list
A similar set up using OB Flexware 500.......$1430 list

Which would you rather have, a nice new shiny box that takes up your
entire wall or an even shinier, more compact system, and a $855 solar panel?

Check out the
“E-Panels

Explained” on our 
website for help in 
selecting the best 
E-Panel for your 

application
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Reliable Water Supply: 
PS Pump Systems

Our wide range of different types of 
pump systems provides the optimum 
solution for every off-grid pumping sit-
uation - reliable, efficient, maintenance-
free. We offer solar pumping solutions 
for 12V to 96V DC or 115 to 400V AC 
with helical rotor, centrifugal or rotary 
vane pump mechanisms.

Crystal-clear Water: 
PS600 BADU Top12 Pool Pump

LORENTZ solar-operated pool filtration 
pump BADU Top12 provides crystal-clear 
water for your residential pool and sub-
stantially reduces your power bills.

Highest Energy Yields: 
ETATRACK Solar Tracking Systems

Solar tracking greatly increases the en-
ergy yield of your modules by up to 20-
35% per year depending on the location. 
LORENTZ provides solar tracking mounts 
for off-grid systems of up to 17m²/180sqft 
(approx. 2.5 kWp) size. No use of failure 
prone light sensors or wind sensors. For 
solar power plants LORENTZ offers a cen-
tral control system to operate and moni-
tor enough trackers to reach several MW 
size. 

LORENTZ solar products run worldwide in 
more than 100 countries, in various proj-
ects, for farms and villages, under the 
toughest climatic conditions.

LORENTZ 
Heidekoppel 16 
24558 Henstedt-Ulzburg, Germany 
Tel.  +49 . (0)4193 . 7548 - 0 
Fax.  +49 . (0)4193 . 7548 - 29 
www.lorentz.de

SOLAR TRACKING & 
SOLAR PUMPING SYSTEMS

Homepower-2007-04-02.indd   1 06.04.2007   10:57:39

www.lorentz.de
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Ask the EXPERTS!
Resource- & Energy-Efficient 
Building

My husband and I are planning to build a house. We’d like to 
do something sustainable, but it all seems so complicated. 
How can I be more earth friendly without breaking the 
bank, scaring off the lenders, or making my life crazy?

Jean McGuire • Palmyra, New York

It’s great that you’re considering sustainable design for your new home. First, assemble a 
qualified design and building team that is familiar with green building. By using a team 
with experience, you will save money and time compared to working with contractors 

without experience in energy- and resource-efficient building. Second, reduce costs and 
environmental impact up front by opting for a small home. Sarah Susanka’s series of The Not 

So Big House books offer many creative examples of building small but functional spaces.
One of the most cost-effective ways 

to minimize your home’s energy use is 
to make sure that your home is oriented 
to take advantage of the sun, if your site 
allows. Put windows on the south side, 
and design overhangs to shade those 
windows in the summer when the sun’s 
path is high in the sky, but allow solar 
energy into your home during the winter 
months when the sun’s path is lower. 
Determining the ideal amount of south-
facing glazing (windows) and calculating 
overhang dimensions is something your 
architect can do with very little extra 
cost. (See the passive solar design primer 
in HP90.)

The next important thing is to insulate, 
insulate, insulate. High levels of insulation 
will keep your heating and cooling energy 
use and costs down. With proper design 
and adequate insulation, mechanical 
cooling systems can be eliminated in 
some climates, further reducing up-front 
construction costs. To be truly “green,” 
pick insulation and building materials that 
have low embodied energy.

Other energy-efficient strategies may cost a little more up front but will save you money in 
the long run. Investing in high-efficiency windows, efficient and thoughtfully placed lighting, 
and Energy Star-rated appliances will save you energy and money, will not scare off lenders, 
and may even qualify for tax credits.

There are many other sustainable approaches you can take when building a home, but if 
you are trying to stay within a certain budget, you may need to prioritize. Is the use of greener 
materials, such as wood products certified by the Forest Stewardship Council, non-VOC paints, 
and recycled glass countertops, important to you? Or would you rather spend your money 
on energy efficiency and renewable energy technologies, such as a solar hot water or a solar-
electric system? The bottom line is that incorporating any of these strategies will help make 
your home more sustainable, and healthier for you, your family, and the planet.

Rachel Connor & Laurie Stone • Solar Energy International
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Now appearing in backyards everywhere.

Small wind has never been so easy. Announcing the Skystream 3.7™
residential power appliance. It’s the fi rst compact, utility-connected,
all-inclusive wind generator designed to provide inexpensive, quiet,
clean electricity to reduce or eliminate your home’s monthly energy bill.
Learn if Skystream can work for you at www.skystreamenergy.com.

THE POWER TO CHOOSE.

www.skystreamenergy.com
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TRIM__8 X 11.75

SOLAR TODAY:
BLEED_8.75 X 11.125
TRIM__8.5 X 10.875

www.skystreamenergy.com
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...Ask the EXPERTS!

Cold EV Batteries
I’ve read that batteries, in general, lose about half of their stored 
energy at 32°F. If I drive a fully charged (and garaged) electric 
vehicle to my graveyard-shift job, where it overnights in a 
parking lot and is exposed to freezing temperatures, won’t at 
least 50% of the stored battery energy be lost, and I’ll have to 
hitchhike my way back home?

Jim Cain • Meridian, Idaho

You might lose that much capacity if your battery got that cold 
internally. This is more likely with a car-starting battery, which sits 
alone and pretty open to the air. In an electric vehicle, you have a pack 
of batteries, so only the outside edges are exposed. In cold climates, 
it is recommended to build them into fully enclosed boxes, possibly 
insulated. This will help retain heat. Once the battery pack gets warm, 
it would take a couple days for it to sink to ambient cold.

Both charging and discharging generate heat in the battery. So 
driving the car every day and charging it every night will help keep 
batteries warm. If you can plug it in while you’re at work, that’s even 
better. Many cold climate areas have outlets available in parking 
spaces for block heaters on cars. These same outlets can perform a 
similar function for your batteries.

Technically, the energy stored in the battery is not lost; it is 
merely temporarily unavailable due to the temperature. Warm the 
battery up and the lost capacity is regained. At 32°F, a lead-acid 
battery will have an apparent capacity of 70% when compared with 
its rated capacity at 78°F. At -10°F, the battery will have an apparent 
capacity of 35%.

Shari Prange • Electro Automotive 
Richard Perez • Home Power

Affordable Renewable Energy
I would love it if someone could suggest an affordable home solar energy system. For years 
we have wanted to switch over to “green energy,” but have found it very cost prohibitive. 
How can an average family afford to make the switch? In our area, most families have average 
annual incomes between $30,000 and $70,000. Can solar and wind energy be affordable for 
these families? 

Ronda Hillis • Abilene, Texas

There are a number of ways you can start your transition to cleaner 
energy—and for a whole lot less than you might think:

Increase Efficiency. This is probably the best first step, since the 
cleanest electricity is that which you don’t use in the first place. There 
are dozens of changes you can make to your house that would require 
little financial outlay and realize immediate savings. Here in Texas, 
we spend the lion’s share of our energy—and money—on keeping 
cool. You’ll spend a lot less of both if you make a few simple changes. 
Install solar screens, film, or awnings to reduce the heat gain through 
your windows, and make sure your home is well insulated. Install 
high-efficiency air-conditioning equipment, and insulate and seal 
ductwork. Plant trees in strategic places to shade your home. 

Significant and further reductions can be obtained by upgrading 
to high-efficiency appliances as old ones wear out and replacing 
incandescent lamps with compact fluorescents. Then, there’s the 
time-honored, low-tech solution of just turning things off when 
they are not in use.

Buy Green Power. Not all Texans can choose their electricity 
provider, but in Abilene, you have access to more than ten companies 
offering a variety of green power programs. Each allows you to 
purchase electricity from renewable energy generation facilities, 
some just down the road, such as the 150-megawatt wind farm 
at Trent Mesa. To find out more about these programs, go to  
www.powertochoose.org and enter your zip code.

Make Your Own Green Energy. While renewable energy 
systems can indeed cost $50,000 or more, you don’t have to spend 
that much. With solar-electricity, you can start with a system 
that fits your budget now and meets a portion of your energy 
needs (the rest being met from the utility as usual), and add 
to that system as time and budget allow. If you approach your 
renewable energy contractor with this as an objective, he or she 
should be able to design a modular system that fits your budget 
and can be easily expanded as you can afford it.

Andrew H. McCalla • Meridian Energy Systems
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www.schuco-usa.com

Be Part of the Solar Solution

Schüco is the global leader for solar energy systems, with decades 

of experience, and a full line of the most innovative solar technology 

on the market today.

With sleek, European design, German-engineering, and outstanding 

performance, Schüco solar energy solutions are the perfect match 

for quality-conscious American consumers.

You can be part of the solar solution. Schüco can show you how 

with Photovoltaic systems that generate electricity and Solar 

Thermal systems that create heat and hot water for your home.

For further information visit www.schuco-usa.com.  

Schüco USA L.P.

Your Partner for Windows and Solar Products

http://schuco-usa.com


home power 122 / december 2007 & january 200818

...Ask the EXPERTS!

Connecting two battery banks of different amp-hour capacity together 
in series is a bad idea. The problem is that the battery charging 
controls will operate based on the average battery voltage and the 
two batteries will have very different voltages because their capacities 
are different. The 100 AH battery will become fully charged long 
before the larger one. The combined voltage will rise, but by the time 
the controller turns off the charging sources, the 100 AH battery will 
be overcharged. Meanwhile, the 200 AH battery will not get fully 
charged. When the bank is being discharged, the 100 AH battery will 
go flat and its voltage will fall well before the 200 AH battery. The 
inverter will eventually cut out but not before the 100 AH battery is 
excessively drained.

Connecting two banks with different capacities in parallel is 
technically fine since the batteries will be operating at the same 
voltage. Charge and discharge current will be shared, based on 
capacity. It is best if the batteries are of the same type and age. For 
example, avoid combining a sealed (gel or absorbed glass mat) battery 
with a flooded (conventional) battery because they have different 

To submit a question to  
Home Power’s Ask the Experts, 

write to: asktheexperts@homepower.com 

or, Ask the Experts
Home Power, PO Box 520, Ashland, OR 97520

Published questions may be edited for content and length. Due to 
mail volume, we regret that unpublished questions may not receive 
a reply.

Batteries in Series & Parallel
What happens to the battery bank capacity, and the 
charging and discharging characteristics, when you 
connect a 12-volt (V), 100 amp-hour (AH) battery and 
a 12 V, 200 AH battery in series? Conversely, what 
happens when they are connected in parallel?

Sid Baxter • Pocatello, Idaho

charging setpoints. Broadly speaking, you can parallel batteries 
without problems, and the charge controller will look after them. 
Just make sure you give them plenty of charge. If the system tends to 
operate at less than a full state of charge, adding new batteries to old 
will probably just result in the old ones pulling the new ones down 
and everything getting sulphated.

Hugh Piggott • Scoraig Wind Electric

Parallel: OK, but
not optimal

Series:
Not OK

12 V
100 AH

12 V
200 AH

12 V
100 AH

12 V
200 AH

Batteries in Parallel Batteries in Series

Artesian Hydro
I’m in the process of designing a microhydro-electric system 
that runs off artesian well overflow. The well discharges 25 
gpm of clean, clear 50°F water year-round, no matter the 
weather. The well is located on a rise about 135 feet above a 
future house site and about 1,500 feet away. As far as I can tell, 
the only difficulty will be installing the piping from the well to 
the house. Can you identify any potential challenges to this 
system setup?

Steve Bartlett • via e-mail

Unless there is significant artesian pressure where the water comes 
out of the ground, whether the source falls down a hill or bubbles 
out of the ground doesn’t matter—it’s all about head (vertical drop) 
and flow. Water in the pipe run between the well and your turbine 

will build up pressure (2.31 PSI for every foot of drop) as the pipe 
runs downhill.

A basic calculation of estimated output shows that 25 gpm 
times 135 feet of head, divided by a standard factor of 13 for small 
systems, yields about 260 watts continuous. This times 24 hours 
per day is 6.2 kilowatt-hours per day. That’s one-fourth to one-fifth 
of the electrical usage of a typical (inefficient) American home. A 
super-efficient home might run most or all of its electrical loads on 
this much energy.

Your next step should be to check out the cost of an appropriately 
sized pipe and system components. With a 1,500-foot pipe run, it will 
probably be tough to make a solely economic case for this system 
unless it is expensive to hook up to utility electricity. But it could be 
fun and satisfying in other ways.

Ian Woofenden • Home Power 
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DIY Satisfies
I have always been intrigued by the idea 
of using water heated by the sun. For 
some strange reason—as it goes with 
many folks—I installed a solar-electric 
system on my home first, and solar hot 
water (SHW) came after. It makes much 
more sense to go with solar thermal 
first, with its relatively quick payback, 
better conversion efficiency, and much 
greater “bang for the buck.” I guess 
solar thermal technology just isn’t as 
sexy as solar electricity.

I chose a Thermomax 20-tube 
collector, mounted at a winter angle of 
about 60 degrees, since in the sunnier 
months the collector can easily produce 
more heat than I need. The storage tank 
is a 40-gallon Marathon water heater. 
I used a Quad Rod heat exchanger for 
heat transfer from the glycol loop to the 
domestic hot water.

A Tagaki instantaneous water heater 
backs up the system. The heater can 
modulate up and down to compensate for 
differing incoming water temperatures. I 
hooked up the Tagaki’s electrical input to 
an AC switch on the wall. When I get up in 
the morning, I read the tank temperature 
before hopping into the shower. If the 
tank reads 45°C or higher, I leave the 
instantaneous water heater turned off. If 
the temperature is below 45°C, I switch 
on the heater to make up the difference. 
I could leave the heater on all the time, 
but it would initially fire up regardless of 
incoming water temperatures, wasting a 
bit of natural gas.

I have a small off-grid solar-electric 
system that I use for my computer, TV, 

Successfully installing a system myself and taking 
showers heated by the sun is quite satisfying!

stereo, light, and, occasionally, the SHW 
system’s circulation pumps. I hooked 
up a transfer switch that, in the case 
of a utility outage, switches my SHW 
system over to the off-grid system so the 
circulation pumps can continue to run. 
Sometimes, during particularly sunny 
times, I just switch over to the off-grid 
system for a while to save a little grid 
electricity.

The performance of my SHW system 
has been impressive, to say the least. The 
system was commissioned on the winter 
solstice in 2006. Although it was the 
shortest day of the year, it was mostly 
sunny all day and the storage tank reached 
123°F. The lowest tank temperature I have 
recorded, on the darkest, rainiest days of 

the winter, was about 77°F. For most of 
spring and all summer long, the backup 
heater was shut off completely.

I installed this entire system myself. 
The most helpful information came from 
none other than Home Power magazine. 
I downloaded several archived articles, 
which gave me the knowledge and 
confidence to do the installation myself. 
I had never sweated copper pipe before, 
but being a DIYer in most facets of my 
life, I was willing to give it a try. After 
fixing some initial minor leaks, it now 
all works like a charm. Successfully 
installing such a system myself and 
taking showers heated by the sun is 
quite satisfying!

Jon Carroll • Corvallis, Oregon
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Making
Renewable

Do-Able

Your Northeast Source for Hands-on 
Renewable Energy Education

Toll-free: 877-878-4060
workshops@altenergystore.com

http://workshops.altenergystore.com/

Space is limited. 
Reserve your spot today!

www.altenergystore.com/hp122
Shop online 24/7 or call now (M-F, 9AM-7PM EST) 

Toll-free: 1.877.878.4060 or Direct: +1.978.562.5858 

SunMate™  
Hot Air Solar Panel

Reduce your home  
heating costs by as much 
as 30%. An ideal choice 
for homeowners that 
want an environmentally 
friendly, low-cost air  
heating option.  
Made in USA.

Alt-E Staff-Designed   
Micro Grid-Tie Packages

We make getting 
started with grid-tie 
affordable! 

$538

$1,499

Get an 

Extra Discount!

Mention this code:

HP122 

when you order 

today!

Outback MX60 12-48V MPPT 
Charge Controller 

The Mx60 enables your 
PV system to achieve its 
highest possible perfor-
mance. This is must-have 
for your solar system. It is 
easy to install, user friendly 
and well made to last for 
years!

Buy a Kill-A-Watt Power Meter & 
Get a FREE “10-Minute Energy 

Saving Secrets” Book 
Use the Kill-A-Watt Meter 
to discover how much 
energy your appliances 
and electronics are 
REALLY using and where 

you can start 
saving on your 
electricity bills!

$33

Southwest Windpower  
Air X Land 12V, 400W

 Ready to try wind?  
This Southwest Windpower
Air-X turbine features micro-

processor based speed 
control for increased 

performance, improved 
battery charging 
capability and the 

reduction of “flutter” noise. 
Can also be installed on  

  a rooftop!

$498

starting at: $3,509

Great Prices • Friendly Service • FREE Online Educational Materials 
• NEW! Public Renewable Energy Training Workshops

Solar Water Heating
A Comprehensive Guide to Solar 

Water and Space Heating Systems
by Bob Ramlow with Benjamin Nusz

Great source of info for the do-it-
yourselfer! Learn about 
the history and energy 
savings of heating 
water with the sun! A 
must-read for those 
considering “going 
solar.” $23

Natural Light Solar Attic Vent/Fan 
10W & 20W Modules

A simple and environmentally sensible 
solution that can save you money! 

Powered completely by 
solar energy, these 

efficient units are  
installable by the 
do-it-yourselfer.

starting at: $319
Voltaic Systems  
Solar Backpack 

Functional, very cool 
and green! It’s a 
mobile power source 
you can carry your 
lunch in! 

$225

Our new learning center strives to offer a wide 
variety of Renewable Energy workshops to 
educate, inform and encourage the use and 
installation of alternative energy systems in 
our personal and professional lives.

Taught by industry experts, these seminars
range from the basics on what renewable energy 
is to the specifics on how to install and design 
solar electric and solar air heating systems 
as a professional or do-it-yourselfer.

www.altenergystore.com/hp122
http://workshops.altenergystore.com
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PV Pricing
Thanks for your PV Buyer’s Guide in 
HP121. But it was disappointing not to be 
told the prices of PV modules.

William Savage • Seattle, Washington

We contemplated including module pricing in 
the PV guide spreadsheet but decided against 
it for a few reasons. First, PV module pricing 
changes frequently based on increases in 
PV manufacturing capacity, market demand, 
silicon supply constraints, and other factors. 

Any published pricing would have quickly 
become dated and not useful. Second, the 
cost of modules will vary depending on 
quantity purchased and who is installing the 

...Mailbox

system. Some PV manufacturers do not even 
specify a MSRP for their product, depending 
on their distribution chain. Third, in general, 
there are not huge variations in cost per watt 
between different modules.

And in the end, specific module pricing is 
not usually the biggest decision-making factor, 
if it is even considered. Size and electrical 
characteristics have a much greater bearing 
on module choice. If you’re having a system 
installed, your installer will only have a few 
different lines to work with, and he or she will 
be able to help you understand the choices. If 
you’re a do-it-yourselfer, my suggestion is to 
determine which model or models will work 
best for your project, and then determine if 
current pricing is within your budget. 

Joe Schwartz • Home Power

Pump Possibilities
In Chuck Marken’s article “Pick the 
Right Pump” (HP121), he points out that 
“finding a reliable high-head DC pump for 
drainback systems is impossible at this 

In the end, specific module pricing is not usually 
the biggest decision-making factor…Size and 
electrical characteristics have a much greater 
bearing on module choice.

Contact us today for more information
800-493-7877 or 760-597-1642 
2598 Fortune Way, Suite K, Vista, CA 92081 USA
blueskyenergyinc.com

BSE 1/2 page Horz. Ad 7.125“ wide by 4.625“ tall

Blue Sky Energy, Inc. manufactures
and distributes worldwide.
Reasonably priced and quality built since 1993.

CONSTRUCTIONBUS STOPS HOME LIGHTING

Another Bright Idea
From Blue Sky Energy

We’ve done it again. Blue Sky Energy
is proud to announce Dusk to Dawn
Solar Lighting control for all of our
*IPN based Charge Controllers.

From industrial to consumer, we have
a product that’s right for your needs.

Features include...
• Patented Multi-Stage MPPT Charge Control
• Fully adjustable Post Dusk & Pre-Dawn timers

QUALITY....RELIABILITY....BLUE SKY ENERGY,  CHANGING THE WAY SOLAR IS USED EVERYDAY

*FOR NEW PRODUCTS WITH SOFTWARE VERSION 2.0

SB3024i & SB2512i shown

www.blueskyenergyinc.com
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time.” I have built several systems that 
have used high-head DC pumps—some 
with head as high as 30 feet. The last 
system I put together required 16 feet 
of lift. The system is described in detail 
in my article in HP112. The piston pump 
used is made by Thermo Dynamics Ltd. 
and can be powered by a 10- to 20-watt 
solar-electric module.

Initially, I had a differential controller 
controlling the pump, but after it failed, 
I connected the module directly to the 
pump. I like the simplicity and reliability 
of the system, although it can have a 
very small loss at the end of the day; 
when the water leaving the collector is 
several degrees cooler than the water at 
the top of the tank, the pump very slowly 
continues to circulate water through 
the collector. My article pointed out 
this problem, but I found this loss to be 
negligible because of the slow speed of 
the pump and the small amount the water 
temperature is decreased as it passes 
through the collector. On the other hand, 

...Mailbox

the differential controller would shut the 
pump off early, slightly reducing the solar 
hot water collected. In a practical sense, 
both systems work well.

Larry Schlussler • Arcata, California

Questioning Subsidies
Given the space devoted to favoring 
solar subsidies in Home Power over the 
years, and doubtless the dependence on 
subsidies of most who advertise in your 

pages, Michael Welch is to be commended 
for even suggesting there could be 
something wrong with subsidies (“Show 
RE the Money,” Power Politics, HP121).

Big money and big business determine 
big government. They regard clotheslines, 

daylighting, and passive solar design  
the way banks regard barter.

GPS monitoring station at Cape Roberts, Antarctica operates year-round with solar power and a large bank of Deka Solar Gel Batteries.GPS monitoring station at Cape Roberts, Antarctica operates year-round with solar power and a large bank of Deka Solar Gel Batteries.

How Far Off The
Grid Are You?

Antarctica is the coldest continent on the planet. Only the toughest plants and animals are
able to survive the cold. And the same goes for your batteries. So when a government
funded agency needed to deploy a photovoltaic system for monitoring land mass
movement in this harsh environment, they chose Deka Solar Batteries.

Whatever the demands of your renewable energy application, Deka Solar Gel/AGM
or flooded batteries are the proven choice.

PROVEN PRODUCTS IN DEMANDING PHOTOVOLTAIC APPLICATIONS  • U.L. RECOGNIZED COMPONENTS  • COMPETITIVE WARRANTY  • MADE IN THE U.S.A.

DOMESTIC INQUIRIES: 
800-372-9253  • www.mkbattery.com

INTERNATIONAL INQUIRIES: 
610-682-3263  • www.dekabatteries.com

No matter where you are, depend on Deka Solar.

Photo Courtesy of UNAVCO

®

www.mkbattery.com
www.homepower.com
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There is a lot wrong with subsidies, 
and particularly solar subsidies that leave 
fossil fuels solidly in place, because they 
distract the public from the best uses 
of the sun—daylighting, solar clothes 
drying, and passive heating—and have 
us concentrate on relatively uneconomic 
electricity generation.

Big money and big business 
determine big government. They regard 
clotheslines, daylighting, and passive 
solar design the way banks regard 
barter. If they can distract the solar 
crowd away from what might unravel 
their grip on us, and encourage us to 
continue to awkwardly and expensively 
make electricity when we don’t need it, 
they’ve “got” us.

Steve Baer •  
Albuquerque, New Mexico 

RE After All These Years
First of all, we want to congratulate 
you on twenty years of ahead-of-the-
curve articles and information. Second, 

we want to say how flattered we are to 
have a reprint of our old letter (HP8 Dec. 
1988/Jan. 1989) included in HP120! So 
here’s an update: We are still on the same 
homestead making soap, and, I would 
say, it is all the same except it is always 
getting better. First, we added solar hot 
water panels, which are still working 
perfectly 25 years later. The addition of 
a Whisper H-80 wind generator a few 
years back makes it now the Simmons’ 
Rain, Wind, or Sun System. This has 
really proved beneficial because 2007, 
especially, has been a particularly windy 
year. The gas water pump was replaced 
with two, 75-watt BP modules and a solar 
Slowpump to fill our holding tanks.

We also have made some progress 
on the endless upgrade to our PV system 
and are set up for twenty (but currently 
have fifteen) 85-watt mixed PV modules. 
Ultimately, we want to switch over to 
a 24-volt system and make the most of 
the house 120 volts AC, but since we 
started so long ago, it requires re-wiring 

Specializing in Independent Electric Power for the Remote Home where 
utility power is not available. For 30 years, your questions have been 
personally answered by the good folks at Backwoods Solar that use these 
products everyday. Each Backwoods Solar employee owns and operates 
an off-grid home powered by the solar, wind, and/or micro-hydro 
systems offered in our catalog. We know what works and how it works! 
Our catalog/planning guide teaches the basics of installing solar, wind 
and hydro electric residential power and we offer free system design 
service either by telephone, email, or your visit to Backwoods. 

Visit us or write:  
Backwoods Solar Electric Systems,  

1589-HP Rapid Lightning Creek Rd,  
Sandpoint, Idaho  83864  USA

BACKWOODS 
Solar Electric Systems

For an earth restored and a world at peace.

Solar • Wind • Hydro

Phone: (208) 263-4290 • Fax only (208) 265-4788
Website: www.backwoodssolar.com 
Email:  info@backwoodssolar.com

185 PAGE  
CATALOG / PLANNING GUIDE 
Free to Home Power readers

in the U.S.A.

BACKWOODS
SOLAR ELECTRIC SYSTEMS
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the house from 12 volts, which is at the 
bottom of the list right now. Our most 
exciting energy news is that we have 
gained access to an almost year-round 
water source 500 feet above our home. 
We hope to move our Harris hydro 
turbine up to that source instead of 
down by the river where it is working off 
an 80-foot drop from the pond overflow 
in winter only.

Meanwhile, the business keeps 
growing. We use more electricity on 
workdays but are keeping up, and there 
are very few times where any engine 
generator backup is needed. This is in spite 
of switching from a propane refrigerator 
to a Sun Frost, and my wholly decadent 
electric teakettle and bread machine. But 
that’s offset by our addiction to solar 
cookers, which we have even used in the 
snow on sunny days!

Last but not least, one of those pillow-
fighting kids grew up, married, and moved 
to a property nearby where she built an 
off-grid, straw-bale home—and on July 

17, our new granddaughter was born. Our 
daughter works for us, and her husband 
installs RE systems for other folks, as well 
as helping with the soap production once 
a week. The best to all the Home Power 
crew. Keep up the good work.

Dennis & Dottie Simmons •  
Bridgeville, California

17 Years & Counting
You gave us the knowledge and resources 
to equip our first totally independent 
home seventeen years ago when folks 
had to find all their own pieces and put 
them together. We couldn’t have done 
it without you. Today you are just as 
important in helping us weed through 
all the codes, regulations, prepackaged 
and engineered kits, and the new 
developments that are coming to the 
industry that you helped start. Thanks for 
twenty years of help, and please give us 
twenty more.

Steve & Lil Schroer •  
Egg Harbor, New Jersey

Where’s Donald?
The e-mail address listed in the article 
for my solar scooter (“Sun-Charged 
Transportation,” HP120) is no longer 
correct. Readers can now contact me at 
organicgrower@earthlink.net.

Donald Dunklee • Davidson, Michigan

To send a letter to  
Home Power’s Mailbox,  

write to:

mailbox@homepower.com 
or

Mailbox, c/o Home Power
PO Box 520, Ashland, OR 97520

Published letters are edited for content and 
length. Due to mail volume, we regret that 
unpublished letters may not receive a reply.

Chosen by Alternative Energy Sytems 
for this roof in the British Virgin Islands 

www.unirac.comTHE STANDARD IN PV MOUNTING STRUCTURES

UniRac designs and manufactures mounting 

structures for photovoltaic arrays. We 

work worldwide with builders dedicated 

to sustainable energy, from residential 

installers to high-rise contractors. 

SolarMount® Standard Rail

PV’s Most Versatile Mounting System

www.unirac.com
www.homepower.com


GridPoint Connect™ seamlessly integrates 
renewable energy, grid-tied instant battery 
backup power and an onboard computer 
to provide an easy to install, smart  
energy solution. 

GridPoint Connect is remotely monitored 
by GridPoint operations center for optimal 
performance and provides home and 
business owners with the first online energy 
management portal to control energy 
production, consumption and costs.  

Solar 
Made 
Smart.
Backup power made easy.

To learn more, visit www.gridpoint.com 
or call 888.998.GRID (4743).

www.gridpoint.com


Become a KACO Partner. 1-866-KACOSOLAR

1002-B O’Reilly Avenue
San Francisco, CA 94129
Tel: 1 (866) 522-6765
www.kacosolar.com

blueplanet...
   green power™

Our quality control procedure 
begins with freezing all of our 
assembled printed circut 
boards below 0˚ C, then we 
heat the boards to over 80˚ C.

We then inspect the boards 
through a process called in cir-
cuit testing for any soldering 
imperfections the boards may 
have.

After the inverters are as-
sembled with the printed circuit 
boards and other components, 
they are placed in a chamber.  
The inverters are frozen to 
below 0˚ C.

The inverters are moved to 
another chamber that is 
heated to over 70˚ C. 
We run inverters at full rated 
power for the final 
test prior to shipping.

KACO inverters worldwide have less than 1% failure rates in the field because of our 

extreme quality control measures. We test EVERY INVERTER as described below, 

before they leave the factory. That’s Cool!

www.kacosolar.com
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by Ian Woofenden  
& Mick Sagrillo

You’ve been dreaming 
about it for years, and 
now you’re ready to 
plunk down the cash, put 
concrete in the ground, 
and put up a tower. You 
understand that you need 
to buy a whole system, 
not just a wind turbine. 
And you know that there 
must be an orderly set 
of steps to follow—a 
process. So how do you 
get from Point A (life 
before wind generator) 
to Point B (happy user of 
wind electricity)?



Tail Boom

Tail Vane

Yaw
Bearings

Stub
Tower

Generator

Bladeshere’s a lot of preparatory work to do before you get 
to see your wind turbine’s blades spin. It includes 
understanding how much energy you need (or want), 

how to use energy efficiently, how much wind energy you 
have available at your site, and how to match your needs 
with your resource. After you’ve covered this ground, you 
can start to consider which wind turbine and what balance of 
system components to buy, and how to install them.

Energy Analysis First
If you want to install a wind-electric system, the first step is to 
determine how much electricity you use. Electrical energy is 
measured in kilowatt-hours (KWH), and one way or another, 
you need to discover how many of them you use per month. 
You could learn to read your utility meter and check it 
multiple times over the year. But it’s easier to simply contact 
your utility, which will usually supply a summary of the past 
year’s electrical usage.

If you’re planning a new home, you’ll need to estimate 
your electrical use. Reviewing utility bills from your current 
home may give you a good estimate if you’re going to use a 
similar range of appliances. But in the end, this will only be a 
guess, since your actual usage may vary considerably.

The goal of the analysis is to come up with the number of 
KWH per year that you want your wind system to generate. 
Without this number, you’re guessing, and may end up being 
unhappy with your investment in wind power. If you say you 
want to make “a lot” of electricity, wind energy experts will tell 
you that the system will cost “a lot” of money. If you say you 

want to make 150 KWH per month, your renewable energy 
installer will be able to suggest a few turbine options and give 
you a cost in dollars, or at least an informed estimate.

Efficiency Next
Once you know how many KWH you use or expect to use, you 
could proceed to “Go” and start shopping for wind-electric 
system components. But your time and money will be better 
spent by first focusing on energy efficiency. Typical Americans 
can reduce their home’s energy use by 20% to 50% (or more) 
by using more efficient lighting and appliances, defeating 
phantom loads, and simply by being determined to use less.

www.homepower.com
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The Specifications table on pages 32 and 33 shows basic specs 
for home-scale wind turbines available and supported in North 
America. Understanding the specifications will help you make 
intelligent choices when it’s time to buy your turbine.

Manufacturer/importer contact information is included in the 
Access section at the end of this article. In some cases, the wind 
turbines are either remanufactured or imported. For imports, the 
North American contact is listed.

Swept area of the rotor is the area in square feet of the circle 
“swept” by the blades. This is the “wind collector” area and, 
besides your average wind speed, is the single largest factor 
influencing turbine output. A larger rotor will give you more 
energy, all other things being equal (and they usually are).

Rotor diameter is directly related to swept area. It would be handy to 
use the square footage of the rotor as an identifier for turbines. More 
often we use diameter, though it’s hard for most people to quickly 
determine swept area from rotor diameter figures. Although the 
difference between a turbine with an 8-foot-diameter and one with a 
10-foot-diameter might not seem large, it represents a 58% increase 
in collector size, with a proportional increase in energy output.

Tower-top weight is necessary to know when choosing your tower, 
along with swept area. A heavier turbine also may be an indication 
of a more rugged machine. Though weight itself doesn’t necessarily 
translate into turbine longevity, a rugged turbine that holds up over 
the long haul often results from a heavier machine.

Annual energy output (AEO) at 8 through 13 mph gives you some 
general numbers to match to your site’s average wind speed and 
energy needs. Note that all AEOs provided in the table are either 
from the manufacturer or derived from manufacturer’s data. 
Your turbine’s performance on your site may vary, sometimes 
significantly.  Be conservative, by choosing the next larger turbine 
when you’re not sure of your exact energy use or if the exact size 
turbine you need is not available. Also, AEOs apply to locations 
from sea level to 1,000 feet in elevation and must be adjusted 
for lower air density at higher altitudes. Your installer or turbine 
manufacturer can help you crunch these numbers.

Rpm is the blade revolution speed at the turbine’s rated output 
and relates to two factors in wind generators: durability and 
sound production. A slower rotor speed will generally mean a 
longer-lasting turbine—less wear and tear on the rotating parts. 
It also usually means a quieter turbine. Note that lower rpm does 
not mean lower production, nor does higher rpm mean higher 
production. In both cases, the alternator is matched to the rotor 
speed to get as much energy out of the wind as possible.

Governing system describes the method the turbine uses to 
shed excess energy in high winds to protect the turbine from 
overspeed. Some turbines tilt, or “furl,” the rotor directly up or to 
the side, while others furl at an angle. Still others use blade pitch 
control, turning the blades out of their optimum aerodynamic 
angle, so that they don’t capture as much energy. Blade pitching 
more reliably protects the wind generator. Machines that have this 
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and changing their habits. The $60 per 
month they are saving is going into the 
kids’ college fund—and the youngest 
has become a real ”turn the lights off” 
fanatic since she saw the savings. They 
had been using 700 KWH per month, 
and they’re now down to 350 KWH. 
At an 11 mph average annual wind 
speed, they just reduced their turbine 
needs from an Eoltec 6 KW at $25,200 
to an ARE 110 at $11,500, a savings 
of nearly $14,000—plus the savings 
from the lighter tower needed for the 
smaller turbine. A smaller battery 
bank (if batteries are used) may also 
be in order. All the way down the 
line, implementing energy-efficiency 
measures will reduce the size and cost 
of your wind-electric system.

Resource Analysis
While you’re doing the energy-use 
groundwork, start assessing your wind 
resource. Home wind-electric systems 
rarely justify a full-scale wind resource 

assessment with wind datalogging and analysis, but you must 
at least get a general idea of the amount of “fuel” you have 
available before you start reaching for your wallet. It’s a little 
too common to hear of people spending thousands of dollars 
on a wind-electric system only to discover that reality didn’t 

Reducing your electrical loads will reduce the cost of 
your system considerably. A smaller wind generator will be 
needed, and that means you won’t need as stout of a tower. 
The family of an acquaintance recently reduced their electric 
bill by about 50%—just by using compact fluorescent bulbs 
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feature cost more (due to more moving parts and complexity) than 
machines that furl.

Governing wind speed is the point at which the turbine starts 
governing. A low governing speed shows that the turbine designer 
was conservative—more interested in long-term operation than 
squeezing out a bit more energy from infrequent high winds.

Shutdown mechanism is different from governing, and refers 
to a method to stop the turbine for service, in an emergency, or 
when you just don’t need the energy. Many small turbines have 
no mechanical means to shut them down. Instead, they rely on 
dynamic braking (electrical shorting of the windings), which 
does not always work, especially when needed in higher winds. 
Mechanical brakes are usually more reliable than dynamic braking. 
Generally, more expensive wind turbines have more reliability 
and redundancy built into their shutdown mechanisms.

Batteryless grid-tie tells you whether the turbine is available in 
this configuration, normally the most cost-effective choice. All 
battery-charging turbines can be grid-tied via a battery-based 
inverter designed to synchronize its output with the utility grid, if 
you’re determined to have protection from utility outages. But this 
approach will incur inefficiencies, losses, and additional cost.

Battery voltages are listed for battery-charging turbines, so you 
can choose the right turbine voltage for your battery bank. Most 
modern whole-house battery-based RE systems today use a 48 

V battery bank (with an inverter to supply the house with 120 or 
240 VAC).

Controls included are what you get when you buy the turbine—
whether it includes a controller, a dump load, and metering. 
These components can be expensive, so don’t forget to add them 
into your calculations if they are not included.

Cost is for the turbine and any included controls, in U.S. dollars. 
This is only one component in the system, and usually not the 
most expensive one. A tower, batteries, and inverter each can 
easily exceed the turbine cost. Note that the EW 15, V-15, V-17, 
and PGE turbines also include tower, wiring, all installation 
materials, and labor costs.

Warranty is an indication of the manufacturer’s confidence in 
the machine, or is set to meet the requirements for incentive 
programs in states such as California. Find out what is covered—
usually it’s equipment only, and not the costs of replacement 
labor, which can be significant. Several of the manufacturers that 
offer shorter than five-year warranties will extend the warranties 
for an additional cost.

What we’re not listing is rated or peak power. That data is close 
to meaningless and a distracting marketing ploy. One cannot 
accurately predict annual energy output (which is what you want 
to know) from peak power, since two machines with similar peak 
power can give very different energy outputs.



Endurance
& Proven WT 6:

256 sq. ft., 18 ft. diam.

PGE 20/32:
3,120 sq. ft. swept area

63 ft. rotor diameter

V-17:
2,462 sq. ft., 56 ft. diam.

V-15:
1,964 sq. ft., 50 ft. diam.

EW 15:
1,902 sq. ft., 49 ft. diam.

WTIC 31-20:
754 sq. ft., 31 ft. diam.Proven WT 15:

683 sq. ft., 29.5 ft. diam.

ARE 442:
442 sq. ft., 23.6 ft. diam.

BWC XL-R & XL-S:
415 sq. ft., 23 ft. diam. VT 10-240:

380 sq. ft., 22 ft. diam.

Eoltec 6 KW:
265 sq. ft., 18.4 ft. diam.

Whisper 500:
176 sq. ft., 15 ft. diam.

Kestrel 3000:
120 sq. ft., 12.5 ft. diam.

Kestrel 800 & Whisper 100:
38.5 sq. ft., 7 ft. diam.

BWC XL.1:
53 sq. ft., 8.2 ft. diam.

Proven WT 0.6:
55 sq. ft., 8.4 ft. diam.

Whisper 200:
63.5 sq. ft., 9 ft. diam.

Kestrel 1000:
79 sq. ft., 10 ft. diam.

Proven WT 2.5:
97 sq. ft., 11.1 ft. diam.

ARE 110:
110 sq.ft., 11.8 ft. diam.

Skystream 3.7:
113 sq. ft., 12 ft. diam.
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As noted elsewhere in this article, we are not including power (watt) ratings for the 
wind turbines, since this number is primarily a marketing point, and a confusing 
one at best. We have included annual energy (kilowatt-hour) outputs from the 
manufacturers for a range of wind speeds. But how accurate are these? In preparing 
this article, some manufacturers expressed concern about the possibility of inflated 
figures, and were worried that their conservative numbers wouldn’t compare well.

We considered publishing only energy estimates based on the formulas 
(referenced in the articles in Access) developed by Jim Green at NREL and Hugh 
Piggott in Scotland. Though the formulas give more conservative numbers, 
comparing Green’s with the manufacturers’ numbers shows wild variation—
differences ranged from 1% to 52%! We don’t really know which is more accurate, 
and the formulas make no account for variations in efficiency of different turbines, 
or for performance variations at different wind speeds. Piggott states that these 
formulas yield numbers that may be off either way by 20% or more.

What’s a wind turbine buyer to do? Until we have a national standard and 
independent standardized testing of home-scale wind turbines, you must look 
at the manufacturers’ numbers with great skepticism. Apply the formulas to 
the turbines you’re considering (see Access). Ask the manufacturer where their 
numbers come from. Search the Internet and elsewhere for end users, dealers, 
and others who have data. The scattered real-world data that is available often 
varies widely from manufacturers’ numbers, a fact that should ring alarm bells 
in your mind. In the end, you may decide to just buy a larger turbine—being 
pleasantly surprised with more energy than you expected is much preferred to 
being disappointed with your investment.

support their unscientific analysis that 
“it’s always very windy.” 

The ideal situation is to have several 
years of wind data from your site, at 
the proposed turbine height. But small 
turbine buyers rarely do this, and for 
good reasons. Installing a tower and wind 
datalogging system of this sort might 
cost half as much as the wind-electric 
system, as well as delay the project. The 
going rate for such a monitoring project 
is about $15,000. More often, if any wind 
measurement is done, it is of shorter 
duration and at a lower height. Taking 
this data and extrapolating to turbine 
height, while comparing it to data from 
nearby monitoring sites, might give you 
a reasonable guesstimate of what to 
expect. However, this kind of analysis is 
more complicated than it appears, and 
is a good place to seek a wind expert’s 
guidance.

The best wind resource data 
presently available for most states is the 
high-quality wind maps available on the 
Wind Powering America Web site (see 
Access). The few states without wind 
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Kestrel  
800

Whisper 
100

BWC  
XL.1

Proven  
WT 0.6

Whisper 
200

Kestrel 
1000

Proven  
WT 2.5

ARE  
110

Skystream 
3.7

Kestrel 
3000

Whisper 
500

Proven 
WT 6 Endurance

Eoltec  
6 KW

VT 
10-240

BWC  
XL-R

BWC  
XL-S

ARE  
442

Proven  
WT 15e

WTIC  
31-20 EW 15f V-15f V-17f

PGE  
20/32f

Manufacturer / 
importera Kestrel SWWP Bergey Proven SWWP Kestrel Proven ARE SWWP Kestrel SWWP Proven EWP Eoltec Ventera Bergey Bergey ARE Proven WTIC Entegrity EMS Halus Energie 

PGE

Swept area (sq. ft.) 38.5 38.5 53.0 55.0 63.5 79.0 97.0 110.0 113.0 120.0 176.0 254.0 254.0 265.0 380.0 415.0 415.0 442.0 683.0 754.0 1,902.0 1,964.0 2,462.0 3,120.0

Rotor diameter (ft.) 7.0 7.0 8.2 8.4 9.0 10.0 11.1 11.8 12.0 12.5 15.0 18.0 18.0 18.4 22.0 23.0 23.0 23.6 29.5 31.0 49.0 50.0 56.0 63.0

Tower-top weight (lbs.) 55 47 75 154 65 132 419 315 170 331 155 1,102 600 445 500 1,050 1,050 1,350 2,425 2,500 5,340 9,920 14,065 7,200

Annual Energy Output (KWH) at Average Wind Speed (Estimated by Manufacturer)
8 mph 480 360 660 ~504 720 900 ~2,004 1,620 1,200 1,560 2,040 ~5,004 1,843 3,528 3,720 4,080 2,880 7,476 ~10,980 9,828 N/A N/A N/A N/A

9 mph 780 540 1,020 ~792 1,080 1,080 ~2,472 2,316 2,040 2,100 2,760 ~6,768 3,091 4,908 5,520 6,000 4,440 10,440 ~16,908 13,920 34,000 38,000 N/A 53,280

10 mph 960 780 1,380 ~996 1,500 1,560 ~3,516 3,144 2,880 2,760 3,960 ~8,004 4,587 6,816 7,680 7,920 6,240 14,052 ~22,320 19,728 50,000 43,000 62,520 64,920

11 mph 1,320 960 1,800 ~1,356 1,920 1,920 ~3,996 4,068 3,720 3,900 4,920 ~11,004 6,268 8,544 10,200 10,560 8,400 17,640 ~28,080 25,704 68,000 58,000 81,360 82,296

12 mph 1,500 1,200 2,256 ~1,488 2,280 2,520 ~5,004 5,040 4,560 4,500 6,456 ~12,996 8,068 10,656 12,960 13,080 10,800 21,972 ~33,360 32,292 88,000 64,000 101,640 90,000

13 mph 1,920 1,500 2,640 ~1,752 2,700 2,580 ~5,580 6,060 5,400 5,760 7,440 ~15,000 9,920 12,756 16,080 15,840 13,560 25,584 ~38,880 39,288 110,000 80,000 122,880 107,796

Rpm at rated output 1,000 1,200 450 500 1,100 650 300 340 325 500 900–1,000 200 206 245 280 300 300 140 150 175 62 52 45 to 50 32
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Electrically 
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Governing wind  
speed (mph) 27 28 29 27 26 21 27 25 30 28 27 27 26 26 29 36 36 25 27 25.5 N/A N/A N/A N/A
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Tip brake, 
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brake
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brake

Disc 
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Batteryless grid-tie Yes No No Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes

Battery voltages 
available

12, 24, 
48

12, 24, 
36, 48 24 12, 24, 48 12, 24, 

36, 48
12, 24, 

48 24, 48 48 No 48 24, 48 48 No No No 48, 120, 
240 No No 48 No No No No No

Controls included No Yes Yes No Yes No No Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes

Cost (battery-based/
batteryless)* $1,995 $2,475 $2,590 $7,680 $2,995 $2,950 $10,140 $8,870 / 

$11,500 $5,400 $8,400 /
Call

$7,675 / 
$12,125 $21,550 $35,000d $25,200 $14,500 $22,900 $27,900 $36,000 $41,350 $33,900 $170,000c $140,000c $180,000c $170,000c

Warranty (years) 5 5 5 2b 5 5 2b 5 5 5 5 2b 5 5 5 5 5 5 2b 1b 5 1b 1b 2b

a See Access for contact info. b Extended warranty available c Price includes tower & complete installation d Inverterless grid-tie, includes 105-ft. tower  e Not yet available in U.S. f Single-phase and three-phase utility configurations may be available; energy outputs may vary with phase configuration  
*Cost estimates based on 10/2007 pricing

maps have some data available, from airports, universities, 
wind energy users, weather hobbyists, or government agencies. 
Look around to see what you can find there, but do track down 
where the data came from, since some data may come from 
monitoring equipment that is not installed high enough in the 
wind to produce reliable and useful information.

More subjective analytic methods can be used, though 
they should be used with a great deal of caution. Long-time 
residents can give you impressions about how windy it is 
and has been—apply lots of salt. Your own observations 
on your property can be better than nothing. And the way 
vegetation is deformed by the wind can be an indicator 
of the presence or lack of a wind resource. There’s even a 
scale that correlates tree deformation with wind speed—the 
Griggs–Putnam Index.

The goal of all this analysis is to come up with your site’s 
average annual wind speed. You want to know this number 
at your proposed tower height because it represents the “fuel” 
available to your wind generator to turn into electricity. This 
is most often in the 8 to 13 mph range for home-scale systems. 
Sites with an average below 8 mph may not have enough 

wind energy to justify the investment in a system, unless the 
site is off-grid and you’re replacing engine generator fuel.

Selecting Your Turbine 
Now that you know your needs and you’ve determined 
your resource, it’s time to go shopping. Any wind turbine 
manufacturer worth buying from can supply you with 
annual energy output (AEO) numbers for various average 
wind speeds. You simply need to choose a turbine that 
will produce the amount of energy you need with your 
wind resource. If you determine that you want to generate 
2,100 KWH per year in your 11 mph average wind regime, 
check out the manufacturers’ output predictions to see 
what’s available.

For off-grid applications, you’ll need to consider seasonal 
energy usage. If your windiest season matches up with your 
heaviest use of energy, you’ll make the most of your system. 
But in other cases, you may need to oversize your wind 
turbine to cover the seasonal load variation. And with off-grid 
systems, you will almost certainly need a second source of 
energy, like solar electricity.
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importera Kestrel SWWP Bergey Proven SWWP Kestrel Proven ARE SWWP Kestrel SWWP Proven EWP Eoltec Ventera Bergey Bergey ARE Proven WTIC Entegrity EMS Halus Energie 

PGE

Swept area (sq. ft.) 38.5 38.5 53.0 55.0 63.5 79.0 97.0 110.0 113.0 120.0 176.0 254.0 254.0 265.0 380.0 415.0 415.0 442.0 683.0 754.0 1,902.0 1,964.0 2,462.0 3,120.0

Rotor diameter (ft.) 7.0 7.0 8.2 8.4 9.0 10.0 11.1 11.8 12.0 12.5 15.0 18.0 18.0 18.4 22.0 23.0 23.0 23.6 29.5 31.0 49.0 50.0 56.0 63.0

Tower-top weight (lbs.) 55 47 75 154 65 132 419 315 170 331 155 1,102 600 445 500 1,050 1,050 1,350 2,425 2,500 5,340 9,920 14,065 7,200

Annual Energy Output (KWH) at Average Wind Speed (Estimated by Manufacturer)
8 mph 480 360 660 ~504 720 900 ~2,004 1,620 1,200 1,560 2,040 ~5,004 1,843 3,528 3,720 4,080 2,880 7,476 ~10,980 9,828 N/A N/A N/A N/A

9 mph 780 540 1,020 ~792 1,080 1,080 ~2,472 2,316 2,040 2,100 2,760 ~6,768 3,091 4,908 5,520 6,000 4,440 10,440 ~16,908 13,920 34,000 38,000 N/A 53,280

10 mph 960 780 1,380 ~996 1,500 1,560 ~3,516 3,144 2,880 2,760 3,960 ~8,004 4,587 6,816 7,680 7,920 6,240 14,052 ~22,320 19,728 50,000 43,000 62,520 64,920

11 mph 1,320 960 1,800 ~1,356 1,920 1,920 ~3,996 4,068 3,720 3,900 4,920 ~11,004 6,268 8,544 10,200 10,560 8,400 17,640 ~28,080 25,704 68,000 58,000 81,360 82,296

12 mph 1,500 1,200 2,256 ~1,488 2,280 2,520 ~5,004 5,040 4,560 4,500 6,456 ~12,996 8,068 10,656 12,960 13,080 10,800 21,972 ~33,360 32,292 88,000 64,000 101,640 90,000

13 mph 1,920 1,500 2,640 ~1,752 2,700 2,580 ~5,580 6,060 5,400 5,760 7,440 ~15,000 9,920 12,756 16,080 15,840 13,560 25,584 ~38,880 39,288 110,000 80,000 122,880 107,796

Rpm at rated output 1,000 1,200 450 500 1,100 650 300 340 325 500 900–1,000 200 206 245 280 300 300 140 150 175 62 52 45 to 50 32
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*Cost estimates based on 10/2007 pricing

You’ll find only a couple dozen selections in the small 
wind turbine market, and in any given size range, just one 
or a few choices. Other parameters may further limit your 
options, such as system voltage, batteryless versus battery-
based machines, and machine durability. If you have to 
choose between two turbines that straddle your target energy 
need, buy the larger one—it’s much better to end up with 
more energy than less. 

But don’t just think about the present. Never buy a turbine 
solely on its up-front cost, but rather on what it will cost you 
over the long haul—in money, time, and aggravation. Wind-
electric systems are the toughest renewable energy systems to 
maintain, with the highest failure rate. Why? Because wind 
turbines live in a brutal environment atop 80- to 120-foot (or 
so) towers not readily accessible if you don’t climb, or if it’s 
minus 30°F outside with a 30 mph wind.

Avoid these pains by buying the highest-quality system 
you can afford. Unlike a car, you won’t be able to drive your 
“bargain” down to the dealer for warranty repair. You’ll 
have to pay someone to climb your tower and fix it, or do it 
yourself—neither is cheap nor easy.

Balance of Systems
A wind turbine is just one part of a system. You’ll need other 
components to actually make electricity. Though the wind 
generator is a critical component to buy well, you should give 
similar attention to the other parts of the system.

Your tower design will be determined by the weight 
and swept area of your wind generator, the specifics of 
your site, and your preferences and budget. (See the tower 
article referenced in Access for more information.) The best 
suppliers of wind generators also supply towers, knowing 
what is appropriate for their machines.

System electronics include charge controllers, inverters, and 
metering. Sometimes these are included with the turbine, and 
other times you have some choices—depending on whether 
your home is off-grid or on, battery-based or batteryless. Make 
sure you understand the options, as these components must be 
matched to the turbine and to other parts of your system.

Batteries are a big subject, and if you intend to use them 
in your system, you should educate yourself. Off-grid users 
must carefully consider how much storage they want, and 
whether they will use backup or other energy sources like PV. 
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On-grid users who want utility outage backup must analyze 
the critical loads they’ll want to power. We recommend 
that you work with an experienced supplier who can help 
you make the important decisions of battery type, size, and 
system design and installation.

Other components in a system include wiring, disconnects, 
overcurrent protection, and grounding. These are issues that 
require electrical expertise and experience. Either hire a 
qualified person or take the time to get enough education to 
do a safe, code-compliant job. 

Do It Right!
If you’re a novice at electrical and mechanical installations, 
don’t even consider taking on a wind turbine installation 
yourself. Because of gravity and the tower heights involved, 
this is serious business—fraught with potential danger 
to life and limb, as well as the opportunity to make 
poor design and installation decisions that could affect 
performance and safety over the life of the system. If you 
have any doubt about your abilities, hire a professional. 
Think of this system like an automobile. Most of us don’t 
even do our own auto maintenance; much less would we 
would even consider designing and building a vehicle. 
Wind electricity is not an easy DIY project, and may never 
be, since it requires tall towers to get the turbine up into 
its “fuel.”

Wind-electric systems are not easy, simple, cheap, or 
perfectly reliable. But if you do your homework, buy quality 
equipment, and get the help you need, you can end up with 
a long-lasting and satisfying system. Thousands of families 
have done just that, and they look up regularly to see their 
turbine spinning, making electricity from the wind! 

Access
Ian Woofenden (ian.woofenden@homepower.com) has been living 

with wind electricity since the early 1980s, and teaches, consults, 

and writes about wind energy from a real-world perspective. He is 

a supporter of successful wind-electric systems, steering people 

away from hype and unrealistic expectations.

Mick Sagrillo consults (currently as the wind technology specialist 

for Wisconsin’s Focus on Energy), teaches, and writes about small 

wind based on almost 30 years’ experience installing and operating 

nearly all the turbines covered in this article. He reminds folks that 

it’s not about “cheap,” but about reliable renewably generated 

electricity.

Further Reading:
“Wind Turbine Buyer’s Guide,” Mick Sagrillo & Ian Woofenden, 

HP118

“Anatomy of a Wind Turbine,” Ian Woofenden & Hugh Piggott, 

HP116

“Wind Generator Tower Basics,” Ian Woofenden, HP105

“Estimating Wind Energy,” Hugh Piggott, HP102

Other Resources:
Explanation of Jim Green’s AEO formula can be found at  

www.nrel.gov/docs/fy07osti/40925.pdf on page 9

Wind Powering America • www.eere.energy.gov/windandhydro/

windpoweringamerica/wind_maps.asp • Wind resource maps

For more detailed information on the topics raised in this article, see 

the technical appendix, available at  

www.homepower.com/promisedfiles

Wind Turbine Manufacturers/Importers:
ARE, Abundant Renewable Energy • www.abundantre.com

Bergey, Bergey Windpower • www.bergey.com

EMS, Remanufactured by Energy Maintenance Systems •  

www.energyms.com

Endurance, Endurance Wind Power •  

www.endurancewindpower.com

Entegrity, Entegrity Wind Systems Inc. •  

www.entegritywind.com

Eoltec, Pine Ridge Products • www.pineridgeproducts.com; 

Solacity • www.solacity.com

EWP, Endurance Wind Power •  

www.endurancewindpower.com

Halus, Remanufactured by Halus Power Systems • 

www.halus.com

Kestrel, Imported by DC Power Systems • 

www.dcpower-systems.com

PGE, Énergie PGE • www.energiepge.com

Proven, Imported by Alaska RE • www.remotepowerinc.com; Lake 

Michigan Wind & Sun • www.windandsun.com; Solar Wind Works • 

www.solarwindworks.com

SWWP, Southwest Windpower • www.windenergy.com

Ventera • www.venteraenergy.cm

WTIC, Wind Turbine Industries Corp. •  

www.windturbine.net
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If you cruise the Internet, you may find a turbine that 
interests you, but is not listed in this article. This article 
includes only the turbines that we consider reliable at the 
present time, manufactured or imported, and supported 
by reputable companies in the small wind industry. 
There are turbines in development that are not quite 
ready for production but may become available in the 
future. There are attractively priced imports that may 
eventually be considered viable choices. And there is a 
lot of equipment that is just not ready for prime time yet. 
Stay tuned—they may make it into future updates.
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groSolar provides project referrals to dealers in our network

NexGen is a groSolar
Dealer Partner

Photo courtesy of NexGen
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If you count yourself among the people who love the idea 
of making their own clean energy, but balk at the idea of 
planting a pole mount in the middle of your backyard 

or covering your historic home’s rooftop with high-tech PV 
modules, this fresh design strategy offers a solution. 

The concept—aptly dubbed “solarscaping”—is a new take 
on building integrated photovoltaic (BIPV) systems. Unlike 
traditional BIPV systems that are designed into a structure 
from the blueprint phase, solarscapes work with both new and 
existing structures and can minimize the aesthetic concerns of 
adding PV to your home. 

“Solarscaping is another avenue to facilitate our mission 
of helping people choose solar power,” says Scott Franklin, 
president of Lighthousesolar, a solar system design and 
installation company based in Boulder, Colorado. “The more 
options we can provide our customers, the greater chance we 
can meet their needs. These designs allow customers to get 
more function from their PV investment.”

Though the idea of integrating PV into architectural 
structures is not new, Lighthousesolar is one of the first to offer 
a package option that also can be custom-fit to an application. 
Installation of a solarscape involves minimal time at the 
site. Structures are customized in the company’s workshop 
in Boulder, delivered to the installation site in several large 
pieces, and assembled in one or two days. So far, the company 
has integrated PV systems into awnings, pergolas, carports, 
hot tub shades, and gazebos, and the potential is limitless, 
Franklin says. Fences, fountains, greenhouses, archways, and 
sunrooms are all good candidates, he adds.
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Solarscapes
A NEW FACE FOR PV

by Topher Donahue
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WHAT’S IN A SOLARSCAPE?
A solarscape features two elements. The first is a wooden 
or steel custom-made frame that is painted, trimmed, or 
finished to complement the home and landscaping.

The second component—the HIT (heterojunction with 
intrinsic thin layer) bifacial modules made by Sanyo—is 
key to the design’s sleek look and increased energy 
production. These double-sided modules—which harvest 
solar energy from both the front and back faces—maximize 
power within a fixed amount of space. In an ideal setting, 
bifacial panels can be the most cost-effective modules 
based on dollars per watt. 

Instead of the standard opaque module backsheet, Sanyo 
Double modules have glass-on-glass construction. Clear glass 
layers on both sides of the photovoltaic cells allow additional 
reflected solar energy to be captured from the back side of 
the module. The glass-on-glass construction adds aesthetic 
value as well by allowing some light to filter through the 
array. The subtle octagonal design of the silicon cells projects 
a soft light-and-shadow pattern on the surfaces beneath the 
array—similar to light filtering through the leaves of a large-
leafed tree. Enough light passes through the modules to allow 
plants to grow underneath the array canopy while providing 
adequate protection for those seeking respite from the sun.
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Behind Bifacial
Introduced in 1976, bifacial PV technology was most 
widely known for its use on spacecraft, including the 
International Space Station. Designed in response to the 
challenges of keeping monofacial modules oriented to 
the sun, bifacial arrays allow spacecraft more orientation 
options when orbiting the Earth. As an added bonus, 
the rear side of bifacial arrays can convert reflective 
radiation from the atmosphere into extra energy. 

Over the past decade, bifacial PV technology has found 
its place on Earth, incorporated mainly in commercial 
applications such as awnings, street signs, bus stop 
shelters, and sound barriers. Recent innovations in 
optic technology have reduced the amount of silicon 
needed in a PV module and brought the cost of bifacial 
technology down to an earthly level, with a cost per 
watt about 20% higher than comparable single-sided 
modules. A lower price tag and opportunity for greater 
energy production has made bifacial PV a practical 
component for BIPV systems, as well as for use in 
systems that can earn performance-based incentives 
and renewable energy credits.

www.homepower.com


Unlike monofacial (single-sided) PV modules, the back 
side of a bifacial module generates power from light 
that is reflected off surrounding surfaces. Radiation from 
reflective surfaces—light-colored wood, metal roofing, 
concrete, white gravel, snow, or water—can increase the 
energy yield beyond the manufacturer’s standard test 
conditions (STC) output ratings. Sanyo estimates that the 
bifacial construction adds approximately 10% to module 
output when compared to a single-sided Sanyo HIT 
module in an angled installation, or as much as 34% in a 
vertically oriented installation. 

“We know the bifacial panels have a strong power 
advantage, but it’s hard to quantify because each 
installation has different characteristics,” Franklin says. 
“Even Sanyo is hesitant to predict output because the 
numbers can vary significantly based on installation 
specifics.” 

Based on reports he has received from the field, Benjamin 
Collinwood, Sanyo’s solar market development manager, 
estimates that typical production increases will be between 
15% and 20%. He says that system results vary, depending 
upon individual site characteristics such as system design, 
location, and site albedo.

SOLARSCAPING SOLUTIONS
Beyond the reflective radiation advantage, solarscapes 
can offer a much-needed solution for properties without 
a shade-free location for a roof- or ground-mounted 
array. Likewise, many buildings have less-than-optimal 
orientations for solar energy collection. Solarscaping can 
provide new and attractive options for array siting in many 
locations. 

Homeowner Neil Cannon wanted to integrate PV into 
his newly built house in Eldorado Springs, Colorado, 
but he did not want to compromise the home’s historic-
looking design. Because tall trees shaded areas closer to 
the house, he needed a freestanding unit that could be 
located more than 100 feet away. Adding to the challenge, 
the structure had to be tall enough to avoid the shade of 
nearby trees. 
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Above: A solar-electric carport. 

Below: Monofacial modules integrated into an awning serve 
a dual purpose: making electricity and providing shade for the 
windows.
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The solution? A customized double carport roofed with 
4.5 kilowatts (KW) of PV modules to meet 100% of the 
household’s electricity needs, and several evacuated tube 
collectors for solar water heating. To keep with the look and 
feel of the home, the sides of the structure will be finished 
with rough-sawn lumber that resembles old barn siding. 

“We’re really charged about the idea,” Cannon says. “It 
was really important that the structure be congruous with the 
landscape and the home, and this is a great compromise. Up 
close you’ll be able to see the high-tech gear, but from far off 
in the distance, it’ll blend in nicely. ” 

Solarscapes offer several access and maintenance 
advantages over typical roof-mounted PV systems. The 
absence of roof-mounted arrays, for example, means roof 
maintenance and remodeling can be done without dismantling 
the solar-electric infrastructure. Increased airflow around the 
array will keep module operating temperatures lower and 
result in increased energy harvest. 
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Functional Design
Tucked in the Rocky Mountains at 8,236 feet above sea 
level, Scott Franklin’s home occupies an idyllic spot in 
small-town Nederland, Colorado. Like some homes, its 
site is far from ideal for accommodating a roof-mounted 
solar installation. The house’s solar access was limited by 
a northwest-southeast roofline and blocked by neighbors’ 
trees. By building a detached office with an east-west 
orientation two years ago, Franklin created room for a 1.4 
KW system. 

Wanting to offset more of his family’s household 
electricity consumption, Franklin explored other 
options. Knowing that a roof-mounted system on the 
home would be ineffective and a ground-mounted 
system would eat into the children’s play area, he 
looked for a novel way to integrate an additional PV 
system. 

“We’d lived in our home for six years and barely used 
our back, south-facing deck. We couldn’t sit out there 
on a sunny day because it was either too bright or too 
hot,” Franklin says. “An awning seemed like a natural 
solution for both problems.”

So last spring, Franklin and the Lighthousesolar crew 
installed the company’s first-built Power Awning—a 
custom-welded, 10- by 21-foot steel frame that 
incorporates fourteen 190 W bifacial modules—over the 
existing deck. The crew crafted the steel frame in the 
workshop and assembled the awning at the home over 
three days. 

The picnic table beneath the awning has become the 
Franklins’ favorite spot for both morning coffee and 
evening barbecues. During the mountain winters, some 
sunlight can pass through the array, preventing the 
dark, cold shadow created by a conventional awning 
and bringing some light into the home’s interior.

Although the dark deck planks limit how much light 
is reflected to the underside of the array, the energy 
production of the awning’s bifacial panels has exceeded 
Franklin’s original expectations. On clear summer days, 
the net production from the Power Awning and the 
small roof-mounted system on the office is enough to 
spin the utility meter backward. 

“The nicest thing is that the awning created a usable 
space for the family. Now we can sit out there and enjoy 
the view of the mountains,” Franklin says. “The added 
bonus is that our electric bill made it down to zero.” 

The Power Awning cost about the same as a ground-
mounted system but saved the crew from the time-
consuming and backbreaking work of drilling through 
solid granite and running cables hundreds of feet to the 
inverter. A similarly sized roof-mounted system would 
have cost about 30% less than the Power Awning. The 
increased energy production of the bifacial modules 
helps to offset a portion of the higher cost. After federal 
and state rebates, the 2.66 KW awning system cost 
about $14,000.

A solar-electric awning over the Franklins’ backyard deck 
provides additional energy generation and a comfortable space 

for outdoor activities. 

To
ph

er
 D

on
ah

ue

www.homepower.com


PUTTING A SHINE ON PV 
A prototype of Lighthousesolar’s signature Power Awning 
at Franklin’s home has won over several homeowners (see 
Functional Design sidebar). All it took was one look at the 
awning’s sleek design—a black steel frame inset with double-
sided PV modules—to sell Marcus Luscher on the concept. 

“When you first look at the awning, you don’t even notice 
that it’s a PV system. Only when you actually sit beneath it 
and see the PV panels do you realize that the awning is also 
generating power,” Luscher says. “It’s an attractive piece of 
architecture that is multifunctional.” He plans to add a power 
awning above the deck at his home in Nederland, Colorado. 
The solarscape system will supplement his current nine-
module PV system and help offset the electricity consumption 
of his newly purchased hot tub. 

DOUBLE-SIDED SOLUTIONS
While bifacial PV awnings and carports are common in 
commercial BIPV installations, the concept is relatively new 
to residential projects. But solarscaping is gaining traction in 
home-scale installations because of potential aesthetic and 
versatility advantages when compared to traditional roof- or 
ground-mounted arrays. 

Currently, Lighthousesolar delivers and installs 
customized units in Colorado and Texas, but the company 

has plans to expand its installation territory. Lumos offers 
prefabricated solarscape kits to building contractors 
nationwide. 

Several module manufacturers have partially transparent 
glass-on-glass modules that will soon be headed toward 
the U.S. building market. In the years ahead, these PV 
modules will undoubtedly be used in both prefab and custom 
residential structures, creating spaces that are as productive 
as they are attractive. 

ACCESS
Topher Donahue was born in a cabin without running water in 

Wild Basin, near Colorado’s Rocky Mountain National Park. He is 

now helping his mother upgrade the cabin to photovoltaic power.  

His business, Alpinecreative (www.alpinecreative.com), based in 

Nederland, Colorado, provides photography and writing for the 

outdoor recreation and alternative energy industries.  

Lighthousesolar • 303-638-4562 • www.lighthousesolar.us • Power 

Awning installer

Lumos • 303-449-2394 • www.lumossolar.com • Power Awning, 

double carport, and hot-tub shade manufacturer

Sanyo Solar • www.us.sanyo.com • Bifacial PV modules 
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Get more energy from your system
Rated for use with PV input up to
96 Voc in 12/24V
Stand-Alone
Systems

Phocos USA 742 E. 46th Street Tucson, AZ 85713 USA
Phone: +1 (520) 777-7906 Fax: +1 (520) 844-6316 info-usa@phocos.com

Ready for use in
Stand-Alone Systems
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The Whole Enchilada

SunWize pre-packaged grid-tie systems and grid-tie systems with  
battery backup contain everything you need for a complete installation.

OFFICES THROUGHOUT THE US AND CANADA

www.sunwize.com


stopped production in the late 1990s. When gasoline prices 
reached more than $3 per gallon, he wondered if gas rationing 
would soon follow—a repetition of the 1973 oil crisis. 
Imagining people lined up by the hundreds to fill their fuel 
tanks was the final push he needed.

“I realized that the time had come, and I had to do it on my 
own. There was no use waiting for the auto industry because 
I’d wait forever,” he says. “I no longer wanted to contribute to 
the problems in the Middle East, and I wanted a vehicle more 
consistent with my renewable energy lifestyle and business.”

or nearly a decade, engineer Randy Richmond 
explored the idea of owning an electric vehicle 

(EV). He scoped out the latest technology at 
renewable energy fairs and read countless blogs, 

articles, and Web sites devoted to the topic. His interest 
even grew into a side business with his family—RightHand 
Engineering, a designer and seller of software tools that 
monitor RE and EV systems.

Although he’d hoped to buy a new factory-made electric 
vehicle, that dream died when most leading manufacturers 
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by Kelly Davidson

Randy Richmond’s full-electric-powered GMC Sonoma pickup, converted using a commercial kit.

Out with the internal combustion engine. Lots of room in the engine compartment.



In April 2006, Richmond started running the numbers 
and asking lots of questions. Before committing to an EV 
conversion, he considered the “easier” alternatives, such as 
buying a specialized EV, like the Myers Motors Sparrow/
Nmg or the ZAP Xebra, or buying a used, factory-produced 
model like the Toyota RAV4 EV, Chrysler EPIC minivan, GM 
S-10 EV pickup, or Ford Ranger EV pickup. Either too small, 
too slow, too expensive, or too hard to find, none of them 
were a good match for his needs.

Devising a Plan
Richmond found an invaluable resource in the Electric Auto 
Association, a nonprofit organization that promotes the 
advancement and widespread adoption of EVs. Through the 
Web site, he connected with other electric car enthusiasts, 
who were happy to answer his countless questions. With the 
guidance of their triumphs and failures, he developed his 
plan of action, and by May, he was ready.

Even with an electrical engineering degree from the 
University of Washington and a longtime interest in electric 
vehicles, Richmond considered hiring a private EV enthusiast 
or commercial EV conversion company to do the conversion.

“If you cannot do standard mechanical repairs to your 
vehicle, basic electrical wiring around your home, or remove 
an engine, you should not do the conversion yourself,” he says. 
“Don’t hesitate to pay someone to do it, or buy a vehicle that’s 
already converted. Working on conversions isn’t for everyone.”

Ultimately, after evaluating his electrical and mechanical 
skills, Richmond felt comfortable moving forward with a 
“do-it-yourself” EV conversion. He did, however, recognize 
his limitations with metal fabrication and welding, and 
formulated his plan accordingly.

From the get-go, he knew a piecemeal approach—
buying the parts individually—might be too complicated. 
Customizing adapters and mounts went beyond his skill level. 
He decided that a conversion kit—which comes equipped 
with most of the mechanical parts—would best suit his needs 
and abilities.

Choosing a Vehicle
Richmond says that establishing realistic needs is one of 
the first and most important steps in the process of vehicle 
selection. How far do you need to go each day? How fast 
do you need to go? What kind of acceleration do you need? 
How much do you want to be able to haul? What kind of 
weather will you need to travel in? The answers to these 
and other questions will determine the vehicle, vendor, and 
components used for the conversion, as well as the design and 
EV conversion approaches.
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The 100 hp DC motor bolted  
to the original transmission.

Installing the new electric motor and transmission,  
with room to spare.

Randy Richmond takes his electric truck to auto events to help 
spread the word on EV practicality and performance. 
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Richmond carefully evaluated his weekly commute: four 18-
mile trips along local, rural roads near his home in Woodinville, 
Washington, and one 40-mile trip to nearby Issaquah with some 
distance on Interstate 405. The highway driving, though brief, 
necessitates that the vehicle reach 60 mph. He needed enough 
horsepower to handle the extra weight of the batteries in the 
vehicle and get up the hills along his commute. He decided 
against power-intensive air conditioning and power steering 
but elected for power brakes and electric heating, given the 
weight of the vehicle and the cool, rainy conditions in the area. 
Though the vehicle would be used primarily for commuting, 
he wanted enough seating for his family.

He knew that a small car or a neighborhood electric 
vehicle (NEV) would not suit his needs. He quickly turned 
his attention to pickup trucks. With a convenient place for 
batteries and the capacity to handle extra weight, small 
pickup trucks tend to be the easiest to convert. Plus, there is 
a greater chance of finding a cost-effective and easy-to-use 
conversion kit, says Richmond, since there are several kits 
made for pickup trucks.

A mechanically sound vehicle is key to a successful 
conversion. “The vehicle had to be something that I would be 
happy to drive,” he says. “I did not want to invest my time 
and money into an unsound or unsightly vehicle. I wanted a 
vehicle that was in good shape and had some longevity.”A 
late-model 2001 GMC Sonoma pickup with an extended cab, 
five-speed transmission, and fewer than 80,000 miles on its 
odometer filled the bill.

Getting the Goods
“The EV conversion kit industry is not quite mainstream,” 
Richmond says. “You have to shop around, pick and 
choose, and be patient.”

After some Web research, he decided to purchase the 
S-10/Sonoma kit from Canadian Electric Vehicles Ltd. 
Randy Holmquist and his team in British Columbia have 
more than 12 years of experience with electric vehicles, 
but it was the responsive customer service and attention 
to detail that won Richmond over. Unlike some other 
distributors that just provide raw materials and instructions 
for fabrication, CanEV prefabricates all the adaptors, mounts, 
brackets, and boxes—virtually eliminating fabrication from 
the installation process.

The $10,700 cost of the kit did not include batteries, the 
controller cooling system, or the battery state-of-charge meter. 
The controller cooling system—a water circulating pump and 
miniature radiator—came from EV Source, a distributor 
based in Logan, Utah.

To save on shipping, Richmond purchased the 1,800 
pounds of batteries from Allied Batteries in Seattle. The kit 
recommended 225 amp-hour (AH) golf cart batteries, but 
Richmond chose ones with a slightly higher capacity—24 
Trojan T-145 (6 V, 260 AH)—to achieve a greater driving 
range. Richmond’s company—RightHand Engineering—
supplied the Xantrex Link-10 battery state of charge (SOC) 
meter.

The kit arrived on time with all the parts needed for the 
conversion—except for the controller and charger, which 
Richmond decided to customize to his application. By 
upgrading from a 120-volt charger to a 240-volt charger, he 
reduced the battery charge time from 12 hours to 4 hours.  
He swapped out the 300 A Curtis controller included in the 
CanEV kit for a Café Electric Zilla controller, which offers 
PC interface capabilities. The Zivan battery charger and 
Zilla controller took four months to arrive because both 
manufacturers had a backlog of orders.

Wiring Critical Connections
While waiting for the back-ordered parts to arrive, Richmond 
wired the control box. As the central hub for the vehicle’s 
wiring, the control box contains all the relays that connect the 
main battery bank to the vehicle systems. Wiring the box took 
more than 30 hours.

Although CanEV can pre-wire the main control box, 
a bonus for those who are less familiar with electrical 
wiring, Richmond saved money—roughly $1,000—by doing 
it himself and maintained the flexibility to tweak the kit’s 
electrical design.
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Above the drive motor— six T-145 lead-acid batteries and the 
control box, mounted to the left of the batteries.

In the bed—a custom battery box holds eighteen T-145s.
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Giving up the Gas
“As always, deconstructing was far easier than constructing,” 
Richmond says. “This part of the process is straightforward 
because vehicles are designed to have parts removed and 
replaced.” Over a month of evenings, he removed the ICE 
components: the exhaust, fuel, engine cooling, and emission 
control systems. Removing the engine required extra muscle 
and an engine hoist, which Richmond bought used for $100.

He also removed the air conditioning and power steering 
systems, which can require a lot of extra energy to operate, 
and pulled out the transmission to make installing the EV 
motor easier. (He replaced the power steering with a manual 
steering box from a 1980s-vintage vehicle of the same make.) 
In total, deconstructing accounted for a quarter of the entire 
conversion—about 40 hours.

Going Electric
The most time-intensive part of the conversion was installing 
the EV components. This took Richmond 110-plus hours 
spread out over a few months. He says that installing 
the first component—the electric motor—offers the greatest 
gratification and the greatest challenge. The centerpiece of the 
kit—an Advanced DC, 9-inch, 100 peak hp motor—provides 
power comparable to the truck’s original 4-cylinder, 120 hp 
internal combustion engine (ICE).

It took one long evening for him to install the electric 
motor on the transmission with the adaptor plate. Though 
some might have opted to leave the transmission in place 
and mate the motor under the hood, Richmond had removed 
the transmission to make connecting the two components 
easier. The motor mounts on one side of the plate while the 
transmission mounts on the other side, creating one large, 
heavy unit.

Placing this cumbersome component where the gas 
engine used to be was no easy task and warranted an 

EV Tech Specs

Overview
Make & Model: 2001 GMC Sonoma, extended cab

Transmission: 5-speed manual

Fuel: 144 VDC, 260 AH, lead-acid batteries (37 KWH)

Mileage: 2 miles per KWH

Fuel Cost: $0.04/mi. or $0.09/KWH

Top Speed: 70 mph

Typical Range: 40 mi. (leaving 20% battery reserve)

Electric Components
Motor: Advanced DC, 9 in., 100 hp peak (30 hp 
continuous) 

Controller: Cafe Electric, Zilla Z1K

AC Charger: Zivan NG5, 30 A, 240 VAC input, 144 VDC 
output

DC Converter: Iota DLS-45

System performance metering: Xantrex Link 10

Energy Storage
Batteries: Single string of 24 Trojan T-145, 6 VDC 
nominal, 260 AH at 20-hour rate, flooded lead-acid

Battery Bank: 144 VDC nominal, 260 AH total

Modifications 
Vehicle Curb Weight: 4,900 lbs. (original: 3,250 lbs.)

Tires: Goodyear Regatta II, low rolling resistance, 44 psi
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evening of its own. “It was an exercise in geometry that 
required two additional people,” Richmond says. “Getting 
it tilted at just the right angle demands some patience, but 
we worked it out.” Once positioned, the unit is bolted in 
place using the kit’s motor mount. Even with the challenge 
of installing the motor and transmission as a unit, he had no 
regrets about his decision to remove the transmission. “It 
was a trade-off,” he says. “Since proper mating is critical, I 
decided to live with the extra effort to install the combo.”

Positioning the Power
Next came the two prefabricated battery enclosures. Besides 
keeping the batteries securely fastened, the boxes latch to 
protect against accidental shock. The insulated aluminum boxes 
also help keep the batteries warm, since cold temperatures 
result in a temporary reduction in battery capacity.

The kit’s electrical design required two battery boxes: one 
in the bed that holds 18 batteries and one under the hood that 
holds six more. Because he chose batteries that were slightly 
taller than the boxes were designed for, he had to remove some 
metal from the edge of the box that could have made contact 
with the battery terminals and caused an electrical short. 
At this point, he secured the box in the bed but held off on 
installing the under-the-hood box because there was still some 
conversion work to do in the engine compartment.

Under the Hood
In the space once occupied by the air conditioning unit, 
Richmond installed a 1,500-watt ceramic heater to provide 
heat for the cab. Securing the piece required Richmond to 
fabricate a simple mounting plate from sheet metal—an easy-
enough task that suited his metal-working skills.

From there, he worked on the power controller and its 
cooling system—two of the most important components in 
the electrical system. The pulse-width-modulated (PWM) 

power controller regulates the power to the vehicle’s drive 
train by translating the position of the accelerator pedal into 
power flowing to the electric motor, making the car go.

For every amp that flows to the motor from the controller, 2 
watts of waste heat are generated in the controller. At 400 amps, 
for example, the power controller produces 800 watts of heat. 
The cooling system circulates water through the controller to 
cool the electronics, preventing the unit from overheating and 
causing a thermal shutdown of the Zilla controller.

Outfitting the Cab
With these vital components in place, and after mounting the 
vacuum pump for the power brakes, the control box, and the 
remaining battery box above the electric motor, Richmond 
moved his work from under the hood into the cab. There, he 
mounted the charger and 45 A DC-DC converter behind the 
driver’s seat. The extended cab allowed enough room for both 
components, which should not be exposed to the elements. As 
an added bonus, the charger produces heat while charging. 
“When it’s colder outside, I try to charge the truck right before 
I leave for work. That way I don’t have to run the heater as 
much, if at all,” Richmond says. 

The DC-DC converter charges a 12-volt battery (also in 
the cab) that powers the vehicle’s accessories—headlights, 
windshield wipers, radio, etc. This battery is separate from 
the traction batteries under the hood and in the bed so that the 
vehicle can operate standard 12 V accessories independently.

Richmond wrapped up the cab components installation 
by installing a battery SOC meter—what he considers an 
“absolute must” for EV newbies who tend to overestimate 
their battery charge. Much like a gas gauge shows the amount 
of gas in the tank, the SOC meter shows the amount of energy 
available in the vehicle’s batteries.

Tying up Loose Ends
One of his final tasks—wiring the AC power cabling to the 
charger—was perhaps the easiest. The AC plug fit perfectly 
behind the old gasoline filler cap, saving Richmond from 
enlarging the existing hole. 

Last but certainly not least was wiring the three-fold 
safety system and wiring the batteries to each other. The EV’s 
safety system includes a 500 A fuse in the rear battery box 
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The original 

gasoline filler cap 
was replaced by 
a 240 VAC plug.

The control box, with the logic interface mounted on its cover.



that opens the circuit if the system shorts; a breaker in the 
control box that is connected to a knob on the dash board for 
emergency disconnect; and an inertia switch in the control 
box that causes the circuit to open and stop the motor in 
the event of an accident. Wiring the batteries seems fairly 
straightforward—connecting the positive terminal of one 
battery to the negative of the next—but tight connections are 
vital to performance and preventing the connections from 
overheating and melting the terminals.

Turning the Key
Then came the moment he had anticipated for more than a 
year—the test drive. “It’s a nerve-racking moment. You just 
hope that everything works and no smoke appears,” he recalls.

Rather than running the motor at the full 400 amps, 
he took gradual steps. Using his laptop connected to the 
controller’s computer interface, he programmed the power 
controller for 50 amps—barely enough power to move the 
vehicle. He adjusted the settings eight times, adding 50 amps 
each time until reaching the maximum, 400 amps. At each 
increment, he checked all the components and connections for 
signs of heat and unusual noises.

Much to his surprise, there was nothing wrong—no 
melting wires, no smoking connections, no mystery noises. 
The vehicle was road-ready.

“Every increment of the testing built my confidence,” 
Richmond says. “When I actually got up speed and drove it a 
few miles down the road, I was thrilled with the results. The 
first thing that struck me was the quiet. When I pulled out, the 
only sound I heard was the gravel beneath my tires. It was such 
a cool feeling to drive without putting out any exhaust.”
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Out with the ICE
Converting an internal combustion engine vehicle to 
an EV requires getting into the guts of the machine—
and removing many parts and pieces. Here’s a list of 
those that went by the wayside in preparation for going 
electric.

He noticed only one problem during his inaugural ride: a 
non-responsive speedometer. Turns out, the signal source for the 
speedometer—the power train computer—had been part of the 
gas engine system. So he installed an aftermarket speedometer 
adapter that takes electrical pulses from the transmission and 
turns them into signals for the speedometer.

Enjoying the Ride
Where once there was a gas cap, there now is a 240 V, 30 A 
twist-lock AC plug. A vehicle that once drove 400 miles on a 
19-gallon tank of gasoline now drives 40 miles when the EV’s 
batteries are fully charged.

No more gasoline means no more exhaust fumes and 
none of the maintenance that comes with ICE engines—tune-
ups, oil changes, radiator flushes, starter repairs, muffler/
exhaust pipe replacements, to name a few. Instead, Richmond 
performs battery maintenance and system inspections every 
few months. He looks for signs of heat, bad cables, and poor 
connections. He also cleans corrosion, tightens connections, 
and refills the water in the batteries.

Besides eliminating tailpipe emissions, Randy also uses 
renewable energy sources for recharging the EV’s batteries—
an 800-watt grid-tied PV system and grid power purchased 
from the Green Power program at Puget Sound Energy—
eliminating the pollution associated with conventional coal or 
natural-gas-fired electricity production.

Though he misses A.M. radio reception, which is blocked 
by interference from the controller’s PWM, Richmond couldn’t 
be happier with the finished product. “I like driving by the gas 
station and never stopping,” he says. “I like that I come home 
and plug in my car, just like plugging in my cell phone.”

One major future expense will be batteries. In four to six 
years, Richmond will need to replace them or modify the 
electrical design to run on newer battery technology if it’s 
available. Either scenario will cost $3,000 or more. But that’s 
a small price to pay for a vehicle that could last more than 15 
years and cut fuel costs by two-thirds, Richmond says.

Curing the Hiccups
As much as he enjoys his new ride, the vehicle is not without 
some shortcomings. It struggles to keep up with traffic on steep 
hills, forcing him to pull onto the shoulder for one hill along 
his regular commute to let other traffic go by. By opting for 
larger batteries instead of more batteries and higher voltage, 
Richmond chose to get more distance rather than have better 
acceleration. He’d expected to be able to push 1,000 amps to 
the motor (the full carrying capacity of the power controller), 
but he learned that flooded lead-acid batteries are limited to 
about 400 amps because anything higher could overheat and 
melt the battery terminals. Had he realized this limitation 
during the design phase, he could have used bigger cabling 
and added industrial grade terminals, which might have 
pushed the power limit to 500 or 600 amps.

The weight of the batteries only exacerbates the less-
than-optimal acceleration situation. Richmond had wanted 
to keep the vehicle’s weight under the gross vehicle weight 
rating (4,600 pounds), but the heavier, 260 AH batteries 
that he chose pushed the vehicle to 4,900 pounds and only 

Engine

Emission System

Computer

Air Conditioning System
•	 Compressor
•	 Radiator
•	 Chamber	

Air Intake System
•	 Ducting
•	 Filter

Exhaust System
•	 Muffler
•	 Catalytic	converter
•	 Pipes

Cooling System
•	 Radiator
•	 Shrouds
•	 Hoses
•	 Fan

Power Steering
•	 Pump/Reservoir
•	 PS	box
•	 Hoses
•	 Fluid	cooler

Fuel System
•	 Gas	tank/pump
•	 Hoses/Lines
•	 Filter
•	 Sensor
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added a few extra miles to the driving range. In retrospect, 
he says he would have chosen smaller, lighter 225 AH 
(T-105) batteries. Reducing the amp-hours would have cost 
him a few miles of driving range but could have saved 
him about $1,000 and reduced the vehicle’s weight by 300 
pounds. 

To improve the vehicle’s performance, Richmond has 
made some minor changes. A tonneau cover over the bed not 
only improves the vehicle’s aerodynamics but also prevents 
unauthorized access to the battery box, which comes with a 
latch but not a lock. New, low-rolling-resistance tires extend 
the driving range by a few miles and make manual steering 
a tad easier on the arms. A data-logging system, which plugs 
into the battery SOC meter on the dash, helps monitor the 
vehicle’s efficiency. A tow bar, tow lights, and drive line 
coupling device will make towing easier—just in case he ever 
runs out of juice.

Despite the few glitches, Richmond enjoys every minute of 
the EV experience. From start to finish, research to test drive, 
the conversion took one year. “I’ve heard stories about people 
who converted vehicles in a weekend, but I’m a perfectionist. 
I took my time and learned a lot along the way,” he says. 
“Sure, I made some mistakes, but I’m pleased with the end 
product and plan to drive it for many years to come.”

Access
Kelly Davidson, Home Power Associate Editor, is living without 

wheels (that is, the motorized kind) in New Jersey. She daydreams 

of the day when bike lanes outnumber freeways and renewable 

energy powers a national mass transit system.

Randy Richmond, RightHand Engineering, 19310 226th Ave NE, 

Woodinville, WA 98077 • Phone/Fax: 425-844-1291 •  
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Every morning, before brushing teeth 
or having a look at the weather outside 
our Victoria, Australia, off-grid home, 

my wife Carrie or I pad downstairs to 
the battery room to check the meters that 
monitor our electrical system. The reading 
determines whether we use the propane 
stove or the electric jug to heat water for our 
tea. Since our microhydro plant upgrade, it’s 
usually the jug.

This ritual has become a part of our 
daily lives, like making the bed: A quick 
look at battery voltage and power from our 
microhydro system. It used to be a stomach-
churning moment for us: Our previous 
microhydro turbine was dysfunctional too 
often due to its poor design, which meant 
a trip down to the river to clean the turbine 
blades—an uncomfortable and sometimes 
life-endangering task. Since replacing that 
“experiment” with an Energy Systems & 
Design (ES&D) LH1000 low-head turbine, 
complete with a prototype “leaf-mulcher,” 
and new PV modules to back up the hydro, 
off-grid life’s simply blissful.
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by Jeffe Aronson

Water Rites
A Microhydro  
Evolution

Above: The view downstream along the weir.

Left: The author with the new turbine.



Off-Grid with Comfort
Living in the most remote part of the Victorian Alps, 
15 kilometers (9.3 mi.) from the electric grid, has not reduced 
my appreciation for flipping a switch rather than filling and 
lighting kerosene lanterns, using circular saws instead of 
hand saws, or for using other time-savers like toasters and 
microwave ovens. 

These days, although I’m an active 53 years old, I’m not 
content to spend my time chopping wood for cooking. Nor 
do I care to write by lantern light, or pull a coolish beer out 
of the river. Instead, I want plenty of free time to go trekking, 
kayaking, and skiing. Plus, I like my beer ice cold!

For the first few years, we had big problems with our 
original, locally engineered hydro plant (see “Choosing 
Microhydro…” in HP101). We feared that we’d made a huge 
mistake, as our time, money, and energy was sucked into the 
hydro like leaves. Friends and neighbors shook their heads 
at our folly. But our recent turbine upgrade has markedly 
reduced our “power plant management” needs, freeing several 
daily hours for ourselves, and now our off-grid life is good.

Microhydro Madness
It wasn’t until after we installed our first contraption that we 
discovered it was a manufacturer’s experiment in low-head 
axial turbines. Its many 90-degree angles impeded flow, 
making it inefficient. Its access port to the blades was too 
small for an average-sized adult, and usually under water, 
making debris clearing a freezing-cold, often dangerous 
nightmare. We kept a cardboard “turbine box” near the back 
door stocked with a dry suit, goggles, snorkel, life jacket, and 
safety rope. No kidding.
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Water Level

Draft Tube:
Contributes to

total head

Stand Pipe:
Plywood box

Alternator:
Permanent magnet;
running at 120 VDC,

450 W output

Guide Vanes

Runner:
Four-blade; 5 in. diam.

Penstock:
10 in. diam. steel pipe with

butterfly valve shutoff

Weir:
Concrete;
16 in. thick

at top

Total Head:
6 ft.

Clean-Out Pipe:
2 in. diam.
steel pipe

with NC valve

Tailwater:
Downstream to river

Upstream
Along Weir

Microhydro turbine manufacturer  
Paul Cunningham measures the penstock.

The author works on attaching  
the penstock to the stand box.

Up and running—the first power output test.

Hydro System Setup
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Overview
System type: Off-grid, battery-based microhydro-electric  
with PV

System location: Victoria, Australia

Site head: 1.8 m (6 ft.)

Hydro resource: 125 liters/second (30 gal./second), dry season; 
190 liters/second (50 gal./second), wet season

Hydro production: 252 KWH per month ave., dry season;  
291 KWH per month ave., wet season

Solar resource: 4.7 ave. daily peak sun-hours

PV system production: 45 KWH per month ave.

Hydro Turbine
Turbine: Energy Systems & Design LH1000, low-head propeller

Runner diameter: 5 in.

Alternator: Brushless permanent magnet

Rated peak power output: 1 KW

Hydro Balance of System
Hydro turbine controller: AERL Maximizer

Dump load: Two 400 W heat coils (resistors)

Inverter: Solar Energy Australia 2500, 24 VDC nominal input,  
220 VAC, 50 Hz sine wave output
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Circuit protection: 30 A breaker

System performance metering: Plasmatronics PL20

Photovoltaics
Modules: Sharp, ND-L3EJE, 123 W STC, 17.2 Vmp, 12 VDC 
nominal

Array: Two, two-module series strings, 492 W STC total, 
34.4 Vmp, 24 VDC nominal

Array disconnect: 40 A breaker

Array installation: Homemade steel mount installed on north-
facing roof, 48-degree tilt

PV Balance of System
Charge controller: Plasmatronics PL40, 40 A, PWM, 12–48 VDC 
nominal input and output voltage

Inverter: Solar Energy Australia 2500, 2.5 KW, 24 VDC nominal 
input, 240 VAC, 50 Hz output

System performance metering: Plasmatronics PL20

Energy Storage
Batteries: Lucent 1AVR 2/85-75L, 2 V nominal, 1,200 AH, sealed, 
valve-regulated lead acid (used telephone co. batteries)

Battery bank: One, 12-battery string, 24 VDC nominal, 1,200 AH total

Hydro & PV Tech Specs

The turbine’s poorly designed blades often came loose 
and rotated to the wrong angle, either jamming the unit 
or causing the turbine to lose a lot of power. The complete 
turbine weighed in excess of 200 kilograms (441 lbs.), making 
its removal a time-consuming process that required a winch.

Another unfortunate problem was that we weren’t informed 
to build the intake with debris screening in mind. All hydro 
plants have to contend with leaves, sticks, and other detritus. 
Because of the turbine and intake’s design, we had to fiddle and 
mess with the turbine often, sometimes as much as three times 
a day. In contrast, a well-designed turbine intake should require 
a screen- or blade-cleaning perhaps once a week or, during 
summer low flows, once every few weeks. Unfortunately, when 

Above: The new and improved  
clean-out procedure.

Right: The old, cold  
clean-out procedure.

Far right: A close-up of the  
custom leaf mulcher.



work for us. The LH1000 turbine he recommended was a 
fraction of the size of our original turbine, weighing about 
20 kilograms (44 lbs.). It has a strong, cast bronze runner/
propeller, and could be made to offer blissfully easy access 
for unclogging.

We decided to give it a try and ordered one. Though Paul 
offered excellent support and advice over the phone and 
Internet, we invited him to visit us in Australia and help with 
the installation, and he accepted.

www.homepower.com

hydro upgrade

55

Dump Loads:
Two 400 W air heaters

Breaker:
250 ADC Converter:

AERL Maximizer,
120 VDC in,
24 VDC out

Inverter:
Solar Energy Australia

2500, 2,500 W,
24 VDC input,

220 VAC, 50 Hz sine
wave output

AC Mains Panel:
To house loads;
220 VAC, 50 Hz

Ground

Batteries:
Twelve Lucent 1AVR 2/85-75L; 1,200 AH

each at 2 V; wired for 24 VDC

Note: All numbers are rated,
manufacturers’ specifications,

or nominal unless otherwise specified.

Hydro Generator:
ES&D LH1000;

5 in. diam., 4-blade, propeller turbine;
1,000 W permanent magnet alternator;

120 VDC output

Photovoltaic Array:
Four Sharp, ND-L3EJE; 123 W at 12 VDC,

wired for 492 W at 24 VDC

PL20
PL40

Diversion Controllers:
Two Plasmatronics, PL20 & PL40;

Control relays to energize dump load resistors

Power Panel:
Internal relays,

controls, and fusing
not shown

Transmission Distance:
650 ft.

we first built the weir, we did not understand the importance of 
a debris-screening strategy. Proper design greatly minimizes, or 
can even eliminate, manual debris removal. Including screening 
in the original design would have been easy, but now such an 
addition would be more difficult.

Our original turbine’s 350-watt maximum output usually 
lasted only an hour or so after debris was cleared. After that, 
frequent checks of our Plasmatronics PL20 display would 
show the power declining steadily until we’d take our next 
forced march down the steep hill to reclean the turbine blades 
and intake screens. I dreaded the next flood or power drop, 
and dreamed of just going back to loving whatever mood the 
river was in. That cranky turbine cost us AU$6,000—three 
times more than the new ES&D LH1000 we replaced it with. 
Our naïveté and rush to build the hydro system cost us 
dearly—in money, time, and energy. On the plus side, we 
learned heaps about microhydro systems and renewable 
energy, and had in place all the other balance of system 
equipment—wiring, batteries, inverter, and regulator—for a 
new turbine. But we’d finally had enough—after five years 
of struggle, our patience and nerves were at an end, so we 
decided to replace the flawed turbine.

Through a microhydro e-mail list-server group (see 
Access), we received advice from several folks. Paul 
Cunningham, of ES&D in Canada, read my Home Power 
article from 2004, and felt that one of his turbines would 

The power wall.

Aronson Hydro & PV System
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New Nuts & Bolts
With water flows of at least 125 liters per second (1,981 gpm), 
even during extended drought, and an average 1.8-meter (5.9 
ft.) head, the new turbine was projected to provide at least 450 
watts. Compared to the old machine, the new turbine required 
about 50 liters per second (800 gpm), so there was enough 
water to install two of the ES&D machines if need be.

It took half a day to remove the old turbine, and six 
people and a truck winch to drag the behemoth up the hill, 
where it remains lying in the long grass like a carcass. I’ve 
since sold its generator—a washing machine motor—for a 
couple hundred bucks, assuaging my need to recoup at least 
something from the beast.

It took just another day and a half to nut things out at 
the river with Paul. We built the plywood box that channels 
the water to the turbine and carried it down to the river, 
where we bolted it to the intake pipe. After making some 
adjustments, we slipped in the draft tube, clamped the new 
turbine to it, and opened the butterfly valve at the inlet. Just 
like that, we were up and running, and everything worked 
great on the first try! What a relief!

Sticks & Stones
We let our new turbine run for the first summer as-is, 
experimenting and observing. It worked well, regularly 
putting out about 450 watts. The debris problem remained, 
but was greatly diminished. With the old turbine, sticks, 
stones, and leaves worked their way to the blades. These 
would either clog the blades, or a stone or stick might even 
break one. Removing the clog meant the water torture of 
shutting down the turbine, opening the intake, which was 
often below water level, reaching and contorting to get an arm 
down to the blades, and grabbing out the glop bit by bit—all 
the while kneeling chest-deep in freezing water. Not fun.

But the ES&D turbine needs only minor cleaning. The new 
and improved muck-out process simply involved shutting 

the intake butterfly valve, removing one wall of the box, and 
sticking a finger or two through the vanes to wipe the tiny 
leaves and algae off the blades—all at eye level, high and dry 
above the water line. The shape of the inlet vanes prevents 
sticks from reaching the blades. Although stones can still get 
drawn into the box, they drop safely to the bottom, awaiting 
removal the next time the access port is opened. The concern 
became small leaves and algae, which drape themselves over 
the blades, slowing the turbine and reducing power.

Through the microhydro list server, I communicated with 
Michael Lawley of Eco Innovation in New Zealand. He’d 
been having similar debris problems with his Vietnamese-
made, low-head unit, which he’d solved by inventing a 
simple “leaf-mulcher.” Paul and I decided to adapt this great 
idea to our turbine.

The mulcher is a little piece of plastic with its end shaped 
to mirror the blade tops. It extends down below the inlet 
vanes about 1 millimeter (0.04 in.). Centrifugal force keeps 
the leaves at the outside edge of the blades, so the mulcher 
does not need to stick out very far. As the four blades spin, 
each passes by the mulcher 1,500 times a minute, which 
knocks or slices off the buildup. We had the mulcher in place 
all last summer and never once had to clean the blades! Plus, 
instead of reducing the turbine’s power, its output actually 
increased!

Now, our cue to clean the new turbine kicks into gear 
when the meter shows the turbine output dropping to 
between 10 and 11 amps (from 13 to 15 amps normally), 
which, in summer or winter, can occur after several weeks, or, 
in autumn, after several days, instead of just a few hours. One 
of us strolls down to the falls and turns off the intake butterfly 
valve to drain the chamber. Then the valve is reopened a 
crack to direct a high-powered water jet onto one side of 
the inlet vanes, which washes the leaves and algae from the 
blades. Once that’s finished, we open the valve fully to fill the 
box and restart the turbine.

RE Reliability
With a few lights and the stereo going, our household loads 
vary between 100 and 150 watts, depending on whether the 
fridge and/or freezer are running. If we use the microwave, 
toaster, or electric tea jug, the load can briefly increase to 1,200 
watts. With our microhydro system, these loads are no problem 
at all, and, within a few minutes, we’re back to dumping the 
excess energy from the hydro plant. Unlike off-grid homes 
that rely solely on small PV systems, where “phantom” loads 
from TVs, stereos, computers, and microwave clocks must be 
scrutinized, our hydro’s continuous output means that we 
can just ignore them.

We recently added 492 watts of rooftop PV modules 
to our off-grid system. It’s a cleaner, quieter backup to the 
microhydro system than an engine generator and has turned 
out to be a wonderful complement. During instances of 
flooding or, more rarely, when the turbine has to be shut 
down for maintenance, we still have enough energy to run 
most of our common household loads.

When the sun shines fully, the modules produce up to 
450 watts. At the same time, the hydro is producing as much 
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with silt from a 
flood, but the 
turbine itself is 
easily removed 
if the river is 
approaching 
flood stage.
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as 450 watts. When everything’s humming, the systems 
produce as much as 13 kilowatt-hours (KWH) daily! This 
is much more energy than we normally need, but having 
the two separate energy sources means that when the river 
is flooding or we’re doing maintenance on the hydro, or 
conversely when the sun’s been behind clouds for weeks, we 
still have plenty of energy.

With solar-made electricity, when the batteries are full, 
a charge controller cuts back the energy from the modules. 
But with microhydro, energy production does not stop—as 
long as water is flowing through the turbine. Switching off 
the electricity between the turbine and the battery will cause 
the turbine voltage to go too high. This scenario can create 
big problems, so those electrons have to go somewhere. 
When our batteries are full, a diversion controller shunts the 
excess hydro power to an air-heating resistance “dump load,” 
dispersing it as waste heat, and keeps the turbine electrically 
loaded and running at the proper rpm.

Have a Cold One
We are quite pleased with the way the systems are working. 
No longer slaves to our turbine, we can leave for days without 
worrying about food in the freezer thawing. During floods or 
long bouts of clouds and rain, we don’t have to hassle with a 
backup generator. Even in rare instances when the river is in 
flood and there are also several days of heavy cloud cover, we 
employ energy-conscious practices to make the energy stored 
in our battery last for two or three days.

There are still some projects ahead. We’ll install a more 
permanent, metal turbine box, with a discreet cover to protect 
the turbine from flood debris and to hide the equipment 
from hikers, anglers, and our view. We’ll be using some of 
our newfound time to plan a better pre-screening system to 
prevent debris or fish from working their way to the turbine 
box. Finally, we have a water heater coil awaiting installation 
in a hot water tank, so the excess energy our system makes 
can be put to good use. After these upgrades, we’ll take a long 
break and have that ice-cold beer, compliments of our fully 
functional RE system!

Access
Jeffe Aronson (jeffe@tpg.com.au) is a 33-year veteran river guide, 

having rowed and paddled in South America, Australia, Africa, and the 

United States. He’s owned a natural foods store, pioneered river trips 

in the Grand Canyon for disabled persons, and directed the historic 

restoration of downtown Flagstaff, Arizona.
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“

view of the devastation wrought by mountaintop removal 
mining. I visited filled-in creeks and drove around with a 
local politician who explained to me with a straight face that 
flattening West Virginia was actually a good thing, because 
the state needed more level ground for golf courses.

But the most memorable moment of that trip was a 
dinner I had with Bill Raney, the head of the powerful West 

Virginia Coal Association. 
It was less than a year 
after the 2000 election, and 
Raney’s Beltway credentials 
were at an all-time high 
after his having helped 

deliver the state of West Virginia—and the Oval Office—to 
George W. Bush.

But it wasn’t Raney’s political connections that impressed 
me. Nor was it his defense of mountaintop removal mining as 
a necessary evil if West Virginia is to compete with coal mines 
in other states. It was what he said about technology. “The 
thing that people don’t realize,” Raney drawled, “is that if it 
weren’t for coal, there would be no Internet, no Microsoft, no 

U ntil I was forty years old, I had never seen a lump of 
coal. Growing up in California, I’d visited hydro-electric 
dams in the Sierra Nevada foothills and wind farms east 

of San Francisco Bay. These sights made generating electricity 
seem easy and natural, like growing wheat or getting a suntan. 
It gave me the idea—one that I clung to for years—that it didn’t 
really matter if I left the light on in the other room, because it 
just meant the hydro turbines 
and the wind generators had 
to spin a little longer. 

I lost my innocence 
in the summer of 2001, 
when the New York Times 
Magazine sent me to West Virginia to write about the 
surprising comeback of coal during the early days of the Bush 
administration. Over the next few weeks, I visited several coal 
mines and talked with the engineers who worked in them. I 
drove to Cabin Creek, a narrow valley south of Charleston, 
West Virginia, where, in 1913, mining company thugs opened 
fire with Gatling guns on their own workers. I flew in a 
small plane over the southern coalfields, getting a bird’s-eye 
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Big Problems 
Adapted from Big Coal by Jeff Goodell

The United States is more dependent on coal today 
than ever before. The average American consumes 
about 20 pounds of coal a day. 

Every year, this coal-fired power plant in Rockport, Indiana, releases several million tons of carbon dioxide, a potent greenhouse gas; 
thousands of tons of sulfur dioxide, a chemical contributor to acid rain; and 1,300 pounds of mercury, a powerful poison, into the environment.

John Blair/www.valleywatch.net
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Yahoo!” He leaned over his dinner plate. “Did you know that 
it takes more electricity to charge up a Palm than it does to 
run an ordinary refrigerator? And that every time you order a 
book from Amazon, you burn over three pounds of coal?”

I didn’t know that. Later, I would find out that his 
calculations were wildly exaggerated. But his larger point 
about the interconnectedness of the dirty life of the mines 
and the sparkly pixels on my 
computer screen was correct. 
What Raney was really saying 
to me, I understood later, was 
this: You use a computer. You 
have lights in your house. You 
watch TV. You buy products 
manufactured using coal-fired electricity from stores that use 
the same. You are implicated in all of this. We all are. 

A Burning Issue
One of the “triumphs” of modern life is our ability to 
distance ourselves from the simple facts of our own 
existence. We love our hamburgers, but we’ve never 

www.homepower.com
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seen the inside of a slaughterhouse. We’re not sure if 
the asparagus that accompanies our salmon is grown in 
Ecuador or Oregon. We flush the toilet and don’t want to 
know any more. If we feel bad, we take a pill. We don’t 
even bury our own dead—they are carted away and 
buried or burned for us.

It’s easy to forget what a luxury this is—until you visit a 
place like China. Despite its 
booming economy in recent 
years, the insulating walls 
of modern life have not yet 
been fully erected there. In 
restaurants, the entrees are 
often alive in a cage in the 

dining room. Toilets stink. When you flip the switch on the 
wall and the light goes on, you know exactly what it costs—
all you have to do is take a deep breath and feel the burn of 
coal smoke in your lungs. 

And coal is everywhere in twenty-first-century China. 
Plumes of coal smoke rise from rusty stacks on every urban 
horizon. There is soot on every windowsill and around 

Although America is a vastly richer country 
with many more options available to us,  
our per capita consumption of coal is three times 
higher than China’s.

with Big Coal
The Kayford Mountain mine near Charleston, West Virginia, covers a 12,000-acre swath of once-forested, mountainous land. This is 

one of 450 mountains in the central Appalachian region that has been decimated by the mountaintop removal mining process. 

Courtesy Vivian Stockman, www.ohvec.org, flyover courtesy southwings.org

www.homepower.com


Our Fossil Fuel Fix
In truth, the United States is more 
dependent on coal today than ever 
before. The average American consumes 
about 20 pounds of coal a day. We don’t 
use it to warm our hearths anymore, 
but we burn it by wire whenever we 
flip on the light switch or charge up 
our laptops. More than 100 years after 
Thomas Edison connected the first 
lightbulb to a coal-fired generator, coal 
remains the bedrock of the electric 
power industry in America. About 
half the electricity we consume comes 
from coal—we burn more than a billion 
tons of the rock a year, usually in 
big, aging power plants that churn out 
amazing quantities of power, profit, 
and pollution. 

In fact, electric power generation 
is one of the largest and most capital-

intensive industries in the country, with revenues of more 
than $380 billion in 2005. And the rise of the Internet—a global 
network of electrons—has only increased the industry’s power 
and influence. We may not like to admit it, but our shiny 
white iPod economy is propped up by dirty black rocks.

Energy-wise, a fundamental problem in the world today 
is that the Earth’s reserves of fossil fuels are finite, but our 
appetite for them is not. The issue is not simply that there are 
more people in the world, consuming more fossil fuels, but that 
as economies grow and people in developing nations are lifted 
out of poverty, they buy cars and refrigerators, and develop an 
appetite for gas, oil, and coal. Between 1950 and 2000, as world 
population grew by roughly 140%, fossil fuel consumption 

increased by almost 400%. 
By 2030, the world’s demand 
for energy is projected to 
more than double, with 
most of that energy coming 
from fossil fuels.

We’ve been hooked on coal for almost 150 years now, and 
like a Bowery junkie, we keep telling ourselves that it’s time 
to come clean, without ever actually doing it. We stopped 
burning coal in our homes in the 1930s, in locomotives in the 
1940s, and by the 1950s it seemed that coal was on its way out 
for electricity generation too. Nuclear power was the great 
dream of the post-World War II era, but the near-meltdown of 
the Three Mile Island nuclear power plant in 1979 put an end 
to that. Then natural gas overtook coal as the fuel of choice. If 
coal was our industrial smack, natural gas was our methadone: 
it was cleaner, easy to transport, and nearly as cheap as coal. 
Virtually every power plant built in America between 1975 
and 2002 was gas-fired. But natural gas production in the 
United States has been flat for several decades, leading us 
to import more and more from Canada, where production is 
also beginning to peak. There are still substantial reserves in 
places such as Russia and Qatar, but the global shipping and 
trading infrastructure remains undeveloped. 
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the collar of every white shirt. It’s what’s fueling China’s 
economic boom, and nobody makes any pretense that it 
isn’t. But the toll of the rough journey China is undertaking is 
glaring. More than 6,000 workers a year are killed in China’s 
coal mines. The World Health Organization estimates that 
in South Korea, 355,000 people a year die from the effects 
of urban outdoor air pollution, much of it resulting from 
burning coal. All over China, limestone buildings are 
dissolving in the acidic air. The first time I visited Jiamusi, 
a city in China’s industrial north, it was so befouled by coal 
smoke I could hardly see across the street.

And it’s not just the Chinese who are paying for their 
coal-fired prosperity. Pollution from China’s power plants 
blows across the Pacific and 
is inhaled by sunbathers 
on Malibu beaches. Toxic 
mercury from Chinese coal 
finds its way into polar 
bears in the Arctic. Most 
seriously, the carbon dioxide (CO2) released by China’s mad 
burning of coal is helping to destabilize the climate of the 
entire planet.

All this would be much easier to condemn if the West 
had not done exactly the same thing during its headlong 
rush to become rich and prosperous. In fact, we’re still doing 
it. Although America is a vastly richer country with many 
more options available to us, our per capita consumption of 
coal is three times higher than China’s. You can argue that we 
manage it better—our mines are safer, our power plants are 
cleaner—but mostly we just hide it better. Most of us have 
no idea how central coal is to our everyday lives or what our 
relationship with this black rock really costs us. In addition, 
U.S. consumers buy many products from China, so we’re in 
part responsible for the detrimental effects of China’s coal 
industry, even if our use is one step removed. The pollution 
from China’s coal-fired electricity crosses the same oceans as 
its exported products do.

Between 1950 and 2000, as world population grew 
by roughly 140%, fossil fuel consumption increased 
by almost 400%.

Excavation at an open cast coal mine.
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By 2012, predicted cuts in greenhouse-gas emissions under the 
Kyoto treaty will be swamped by emissions from a surge of new 
coal-fired plants built in China, India, and the United States.

Sources: UDI-Platt’s, U.S. Energy Information Administration, and 
industry estimates; Scott Wallace, Christian Science Monitor staff

Projected CO2 Emission 
Increases by 2012
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Average Annual Per Capita CO2 
Emissions from Fossil Fuels

So coal has emerged as the default fuel for generating 
electricity. Coal has a number of virtues as a fuel: it can be 
shipped via boats and railroads, it’s easy to store, and it’s 
easy to burn. But coal’s main advantage is that it’s cheap and 
plentiful. There are an estimated 1 trillion tons of recoverable 
coal in the world, by far the largest reserve of fossil fuel left 
on the planet. In a world starved for energy, the importance 
of this simple fact cannot be underestimated: The world needs 
cheap power, and coal can provide it.

The Costs of Coal
Much of America is literally built upon thick seams of coal 
and has the geologic good luck of having more than 25% 
of the world’s recoverable coal reserves—about 270 billion 
tons—buried within its borders. As coal industry executives 
never tire of pointing out, this is enough coal to fuel America 
at the current rate of consumption for about 250 years. 

But this great bounty of coal is also a great liability. 
It means that America has a big incentive to drag out the 
inevitable transition to cleaner, more modern forms of 
energy generation. Renewable energy guru Amory Lovins 
estimates that by the time you mine the coal, haul it to the 
power plant, burn it, and then send the electricity out over 
the wires to the incandescent bulb still used in most homes, 
only about 3% of the energy contained in a ton of coal is 
transformed into light. In effect, America’s vast reserve of 
coal is like a giant carbon anchor slowing down the nation’s 
transition to new sources of energy. And because coal is 
the dirtiest and most carbon-intense of all fossil fuels—coal 
plants are responsible for nearly 40% of U.S. emissions of 
CO2, the main greenhouse gas—a commitment to coal is 
tantamount to a whole host of environmental and public 
health issues, including global warming. 

In America, the story of coal’s emergence as the default 
fuel is inextricably tied up with corruption and politics. For 
Big Coal, this change in America’s political and economic 
climate during the 2004 elections was transformative. As 
of 2006, more than 150 new plants, representing more than 
$130 billion in new investment, were either planned or under 
construction in the United States.  Long-shuttered mines were 

...by the time you mine the coal, haul it to the power 
plant, burn it, and then send the electricity out over 
the wires to the incandescent bulb still used in most 
homes, only about 3% of the energy contained in a 
ton of coal is transformed into light.

Source: U.S. Department of Energy, Energy Information Administration, 
International Energy Outlook 2007
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And burning coal is even more deadly. In just the past 20 
years, air pollution from coal plants has shortened the lives 
of more than half a million Americans. The broad legacy of 
environmental devastation—acid rain, polluted lakes and 
rivers, mined-out mountains—is impossible to tabulate. In 
Appalachia alone, the waste from mountaintop removal 
mining (instead of removing coal from the mountain, the 
mountain is removed from the coal) has buried more than 
1,200 miles of streams, polluted the region’s groundwater 
and rivers, and turned about 400,000 acres of some of the 
world’s most biologically rich temperate forests into flat, 
barren wastelands. Plumes of toxic particles drift from Ohio 
northeast to Maine; a molecule of mercury emitted from the 
stack of a power plant in Tampa ends up in the brain of a 
child in Minneapolis. If and when fruit trees start growing on 
the Alaskan tundra, American coal burners past and present 
will be largely responsible.

Not so long ago, you could justify coal’s dark side with 
a single word: jobs. In the 1920s, when more than 700,000 
people worked in the mines, it was plausible to argue that 
miners were the backbone of the economy. Today there are 

reopening, and old coal miners were dusting off their boots. 
Wall Street analysts, in a swoon over the old rock, began 
cranking out pro-coal reports with titles such as “Come On 
Over to the Dark Side” and “Party On, King Coal!”

Lost in the hype, of course, is a sober accounting of what 
this new coal boom might really cost us. In 2006, 47 men died in 
coal mines, including twelve in an explosion at the Sago mine 
in northern West Virginia and two more after a fire in the Alma 
mine in the southern part of the state. In 2007, nine men died in 
Utah’s Crandall Canyon mine. Since 1900, according to the U.S. 
Department of Labor, more than 100,000 people have been killed 
in coal mine accidents, many forever entombed by collapsed 
roofs and tumbling pillars. Black lung, a disease common among 
miners from inhaling coal dust, is conservatively estimated to 
have killed another 200,000 U.S. workers since the early 1900s.  

more florists in the United States than there are coal miners. 
And if coal mining was the sure-fire ticket to wealth and 
prosperity that many in the industry claim, West Virginians 
would be dancing on gold-paved streets. Over the past 150 
years or so, more than 13 billion tons of coal have been carted 
out of the Mountain State. What do West Virginians have 
to show for it? The lowest median household income in the 
nation, a literacy rate in the southern coalfields that’s about 
the same as Kabul, Afghanistan, and a generation of young 
people who are abandoning their home state to seek their 
fortunes elsewhere.

The argument that cheap power is vital to keeping 
American manufacturers competitive is also suspect. At a 
time when U.S. auto manufacturers spend more money on 
health care for their workers than on steel for their cars, it’s 
increasingly hard to make the case that cheap electricity is a 
major factor in keeping jobs from being exported to Asia. By 
contrast, a full-blown push for clean energy could unleash 
a jobs bonanza that would make what happened in Silicon 
Valley in the 1990s look like a bake sale.

Coming Clean
During the three years I spent researching my book, about 3 
billion tons of coal went up in smoke in America,  creating 
light and heat for much of the nation. According to the 
American Lung Association, during those years, about 72,000 
people in the United States died prematurely from the effects 
of coal-fired power plant pollution—more than from AIDS, 
murder, or drug overdose.

Obviously, there’s no free power lunch: Nukes can melt 
down, dams flood valleys, and wind turbines kill birds. 
Building the modern world is fraught with trade-offs. But 
unlike in China or India, it’s hard to argue that by burning 
coal to create electricity, America is lifting millions out of 
poverty and introducing them to hot showers and cold 
Cokes. Our affection for coal is essentially an old habit and an 
indulgence. At best, it’s a short-term solution to a long-term 
problem. And the price of this indulgence may be higher than 
any economist can calculate.

Access
Jeff Goodell is the author of Big Coal: The Dirty Secret Behind 

America’s Energy Future (Houghton Mifflin). He is a contributing 

editor at Rolling Stone and a frequent contributor to the New York 

Times Magazine. 

Excerpted from Big Coal: The Dirty Secret Behind America’s 

Energy Future by Jeff Goodell. ©2006 by Jeff Goodell. Reprinted by 

permission of Houghton Mifflin Company. All rights reserved.
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...a full-blown push for clean energy could unleash 
a jobs bonanza that would make what happened in 
Silicon Valley in the 1990s look like a bake sale.

Not so long ago, you could justify coal’s dark side with 
a single word: jobs. ... Today there are more florists in 
the United States than there are coal miners. 

Big Coal offers a behind-the-
scenes look into America’s 
addiction to shiny black rocks.
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Puzzled? We’ve Got the Solution.

We live on renewable energy, have 20 years of 
experience, and have established over 500 systems.

Your best resource is a local pro. Tap into our network 
of qualified, competent Electron Connection associates 
across the country.

Installing RE and looking for a competent distributor?

Why talk to a sales technician when you can talk 
to an electrician? We know what works and how it 
works. We offer technical support, system design help, 
prompt shipment, fair pricing and NO BULL. Local 
referrals always. Electrical competence required.

A well designed renewable energy system is much more than a pile of hardware.

WE PROVIDE COMPLETE SERVICE:

• Solar

• Wind

• Micro-hydro

• Water Pumping

• Load Analysis

• Local Site Survey

• System Design & Installation

• User Training & Tech Support

P.O. Box 203, Hornbrook, CA 96044 U.S.A. • Voice/Fax: 530.475.3401 • E-mail: bob-o@electronconnection.com

Bob-O Schultze
CA Electrical Lic # 
613554
OR CCB Lic # 
149724 Authorized Distributor

Authorized Distributor

800.945.7587 toll free
www.electronconnection.com online catalog

Authorized DistributorAuthorized Distributor

www.electronconnection.com
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The lush, “living” rooftop on the SeQuential Biofuel station is 
just one of the giveaways that this is no ordinary gas station. 
The labels on the fuel pumps are your confirmation. At this 
unique fueling stop in Eugene, Oregon, just off the heavily 
trafficked I-5 corridor, you can choose from a selection of 
domestically produced fuels—blends of biodiesel and ethanol 
for use in any diesel or gasoline engine.

Pathway to the Pump
This futuristic filling station has been abuzz with activity 
since its grand opening in September 2006, serving 400 to 
700 customers a day who come to fuel up their cars with 
eco-fuel and their bodies with natural snacks from the store—
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FUELING  
a Revolution by Claire Anderson

Photos by Sean Easly

Rolling up to the pump, you realize 
this isn’t your father’s Amoco station—
or Chevron or Exxon, for that matter. 
What it is: One company’s vision of 
choice and change for an industry 
that’s been slow to facilitate either.

Drivers can fuel up with a variety of biofuels at the  
SeQuential station in Eugene, Oregon. 

Two PV awnings, totaling 33 KW, serve a dual purpose, 
offsetting some of the site and store’s electricity use and 

sheltering people at the pumps from the rain and sun.



fair-trade coffee, natural sodas, and 
seasonal organic produce.

Although it’s been somewhat of an 
overnight sensation, founders Ian Hill, 
Tyson Keever, and Tomas Endicott 
point out that the station was more 
than two years in the making. And their 
interest in renewable transportation 
has an even longer history.

A college independent study project 
sparked Ian’s interest in clean energy and 
renewable fuels while he was working 
on a degree in environmental science at 
the University of Oregon in 1999. But 
it wasn’t until he lost his pickup truck 
from “an incendiary demise during a 

road trip to California” that he started to more seriously consider 
renewably powered transportation.

“I upgraded my bicycle, and then spent the next six 
months researching electric cars, hydrogen fuel cells, car 
sharing, public transportation, and alternative fuels,” says 
Ian. At the end of it all, he says, biodiesel appeared as the 
only option that met his criteria of being affordable and 
available.
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DEQ Remediation
Equipment

bicycle air
pump

vacuum

bus shelter

bike parking

Convenience Store:
Passive solar design; living roof;

natural and organic products

0 5 10 20 30

Scale (feet)

Bioswale:
Utilizes natural processes
to filter and purify runoff

Photovoltaic  Awnings:
224 PV modules,

33 KW

Biofuel Pumps:
E10 & E85 bioethanol;

B5, B20, and B99.9 biodiesel

SeQuential Biofuels Site Plan

Below: Large windows on the storefront 
admit an abundance of natural light.

Organic coffee, 
with a smile.
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A Smarter Rooftop
More than 4,000 plants rooted into the station’s soil-
covered rooftop help moderate the building’s interior 
temperature. The layer of plants in 5 inches of soil acts 
as insulative mass, keeping the interior building space 
cooler during summer months. During west central 
Oregon’s notoriously wet winters, the roof acts as a big 
biological sponge, drinking up rainwater before it hits 
the gutters and flows over the site as roof runoff.

These rooftop plantings work in concert with the 
overall site design. Because the station is located near 
the Willamette River, designers paid close attention 
to maintaining water and soil quality at and around 
the site. Bioswales are landscape elements filled with 
vegetation, compost, and riprap to capture pollution 
and silt from on-site surface runoff before it can make 
its way into the watershed. A variety of plants in the 
bioswales filter some toxic pollutants and sediments 
out of the water, and microorganisms in the soil further 
break down pollutants.

commercial quantities of biodiesel manufactured from 
U.S.-grown soybeans became available in Portland. After 
striking a deal with another company to market blends of 
biodiesel, Ian, Tomas, and Josh became equal partners and 
registered their biodiesel distribution business in Oregon 
as SeQuential Biofuels LLC. “The capital ‘Q’ in the name 
is a symbol that represents ‘source’ or ‘the sun,’” says Ian, 
“and the concept of ‘sequential’ connotes forward progress 
and change.”

Their biodiesel business boomed, attracting government 
fleet contracts including the City of Eugene and Crater 
Lake National Park, and their wholesale market for B20 
(20% biodiesel blended with petro diesel) quickly expanded 
beyond the Oregon borders. At the same time, SeQuential’s 
requests for bulk deliveries of B100 were picking up—so 
much that, in 2003, they purchased an F250 diesel pickup and 
trailer, equipped with a 1,200-gallon tank and state-certified 
pump for on-road sales.

Tomas opened a SeQuential office in Portland, and soon 
SeQuential-branded B100 and B20 pumps were popping up all 
over the city. In Eugene, the original delivery truck continued 
to be the primary retail dispenser of B100, but business was 
beginning to pick up there too, and Ian seized the opportunity 
to grow the company and its sustainability goals.
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In 2000, though, the only commercially available biodiesel 
in Oregon was prohibitively expensive, and had to be ordered 
and shipped in 5-gallon containers. So Ian took matters 
into his own hands, purchasing what many renewable-fuel 
enthusiasts consider the biodiesel bible—Josh Tickell’s From 
the Fryer to the Fuel Tank—and investing the remainder of his 
insurance settlement from his truck-fire debacle into some 
home-scale biodiesel processing equipment and two identical 
1982 Volkswagen diesel Vanagons. With some cooking oil 
collected from a local Italian bistro and other restaurant 
haunts, Ian and his longtime friend Tomas Endicott began 
brewing biodiesel in Ian’s garage.

Word of Ian and Tomas’s grassroots fuel-brewing 
adventures spread quickly throughout the small Eugene 
community, and they began to receive requests to present 
workshops at local events. Soon, Ian and Tomas, along 
with a handful of other friends, had formalized their 
homegrown interest into Eugene BioSource, and developed 
an informational Web site, traveled the local lecture circuit, 
and continued to make biodiesel for their own vehicles.

One year later, Tomas’s brother Josh joined the group to 
help them investigate the viability of commercial biodiesel 
production. While Josh and Ian built a business case for 
a commercial biodiesel production facility in Oregon, 

Above: The store’s living roof and PV array—
both hard at work collecting sunshine. 

Left: Vegetated bioswales—constructed 
depressions in the landscape—intercept 

on-site runoff and capture pollutants.



Ian says that he and Tomas had talked extensively about 
creating better options for “walking the talk,” specifically 
taking responsibility for the impact that each individual’s 
actions have on the environment, community, and economy. 
“Energy use has such huge ramifications where economics 
and the environment are concerned,” says Ian. “We wanted to 
offer customers the choice to use environmentally friendlier 
fuels that create jobs and greater prosperity for both urban 
and rural communities in the Pacific Northwest.”

Their vision? Create an experience that would draw the 
average person into the renewable energy movement, as well 
as offer renewable fuel products that work seamlessly with 
the existing fueling infrastructure and vehicles. The result: 
The first full-fledged service station in the United States to 
offer only bio-blended fuels.

Meeting the Sustainability Challenge
One of the biggest hurdles, Ian says, has been customer 
education. “About 97% of all passenger vehicles in the United 
States are gasoline-powered, and we’ve had to educate 
customers who drive gasoline vehicles that they can fuel up 
with E10 gasoline (10% ethanol) without harming their cars,” 
says Ian.

“The irony is that many Portland-area drivers may 
be unaware that a small amount of biofuel is already 
blended into their fuel. For 15 years, the city’s air quality 
standards have required that as much as 7.8% bioethanol 
be blended into all gasoline sold during the winter 
months.” In 2006, the City of Portland passed a renewable 
fuels standard (RFS) that requires all gasoline in the city 
to contain at least 10% bioethanol and all diesel in the 
city to contain at least 5% biodiesel. The Oregon State 
Legislature passed a bill with similar provisions on July 
3, 2007. Beginning February 1, 2008, all on-road gasoline 
in Oregon will contain 10% ethanol.

With the demand for biofuels increasing, Ian and Tomas 
say that another critical challenge for them is ensuring that this 
call is met with sustainable biofuels production. “Although 
biofuel production can be done in a positive, responsible 
way,” says Ian, “it can also be done in a way that produces 
negative economic, social, and environmental impacts.” He 
cites the trend to use imported palm oil from the tropics as a 
biodiesel feedstock as an example. Some countries are razing 
their rainforests and replacing them with palm oil plantations 
to meet the demand for fuel feedstock, leaving sustainability 

www.homepower.com

biofuels

71

Right: The SeQuential team.

Below: A driver marks his preferred fuel.

Solar at the Station
Solar-electric modules mounted on the canopies 
above the pumps convert sunlight into clean 
electricity and are expected, annually, to generate 
almost 50% of the electricity required for the station’s 
fuel pumps, lights, and appliances. Since the station’s 
opening last September, the PV system has generated 
more than 40 megawatt-hours of electricity and offset 
almost 24 tons of carbon dioxide.

Besides providing renewable electricity for the station, 
the sun also serves the retail store, an unassuming 
2,000-square-foot building that is anything but 
typical. Large windows on the storefront admit an 
abundance of natural light during the winter months. 
A centrally located thermal storage wall made of 
masonry minimizes interior temperature swings, and 
helps keep the interior comfortable while reducing 
reliance on mechanical heating and cooling systems. 
In the summer, simple passive cooling strategies, like 
awnings that shade the windows, keep the sun at bay 
and keep the store at a refreshing 70°F.

www.homepower.com
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proponents to question whether biobased fuels are really a 
sustainable solution.

SeQuential’s Salem-based biodiesel production facility, 
a joint venture with Pacific Biodiesel of Maui, Hawaii, 
predominately processes used cooking oil collected from 
restaurants and food processors throughout Oregon and 
Washington, and they are aiming to offer only Oregon-
made biodiesel at the station in the next year. Although 
part of their bioethanol feedstock supply currently comes 
from the Midwest, they also source ethanol from the Pacific 
Ethanol facility in Boardman, Oregon, to support more 
regional supplies. 

“Perhaps the greatest positive impact of biofuels produced 
in the United States from U.S.-grown crops is that the money 
spent to purchase and consume biofuels stays in the pockets 
of businesses and farmers here,” says Ian.

Fueling the Future
Ironically, Ian points out that because the present scale of 
energy consumption in the United States is so massive, “no 
matter what ‘alternative’ fuel or energy sources we develop, 
energy insecurity and pricing volatility are going to be 
problems in the years ahead,” and concedes that the most 
sustainable choice has less to do with fuel and more to do 
with vehicles. 

“The most sustainable fuel is that gallon that’s never used,” 
says Ian. “Using less fuel by choosing vehicles with higher fuel 
efficiency is the most significant thing that we can do, and driving 
diesel passenger vehicles and gasoline hybrids that get 45 mpg 
or more could go a long way to improving the situation.” 

And yet he still harbors hope for the future of biobased 
fuels, and believes that SeQuential’s approach, which 
introduces products that work with an existing infrastructure 
and fit within a more sustainable environmental and 
economic framework, will “also lead the country in the 
direction of SeQuential’s long-term sustainable goals—
fostering a strong domestic and regional economy and 
exceptional environmental quality.”

Sound like lofty goals in the face of growing energy crisis? 
Maybe, but that’s what fueling a revolution is all about.

Access
Claire Anderson (claire.anderson@homepower.com), Home 

Power’s managing editor, is still holding out for her dream wheels: 

a hybrid biodiesel-electric pickup. In the meantime, she relies on 

her trusty station wagon or veggie-oil-fueled F250 truck to make 

trips into town.

SeQuential Biofuels • www.sqbiofuels.com

Energy Design • www.solarenergydesign.com • PV system installer
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MONITOR

Displays vital battery system data to help users 
provide better battery care, increase conservation 
awareness and aid system maintenance.
• Volts • Amps • Amp-hours • Min/Max volts 
• Days since charged • Battery % full 
• Remote locatable • About $169

Bogart Engineering • (831) 338-0616
www.bogartengineering.com

19020 Two Bar Rd. Boulder Creek, CA 95006 USA

Bogart Engineering • (831) 338-0616
www.bogartengineering.com

19020 Two Bar Rd. Boulder Creek, CA 95006 USA
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When an offgrid system is first 
installed everything usually starts 
out working OK. But after awhile 
it may not work quite like it used 
to. Bad battery cell? Solar panel 
developed a problem? You can 
download the last few weeks of 
logged data to your computer and 
compare it to data recorded earlier 
when everything was working 
OK. Or email the file to some 
other “expert” who can analyze it 
without even coming to your home. 

On our website download the document: “ How to graph  
and analyze renewable energy system performance using  
the PentaMetric logged data”.

The PentaMetric system with computer interface only is about 
$320. LCD Display unit (above) additional $199.  
See website for more information.

Data logging, five customizable buttons and displays, 
audible/visual alarms, three “amps” input channels, 
relay control, computer interface

Is data logging really useful  
in a system monitor?

www.bogartengineering.com
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65 Gallon System
SunMaxx Flat Plate Collectors

Heat Exchanger (Tankless)

$1,400

120 Gallon System
SunMaxx Evacuated Tube Collectors

Heat Exchanger (Tankless)

$2,299

Also Available
Solar Hot Water Heaters

Grid Tie Systems
Solar Cabin Systems

Wind Energy Products
RV Solar Chargers

Solar Battery Chargers
Solar Garden Lights

Solar Sign/Flag Lights
Solar Landscape Lights

Solar IPOD Chargers
Solar Phone Chargers

Portable Power Kits
Commercial Solar Cells

Scrap Solar Cells
Solar Energy Books

Solar Fountains
Solar Waterfall Pumps

Amorphous Solar Panels
Flexible Solar Panels

To Order - P: (800) 653-8540 x453  F: (866) 746-5508 or www.siliconsolar.com

Silicon Solar Inc
Innovative Solar Technology

SunMaxx Solar Hot Water Heaters

SHW Storage Tanks - Controllers/Pumps - Radiant Heat - Complete Kits - More

Ask Us About

Federal & State

Incentives & Credits

For SHW & PV

www.siliconsolar.com
www.solaronebatteries.com
www.homepower.com
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GEAR 
FOR THE 
NEW YEAR
SOLAR POWER 2007 HARDWARE HIGHLIGHTS

by Ryan Mayfield 
 & Joe Schwartz

For solar energy gearheads like us, nothing beats a 
few days on the Solar Power Conference exhibit 
floor. Inside, manufacturers from around the world 

debut new PV and solar thermal products, and share 
visions of equipment that’s on the horizon. The excitement 
surrounding the product innovations on display is palpable, 
and you can’t help but get the sense that big things are 
underway in renewable energy equipment research and 
development.

The equipment on the following pages is just some of 
the hardware that caught our eye at the show. Some 
of the included products will decrease installation time, 

others offer fixes to current equipment limitations, and 
some interesting trends are mentioned as well. The 
hardware listed spans the residential and commercial 
RE markets.

Note that some of the showcased products are not currently 
in production or available in the United States, and some 
haven’t yet been listed by Underwriters Laboratories or 
an equivalent certification agency. But all of the gear that 
follows is promising, cutting-edge technology, and while 
not all of the products covered will result in dramatic 
changes in RE system design or installation, there are sure 
to be more than a few success stories here.
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Sanyo: HIT Double Series PV; www.us.sanyo.com
In 1997, Sanyo introduced their high-efficiency HIT PV 
technology that combines single-crystalline cells with thin layers 
of amorphous silicon. More recently, Sanyo released their HIT 
Double module line. The double-glass structure allows reflected 
sunlight, including that which passes through the module, to be 
captured, resulting in maximum output gains of approximately 
30% in some installations. The Sanyo Double is an attractive 
product (aesthetically and in terms of energy production) for 
awnings, carports, and building facades.

Schuco: S PMU-2 Series PV; www.schuco-usa.com
Standing more than 7 feet tall, the 300- to 340-watt Schuco S 
PMU-2 Series is one of the highest-power modules manufactured, 
and just might be the best-looking PV we’ve seen. Schuco also 
manufactures similarly sized thermal collectors, and their complete 
building-integrated roofing systems have been in play in Europe. 
We’re looking forward to their presence stateside. Schuco also 
unveiled a new flat-roof PV ballast mount that allows for module 
tilts between 7.5 and 30 degrees.

SunPower: SPR-315E PV; www.sunpowercorp.com
Going with the theme that bigger is better, SunPower’s SPR-315E 
is a high-efficiency, high-power PV for commercial applications. 
The 315-watt module boasts an efficiency of 19.3% and a high-
density power yield of 17.9 W per square foot. High-density 
power yield is an increasingly important design feature in many 
installations, and this module delivers. Reduced temperature 
coefficients compared to many other crystalline modules result in 
increased energy harvest in real-world environmental conditions.

Asian PVs: New module lines are destined for the United States.
One of the most noticeable trends was the dramatic increase in 
Asian PV manufacturers entering the U.S. market. Some of the 
new players include Lucky Power, NB Solar Systems, Solar Fun, 
Sunowe, and Trina. Some of these manufacturers have already 
established U.S. brands and distribution, while others are still in 
the process of obtaining UL listings and distributor relationships. 
Time will tell how much traction these companies will gain in the 
U.S. market and how their PVs will perform in the field.

Building-Integrated PV (BIPV): Shingle and 
architectural-glass photovoltaics. BIPV products were a common 
sight at many of the PV manufacturers’ booths. Solar “shingles” 
were on display by manufacturers such as BP, Open Energy, 
SunPower, and UniSolar. Lucky Power, Open Energy, and Schuco 
were displaying architectural-glass PV products for use in carports 
and vertical curtain walls. In addition, various colored PV cell 
options for BIPV applications were on display, offering new 
choices to match the aesthetics of PV arrays to building designs.

PHOTOVOLTAICS
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DP&W Power-Fab: Power Tube CRS ballast mount system; 
www.power-fab.com 
DP&W’s Power Tube CRS ballast mounting system is an innovative 
approach to PV mounting for flat-roof applications. Their design 
allows for PV tilts of either 5 or 10 degrees. The system’s unique 
advantage is that the array weight accounts for the majority of 
the ballast requirements, reducing the number of masonry blocks 
required. The result is a ballasted PV installation with a total weight 
of less than 5 pounds per square foot.

Quick Mount PV: PV mount flashing; www.quickmountpv.com
Proper roof penetrations and waterproofing methods are of utmost 
importance to installers and homeowners. The Quick Mount PV 
flashing system is designed to enable fast installations with high-quality 
penetration sealing. The aluminum construction and included stainless 
steel hardware ensure component longevity. The flashing system 
is designed to work with composition, shake, and tile roofs. The 
integrated standoffs can be paired with most racking systems.

Sharp: Solar Rack System (SRS); www.sharpsolaritson.com
The new Solar Rack System from Sharp is one component of 
their OnEnergy PV systems. One of the racking system’s most 
impressive features is that it integrates a UL-listed module-to-rail 
grounding system that eliminates running an exposed equipment 
grounding conductor from module to module, reducing installation 
costs. The racking system is part of a pre-designed, made-to-order 
kit that can be customized by the installer via Sharp’s Web-based 
system design tool.

UniRac: Rapid Rac G10 ballast mount system; www.unirac.com
Designed to reduce module installation time and complexity, the Rapid 
Rac G10 is a modular approach to ballast racking, with a 10-degree 
tilt as the standard. Each rack has a ballast bay to house masonry 
blocks directly in front of and behind the PV modules. Another UniRac 
product, the Rapid Foot fastening system, can reduce the ballast 
requirements in high-wind locations, using minimal roof penetrations.

Wiley Electronics: Acme Conduit Entry; www.we-llc.com
Wiley Electronics introduced the Acme Conduit Entry (ACE) junction 
box that allows for a clean transition from PV USE-2 output conductors 
to THWN-2 home-run wiring. The NEMA 3R clamshell box is 
available in two sizes to allow for either four or six PV input strings. A 
unique conduit attachment approach allows for connection to EMT, 
RNC, or LFNC conduits. Wiley also introduced a stainless steel cable 
clip designed to secure two USE-2 conductors to module frames.

RACKING & CABLE MANAGEMENT
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Fronius: IG Plus inverter line; www.fronius-usa.com
In response to installer feedback, Fronius has updated their 
already-popular IG series inverter line. The new IG Plus platform 
includes 4 KW, 8 KW, and 12 KW models. The IG Plus 
incorporates several new features, including field-selectable AC 
voltage, and a positive or negative grounding option. The series 
also includes a six-pole, fused combiner box and DC disconnect 
that can be conveniently decoupled from the inverter if servicing 
is required.

OutBack Power Systems: FLEXmax 80 Controller;  
www.outbackpower.com
A few years back, OutBack’s MX60 controller fundamentally changed 
battery-based PV system design. Finally, PV arrays could be configured 
at high voltage (up to 150 Voc) and charge a variety of lower nominal 
battery voltages. OutBack will be introducing a new maximum power 
point tracking (MPPT) controller to their product line—the FLEXmax 80. The 
controller has an improved, continuous MPPT algorithm and an 80-amp 
output capacity with no thermal derating up to 104°F (40°C) ambient.

PV Powered: PVP30KW inverter; www.pvpowered.com
PV Powered displayed their new commercial line of 30 KW, 
75 KW, and 100 KW inverters. The NEMA 3R enclosures have 
integrated load-break-rated AC and DC disconnects. The units are 
field-configurable for either 208 V or 480 V output. Additional 
integrated features include an automatic overnight disconnect that 
eliminates tare losses and a soft-start circuit to minimize nuisance 
faults. Their standard PVM1010 module provides Web-based 
monitoring of critical system parameters.

SMA America: Sunny Island 5048U; www.sma-america.com
In the United States, AC coupling (using a battery-based inverter to 
regulate the AC output of batteryless inverters) is still a relatively new 
idea. SMA’s new Sunny Island (SI) 5048U battery-based inverter is 
designed for AC-coupled system integration, as well as traditional 
DC-coupled PV systems. New features include the ability to stack up 
to four inverters for 20 KW output and an improved user interface. 
The SI 5048U can be used in grid-tied battery backup applications, 
as well as remote off-grid systems.

Xantrex: XW inverter and charge controller; www.xantrex.com
Xantrex announced that several additions to their product line are now 
shipping, including their XW inverters and charge controller. The XW 
inverter line offers split-phase 120/240 VAC output and supports 
two AC charging sources. Three models are available: 6 KW and 
4.5 KW at 48 VDC, and 4 KW at 24 VDC. The XW-MPPT60-150 
controller operates up to 140 VDC (150 Voc limit), has a 60-amp 
rating at 113°F (45°C) ambient, utilizes passive cooling, and includes 
integrated ground-fault protection.

INVERTERS & CONTROLS
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SOLAR THERMAL & HYDRONIC

Access 
Ryan Mayfield (ryan@mayfieldsolar.com) earned a degree in 

environmental engineering from Humboldt State University and now 

lives in Corvallis, Oregon. He has been working in the RE field since 

1999 and founded Mayfield Solar Design, focusing on PV system 

design, implementation, and industry-related training. He holds a 

Renewable Energy Technician license in Oregon.
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Caleffi: Solar thermal circulation stations and controls;  
www.caleffi.us
Headquartered in Italy with worldwide distribution branches, 
Caleffi is bringing advanced European solar thermal and hydronic 
components to the United States. Their product line includes air 
vents, mixing and diverting valves, solar circulation stations, 
differential controllers, and system performance dataloggers. 
Caleffi’s iSolar DL datalogger allows for Web-based system 
performance monitoring and thermal system control configuration 
when used with the iSolar Plus differential controller.

Heat Transfer Products: Solar thermal storage/exchange tanks; 
www.htproducts.com
Established in 1974 and based in Massachusetts, Heat Transfer Products is 
a longtime manufacturer of high-efficiency boilers. HT Products also offers a 
complete line of solar thermal exchange tanks, both glass-lined and stainless 
steel. Depending on the model, tanks integrate one or two heat exchangers; 
electric, indirect boiler, and gas-fired backup options are available. Solar-
ready models include the SuperStor Contender Solar, SuperStor Solar, and 
the Phoenix Solar.

Oventrop: Solar thermal circulation stations and controls;  
www.oventrop-na.com 
Oventrop’s Connecticut-based distribution center is bringing German-
engineered, integrated solar thermal systems to the U.S market. The OVSOL 
System 5 includes a 16-tube evacuated collector. The Regusol 130 circulation 
and control module is a completely integrated package that includes the 
circulator, system controller, valves, and gauges in a compact, pre-assembled, 
fully insulated unit. The complete system includes an 80-gallon stainless steel 
storage tank with two integrated heat-transfer coils—one for solar thermal input, 
and one for auxiliary heat from a backup boiler.

Viessmann: Solar thermal collectors, tanks, and controls;  
www.viessmann-us.com 
Viessmann manufactures both flat-plate (Vitosol 100) and evacuated tube 
(Vitosol 300) thermal collectors. We’ve never heard such straight-up, 
expert commentary on the appropriateness of one collector type versus 
the other for a given application. Viessmann was displaying some of 
the most highly engineered and installer-friendly complete solar thermal 
systems we’ve seen, right down to fittings that virtually eliminate all pipe 
solder connections during installation.

Joe Schwartz (joe.schwartz@homepower.com), Home Power CEO 

and executive editor, has his snowplow (and his telemark skis) tuned 

and ready for the big winter ahead. Joe holds a Renewable Energy 

Technician license in Oregon, and his off-grid home and home office 

are powered exclusively by renewable energy.

Solar Power 2008 will be held October 13-16, 2008, in San Diego • 

www.solarpowerconference.com
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Workshops for the Professional 
 the Homeowner                   

2008 workshop schedule coming soon!
Topics include:

PV (Solar Electric)
Wind Electric
Solar Water Heating

Solar Space Heating
Biodiesel & Veggie Fuels
Alternative Construction

General Renewables
Energy Efficiency
Sustainable Living

&

midwest renewable energy assocation  
call 715.592.6595 or click www.the-mrea.org for more information  

ONLINE RENEWABLE ENERGY EDUCATION

PV DESIGN: 

Jan. 7 - Feb. 15

ADVANCED PV: 

Jan. 14 - Feb. 22

Building for
the Future:  

Jan. 28 - Mar. 7

 

The online PV course provides 60 cumulative 
hours of training that may be used towards

NABCEP certification purposes

SOLAR ENERGY INTERNATIONAL
PO BOX 715     Carbondale, CO  81623
970.963.8855     www.solarenergy.org

S E I
Renewable Energy Education

for a Sustainable Future

Foundations of
Renewable Energy:

Jan. 7 - Jan. 25

 

http://www.the-mrea.org
www.solarenergy.org
www.homepower.com
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Guy and Maria Janssen own a popular coffee shop in 
Stevens Point, Wisconsin, named Emy J’s after their 
12-year-old daughter. The business shows off their 

environmental values—like serving fair-trade organic coffee, 
using a high-efficiency coffee roaster, using biodegradable 
cups and plates, and purchasing renewable utility power and 
carbon offsets.

In 2005, they invested in a solar hot water (SHW) system 
for their coffee shop and other building tenants. “We do these 
things because we believe that in doing so we give back to 
the community, the environment, and to the world at large,” 
says Guy. From that philosophy, and with the positive solar 
experience fresh in their minds, the Janssens contacted our 
sustainable building company, Gimme Shelter Construction, 
to incorporate renewable energy (RE) and sustainable building 
techniques into the new home they were planning.

The building site, which sits west of town on a bank above 
the Wisconsin River, is populated with oaks, maples, and 
pines that are reclaiming the farm fields of Wisconsin’s early 
pioneers. We identified a south-facing rise which provided an 
open, unshaded site—perfect for a passive solar home and the 
planned SHW and solar-electric systems.

Solar Tenets for Solar Tenants
The 2,600-square-foot Janssen home is based on the tenets of 
passive solar design, including proper building orientation, 
optimum window placement, natural daylighting, and 
thermal mass within an efficient building envelope.

The longest wall of the home was oriented to 2 degrees 
east of true south to optimize solar gain. The majority of 
windows, equal to 9% of the total floor area, were placed 
along this wall. Windows facing east and west make up 4% of 
the floor area, while there are only two small windows on the 
north side of the building to minimize heat loss. The window 
layout added good household cross-ventilation, and natural 
daylight for every room.

Thermal mass in the interior—a 2.5-inch-thick concrete 
slab on the first floor, plaster finishes on the walls, and a 5-ton 
masonry heater—helps store solar gain in the winter and 
moderates temperature swings during the cooling season.

We used a continuous vapor barrier with careful 
sealing, spray-on cellulose insulation (R-32 in the walls; 
R-60 in the ceiling), dropped sidewall framing (where 
the wall insulation extends below the floor level), and 
triple-pane windows. Combining a superinsulated shell 
with passive solar design reduced the heating and cooling 
needs to about 40% of a standard Wisconsin Energy Star-
rated home. But having such a tight building envelope 
necessitates bringing in fresh air during the heating season, 
so a heat recovery ventilator was included (see Fresh Air 
sidebar).

For the Janssen home, the combination of having a high-
efficiency building envelope and passive and active solar 
technologies will result in utility bills for the heating season 
being about 60% less than a typical home of the same size, 
and reduce carbon dioxide (CO2) emissions by nearly 7 tons 
annually. The Janssens, who are also committed to using 
the sun to provide electricity, hot water, and space heating 
for their home, the carbon reduction is even greater—nearly 
12 tons per year.
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ECO-EFFICIENT BUILDING 
STRATEGIES

Passive solar design—Reduces heating and cooling loads 
by 10% to 15% through proper solar orientation, window 
placement, and interior mass.

High-performance building envelope—Reduces heating 
loads an additional 40% to 50% through higher insulation 
values, high-efficiency windows, using a continuous 
vapor barrier, and sealing penetrations.

Masonry heater for space heating—Uses local biomass 
as fuel.

PV system and solar thermal system—Use a free, 
renewable energy source (sunshine) to provide electricity 
for the house and space and water heating. Can be 
sized smaller as a result of efficient building design and 
construction. Heater and solar hydronic systems are 
locally made, reducing their embodied energy.

Heat recovery ventilation system—Brings in fresh air to 
the home and controls indoor humidity while minimizing 
heat lost to indoor/outdoor air exchanges.

Interior choices: cabinets, subfloors, paints, and 
finishes—Formaldehyde-free sheathing, and low-VOC 
paints and finishes don’t compromise indoor air quality.

Sustainably harvested wood—Supports local milling 
operations and foresters, and healthier ecosystems.

Acid-etched concrete—High embodied energy of 
concrete is offset by its durability and low maintenance 
requirements, plus its improvement of the home’s 
thermal performance.

Steel roof—More durable and better value than asphalt 
shingles; recyclable at end of life span.

Maria, Emy, and Guy Janssen pose on the locally quarried 
sandstone steps leading up to their house.
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Warming Systems
A 320-square-foot closed-loop glycol solar hot water system 
provides domestic hot water and primary space heating 
through hydronic tubes in the concrete floors, producing 
about 35 million Btu per year. A 50-watt PV module powers 
a DC pump, which circulates the glycol mixture through 
ground-mounted collectors in the garden, through insulated, 
buried lines, then to the storage tank. This system provides 
enough hot water for in-floor space heating for early spring 
and late fall, plus plenty of domestic hot water year-round. 
During the peak heating season in December and January, 
supplemental heat is needed. 

A high-mass (masonry) wood heater provides extra space 
heating and supplemental water heating during the colder 
months. There is plenty of fuel from small woodlots in the 
area, so masonry heaters are becoming more common. They 
are one of the most efficient ways to heat with wood, and 
homeowners love the comfortable, radiant heat.

Guy and Maria prioritized integrating hot water capability 
into the masonry heater to assist the solar collector. A stainless 
steel exchanger within the secondary combustion chamber heats 
water that’s routed to the storage tank in the basement. This stored 
heat is used both for domestic hot water and space heating.

Because they are designed for relatively quick burns at 
temperatures above 1,800°F, masonry heaters are convenient 
and efficient. Superheated flue gas circulates through a series 
of chambers and most of the heat is absorbed by the 5-ton mass 
of the heater before exiting the chimney. Masonry heaters are 
about 70% efficient, roughly equal to EPA-qualified wood 
heaters. The high combustion temperature produces very low 
emissions—about 2 grams of particulates per hour (typical 
wood heaters produce about 15 grams per hour; outdoor 
wood-burning boilers can produce about 40 grams). Because 
masonry heaters burn so cleanly, flues and chimneys need 
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FRESH AIR
A heat recovery ventilator (HRV) helps maintain good 
indoor air quality by exhausting stale inside air while 
drawing in fresh outside air. HRVs help control relative 
humidity, preventing moisture buildup on windows and 
reducing the chances of mold (a HEPA filter can be added 
to remove dust and pollens). As the two airstreams—
indoor and outdoor—pass through a heat-exchanging 
core, most of the inside air’s heat is transferred to the 
incoming air. Even at an outdoor air temperature of 
32°F, the Janssens’ Bryant HRV can exchange 211 cubic 
feet per minute with 69% to 77% percent of the heat 
transferred back to the incoming air.

Typically, inside air to the exchanger is pulled out of high-
moisture areas like baths and kitchens, while fresh air is 
supplied to bedrooms, assuring whole-house circulation. 
Although most HRVs are programmed to run intermittently 
at low speed, a high-speed override can provide on-
demand venting when moisture levels are high.

A straightforward installation costs about $3,000, but 
the recovery of 70% or more of the heat otherwise lost 
through an exhaust-only system can offer significant 
savings, especially when extreme differences exist 
between indoor and outdoor temperatures.

Alternatives to HRVs include exhaust-only ventilation 
systems, which use standard exhaust fans and a 
dampered makeup air supply. They are less expensive 
and consume less energy, but require the homeowner 
to monitor conditions and adjust the system’s timer 
accordingly. They also will not maintain a preset humidity 
and will not recover the heat lost when venting directly to 
the outside.

Left: Laying the masonry heater’s refractory brick. Right: The final product in action!



less frequent cleaning than for typical wood 
heaters, usually once every five years. Masonry 
heaters are about 70% efficient, roughly equal to 
EPA-qualified wood heaters.

The heat-transfer efficiency and heat-storage 
capacity of the large mass keeps combustion 
time relatively short—three to four hours per 
day in midwinter—which translates into much 
less interaction required by the owner and a 
flexible firing schedule. When the days warm, 
firings can be spaced out even further because 
the rate at which heat radiates slows as room 
temperature rises. This phenomenon is true of 
all radiant heating systems, including in-floor 
hydronic systems.

A masonry heater is built with a core of cast 
refractory parts and firebrick, surrounded by a 
veneer of stone, brick, or block. The Janssens’ 
heater has a solid 4-inch block veneer with a 
troweled plaster finish. The heated bench and the 
mantel are slabs of local sandstone.

Ideally, heaters should occupy a central location on the 
main living floor to take advantage of the radiant surfaces on 
all four sides. The heater can bear ceiling and roof loads, so 
designing homes with a central heater can open up areas that 
would have been obstructed by posts or bearing walls. Radiant 
heaters help prevent temperature stratification common with 
forced-air heating systems. We’ve had success heating two-

story homes up to 3,500 square feet with a single masonry 
heater. Although they can be expensive—the Janssens’ heater 
cost about $20,000—the benefits of a hearth experience and 
supplying heat with a renewable, local resource make the 
choice easier. Standard wood heaters are much cheaper, 
but they can’t supply the quality of heat, ease of operation, 
decreased use of firewood, and longevity of a masonry heater.
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Collectors: Ten, Solar Mining Co.; flat-plateMasonry Heater

Domestic Hot
Water

Well

40-gal.
tank

Boiler

Future Hot Tub

In-floor radiant heating

Hot Water Storage: 1,000 gal.
insulated concrete tank

The concrete tank in the basement  
used for hot water storage. 

Right: Heat exchanger coils inside the tank. 

Below: The systems’ mechanics wall,  
with the expansion tank, circulators,  

and boiler next to the PV system inverter  
and other electrical equipment.

Janssen Hot Water Plumbing
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For backup when the wood heater is not being fired or 
when weather prevents solar heating, a Trinity 150 on-demand 
propane boiler helps out. The boiler monitors the incoming 
water temperature from the storage tank and modulates its 
flame to match flow rate and needed temperature gain. When 
incoming water from the storage tank reaches the boiler’s 
temperature setpoint, the gas burner does not fire at all.

Heat Storage & Distribution
The same hot-water storage tank is used for both the solar 
and wood-fired heat sources. Typically, a 1,000-gallon 
concrete septic tank, buried under the basement floor slab, is 
a preferred alternative because it doesn’t take up floor space. 
But at Guy and Maria’s house, a thick layer of granite, just 
inches under the foundation depth, made that impossible. 
We set the tank in a corner of the basement, reinforced 
its perimeter with a poured concrete wall, and insulated 
the sides and lid. We also lined the tank with an EPDM 
(synthetic rubber) membrane to prevent leakage.

Water in a tank that size can absorb 8,060 Btu per 1°F 
temperature rise. Using a typical temperature rise of about 
50°F on a peak solar day, the tank is able to store about 
400,000 Btu. For most months of the year, water in the tank 
will stay between 120°F and 140°F. During colder months 
with less sun, the SHW system and masonry heater together 
keep it between 80°F and 110°F. At the top of the tank, heat 
exchangers draw off the stored water’s heat for domestic 
purposes and hydronic space heating.

Radiant Heating
When space heating is needed, warm water from the storage 
tank is routed through polyethylene tubing (5/8-inch PEX) 
embedded in the thin slab of concrete that was poured over a 
wood-joist frame on the first floor. Radiant heat works more 
efficiently with a large mass, which also helps retain direct 
solar radiation and tempers the building’s temperature in the 
summer, reducing cooling loads.

Upstairs, a thin-slab floor in the bathroom also has 
hydronic tubing installed. Less temperature stratification 
occurs with radiant heating systems, so minimal heating is 
required for upstairs rooms. “The system has worked well 
and has made a great impact on our comfort and peace of 
mind,” says Guy.

Power From the Sun
Besides relying on renewable resources for space and water 
heating, Guy and Maria also wanted renewably generated 
electricity. Their decision to install a PV system was, according 
to Guy, “in part due to the rebates from Focus on Energy 
and because we felt it was a start to a self-sufficient home.” 
The roof overhang provides summer shading for upper 
windows and accommodates a 2,400-watt array of Kyocera 
PV modules. The overhang’s 45-degree angle is close to ideal 
for this location, maximizing year-round PV production and 
providing an inconspicuous mounting surface.

Originally, the PV system was expected to cover about 
50% of the Janssens’ predicted annual electricity usage, 
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Left: The hydronically heated first floor, before and after the thin-slab concrete was poured. 
Right: The finished floor and the earth-clay plastered walls help create an elegant, but earthy, atmosphere.



producing an average of 3,120 KWH per year. But with high 
efficiency appliances, exclusive use of compact fluorescent 
lighting, an excellent daylighting strategy, and—most 
importantly—a family that pays adamant attention to 
energy conservation, the Janssens are consuming much 
less electricity than predicted. According to Guy, “Over a 
six-month span during the fall and winter, we used a total 
of 630 KWH [of utility power]. Our expectations are that 
we will break even with our system’s annual production of 
electricity compared to our annual usage.”

The Janssens’ ultimate goal is to become a net zero-energy 
household, but they still have some improvements to make 
before they can wean themselves from fossil fuel. Their boiler, 
range, and clothes dryer use propane gas. Although propane 
use decreased their electricity use, they still use about 
300 gallons annually. Guy says that they plan to “bring this 
usage down by living with and knowing the system better in 
the future.”

Green-Built
In keeping with their quest to build a resource- and energy-
efficient home, the Janssens wanted to use as many local, 
long-lasting, and high-performance building materials as 
possible. They were aware of sustainably harvested, rough-
sawn white pine exterior siding and shiplap sheathing 
available from the Menominee tribal forest in Wisconsin, 
and wanted to use this for their home. Lumber sheathing 
on the exterior is less susceptible to water damage than 
particleboard or plywood, and all construction scraps can 
be safely burned in the masonry heater. Vertical pine siding, 
with proper flashing and overhangs, can last a century or so 
with minimal maintenance. It also can be installed unstained, 
saving money and avoiding the environmental hazards of 
wood preservatives and stains.

Wood siding was used in the interior to avoid the off-gassing 
issues that plywood and particleboard have. Inside the home’s 
walls, spray-on and free-blown cellulose insulation containing 
recycled material was an appropriate and effective insulation 
choice. Spray cellulose is more effective than fiberglass or other 
batt insulation because it consistently fills all the voids in a wall 
cavity. The disadvantage is that it takes a fairly sophisticated 
machine to apply correctly, costing about 50% more per square 
foot than fiberglass batts.

We chose steel roofing for its durability and longevity. 
Compared to petroleum-based shingles, standing-seam 
metal roofs have four times the life span at less than twice 
the cost. And when shingles are replaced, the debris is 

usually sent to the landfill, while steel can be recycled at the 
end of its useful life.

The house’s framing is standard 2-by-6 stick-type with 
interior strapping added to create 7-inch-thick walls. The 
dropped sidewall framing technique addresses the typically 
poorly insulated area in conventional framing where exterior 
walls meet the floor.

Our framing materials are not yet certified “green,” but we 
are working with local mills to eventually provide native red 
pine as a sustainable alternative. Building codes in Wisconsin 
require that framing lumber be graded, and the small local 
mills cannot yet absorb the cost of an on-site grader.

Interior walls were finished with naturally tinted earth 
clay, adding about 2 tons more thermal mass than standard 
drywall to help moderate heating and cooling swings. 
Earth-clay plaster also provides a breathable wall surface, 
which tempers humidity in the house. These wall finishes 
and the acid-etched concrete floors have high aesthetic 
value, and pay off because they are more durable and 
require less maintenance.

Enjoying the Process
The Janssens say they are very pleased with how everything 
turned out. “There were no major surprises, and we have no 
regrets,” says Guy. “We would do it the same if we had to 
do it all over again, although I would devote more time to 
enjoy the building process, and take many more coffee breaks 
and listen to the birds sing.” Now he has the perfect home in 
which to do just that.

Access
Jim McKnight (jim@gimmeshelteronline.com) and partner Mark 
Klein have designed and built homes as Gimme Shelter since 1987. 

They are nationally recognized by the National Association of Home 

Builders for innovative, cold-climate construction methods, and by 

the Wisconsin Energy Star program for having performance ratings in 

the top 1% of builders. They are charter members of the Wisconsin 

Green Building Association and present workshops on sustainable 

building for the Midwest Renewable Energy Association and other 

organizations. Laura Lee was office manager at Gimme Shelter until 

the summer of 2007 and continues to write and edit Gimme’s Web 

site. She has a graduate degree in construction management.

Emy J’s, 1009 1st St., Stevens Point, WI 54481 • 715-345-0471 • 

Homeowners’ restaurant

Photovoltaic Systems Co. • 715-824-2069 • pvsolar@wi-net.com • 

PV system design & installation

PV & Solar Thermal Systems Components:
Bob’s Plumbing & Heating of Central Wisconsin • 715-824-3902 • 

Tank heat exchanger fabrication 

Bryant Heating & Cooling Systems Inc. • 800-428-4326 •  

www.bryant.com • Heat recovery ventilator

NITI • www.nythermal.com • Boiler 

Kyocera Solar Inc. • www.kyocerasolar.com • PV modules

SMA America Inc. • www.sma-america.com • Inverter
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Solar collectors provide hot water for the house.
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your digital camera, carry 
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How It Works
Water-pumping windmills are simple devices. I always enjoy pulling the 
sheet-metal cover off the gearbox and letting folks see just how a windmill 
works. I encourage them to spin the hub and watch the internal parts interact. 
I’ve heard the action of a windmill motor described as “using a big wheel for 
leverage, like the steering wheel on a big pirate ship.” People also liken it to 
“a big jack that lifts water.”

No matter how you describe it, the water-pumping windmill is a simple 
machine that uses mechanical advantage in multiple ways. It’s a direct-drive 
device that transfers energy via gears, rods, simple valves, and a piston in 
a cylinder—and uses high torque to move water. In contrast, wind-electric 
turbines use electrical generators coupled to high-tech airfoils that require 
high speed to do their job.

home power 122 / december 2007 & january 200888

MODERN HISTORIC TECHNOLOGY by Kevin Moore
Illustrations courtesy  
of Tom Conlon

It never fails. Whenever I install 
a new windmill, I can almost 
guarantee that it will be referred 

to as an old  windmill. When I assure 
people that it is newly manufactured, 
the doubt is apparent. “Surely it has 
been modified to be more efficient,” 
is a standard comment. “Not really,” 
is my answer.

There’s no need to reinvent 
the water-pumping windmill. It’s 
a workhorse that has been mostly 
unchanged since before World War II. 
About one million windmills are 
pumping water in the world today. 
The most common application is 
to install a windmill directly over a 
drilled or dug well. Pumping water 
from an aboveground source is also 
an easy task for a windmill. If you 
need to pump water on your property 
and the site has access to reliable 
winds, a water-pumping windmill 
may be a good option.

A water-pumping windmill supplies 
water for cattle that graze under large 

wind turbines in northern California

. 

The author lifts the sheet-metal covering 
to expose the pumper’s gearbox.
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This difference becomes evident when you compare the 
eighteen or so large blades on windmills to the two or three 
sleek blades on wind-electric turbines. The wide blades on the 
water-pumper are designed for low start-up wind speeds and 
slow-speed operation, as opposed to the electrical generator’s 
thin blades, which are designed to run at higher rpm.

The blades of the windmill wheel catch the wind—just 
like the sails on a sailboat—which turns the wheel (rotor). The 
wheel is attached to a shaft by long arms. The shaft has small 
pinion gears at the other end, inside a gearbox. The pinion 
gears drive larger bull gears, which move pitman arms. The 
pitman arms push a sliding yoke up and down, above the bull 
gears (much like a crankshaft, connecting rod, and piston in a 
standard vehicle engine). The moving yoke lifts and drops the 
pump rod to do the work down below.

The pump rod goes down the tower through a watertight 
seal at the top of the well’s drop pipe, and to the pump 
cylinder, the part that moves the water. The cylinder is 
attached to the bottom of the drop pipe below the water level, 
and has a simple piston and two check valves.

As the piston rises, water moves up the pipe above it. 
At the same time, water is sucked through a screen and the 
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lower check valve below the piston, into the lower section 
of the pump cylinder. When the pump rod reverses and 
begins to descend, the lower check valve closes and the 
piston check valve opens. This allows water in the cylinder 
to pass through, and the water that is trapped above the 
piston to be pushed up out of the cylinder and ultimately to 
its final delivery height. One might think of the pump as a 
cup with a trap door in the bottom that opens when the cup 
falls and shuts when the cup rises. This cycle is constantly 
repeated as the wind wheel turns to move the pump rod 
up and down.

If the wind wheel is moving, the pump piston is moving. 
As the wind speed increases, the speed and frequency of 
the piston stroke increases, so more water is pumped. But 
the windmill’s efficiency drops because the airfoil is not 
optimized for higher wind speeds—it doesn’t make as much 
use of the cubic effect of wind power as a wind generator 
does. (The power available in the wind is proportional to 
the cube of the wind speed.) But then, water needs do not 
increase in proportion to the wind speed either, so this is not 
a major impediment. In fact, water pumpers do the job they 
are designed for efficiently and well.
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Siting Your Windmill
To avoid turbulence caused by surrounding objects, the blades 
of water-pumping windmills should be at least 30 feet above 
any obstructions such as trees or buildings in a 300-foot radius. 
Access to “clean wind” helps the windmill operate smoothly, 
ensures a more effective operation, and extends its life. This 
often means installing a tall tower, so you can get well above 
nearby buildings, trees, and land features.

Although you can select and site a windmill without using 
local wind-speed data, correctly sizing the windmill and pump 
cylinder (see How Much Will it Pump?) using real data will 
remove much of the guesswork about how much the ‘mill will 
pump. A well-selected and well-sited windmill should start 
pumping water at wind speeds between 6 and 8 mph. Most 
windmill manufacturers rate a windmill’s pumping capacity for 
winds in the 10 to 20 mph range. You should be practical—don’t 
size the windmill at its peak pumping capacity, or as if it’s only 
going to experience high winds.

Sizing Considerations
Before you choose your windmill, you must know the water 
level in your well. It doesn’t matter how deep the well is—it’s 
the static level of the water and the vertical distance the 
windmill needs to lift the water that is important. You also 
need to know if the water level changes seasonally, or if the 
water level “draws down” or falls below the static level when 
water is pumped.

Unless you know how to make the wind blow on demand, 
you also will need storage for the water that is pumped. For 
water storage, I’ve used everything from plastic barrels to 
ponds. The best method, if you have enough height to create 
sufficient pressure (about 70 feet of vertical drop will give 30 psi, 
which is suitable household pressure), is to locate a storage tank 
above the point of use, and gravity-feed the water from there.

Once you’ve determined the vertical distance your ’mill 
needs to lift water within the well and the additional vertical 
lift to the storage tank, you can investigate your windmill 
options based on the amount of water you need and your 
budget. Here’s an example: If the lowest water level in the 
well is 60 feet below ground and you need to lift water to 
a tank that is 20 feet above the well, the total lift is 80 feet. 
Using the Pumping Capacities table, you can find what size 
windmill to use, as well as correctly determine the cylinder 
diameter to use.

How Much Will It Pump?
The amount of water your windmill can pump is regulated 
by the size of the pump cylinder, the elevation to which the 
water needs to be raised, the size of the wind wheel, and how 
much wind you have at your site. 

A typical windmill with an 8-foot-diameter wheel can 
lift water 185 feet and pump about 150 gallons an hour in 
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The author inspects a new gearbox.

Courtesy Tom Marvin



15 to 20 mph winds when using a 1 3/4-inch pump cylinder. 
The size of the wind wheel and pump cylinder impact the 
maximum lift that’s possible and the volume of water that 
can be pumped, respectively. A bigger wind wheel can 
lift water higher than a smaller one, and a larger cylinder 
pump can deliver a greater volume of water. If we increase 
the size of the pump cylinder to 3 inches while still using 
the same 8-foot-diameter wheel, the volume delivered 
increases to 470 gallons per hour, but the maximum lift 
decreases to 68 feet. If we stay with that 3-inch cylinder, but 
increase the windmill to a 16-foot diameter wheel, we will 
be able to deliver the same 470 gallons a total of 360 feet.

The above examples use a windmill configured in the 
standard (long-stroke) mode at wind speeds between 15 
and 20 mph. Most windmills have the ability to change the 
length of the stroke of the pitman arms. At the same wind 
speeds, but in the short-stroke mode, the windmill will 
pump at lower wind speeds, but will pump less water.

Windmills are made with wheel diameters ranging from 
6 to 20 feet, although the most common size wheel is 8 feet in 
diameter. Add a 33-foot steel tower to it and the cost is about 
$4,000 (windmill: $2,100; tower: $1,900). A 20-foot-diameter 
wheel windmill with a 50-foot-tower will cost close to $25,000. 
If you’re still unsure how to choose the right windmill for your 
site, don’t worry—most windmill suppliers will be happy to 
help size the windmill and pump cylinder correctly.

Installation
With sharp edges on 18 sheet-metal blades and a sizable 
heft (a complete 8-foot windmill weighs about 350 pounds), 
installing a windmill can be very awkward at best, and 
outright deadly without proper training and equipment.
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Protection from  
High Winds
When you are working with Mother Nature, you soon realize 
that she will try to destroy anything you dare to use to harness 
her wind. From large wind-electric turbines to farm windmills, 
wind machines must be robust and have a means to protect 
themselves from high winds.

The typical water-pumping windmill uses an off-center mast 
pipe and an oversize tail vane to turn the blades out of the 
wind (furl) at high wind speeds. An adjustable spring is used 
to select the speed control point to furl the windmill out of the 
wind and to return the windmill into the wind as the wind speed 
decreases. Windmills are also equipped with a lever at the 
tower base to  manually turn the windmill out of the wind and 
set a friction brake.

Pumping Capacities*

Capacity 
(Gal. / Hr.) 

at All Wheel 
Diameters

Pumping Elevation/Lift (Ft.) 
@ Wheel Diameter

Cylinder 
Diam. (In.) 8 Ft. 10 Ft. 12 Ft. 14 Ft. 16 Ft.

1.75 150 185 280 420 600 1,000

1.88 180 175 260 390 560 920

2.00 190 140 215 320 460 750

2.25 260 112 170 250 360 590

2.50 325 94 140 210 300 490

2.75 385 80 120 180 260 425

3.00 470 68 100 155 220 360

3.25 550 58 88 130 185 305

3.50 640 50 76 115 160 265

3.75 730 44 65 98 143 230

4.00 830 39 58 86 125 200

4.25 940 34 51 76 110 180

4.50 1,050 30 46 68 98 160

4.75 1,170 – 41 61 88 140

5.00 1,300 25 37 55 80 130

5.75 1,700 – – 40 60 100

6.00 1,875 17 25 38 55 85

7.00 2,550 – 19 28 41 65

*At 15 to 20 mph wind speeds; Based on long stroke. For short stroke, 
reduce capacity by 25% and increase elevations by 33%.  
©2007 Rock Ridge Windmills

windmill pump

Windmill shown “furled,” or turned out of the wind  
(blades are parallel to the tail).

Courtesy Kevin Moore

www.homepower.com
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In many parts of the world, old 
windmills can be found resting 
idle in the fields. A once-
proud but now lonely windmill 
standing on a tower can be a 
temptation for many of us. As 
the wind blows, the motionless 
windmill seems to call out to 
you with a squeak or even a 
painful whimper, just as the Tin 
Man called to Dorothy in the 
Wizard of Oz. Oil, you think, just 
a little oil and that windmill will 
run again.

But in the world of used 
pumpers, a fine line exists between the “do-it-yourselfers” and 
the “do-it-to-yourselfers.” Compare that old windmill to an old 
car. Would you buy a 1940s-era car that’s been weathering the 
elements for decades and expect to drive it every day? More 
than likely, that windmill has been standing on top of its tower, 
exposed to the weather, every day of its life—for decades. Do 
you think that its owner diligently changed the gearbox oil every 
year since 1940?

Most abandoned windmills have been damaged beyond repair 
during years of disuse. Common points of failure or damage in 
an old windmill include the soft metal (babbitt) bearings, which 
need to be poured in place, not simply replaced with a kit. Every 
shaft hole is mostly likely out-of-round, and moving parts have 
worn due to lack of oil. Structural failure could be one broken 
bolt away. Windmill gearboxes are typically cast iron, and are 
balanced by the even distribution of weight. Once one part fails, 
other parts are unequally loaded and stressed by the failure.

Even if you find a well-preserved and well-maintained ’mill, 
you still need to remove and transport it. Putting up a windmill 
can be very dangerous—taking down an old windmill is always 
dangerous, and is not work for the uninitiated. It requires skill 
and experience in climbing, rigging, and dealing with large, 
heavy objects, and a sixth sense about the condition of the used 
tower and mill.

So if you’re thinking about salvaging an old windmill that’s been 
sitting in your neighbor’s field for decades—just stop. Many 
folks have tried before you, and the relic usually ends up joining 
the other tired windmills tucked away in the garage corner after 
someone finally figures out that they’ll be money ahead investing 
in a new one.

Rescuing Used Windmills: Buyer Beware

windmill pump

Professional installers can be found in almost every 
region of the United States, or a windmill and tower can be 
assembled and erected by most do-it-yourselfers who take a 
one-day class (see Access). Some people choose to erect the 
windmill and tower without the benefit of a boom truck or 
lift, though this is not recommended.

For well installations, it is important to center the windmill 
directly over the well. Any bending or flexing of the pump 
rod will lead to excess friction and early failure of the moving 
parts. Also make sure that the top of the tower is level when 
the installation is complete. All windmills are designed to 
rotate on the tower axis to face into the wind. If your tower is 
not level, your windmill will turn downhill when the wind is 
calm and will not return to face the wind as easily.

Servicing the Windmill
The one major improvement in the 150 years that American 
windmills have been made was the introduction of the 
self-oiling windmill in the 1930s. Before that, a windmill’s 
parts had to be lubricated weekly by climbing the tower to 
grease the moving parts. But even with this advancement, 
windmills still require regular maintenance to keep them 
working well.

The instructions that a windmill manufacturer would 
have offered 75 years ago still apply today:

• Always keep an eye and an ear toward your windmill. 
Peculiar sounds or visible abnormalities should be 
investigated at once.

• Once a year, change the oil.
• Twice a year, check the nuts and bolts. Tighten any loose 

fasteners, and replace any that are rusted or damaged.
• Water-pump seals should last five years or more, unless 

your water contains lots of sand or grit, which will shorten 
seal life. A good filter on the bottom of the pump will help 
alleviate this problem.
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The author installing  
a 10-foot-diameter windmill.
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Repair any damage you spot during your semiannual 
maintenance check to help ensure that your windmill will 
keep pumping water for decades.

Windmills: Yesterday & Tomorrow
At one time, water-pumping windmills were a common sight 
on the American landscape. It wasn’t until the 1936 Rural 
Electrification Act, which provided cheap electricity to almost 
every home, that windmills were replaced by electric pumps. But 
water-pumping windmills haven’t died—and as people search 
for simple, reliable, and renewable solutions in our complicated 
world, these pumpers are experiencing a renaissance.

So if you need to pump water and you have a suitable 
wind site, think about using this modern historic technology. 
But be prepared for people to ask you, “Is that an old windmill 
you just put up?”

Access
Kevin Moore (www.rockridgewindmills.com) is a water-pumping 

windmill enthusiast and owner of Rock Ridge Windmills in northern 

California. He has worked on windmill projects from rural China 

to the American Midwest, and teaches water-pumping windmill 

classes at the Solar Living Institute in Hopland, California.

Tom Conlon (www.ironmanwindmill.com) was in the windmill 

business in California for many years. Today, he manages a 

windmill factory in central China where he functions as an unofficial 

American ambassador of goodwill, while working to introduce 

American agricultural technology to help improve living conditions in 

poor rural farming villages.

Water-Pumping Windmill Manufacturers:
Aermotor Windmill Inc. (Texas) • 325-651-4951 •  

www.aermotorwindmill.com

Dempster Windmills (Nebraska) • 402-223-4026 •  

www.dempsterinc.com

Iron Man Windmills (China) • 86-27-8349-6716 •  

www.ironmanwindmill.com

Southern Cross Windmills (Australia) • 61-07-131-786 •  

www.southcross.com.au/windmills

Water-Pumping Windmill Classes:
Solar Living Institute • 707-744-2017 • www.solarliving.org

University of New Mexico, Carlos Rosencrans • 505-646-4511 • 

crosencr@nmsu.edu • www.nmsu.edu

www.homepower.com
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Gearbox Care
Many good windmills have been destroyed by using 
the wrong oil. Each windmill company will specify the 
correct oil for their gearbox. Most use a 10-weight or very 
light nondetergent-type oil. The thin oil travels easily 
to the many moving parts. Nondetergent oil allows any 
contaminants to fall to the bottom of the gear case. Adding 
detergent oils will cause build-up and contaminants to 
block small oil ports. Once the ports become blocked, the 
lack of oil to the bearings will lead to major failures.

U.S. Battery offers the perfect solution
for all of your alternative energy�

storage requirements

U.S. Battery offers the perfect solution
for all of your alternative energy�

storage requirements

�
�
�

�
�
�

Maximum capacity

Maximum life

Minimum service

Maximum capacity

Maximum life

Minimum service

halfpage_08-2005  2/6/07  11:07 AM  Page 1

www.usbattery.com
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Liquid Collectors  
for Solar Hot Water  
& Radiant Floor Systems

Other Solar H2O  
Products & Parts
• Pumps 
• Heat Exchangers
• Storage Tanks 
• Complete Systems
• Controls 
• Batch Water Heaters

(800) 245-0311 • www.aaasolar.com • solarstuff@aaasolar.com

2021 Zearing NW, Albuquerque, NM 87014

Other Solar Hot Air
Products & Parts
• Blowers
• Backdraft Dampers
• Controls
• DIY Systems

AAA Solar Supply Inc.
Serving the Solar Industry Since 1979 FEATURING:

Also Featuring:

SUN AIRE 
 Air Collectors
 for Home Heating

Air
CollectorMounts

Backdraft
Damper Blower

Hot Air

Cold Air

Control
System

ELECTRO AUTOMOTIVE
Electric Car Conversions Since 1979

Books            Videos            Kits            Components

Catalog    Send $6.00 for our catalog, or visit our web site.

"Convert It"    We wrote the book on electric car conversions - literally!
Send $30.00 postage paid for this hands-on how-to conversion manual, 
written in plain English for the home hobbyist mechanic.

Conversion Kits    Complete custom bolt-in kits for the VW Rabbit 
and Porsche 914, or a universal kit for other small cars and light trucks. 

Web Site    Visit our web site for our complete catalog, price list, 
gallery of conversions, and extensive conversion information section.

P.O Box 1113-HP, Felton, CA  95018-1113 831-429-1989

WWW.ELECTROAUTO.COM ELECTRO@CRUZIO.COM

www.aaasolar.com
www.electroauto.com
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A fuel’s gel point is the temperature at which the fuel freezes 
and can no longer be pumped or poured. B100 made from 
new vegetable oil typically has a cloud point (the temperature 
at which waxes form) of 32°F and starts to gel at 20°F. 
Biodiesel made from different feedstocks will cloud and gel at 
different temperatures. (In comparison, petrodiesel typically 
has a cloud point of 20°F and a gel point of 0°F.)

Winterization methods for pure biodiesel come in many 
forms. During colder months, some biodiesel users add 
winter petrodiesel to make a B50 blend with a lower gel point. 
Others install in-line fuel heaters in their vehicles or plug in 
their electric engine block heaters overnight. Another, albeit 
fuel-intensive, method to keep biofuel from gelling is to keep 
the rig in a heated garage.

Passive Solar Solutions
As a B100 provider, we wrestled with cold-flow fuel pumping 
issues for several winters. Because our co-op tends to be supported 
by sustainability addicts who strive to fuel their lives with as little 
petroleum as possible, winterizing our B100 with petrodiesel was 
not acceptable. We also were interested in keeping within our 
mission of leading the sustainability movement in North Carolina, 
which meant keeping our energy inputs low.

The answer to our dilemma was to design around the 
problem—literally—so we planned a passive solar storage 
structure that would heat itself with the sun’s energy. Our 

old weather is the Achilles’ heel of biodiesel-
fueled vehicles, congealing the fuel to a sludgelike 
consistency, and clogging fuel lines, filters, and 

injectors. While onboard heaters in your vehicle can warm 
the fuel and keep your rig rolling, that only solves half the 
problem. Cold temperatures can slow the flow at the pump 
as well, creating a jam for biodiesel home brewers and 
dispensers who need to keep their fuel flowing through 
the winter. 

Fortunately, there are options: These easy-to-build, passive 
solar sheds keep stored fuel warm and flowing—and the best 
part is, they do it without any additional energy costs. The 
buildings come with an added bonus—if your plans change 
and you end up not using the structure for fuel storage, you 
can still use the space for a garden greenhouse or whatever 
solar scheme you dream up next.

Chill Factors
Although winter temperatures in the Piedmont region of central 
North Carolina aren’t typically frigid, they do sink into the teens, 
causing problems for our biodiesel fuel co-op, Piedmont Biofuels, 
which distributes 100% biodiesel (B100) to its members.

As ambient temperatures plunge, microcrystal waxes start 
to form in the fuel. Large crystals precipitate and eventually 
settle to the bottom of the tank or storage barrel. The lower 
the temperature drops, the cloudier and thicker the fuel gets. 
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Tami Schwerin fills the tank of her diesel Mercedes with biodiesel from Piedmont Biofuel’s solar straw-bale shed.

by Lyle Estill & Stephen Hren, photos by Tami Schwerin



previous cob construction experience 
(see “A Hand-Built Home” in HP112) 
and access to an abundance of red 
clay made the decision to build a 
cob greenhouse a natural choice. We 
purchased sand and straw from the 
local lumberyard, and rescued lumber 
and tin roofing from an old shed that 
had originally sheltered our 500-gallon 
biodiesel fuel tank. A glass door and 
window were hiding nearby in the co-
op’s boneyard, waiting for a new home. 
All told, the materials cost just a few 
hundred dollars.

We figured that incorporating 
enough thermal mass—including the 
tank—into a south-facing structure 
with adequate glazing could keep the 
biodiesel above its gel point throughout 
the winter. We wanted the shed to be big 
enough to allow access around the tank, 
but small enough (less than 144 square 
feet) to count as an agricultural building 
and not need a building permit. We 
finally settled on a design that would 
give us a 100-square foot building, with 
1-foot-thick cob walls. Creating with Cob

Using recycled and local materials helped ensure that the 
construction of the shed would have a small environmental 
footprint. A group of co-op members provided labor in exchange 
for the opportunity to learn how to build with cob. Together, a 
half dozen of us accomplished the construction in a series of 
Sunday afternoon workshops after the weekly lunch potluck.

First, we laid landscaping cloth and then tamped gravel to 
establish a base. Hand-stacked stone, filled in with slip-straw 
(straw dipped in a water-clay slip), serves as the perimeter 
foundation. For the cob walls, sand and clay, mixed in a 2:1 
ratio, were thrown into a churning cement mixer, watered to the 
appropriate consistency, and allowed to spin for a minute or so 
before a few handfuls of straw were added. The finished mix 
was applied to a slowly growing wall. In appropriate places, 
lumber was keyed into place for attaching windows and doors.

Cob’s trade-off is that it takes lots of human energy and 
time. Obtaining and mixing the materials is a slow process, and 
building up the walls will exercise your muscles—and patience. 
After about three months of Sunday cobbing, we were ready to 
put on the roof and frame in the door and windows. During 
the weeklong intervals between the cob sessions, we covered 
the walls with several layers of tarps to prevent the walls from 
drying out too much, which could have compromised the bond 
between the individual layers of cob.

Despite the up-front work, the finished material has 
benefits—cob is slow to take up water, slow to degrade, 
and, most importantly for our purposes, slow to change 
temperature. With no supplemental heating, the building 
achieves a constant 20-degree delta T—a difference of 20°F 
between the ambient (outside) temperature and temperature 
of the biodiesel in the storage tank—which has suited our 
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Walls: Cob or straw bale
provide thermal mass or

 insulation

Glazing:
On south wall admits

sunlight

Biodiesel Tank:
500 gal., double-wall

steel

Foundation:
Stone mortared with

clay slip

Footprint:
Approx. 100 sq.ft.

Roof: Galvanized metal

South Overhang:
Prevents excess solar

gain in summer

Storage Shed  
Basic Components

The thick walls of the passive solar cob shed provide thermal mass,  
helping moderate temperature swings inside the building.

www.homepower.com


fuel-storage strategy very well. Even on 18°F mornings, our 
fuel is at a cozy 38°F, and flowing nicely.

Initially, we’d considered insulating the north side of the 
cob greenhouse, either with straw bales or even with used 
telephone books. This would have improved the building’s 
thermal performance, but ultimately, the biodiesel in the 
tank and the cob walls provide enough thermal mass to store 
the sun’s energy overnight. For our purposes and climate, 
additional insulation wasn’t necessary, but it may be essential 
in colder locations.

Biocompatible Bales
As the co-op and demand for biodiesel grew, so did our need 
for more fuel storage. Although the cob structure performed 
well and was inexpensive to construct, we needed to be able 
to build a place for our next solar-heated biodiesel tank in a 
few weekends instead of a dozen.

We still wanted to hold on to our original criteria of 
using locally available and salvaged materials to build an 
inexpensive passive solar shed, and a combined straw bale/
stick-frame construction approach fit the bill. For the wall 
structure, we used leftover pressure-treated lumber donated 
by a local deck builder and insulated it with straw bales 
from a local farm. What straw bales lack in thermal mass, 
they make up for in insulation value, about R-2 per inch. 
For greenhouse applications, straw bales are a great fit. The 
material is easy to use and effective. Covered with an earthen 
plaster, it’s also beautiful.

But beauty is in the eye of the beholder. Built within the 
city limits, the straw-bale structure proved to be a thorn in the 
side of local building and fire regulators, who were specifically 
concerned about the potential hazards of storing 500 gallons 
of biodiesel inside a straw bale structure. Although inspectors 
could not find any code references to bring down our straw-
bale shed, we allayed their biggest concern by finishing the 
inside of the shed with drywall. This satisfied the inspectors, 
who finally signed off on the building, giving us the first legal 
straw-bale storage shed for biodiesel in North Carolina.

Even with the additional work of sheathing the interior, this 
project only took two people four days to complete. With hired 
labor, the associated expense—about $1,000—was significantly 
more than the cob shed’s entire construction cost.

Passive Performance
To satisfy his inner nerd and prove to skeptics that inexpensive, 
simple solar sheds made of wood, straw, and clay can offer 
good performance, co-op member Don Mueller monitored 
temperatures inside both structures with a datalogger. On 
average, the straw-bale shed manages to keep stored biodiesel 
about 25°F above ambient temperatures; the cob structure 
generally maintains biodiesel about 20°F above outside 
temperatures. The sun also provides another function for each 
off-grid fueling shed: A 20-watt PV module charges a 140 
amp-hour battery bank, which provides power to a 12-volt 
fuel pump. 

Though we’re quite proud of our little operation, we have no 
interest in becoming the next Rockefellers of biodiesel. Our goal 
is to meet our co-op members’ fuel needs with feedstock that we 

have on hand. Presently, we meet the transportation fuel needs 
of about 300 families, with the average member using about 45 
gallons of biodiesel per month. Tapping into the sun not only 
makes this possible—it makes it practical, and keeps our fuel 
flowing and customers happy. B100 users pull up, grab a fuel 
nozzle, fill up, and are back on the road in no time flat.

Access
Stephen Hren (themudranch@yahoo.com) is a teacher, writer, and 

carpenter living in Durham, North Carolina. He is currently working 

on a book with his wife Rebekah called The Carbon-Free Home: 

36 Ways to Kick the Fossil Fuel Habit, to be published by Chelsea 

Green in the spring.

Lyle Estill (lyle@biofuels.coop) is a founder of Piedmont Biofuels, 

and is currently an active board member. He is the author of 

Biodiesel Power: The Passion, the People, and the Politics of the 

Next Renewable Fuel (New Society, 2005). He is the publisher of the 

widely read Energy Blog, which can be found at www.biofuels.coop.

Piedmont Biofuels • www.biofuels.coop
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RENEWABLE ENERGY DEGREE
YOU CAN EARN A

TWO YEAR A.A.S. DEGREE OR ONE YEAR CERTIFICATE PROGRAMS
FOCUS ON PHOTOVOLTAIC DESIGN AND INSTALLATION

BOTH EMPHASIZE FULL N.E.C. COMPLIANCE

COME LEARN WITH US!

YOU WILL COMBINE SCIENCE

IN A BEAUTIFUL SETTING WITH AN
AFFORDABLE TUITION PLAN -

$480 OUT-OF-STATE & $360 IN-STATE*
*PER SEMESTER

WITH HANDS-ON LEARNING

FOR ADDITIONAL INFORMATION ABOUT THE
RENEWABLE ENERGY PROGRAM AT

SAN JUAN COLLEGE, FARMINGTON, NM
PLEASE CONTACT: TOM MUNSON

(505) 566-3003 OR (800) 241-6327
munsont@sanjuancollege.edu

PLEASE VISIT US ONLINE AT www.sanjuancollege.edu/reng

http://www.sanjuancollege.edu/reng
www.butlersunsolutions.com
http://www.ecs-solar.com
www.homepower.com


are typically installed in conduit. Electrical metallic tubing 
(EMT) is commonly used, and, where allowed by local codes, 
rigid nonmetallic conduit (RNC) may be used. However, in 
very hot climates, the plastics used in RNC may not age well. 
In some cases, liquid-tight flexible nonmetallic conduit can 
be used, but is acceptable only when properly attached to the 
supporting structure. PV output conductors routed through 
the building to the DC PV disconnect must be installed 
in metal conduit. Nonmetallic conduits are not acceptable 
because of their limited fire resistance, lack of ground-fault 
indication, and lower degree of physical protection for the 
enclosed cables.

Conductors run in exterior conduit exposed to sunlight on 
roofs should be given special consideration. For example, in 
climates that experience average high ambient temperatures 
of 40°C (104°F), conduit installed on a rooftop can easily reach 
temperatures of 62°C (144°F). For conductors exposed to these 
conditions, the 2008 NEC calls for an addition of at least 17°C 
(31°F) to the ambient temperature correction. If the conduit is 
within a half-inch of the roof, the added temperature should 
be 33°C (59°F). Between 0.5 and 1.5 inches, the temperature 
added should be 22°C (40°F). To accommodate the reduced 
ampacity at higher temperatures, appropriate temperature 
deratings may dictate the use of larger conductors than would 
otherwise be used. (For more information, see the Fine Print 
Note #2 for Section 310.10 in the 2005 NEC.)

For conduit run inside the building, conductors that only 
bear the USE-2 marking may not be used, since this cable 
does not contain the required flame and smoke retardants, 
but USE-2/RHW-2 conductor is acceptable. In the 2008 NEC, 
the allowed use of cable types USE, UF, and SE was removed 
from Section 690.31 due to their temperature limitations 
and availability in the proper sizes (10, 12, and 14 AWG) for 
module interconnections.

A new PV conductor—a single-conductor cable designated 
“PV Wire,” “Photovoltaic Wire,” “PV Cable,” or “Photovoltaic 
Cable”—will be allowed under Sections 690.31 and 690.35 of 
the 2008 NEC. It will be marked “Sunlight Resistant,” and will 
have the necessary flame- and smoke-retardant properties to 
allow its use in conduit inside buildings. However, this cable 
also will have thicker insulation than USE-2 conductor, and 
conduit fill will have to be calculated, rather than by using 
the tables in Chapter 9 of the NEC. This cable will be one 
of the wiring methods required in PV systems that operate 
ungrounded and use the new transformerless inverters.

Photovoltaic systems require wiring methods not normally 
found in residential or commercial electrical systems. 
Do-it-yourselfers and installers alike should become 
familiar with the National Electrical Code (NEC) sections 
that pertain not only to PV systems but to electrical systems 
in general, and become confident in distinguishing the 
basic types of conductors and knowing their proper use. 
While conceptually simple, joining PV modules together 
and making the connections to the rest of the system’s 
components should be carefully done with a solid working 
knowledge of electrical systems.

PV Wiring & Conductor Types
Usually, single-conductor, exposed cables are used to connect 
individual PV modules in the PV array, a technique permitted 
by Section 690.31 of the NEC. Conductors permanently 
attached to the PV module are part of the listed module 
assembly and have been certified by Underwriters Laboratory 
(UL) as meeting the necessary safety requirements. In most 
cases, the cables are marked USE-2 or USE-2/RHW-2. Some 
are also marked “Sunlight Resistant,” indicating better 
ultraviolet light resistance than the basic USE-2 cable, which 
is tested for UV resistance but not marked as such.

PV modules are typically connected in series strings. 
After making several connections, the positive and negative 
conductors at the ends of each string lie some distance apart. 
To bring these two points to a common location, a single 
conductor is used. Although Section 690.31 of the NEC allows 
USE, SE, and UF cables, installers typically use a USE-2 
or USE-2/RHW-2 cable to bring the negative and positive 
negative conductors to the same spot. Because PV modules 
may heat up to 80°C (176°F), wiring touching or near the 
backs of modules should have 90°C (194°F)-rated insulation. 
In outdoor applications, “-2” conductors (USE-2, RHW-2, 
THWN-2) also should have a 90°C, wet–rated insulation, 
whether they’re exposed or run in conduit. 

The cable may be purchased with matching connectors 
attached, or a cable and connector may be assembled if the 
necessary crimping tool and required factory training are 
available. At this connection point, which must be under or 
very near the array, the exposed conductors are transitioned, 
using a junction box, to one of the common wiring methods 
stipulated in Chapter 3 of the NEC. 

Where exposure to the weather is possible, especially in hot 
and wet conditions, THHN/THWN-2 or RHW-2 conductors 
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Other PV Parts & Pieces
Module short-circuit currents may range from 1 amp to about 
17 amps (in unusual cases). Large (300-watt and greater) PV 
modules have short-circuit currents approaching 12 amps. 
The ampacity of the attached and any field-installed cables 
should be 1.56 times the module short-circuit current (Isc) 
after the “conditions of use” are applied, which include 
the external temperature that the cable will be subjected to 
and any factors associated with the number of conductors 
in a bundle or in a conduit. In most cases, the factory-
attached cables have sufficient ampacity. However, in very 
hot climates, the conductor temperatures may be so high that 
the ampacity of the attached cables is insufficient to meet 
the 1.56 Isc requirement after temperature corrections are 
applied. The ampacity of these cables should be evaluated 
using NEC Table 310.17.

Equipment-grounding conductors connected to the PV 
module frames should be sized at 1.25 times the module Isc. 
On large PV arrays, where fuses are used to protect these 
conductors, NEC Table 250.122 should be used instead for 
proper sizing. This will result in a smaller, but adequate, 
equipment-grounding conductor that will be calculated using 
the 1.25 Isc value.

The backs of all listed PV modules are marked with 
a “Maximum Series Fuse” value or similar wording. An 
overcurrent device (fuse or breaker) protects the internal 
module conductors from damage from overcurrents that 
could be forced through the module from external sources. 
Although many residential PV systems do not require 
overcurrent protection in DC circuits, larger commercial 
systems usually do because the multiple parallel strings of 
modules are sources of potentially damaging fault currents. 
The NEC requires that any overcurrent device installed in 
the output of a module be rated at 1.56 Isc. There are a few 

modules being made (for unknown reasons) that have a 
maximum series fuse value of less than 1.56 Isc, which poses 
a code quandary. Section 690.8 says to use a fuse rated at 1.56 
Isc, but Section 110.3 says to follow the product labels. Any 
installer facing this quandary should report the problem to 
UL via https://www.ul.com/consumers/conproddb.cfm.

Questions or Comments?
If you have questions about the NEC or the implementation of 
PV systems that follow the requirements of the NEC, feel free to 
contact me. See the SWTDI Web site (below) for more detailed 
articles on these subjects. The U.S. Department of Energy 
sponsors my activities in this area as a support function to the 
PV industry under Contract DE-FC 36-05-G015149.

Access
John Wiles (jwiles@nmsu.edu) works at the Southwest Technology 

Development Institute, which provides engineering support to the PV 

industry and provides industry, electrical contractors, electricians, and 

electrical inspectors with information on code issues related to PV 

systems. A solar pioneer, he lives in his grid-tied PV-powered home 

in the suburbs.

Ward Bower, Sandia National Laboratories, Dept. 6218, MS 0753, 

Albuquerque, NM 87185 • 505-844-5206 • wibower@sandia.gov • 

www.sandia.gov/pv • Sponsor

Southwest Technology Development Institute, New Mexico State 

Univ., Box 30,001/ MSC 3 SOLAR, Las Cruces, NM 88003 •  

www.nmsu.edu/~tdi

The 2008 National Electrical Code and the NEC Handbook are 

available from the National Fire Protection Association (NFPA) •  

800-344-3555 or 617-770-3000 • www.nfpa.org

www.homepower.com
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This is a three-wire diagram for a typical residential PV system. 
The modules are connected in series with 12 AWG leads with 
polarized connectors that are permanently attached to the 
module at the factory. A 12 AWG USE-2/RHW-2 conductor with 
a connector is used to extend one end of the string back to a 
junction/pull box where it and the other lead are transitioned to 
10 AWG THHN/THWN-2 conductors in a 3/4-inch EMT conduit 
(see NEC Section 690.35).

Photovoltaic Array: Twelve Sharp 208 W, 8.13 A Isc, 36.1 Voc, wired in one series string

Intermodule Connections:
polarized connectors, positive to negative

Junction
Box

Array to Junction Box Conductors:
exposed 12 AWG USE-2/RHW-2

with polarized conductors

Junction Box to PV Disconnect Conductors:
10 AWG THHN/THWN-2 in EMT conduit

Example of PV Array Wiring

www.homepower.com
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the union’s use of “greenmail has delayed and increased 
costs of energy infrastructure projects and cut competition in 
industrial construction contracting.”

Stakeholder Squabble
ABC representatives point to the fact that, as an April 
29, 2002, article in the Contra Costa Times reports, “CURE 
filed environmental interventions with the California Energy 
Commission and eventually won labor-friendly agreements 
for 23 of the state’s 24 newly approved power plants.” 
Some RE advocates also put the initial failure of SB1—the 
California Solar Initiative, the nation’s largest long-term 
solar program, on the IBEW’s shoulders, blaming in part the 
IBEW’s proposed pro-union amendments for the failure of the 
bill passing on its first go-round. A June 30, 2005, editorial in 
The Sacramento Bee said that “solar’s future is bright, but in the 
bowels of the legislature, business remains murky, as usual. 
There, labor unions are demanding that private contractors 
pay ‘prevailing wages’ to workers who install solar panels as 
part of SB1, the governor’s legislation to help provide solar 
energy to 1 million homes.”

Following SB1’s initial defeat during the fall of 2005, Ed 
Hill, president of the IBEW, addressed attendees at Solar Power 

Last summer, an appeal brought forward by the 
International Brotherhood of Electrical Workers (IBEW) 
threatened to bring a 2-megawatt solar project at the Fresno 
Yosemite International Airport to a screeching halt. The appeal, 
as a July 25, 2007, article in the Fresno Bee reported, contended 
that the project didn’t go through a “proper environmental 
review process, potentially exposing neighbors to dangerous 
dust and diesel exhaust pollutants” during the project’s 
construction phase. But representatives of the Associated 
Builders and Contractors (ABC) of California, a nonunion 
group, said that the union’s appeal was a “bargaining chip 
to secure guarantees that union workers would be hired on 
the project.”

Kevin Dayton, state government affairs director for the 
ABC, says these actions are typical of what unions have 
been doing for years whenever a power plant undergoes the 
licensing process. “We call it greenmail,” he said.

Gerald Zumwalt, business manager for IBEW Local Union 
100 in Fresno, sees it differently. In the Bee article, he said, 
“IBEW’s position is [that] we’re in favor of solar power. But it 
needs to done right. Every time a project goes in and earth is 
moved and equipment goes in, air quality decreases.”

Zumwalt’s position is amplified and supported 
by the California Unions for Reliable Energy (CURE), a 
coalition of unions whose members help “solve the State’s 
energy problems by building, maintaining, and operating 
conventional and renewable energy power plants.” But 
the ABC says that CURE’s agenda goes beyond their 
mission statement and has called for the California Energy 
Commission’s investigation of “abuses of the permitting 
process by special interest groups with primary objectives 
unrelated to environmental protection.” Their charges? That 

Power 
Struggles
by Don Loweburg

With hundreds of thousands and even 
millions of dollars at stake, competition 
for new energy infrastructure projects is 
heating up between union and nonunion 
labor groups. And this is spelling trouble 
for communities interested in fast-tracking 
renewable energy-based power plants.

independent power providers
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2005. During a plenary session, he remarked that “electricity is 
our business” and signaled IBEW’s intention to aggressively 
pursue solar-electric projects. In spite of their heavy-handed 
tactics, the IBEW has made some constructive efforts. It has 
developed training material and learning centers where their 
members can get the special training needed for installing 
PV systems. The IBEW National Joint Apprenticeship and 
Training Committee has also worked collaboratively with 
the solar industry in establishing credentialing programs and 
study guides.

The Stakes
Although SB1 finally passed in the California legislature, 
and the Fresno City Council unanimously rejected the labor 
union’s appeal to halt the airport solar power project, the 
ABC says that union greenmailing practices are “delaying 
important projects needed by the public, increasing the 
costs of projects for developers, and, subsequently, reducing 
competition in the construction market.”

In the Times article, Bob Balgenorth, president of the 
California Building and Construction Trades Council 
and chairman of CURE, says, “We have never raised an 
environmental issue where part of the settlement didn’t 
address that issue. And we never would. It makes no sense, 
and we would lose our credibility with everyone.”

The stakes are high—and so are the potential profits. 
According to the California State Building Trades Council, 
“Power plant projects provide an average of 750,000 
construction [labor] hours of work, and typically obligate the 
owner to a 30-year maintenance contract.” But just as energy 
production must evolve, so must the business of investment  

in and the construction of power-generating facilities. Are 
union environmental interventions serving the public interest 
or just disrupting and delaying tactics to secure project labor 
agreements? Are the ABC’s objections and allegations of 
greenmailing founded in fact or just an effort to grab a piece 
of the profit pie?

As consumer energy demands continue to increase and 
more PV power plant projects develop, this issue is certain to 
escalate. Industrial-scale PV projects are the fastest growing 
segment of the U.S. PV industry, and the potential profits 
on the table are significant. As such, equal opportunity 
during projects’ competitive bidding is imperative, and will 
ensure cost-effective installations that best serve the investors, 
equipment integrators, and the public.

Access
Don Loweburg (don.loweburg@homepower.com) is a solar pioneer 

in Central California. He owns and operates Offline Independent 

Energy Systems, and sits on the boards of the California Solar Energy 

Industries Association and the North American Board of Certified 

Energy Practitioners (NABCEP).

Sources:
ABC’s complaint to the California Energy Commission • www.energy.

ca.gov/2005_energypolicy/documents/2004-08-18_hearing/2004-08-

18_comments/TENNIS_ASSOC_BUILDERS.PDF

Associated Builders and Contractors (ABC) of California •  

www.abc.org

CURE • www.sbctc.org/cure/

independent power providers

HIGH SUN ENGINEERING

Photovoltaic System Design for Engineers & Designers:
A 3-Day Course on Producing PV Design Documents

An intensive workshop on PV system design and developing professional, accu-
rate reports, drawings, & spec’s; includes a workbook & CDR of sample drawings, 
calculation tools, & references.  For ME’s, EE’s, Designers, Engineering Stu-
dents, Installers & Industry Professionals. (707) 869 9391 www.sunengineer.com

THE WEST COAST’S LEADING PV SYSTEMS ENGINEERING FIRM

Quarterly Classes in San Francisco & Los Angeles
www.sunengineer.com

PRESENTS

PV DESIGN CLASS FOR ENGINEERS

•H
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CBODYCARE•W

ORKING
TOWARD A SUSTAINABLE FUTURE •

• Simmons •
Natural Bodycare

simmonsnaturals�com
MAKING

EVERYDAY
SPECIAL

Off the grid since ����

Software & Hardware 
 for                   Battery Gauges

Meters, Temp Sensors 
48V Kits, EV Kits 

PC Interfaces, etc.

www.RightHandEng.com  (425) 844-1291

www.righthandeng.com
www.energywisesolutions.net
www.sunengineer.com
www.simmonsnaturals.com
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Sun Frost
Energy Efficient  

Refrigerators & Freezers

Customized To Fit Your Needs

4	Available in DC  
or AC

4	Select From Over 10 
Models

4	Choose from 1000’s 
of Colors, Finishes & 
Woods

We also Manufacture  
Composting Toilets!

Please Contact Us For More Info
P.O. Box 1101, Arcata, CA 95518

tel: (707)822-9095 • fax: (707)822-6213 info@
sunfrost.com • www.sunfrost.com

Books and DVDs on sale at
www.PlugInAmerica.org

Proceeds benefit Plug In America, 
a non-profit organization.

www.pluginamerica.org
www.sunfrost.com
www.wattsun.com
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Solar Wind Works
~ Proven USA Distributor ~

Chris Worcester, NABCEP Certified PV Installer 

CA Contractor's License: #796322 

NV Contractor’s license: #59288

Renewable Energy Power Systems
• Sales—PV, Wind, & Microhydro

• Design—Off-Grid or On-Grid  
• Installation & Service

Toll Free! 877-682-4503
PO Box 2511, Truckee, CA 96160

info@solarwindworks.com • www.solarwindworks.com

Direct Grid-Tie 
Now Available

MEMBER

As seen in HP 90, pg 50  
 and HP 103, pg 72 

Dealer Inquiries 
Welcome

Reliable • Quiet • Rugged • Elegant

www.solarwindworks.com
www.sssolar.com
www.greenridgeenergy.com
www.homepower.com


The renewable energy (RE) and energy efficiency (EE) 
industries have been making slow but steady gains in the 
United States during recent years. Most folks are aware of the 
positive environmental contributions that come along with 
these gains, like less pollution, slower rates of global warming, 
and less nuclear and other harmful waste. Growth in the RE 
industry is also offering new employment opportunities for 
our citizens, and increased support for RE will result in even 
more economic benefits (jobs and revenues).

In the next several months as the national elections 
approach, we’ll be witnessing the political scene’s rising 
frenzy as candidates crisscross the country telling us what 
they think we want to hear. If there’s one thing that politicians 
pay attention to nearly as much as the corporations that 
pony up for their election expenses, it’s the economic aspects 
of the issues they follow. The more we can demonstrate 
the positive economic gains from increased RE and EE, the 
more that politicians and corporations will be willing to 
make the needed changes in energy policy. While it may not 
necessarily be the most important thing to us, politicians have 
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Total
100.278 Quadrillion Btu

Total
6.117 Quadrillion Btu

Natural Gas
23%
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23%

Petroleum
40%

Nuclear 
Energy
Power

8%

Renewable
Energy

7%

Solar 1%

Biomass 48%

Geothermal 5%

Hydroelectric 42%

Wind 4%

U.S. Electricity 
Generation by Energy 
Source

Exploring the 
Economic Future  
of Renewables

by Michael Welch

Source: Energy Information Administration, 2006

bought into the 1992 Clinton campaign mantra that “[It’s] the 
economy, stupid.”

Assuming (and I do) that RE and EE are critical to the 
future in all senses, the economic case for those technologies 
needs to be better made. In September, I came across a 
heartening presentation on the economic impacts of the 
RE and EE industries which, for me, make the success of 
our energy movement seem all the more possible. The 
presentation was made by Roger H. Bezdek, president of 
Management Information Services Inc., an economic research 
and management consulting firm in Washington, D.C. Bezdek 
earned a Ph.D. in economics at the University of Illinois in 
Urbana and has experience working on energy issues in both 
the private and public sectors. He made this presentation 
at Solar 2007, the annual conference of the American Solar 
Energy Society held in Cleveland.

While much of the presentation focused on Ohio, the 
national figures included were impressive. Bezdek presented 
a snapshot of the current state of the industry, and then 
projected what jobs and revenues from RE and EE could be 
in the year 2030, based on three possible scenarios involving 
public policy and technology development. 

The Scenarios
The first scenario Bezdek presented was the base case, a 
”business as usual” situation that reflects only a continuation 
of positive governmental policies that currently exist 
for RE and EE. This scenario assumes that no additional 
major EE and RE initiatives would be introduced over 
the next 23 years and that the U.S. EE and RE industries 
continue to develop according to the general trends and 
rates of growth experienced over past two decades—which 
have been steady but slower than many would wish. 
Bezdek uses this scenario as a basis for comparison to two 
alternative scenarios.

The base case’s resulting renewable development is 
minimal. Lacking substantial change in policy, EE and RE are 
not expected to significantly increase their share of the U.S. 
energy market (renewable energy currently supplies about 
7% of market demand). It will just plod along much as it has 
in the recent past.



Next, his moderate scenario assumes that various 
incremental (above the base case) federal and state EE and 
RE initiatives—like R&D support, tax incentives, utilities’ RE 
portfolio mandates, and consumer rebates—are put in place 
over next two decades. The scenario assumes a continuation of 
the positive policies that are in place, plus market conditions 
favorable to renewables (demand exists). As can be seen in the 
Forecast table, the “moderate” scenario will create many more 
jobs and revenues than the “base case.”

Finally, Bezdek’s aggressive scenario pushes the envelope 
on EE and RE industry possibilities, comprised of current 
or forthcoming technologies. It includes what may be both 
economically, technologically, and realistically feasible through 
what he calls a “crash” scenario meaning that something greatly 
spurs government effort to increase support for RE and EE. 
Again, this scenario assumes favorable market conditions and 
the sustained commitment of public policy to ensure that EE 

and RE achieve higher levels of contribution to the U.S. energy 
market. It assumes EE and RE industries are available to take 
the United States in a new direction—appropriate, aggressive 
public policies at federal and state levels are required and 
would be sustained over next two decades.

The table shows that all of these scenarios result in huge 
growth in the RE and EE industries. In the aggressive scenario, 
RE revenues increase 1,400% and EE revenues increase 320%, 
while jobs created by RE increase 1,700%, and jobs created by 
EE increase 300%.

Pushing For the Future
Bezdek’s projections shed some light on RE’s potential future 
(see Access for other sources). It is now up to us to make sure 
it happens. Publicizing the data with letters to the editor and 
making direct calls to political representatives and candidates 
are the next step. With information like this, politicians 
should be more willing to pay attention and take action to 
address our energy plight.

Access
Michael Welch (michael.welch@homepower.com) has been 

working for a clean, safe, and just energy future since 1978 as a 

volunteer for Redwood Alliance and with Home Power magazine 

since 1990.

Management Information Services Inc. • www.misi-net.com 

Bezdek, Roger H. “Economic and Jobs Impacts of the Renewable 

Energy and Energy Efficiency Industries: U.S. and Ohio” •  

www.ases.org/jobs_report.pdf 

Other Sources:
Worldwatch Institute’s “Paper #152: Working for the Environment: 

A Growing Source of Jobs” • www.worldwatch.org

“Apollo Alliance Jobs Report: New Energy for America” •  

www.apolloalliance.org/jobs/

Union of Concerned Scientists’ “Clean Energy Blueprint: A Smarter 

National Energy Policy for Today and the Future” • www.ucsusa.org

The Energy Future Coalition’s “Catalog of the Leading Sources 

of Information on Job Growth Opportunities in the New Energy 

Economy” • www.energyfuturecoalition.org

www.homepower.com
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U.S. Industries Forecast, 2030
Annual Revenues (Billions of 2006 Dollars) Annual Jobs Created (Thousands)

Industry 2006
Base 
Case

Moderate 
Scenario

Aggressive 
Scenario 2006

Base 
Case

Moderate 
Scenario

Aggressive 
Scenario

Renewable energy $39 $95 $227 $597 446 1,305 3,138 7,935

Energy efficiency 933 1,818 2,152 3,933 8,046 14,953 17,825 32,185

Total $972 $1,913 $2,379 $4,530 8,492 16,258 20,963 40,120

*Source: Bezdek, Roger H. (see Access)

Renewables & Energy 
Efficiency Industries:

Growth & Potential

• In 2006, these industries in the United States:

	 • Had nearly $1 trillion in gross revenues

	 • Created nearly 8.5 million jobs

	 • Generated more than $150 billion in federal,  
 state, and local government tax revenues

	 • Saved and displaced large amounts of energy

• 2006 EE and RE sales represent substantially more 
than the combined 2006 sales of the 3 largest U.S. 
corporations (Exxon Mobil, Wal-Mart, and General 
Motors)

• RE and EE economies are growing more rapidly than 
U.S. average 

• RE and EE constitute some of the most rapidly 
growing industries in the world, such as wind, fuel 
cells, and biofuels.

*Source: Bezdek, Roger H. (see Access)

www.homepower.com
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OFF LINE
Located in the central Sierra, near Yosemite

e-mail: ofln@aol.com 
www.psnw.com/~ofln

P.O. Box 231, North Fork, CA 93643

(559) 877-7080
CA Lic. #661052

Don Loweburg  
NABCEP Certified Installer

California 

Rebates!California 

Rebates!

Our 21st Year Offgrid!
We provide excellent service & technical support.















 
















WindMax Green Energy – Future of Renewable Energy

Phone: 1-877-801-9778, 972-801-9778
Web: www.magnet4less.com
Addr: 1111 Summit Ave. #8, Plano TX 75074

Wind Energy Store
Top quality, efficient, do-it-yourself wind turbine components

Powerful Neo Magnets
High Efficiency Blades
Top Quality Magnet Wire
Wind Generators
Wind turbine plans

www.sunearthinc.com
www.zomeworks.com
www.magnet4less.com
http://www.e-light-recall.com
http://www.psnw.com/~ofln
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Energy Efficient
Refrigerators and Freezers

Available in 12/24V DC or new 120V AC 
Runs on 70 watt panel and 110 amp/battery in most climates!

FEATURES:
•	 Thick	polyurethane	insulation
•		Patented	low	frost	system
•	 Automatic	operation
•	 Easy	to	clean	interior
•	 Interior	light

Contact us at 
(915) 821-0042

www.SunDanzer.com
info@SunDanzer.com

BZ Products Model MPPT250
250 watt 25 amp Maximum Power Point Solar Control
• Boost charge current up to 30%
• Up to 25 amp output current
• Microprocessor control
• 95 % efficacy
• 250 watt PV input
• 12 to 24 volt input
• Digital metering
• PWM float control
• Battery temperature sensor 

standard
• 15 amp low voltage 

disconnect standard
• Aux battery trickle charger standard
• Five year warranty
• Made in U.S.A.

BZ Products, Inc.
314-644-2490 • www.bzproducts.net • bzp@bzproducts.net 

7914 Gravois, St. Louis, MO 63123, USA

Get Solar Access and Shading Data On-Site with the Touch of a Button!

To purchase, contact 1-800-967-6917 
or www.dcpower-systems.com

The Solmetric SunEye    is all you need.
• Integrated fish-eye lens and digital camera
• Instant on-site sunpath images and bar charts
• Accounts for panel tilt and orientation
• Simulates removal of shade-causing obstructions
• Automatically generate reports and archive data
• Fully compliant with EPBB rebate requirements

™  

New SunEye   GPS Module
• Automatic location detection for each skyline
• Easily add to existing SunEyes in field

™  

www.solmetric.com

MALLARD WIND GENERATORS
Economical, Strong, & Very Reliable

Mike’s Windmill Shop

MALLARD 
800EMALLARD 
800E

 SALE

800 Watt 
$425 

Regular price 
$475

Package 
Deal 3-800E 
& Regulator 

$1250

We also have charge regulators, tower kits & plans, PMAs,  
blades, and lots of friendly advice & customer support.

Mike’s Windmill Shop
www.mikeswindmillshop.com • 928-532-1607

Email: gossmj@wmonline.com
Major Credit Cards Accepted • Call for Volume Pricing

www.sundanzer.com
www.mikeswindmillshop.com
www.bzproducts.net
www.solmetric.com
www.homepower.com


rankings I’d make for small- and large-scale projects, based 
on the performance of typical systems. Of course, this ranking 
will vary, based on design and resource specifics of your 
individual situation.

On the large scale—municipal to national—the ranking is 
different. Larger-scale renewables are generally more mature 
technologies. They have higher reliability and lower cost per 
delivered kilowatt-hour than their small-scale counterparts.

Note that I’m only considering existing, proven 
technologies. While new technologies may look promising, 
my history in the RE industry leads me to wait for a price tag, 
warranty, and track record before putting time, energy, and 
money into something new. Meanwhile, the technologies on 
the market are making energy today using natural, abundant, 
and renewable resources.
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Derivation: From Latin prior, meaning “former” or “prior.”
The perennial question, “Which renewable energy 

resource is best?” has a perennial answer: It depends. First 
of all, it depends on what resources you have at your site. 
There’s no sense pining after hydro-electricity if you have no 
falling water on your property. But you also shouldn’t throw 
up your hands in despair if you don’t have as much sun as 
your cousin in Arizona. You should make the best of the 
renewable resources available at your site.

The answer also depends on what scale you are 
considering. Prioritizing renewable energy (RE) technologies 
is different for homes and ranches than it is for municipal or 
utility-scale projects. Different people might prioritize the 
existing renewable energy technologies in different orders. 
From my knowledge, research, and experience, here are the 

Energy efficiency. The first choice on both lists 
is the most cost-effective and environmentally 
friendly energy available—the energy you don’t 
have to generate. Conservation (using less) and 
efficiency (doing more with what you have) should 
be your first investment, whether you’re powering 
a small cabin, a multinational corporation, a city, 
or the world. 

Solar pool heating is a slam-dunk if you have a 
pool and sunshine. These systems are low cost, 
simple to implement, and can significantly reduce 
nonrenewable energy use.

Microhydro-electric  systems take a very concen-
trated resource—water under pressure—and make 
a lot of electricity using a modest amount of 
infrastructure.

On the home-to-ranch scale, I would order the tech nologies in this way:

by Ian Woofenden

Renewable…
Priorities

Ordering RE Possibilities

Solar hot water systems, for domestic hot water 
(and where appropriate, space heating), are the 
most cost-effective RE technologies for the typical 
home.

Photovoltaic (solar-electric) systems are 
still relatively expensive up front, but many 
homeowners choose this technology over solar 
hot water because of its very high reliability and 
simplicity to maintain.

Wind electricity looks very attractive to the 
uninitiated, and when it works well, it can produce 
electricity very inexpensively. But it often doesn’t 
work well on the home scale, and when you factor 
in the cost of downtime, repair, and replacement, 
this technology ends up at the bottom of my list for 
typical home-scale systems.
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Geothermal energy—tapping the heat in the 
earth—is not as widely available as some of the 
other resources, but can make sense when it is. 
Steam turbines running on the earth’s heat energy 
are used in many regions around the world. 

Concentrating solar thermal plants use large 
reflective troughs, dishes, or tracked mirrors that 
concentrate the sun’s heat and make steam to 
generate electricity. Plants in California and Nevada 
cover hundreds of acres of desert, with generating 
capacities of several hundred megawatts.

Photovoltaics are very reliable, but so far, the 
economics don’t improve dramatically when scaled 
up, though this could change as the industry 
develops. Business incentives in some areas make 
the financial case for PV very inviting.

Hydro-electricity on a large scale can produce 
some of the least costly electricity available. Of 
course, it is not without its impacts, with dammed 
rivers flooding landscapes and communities, and 
affecting fish and other animals.

Wind electricity, on farms or with single utility-
scale units for large businesses and institutions, 
is one of the fastest-growing RE technologies, 
and doesn’t suffer from the lack of reliability of its 
small-scale cousins.

Biomass for electricity generation includes waste 
from agriculture, forestry, and municipalities, as 
well as dedicated energy crops. Behind hydro-
electricity, biomass is the single largest source of 
renewable electricity in the United States today.

At the utility scale, after energy efficiency, my simplified ranking looks like this:

RAE Storage Battery Company
Since 1943... Quality & Service

Surrette Solar 1, 400 Series, 
Type CH 375 - L16
Engineered under careful guidelines  
by Dave Surrette - Family owned 
business Est. 1935

Gambissara Solar for export
212-206-6344 • 1201 Broadway,  
Room 809, New York, NY 10001

Newly established factory 
warehouse. U.S. Battery Co. 
Corona, CA

Do You Need Batteries?...

Phone 860-828-6007
Fax 860-828-4540

51 Deming Rd., POB 8005,  
Berlin, CT 06037

for wind site assessment, 
turbine monitoring, 
and weather station 
applications 

High performance and very low 
cost. Supports multiple anemo
meters, wind vanes, temperature, 
relative humidity, light level, 
voltage and current, and many 
other sensors.

Logs directly to removable Secure 
Digital card. PC and cell phone interfaces available to capture 
live data and send to the internet or through email. Ready to go 
packages available — just give us a call or visit our website!

APRS World, LLC
Phone: +15074542727 Web: www.winddatalogger.com

902 East Second Street, Suite 320, Winona, MN 55987

W I N D  D A T A  L O G G E R

So what are your priorities? My prioritized lists are big-picture 
rankings, assuming equal resources. But in the real world, each 
region and property has more or less of each resource. In my book, 
your top priority should be to implement energy conservation and 
efficiency strategies, whether it is in your home, business, region, 
country, or world. Then move toward using your local renewable 
resources, and choose them over nonrenewables, which in the 
long run are expensive and unsustainable.

Access
Ian Woofenden’s (ian.woofenden@homepower.com) home in 

Washington’s San Juan Islands has no uranium, coal, or oil deposits, 

nor access to falling water or free hydrogen. But it does have 

reasonable sun and wind resources, so that’s what his family uses 

to heat water and make electricity.

www.winddatalogger.com
www.homepower.com
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Efficiency First!

 • Save money
 • Save energy
 • Reduce your carbon footprint
 • Make informed decisions about 

 energy use and savings

“This book is 
comprehensive, 

complete, and useful. Buy 
it, read it, and then put 

this information to use in 
your own home.”

—Richard Perez, Publisher 
Home Power Magazine

The Home Energy Diet will help you:

www.nrgrev.com

AVAILABLE 
EVERYWHERE!

Water BabyWater BabyStream EngineStream Engine

LH1000LH1000

We’ve Got it All!
And You Can Have One Too…

Water Power Water Power 
For All Your NeedsFor All Your Needs

Energy Systems & Design
www.microhydropower.com 506-433-3151

“Leading the World Since 1980”“Leading the World Since 1980”
Manufacturing CostManufacturing Cost--Effective Water Effective Water 

Powered GeneratorsPowered Generators

www.nrgrev.com
www.sssolar.com
www.microhydropower.com
www.backhomemagazine.com


Available from dealers and distributors 
across the U.S. and Canada

*

(303) 952-0830

Reduce winter heat loss and summer heat gain
Reflects 97% of radiant heat

Save up to 55% on heating and a/c bills
Vapor barrier, unaffected by moisture

14.5 R value, out-performs R30 fiberglass batt insulation

Call or order online for discount pricing 
www.barnworld.com

We ship direct to save you money!

User Friendly Hydro Power

Alternative Power & Machine 
4040 Highland Ave. Unit #H • Grants Pass, OR 97526 • 541-476-8916 

altpower@grantspass.com

www.apmhydro.com

Now Featuring Permanent Magnet Alternators
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Come in and visit us 
at our NEW Store Location

www.solar-electric.com 
Protecting our environment since 1979

4091 E. Huntington Drive 
Flagstaff, Arizona

800-383-0195

Specializing in
Solar Electric Utility Tie

Remote Homes, Water Pumping, RVs
and Telecommunication Systems.

Call one of our
Solar Design Technicians to

help design the right system for you.

Electricity From the Sun

Select a NABCEP certified PV and solar thermal
installer for the highest quality installation

www.nabcep.org

To find nationally recognized Certified Solar Electric and
Solar Thermal installers in your area go to:

“Our PV system was a
big investment in the
future and I wanted it
installed by a profes-
sional with national
credentials to make
sure it was installed
properly. The NABCEP Certified installer
did just that, and the system is operat-
ing flawlessly.”

The North American Board of Certified Energy
Practitioners (NABCEP) awards professional
certification to solar electric (photovoltaics)
and solar thermal installers. NABCEP’s high
standards are designed to protect consumers
and enhance the profession.

Select an installer with the NABCEP PV or
Solar Thermal Certification…

THE One That’s Hard to Get

Mike Burnetter, Home Owner
and Professional Engineer

C E R T I F I C A T I O N
N A B C E P

http://www.solar-electric.com
www.eaaev.org
www.zephyrvent.com
www.nabcep.org
www.barnworld.com
www.apmhydro.com
www.homepower.com


busy business and active homestead, complete with a dog, 
chickens, worms, and other living things, whenever we leave 
our home for three days or more, we must find someone to 
be there for us. 

Further complicating matters is our homestead’s 
remoteness, although it’s not really that hard to find us. 
Many people mistakenly think they have gone too far and 
turn back before they get here. I had one guy come to pick up 
PV modules. I told him that our house was 1.8 miles from the 
pavement. When he arrived, he claimed that he had driven at 
least 3 miles up the dirt road to get to our house. I explained 
that the first time up an unknown road can seem endless, but 
it really was only 1.8 miles. I saw him later and he admitted he 

My husband Bob-O and I have realized that when you own 
a business, you are married to it. And, when you run that 
business from your home, any time you can get away from 
the phones is a vacation. Unfortunately, leaving our off-grid, 
renewable energy (RE) powered home in the hands of a 
caretaker can detract from the peace of mind that a getaway 
can offer. 

Leaving Home
Since we live off grid and use solar, wind, and microhydro 
to power our home and business, it is a little harder to find 
caretakers who are willing to stay at our homestead. It is even 
harder to find caretakers who are RE-savvy. Because of our 
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home & heart

There’s No Place 
Like My Home
by Kathleen Jarschke-Schultze



had set his odometer on the way back—and that I was right. 
Now I have a map that I can e-mail, fax, or mail so people can 
find us easier. 

Folks can locate us, but the big problem is finding someone 
who doesn’t mind being out in the country and who knows 
a little (at least) about RE. It also really helps if they know a 
little about gardening and poultry. The absolute best is if they 
also can answer phones and take good notes to handle our 
business calls while we’re away. However, it is rare that a 
person with these skills is free to stop what they are doing to 
care-take when we need it. 

Home Manual
Because most of our caretakers are new to several or all aspects 
of our homestead, I have written an instruction manual. The 
manual consists of individual sheets in a three-ring binder so 
it can easily be updated. I have written a section on each care 
subject. There is a chapter each on the dog, the chickens, the 
garden, the office, the electrical system, the water system, the 
appliances, the satellite computer system, and the satellite TV 
system. 

There are “how-tos” and “why-fors,” and a couple of 
“what-the-hecks” on every subject. There are friends’ phone 
numbers to call if the caretaker gets confused or confounded. 
I have even documented some common troubleshooting 
procedures. It seems like every time we leave, a new 
circumstance arises for our house sitter, so I keep adding to 
the manual. Bob-O likes to add his comments in the margins. 
He says it is an amusing read in any case.  

Home Alone
I have to admit that, through the years, some of our house 
sitters have had exciting times here at the old homestead. 
Once, when we were at the SolWest renewable energy fair in 
John Day, Oregon, we got calls from neighbors that a wildfire 
was raging close to our home. 

Although our next neighbor down the creek evacuated 
our caretaker and removed some of our more precious items, 
the young man who was caring for our homestead didn’t 
panic. He had worked on a fire crew on the Salmon River. So 
he set up hoses and sprinklers before he left and didn’t leave 
until he absolutely needed to. He was swell. 

Home Grown 
We have had sitters who are very good at one aspect of 
caring for our homestead but are dismal in others. One guy 
was great in the office and took excellent phone notes, but 
was really disastrous in the gardening department. While the 
chickens fared well under his care, the green beans, not so 
much. When green beans mature from flowers to bean pods, 
you have to pick them regularly to keep the plant producing. 
This concept was a little hazy for our sitter. Being a bachelor 
from town, he was probably just overwhelmed with garden 
vegetables. When we got home, some plants were stressed, 
but I didn’t lose any. 

A woman who house-sat for us several times actually 
lived with off-grid RE systems herself and was comfortable 
with the responsibilities of keeping tabs on our home system. 

No problems there. Being a country woman, she also was 
savvy about gardening and livestock care. I was explaining 
about the kitchen scraps for the composting worm bed and 
the scraps for the chickens. To my gratification she said, 
“Don’t worry, I know the difference between the two.” In 
short, worm compost can be rotten, chicken scraps cannot. 

Home-a-Cide
Probably the worst experience we had with a caretaker was 
just a few years ago. We had arranged for a couple to come 
check on our home every other day while we attended the 
Midwest Renewable Energy Fair in Amherst, Wisconsin. 
I had a few last-minute instructions and left them in an 
envelope taped to the door at eye level. I thought they would 
surely find it as soon as they arrived. 

A week later we returned. Our first clue that something 
had gone awry was the untouched envelope on the door. We 
immediately checked the watering system for the garden, 
orchard, and vineyard. All the filters were clogged and 
nothing was getting watered. Our sitters had totally bagged 
on us. I lost several plantings in the garden. 

Two weeks later they called with an excuse that did not 
impress us. And then they had the nerve to ask if they still 
had the caretaking gig during our next trip, a yearly working 
vacation where we power up five stages and numerous 
food booths with solar electricity at a large country fair. The 
answer was, of course, absolutely not. 

Homework
It can be difficult to find the perfect person to look after an 
off-grid, RE-powered homestead. The problems encountered 
can be weather-driven or operator error. And livestock and 
pets are their own universe of responsibility. Compared 
to an urban utility-intertied system, our homestead is rife 
with possible pitfalls and teeming with the opportunity 
for adventures (as I like to call them). Even so, with a little 
instruction and a lot of common sense, any responsible 
person can generally handle the job. 

I just have to remember that because I’ve lived with 
off-grid RE systems for such a long time, some actions are 
automatic on my part—such as turning on plug strips and 
then the appliance, or glancing at the wall-mounted battery 
monitor before starting a load of laundry, or turning out lights 
when I leave a room. These simple acts can be revolutionary 
for the non-initiated. 

Homecoming
Although it’s great to get away from the phones and the 
office even if just for awhile, over the years we’ve found that 
it is even better to come home. After even a short absence, 
we walk in the door and sigh with contentment—we are 
home. We love our home. It is ours; it is us. And with all its 
eccentricities and quirks, it is just where we want to be. 

Access
Kathleen Jarschke-Schultze (kathleen.jarschke-schultze@

homepower.com) is beading silverware at her off-grid home in 

northernmost California. 

www.homepower.com

home & heart
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www.homepower.com
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Sustainable Living Center
LLC

Artha

Solar Thermal Services

www.arthaonline.com
715-824-3463

professional site assessments

hands-on installation training workshops:
on or off site

system design and consulting: 
commercial & residential, domestic & space heating

Colorado Solar, Inc.
www.solarpanelstore.com
www.cosolar.com
800-766-7644
dealer inquires welcome 

Lorentz ETATRACK
Simple, Reliable Trackers

30% More Production
 

Now In Stock

www.acgreenenergy.com

High Quality - Reliable - Guaranteed

 
A&C GREEN ENERGY
PO BOX 941122
Plano, TX 75094-1122

866-WNDPWR-3 or
866-963-7973 

Premium
Do-It-Yourself

Materials

Complete Systems
Blades
Magnets
Magnet Wire
Generators
Batteries
MoMore...

Renewable Energy for Life
A&CGREENENERGY

Save Over 90% On Your Lighting Bill
60,000 Hour Bulb Life (est.) • 2-year Warranty •       UL Listed

LED LIGHT BULBS LED LIGHT BULBS 

• Ceiling or Garden 
Accent Lighting

• 36 Bright White LEDs
• 3 Watts / 120 Volt

• Ceiling or Garden
Accent Lighting

• 60 Bright White LEDs
• 6 Watts / 120 Volt

CC Vivid PAR 30
LED Floodlight

• Porch, Reading or 
Ambient Light

• 36 Bright White LEDs
• 3 Watts / 12 or 120 Volt

CC Vivid +
LED Light Bulb

CC Vivid PAR 38
LED Spotlight 

• Outdoor Sensor 
or Exterior Lighting

• 72 Bright White LEDs
• 8 Watts / 12 or 120 Volt

These bulbs fit most standard fixtures.
Additional sizes and voltages available.

800-522-8863 • ccrane.com

CC Vivid PAR 20 
LED Flood & Spot

Ad.CraneHomePower0407  1/16/07  2:47 PM  Page 1

Harris HydroHarris Hydro
Hydro-Power for Home Use

Manufactured by Lo Power Engineering
P.O. Box 1567
Redway, CA 95560

Manufactured by Lo Power Engineering
P.O. Box 1567
Redway, CA 95560

Adjustable Permanent Magnetic  
Brushless Alternator 

•	 25	-	30%	more	efficient	than	Hi	Output	Alternator
•	 Marine	Grade	Construction	throughout
•	 Re-connectable	Stator
•	 Retrofittable	on	existing	turbine

Denis Ledbetter
707-986-7771

delejo@humboldt.net

Denis Ledbetter
707-986-7771

delejo@humboldt.net

www.arthaonline.com
www.acgreenenergy.com
www.solarpanelstore.com
www.ccrane.com
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The Original

Since 1991

Four SunPipe-13's in 25 x 35 living room.

The Best Daylight Pipe
 The Brightest Daylight Pipe

No Heat Gain, Roof Leaks or Electricity

WWW.SUNPIPE.COM - 800-844-4786

On Grid or Off Grid
SunPipes® Save Energy

C E R T I F I C A T I O N
N A B C E P

Get THE Distinquished Mark
for Renewable Energy Professionals

www.nabcep.org

Since 2003, the North American Board of Certified Energy
Practitioners (NABCEP) has been awarding professional credentials
to renewable energy installers. NABCEP’s rigorous competency
standards for certification sends a clear message to consumers,
financers, and public officials that the Industry stresses high quality,
safe and ethical business practice and workmanship standards.

NABCEP PV or Solar Thermal Certification…

THE One That’s Hard to Get

To find  out how to become a Certified Installer please visit:

Albuquerque, NM

Inverter Service Company
a division of Direct Power and Water

• Authorized Service Center for Xantrex Inverters

• Authorized Service Repair and Sales of 
 Mitsubishi UPS (7.5kva to 350kva)

• Certified Xantrex Dealer

• Largest inventory of SW, DR parts in North America

• Fastest turn around time in the WEST

Erich Lindner 
Master Electronics Technician 
erichl@directpower.com

1-800-260-3792
www.directpower.com

Daniel Duffield 
Electrical Engineer 

dand@directpower.com

www.sunpipe.com
www.staber.com
www.nabcep.org
www.directpower.com
www.homepower.com
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NEW HAMPSHIRE
Dec. 1, ’07. Manchester, NH. Home Energy 
Conference. Incorporating RE, efficiency, 
green building, geothermal, biofuels & other 
sustainable technologies into the home. Info: 
NH Sustainable Energy Assoc. • 603-497-2302 • 
nh.sustain.energy@tds.net • www.nhsea.org

Rumney, NH. Green building workshops. Info: 
D Acres • 603-786-2366 • info@dacres.org • 
www.dacres.org

NEW MEXICO
Six NMSEA regional chapters meet monthly, 
with speakers. NM Solar Energy Assoc. •  
505-246-0400 • info@nmsea.org •  
www.nmsea.org

NORTH CAROLINA
Saxapahaw, NC. Solar-Powered Home 
workshop. Solar Village Institute • 336-376-9530 • 
info@solarvillage.com • www.solarvillage.com

OREGON
Cottage Grove, OR. Adv. Studies in Appropriate 
Tech., 10-week internships. Aprovecho 
Research Center • 541-942-8198 • apro@efn.org • 
www.aprovecho.net

PENNSYLVANIA
Philadelphia Solar Energy Assoc. meetings. 
Info: 610-667-0412 • rose-bryant@verizon.net • 
www.phillysolar.org/psea.htm

TENNESSEE
Summertown, TN. Workshops on PV, 
alternative fuels, green building & more. The 
Farm • 931-964-4474 • ecovillage@thefarm.org • 
www.thefarm.org

TEXAS
El Paso Solar Energy Assoc. Meets 1st Thurs. 
each month. EPSEA • 915-772-7657 •  
epsea@txses.org • www.epsea.org

Houston RE Group, quarterly meetings. HREG • 
hreg@txses.org • www.txses.org/hreg

WASHINGTON D.C.
Mar. 4–6, ’08. Washington Intl. RE Conference 
(WIREC 2008). Trade show & business 
conference. Info: ACORE • 202-393-0001 ext. 
7582 • weirich@acore.org •  
www.americanrenewables.org

WISCONSIN
Amherst, WI. Dec. 1, ’07 (again Feb. 21, ’08 
& Mar. 5, ’08): Intro to Solar Water & Space 
Heating System. Dec. 2–4, ’07 (again Feb. 
22–24, ’08 & Mar. 26–28, ’08): Installing a Solar 
Water Heating System (hands-on). Jan. 26, 
’08: Living Sustainably. Info: Artha Sustainable 
Living Center LLC • 715-824-3463 •  
chamomile@arthaonline.com •  
www.arthaonline.com

Custer, WI. MREA ’07–’08 workshops: Basic, 
Int. & Adv. RE; PV Site Auditor Certification 
Test; Veg. Oil & Biodiesel; Solar Water & Space 
Heating; Masonry Heaters; Wind Site Assessor 
Training & more. MREA • 715-592-6595 •  
info@the-mrea.org • www.the-mrea.org

U.S.A.
CALIFORNIA
Dec. 3–5, ’07. San Francisco (again Feb. 25-27, 
’08 in Santa Monica). PV System Design for 
Engineers & Designers. Course on producing 
PV design documents. Info:  
www.sunengineer.com/workshops.htm

Arcata, CA. Workshops & presentations on 
RE & sustainable living. Campus Center for 
Appropriate Technology, Humboldt State Univ. 
• 707-826-3551 • ccat@humboldt.edu •  
www.humboldt.edu/~ccat

Hopland, CA. Workshops on PV, wind, hydro, 
alternative fuels, green building & more. Solar 
Living Institute • 707-744-2017 •  
sli@solarliving.org • www.solarliving.org

COLORADO
Carbondale, CO. Workshops & online courses 
on PV, water pumping, wind, RE businesses, 
microhydro, solar domestic hot water, space 
heating, alternative fuels, straw bale building, 
green building, women’s PV courses & more. 
Solar Energy Intl. (SEI) • 970-963-8855 •  
sei@solarenergy.org • www.solarenergy.org

FLORIDA
Melbourne, FL. Green Campus Group meets 
monthly to discuss sustainable living, recycling 
& RE. Info: fleslie@fit.edu • http://my.fit.
edu/~fleslie/GreenCampus/greencampus.htm

IOWA
Feb. 20–22, ’08. Des Moines. Forum on Energy 
Efficiency in Agriculture. Info: ACEEE •  
202-429-8873 • agforum@aceee.org •  
www.aceee.org

Iowa City, IA. Iowa RE Assoc. meetings. Info: 
319-341-4372 • irenew@irenew.org •  
www.irenew.org

MASSACHUSETTS
Hudson, MA. Workshops: Intro to PV; Advanced 
PV; RE Basics; Solar Hot Water & more. Info: 
The Alternative Energy Store •  
877-878-4060 • support@altenergystore.com • 
http://workshops.altenergystore.com

MICHIGAN
West Branch, MI. Intro to Solar, Wind & Hydro. 
1st Fri. each month. System design & layout for 
homes or cabins. Info: 989-685-3527 •  
gotter@m33access.com •  
www.loghavenbbb.com

MISSOURI
New Bloomfield, MO. Workshops, monthly 
energy fairs & other events. Missouri 
Renewable Energy • 800-228-5284 •  
info@moreenergy.org • www.moreenergy.org

MONTANA
Whitehall, MT. Seminars, workshops & tours. 
Straw bale, cordwood, PV & more. Sage 
Mountain Center • 406-494-9875 •  
www.sagemountain.org

INTERNATIONAL
AUSTRIA
Mar. 5–7, ’08. Wels. World Sustainable Energy 
Days. Conferences on energy efficiency, green 
electricity, renewable HVAC & more. Info: O.Ö. 
Energiesparverband • 43-732-772-014-380 • 
office@esv.or.at • www.esv.or.at

AUSTRALIA
Feb. 17–21, ’08. Adelaide, S. Australia. Intl. 
Solar Cities Congress. Support cities in UN 
energy & climate policies by stimulating 
interest in RE & energy efficiencies. Info: Plevin 
& Associates • 61-8-8379-8222 •  
events@plevin.com.au •  
www.solarcitiescongress.com.au

COSTA RICA
Jan. 21–27, ’08. Mastatal. RE for the Developing 
World. Hands-on workshop. Info: See SEI 
in Colorado listing. Local coordinator: Ian 
Woofenden • 360-293-5863 • ian.woofenden@
homepower.com • www.ranchomastatal.com

Feb. 2–10, ’08. Durika. Solar Electricity for the 
Developing World. Hands-on workshop. Info: 
See SEI in Colorado listing. Local coordinator: Ian 
Woofenden • 360-293-5863 • ian.woofenden@
homepower.com • www.durika.org

CUBA
Mar. 17–20, ’08. Cayo Coco, Ciego de Ávila 
province. CUBASOLAR 2008. Intl. energy, 
environment & sustainable development. Info: 
CUBATUR • 205-99-49 •  
gavilan@cubaenergia.cu • www.cubaenergia.cu

GERMANY
Jun. 12–14, ’08. Munich. Intersolar 2008. Solar 
developments exhibition & forum. Info:  
www.intersolar.de

NEW ZEALAND
Jan. 26–27, ’08. Canterbury. Sustainability 
Expo. PV, wind, Solar hot water, energy 
efficient building design, housing, transport 
& other sustainable technologies. Info: Solar 
Electric Specialists Ltd. • 027-457-6527 •  
www.sustainabilityexpo.co.nz

NICARAGUA
Jan. 3–13, ’08. Totogalpa. Solar Cultural Course. 
Lectures, field experience & ecotourism. Info: 
Richard Komp • 207-497-2204 •  
sunwatt@juno.com • www.grupofenix.org

Send your renewable 

energy event info to 

happs@homepower.com

RE happenings
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Precision Wedge Wire 
Coanda Screens

for Hydro, Agricultural, and 
Domestic Diversions from 

10 gpm to 500 cfs

• Self Cleaning 
• Easy Installation 
• High Capacity 
• No moving parts
• Pipe, ramp and  

box mountings

– We specialize in creatively engineering solutions  
for your unique hydro diversion screening needs.

– Our solutions are cost effective with numerous 
screen mounting options; we also have  
durable 304 SS mounting boxes.

Visit us at www.hydroscreen.com  
or call (303) 333-6071  
e-mail: RKWEIR@AOL.COM
We don’t just sell screens,  
we engineer solutions!

 

  GorillaGorilla  

www.www.GorillaVehiclesGorillaVehicles..comcom 

info@GorillaVehicles.com 
PLEASE SEE OUR WEBSITE 
or call for a brochure package 

 Gorilla Vehicles 
 5842 McFadden Ave, Unit R 
  Huntington Beach, CA 92649 
             (714) 377-7776 

ElectricElectric    
ATV ATV -- Tractor Tractor  

     NO Gas 
      NO Oil 
   NO Carbon 

  NO WarmingNO Warming 

    NO Smog NO Smog  

    NO Smell NO Smell  

    NO Noise  

     NO WarsNO Wars 

 Solar Charge It
 Solar Charge It 

BZ Products Model MPPT500
500 watt 45 amp Maximum Power Point Solar Control
• Boost charge current up to 30%
• Up to 45 amp output current
• Microprocessor control
• 95 % efficacy
• 500 watt PV input
• Universal PV input 12 to 48 volts
• 12, 24 or 48 volt output
• Digital metering
• PWM float control
• Battery temperature sensor standard
• Five year warranty
• Made in U.S.A.

BZ Products, Inc.
314-644-2490 • www.bzproducts.net • bzp@bzproducts.net 

7914 Gravois, St. Louis, MO 63123, USA

WindMax Green Energy – Future of Renewable Energy

Phone: 1-877-801-9778, 972-801-9778
Web: www.magnet4less.com
Addr: 1111 Summit Ave. #8, Plano TX 75074

Wind Energy Store
Top quality, efficient, do-it-yourself wind turbine components

Powerful Neo Magnets
High Efficiency Blades
Top Quality Magnet Wire
Wind Generators
Wind turbine plans











 PRO-FILL is not only for your “HOME POWER”

applications. You can also use on your RV, camper, boat, golf
cart... Get the picture?  Visit our web site to see ALL of these

applications.  PRO-FILL, the most convenient and accurate
means of filling and maintaining battery water levels.  Period!

      5 year warranty, free shipping in USA.

www.hydroscreen.com
www.gorillavehicles.com
www.magnet4less.com
www.absak.com
www.bzproducts.net
www.janwp.com
www.homepower.com
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NEMO DC SUBMERSIBLE WELL PUMPS. 
Complete, ready to install. $229 includes 
IMMEDIATE FREE SHIPPING. Visit  
www.nemopumps.com or call  
1-877-684-7979 • HP12207

I AM A SOLAR WHOLESALER looking 
for retailers to carry my solar electronic, 
educational & hobby goods. Phone # 
(916) 486-4373. Please leave message. • 
HP12208

IDEAL SOLAR LOCATION. 35 acre, 
adjacent to virtually endless public lands, 
Norwood, Colorado. $100,000. State of 
the art solar powered straw bale home, 
2000 square feet on 40 acres. Trinidad 
Colorado, $350,000. Solar powered home 
1248 square feet, 40 acres with pond 
and springs.  Huge garage, large barn 
with horse stalls and tack room, both 
have guest quarters. Telluride Colorado, 
$675,000. Hot springs on 6 acres along 
the San Miguel River. 14 miles west of 
Telluride, $2,500,000. Custom built timber 
frame home, completely solar powered. 
On 70 acres of choice land minutes to 
Telluride $2,750,000 Many more solar 
homes & appropriate land available.The 
number one source for solar powered 
homes in Colorado for over 18 years. TRI, 
(970) 728-3205, John@JanusRealEstate.
com, JanusRealEstate.com • HP12209

HYDROELECTRIC SYSTEMS: Pelton 
and Crossflow turbines or complete 
AC systems for standalone or grid 
interconnect operation. Site evaluation 
and equipment selection assistance. 
Manufacturing home and commercial 
size turbines since 1976. Free brochure: 
Canyon Industries, PO Box 36HP, 
Deming, WA 98244, 360-592-5552. Email: 
info@canyonhydro.com, Web page: 
canyonhydro.com • HP12202

FOLLOW THE SUN! Light seeking single 
and dual axis solar tracker controls.  
www.theanalogguy.com • HP12203

ECOMALL: The largest environmental 
portal of earth-friendly companies and 
resources. Renewable energy companies, 
news and information. www.ecomall.com. 
To advertise, call 845-679-2490. • HP12204

XXXXXXX UNI-SOLAR XXXXXXXX 
XXXXXXX 64 Watts $359 XXXXXXX 
M55 Siemens panels $225. Almost new 
1500 AH AGM 12-volts $1800. TraceX 
SW5548 $2850. Ex 2KW inverter SB 
$850. Buy, sell New/Used, 760-949-0505 • 
HP12205

PORTABLE AND STANDBY 
GENERATORS from Honda, Yamaha, 
Subaru, Kipor, and More + Wireless 
Remote Start Available. www.
hayesequipment.com • 1-800-375-7767 • 
HP12206

marketplace

PLASTIC BATTERY BOXES
•	 HDPE	WELDED-SEAM	VENTED		
	 BOX	WITH	REMOVABLE	LID

•	 SAFE	&	SECURE	CONTAINMENT 
	 FOR	LEAD-ACID	BATTERIES

•	 UPS	SHIPPABLE,	CUSTOM	SIZES

radiantsolartech.com
707-485-8359

Software & Hardware 
 for                   Battery Gauges

Meters, Temp Sensors 
48V Kits, EV Kits 

PC Interfaces, etc.

www.RightHandEng.com  (425) 844-1291

EDTA RESTORES SULFATED BATTERIES. 
EDTA tetra sodium salt, $16/lb. plus $6 
S&H for 1st lb. plus $2 S&H for each 
additional lb. Trailhead Supply, 325 E. 1165 
N., Orem, UT 84057, (801) 225 3931, email: 
trailheadsupply@webtv.net, info. at: www.
webspawner.com/users/edta. • HP12210

SURVIVAL UNLIMITED.COM - Emergency 
Preparedness & Survival Supplies. Wind 
Power from 439.00+. Many great products 
& prices! 1-800-455-2201, 
www.survivalunlimited.com • HP12211

Help for DIY HYDRO! 66+ Custom 
TURBINES, 82-400mm diameter, cast 
aerospace alloy or molded plastic from 
$120, www.h-hydro.com • HP12212

GAIN ENERGY INDEPENDENCE Wind 
Power - Solar PV - Solar Hot Water - 
Renewable Energy Workshops - Biodiesel 
- LED Lighting - Edmonton AB Canada, 
780-466-9034, www.trimlinedesigncentre.
com • HP12213

SOLAR CELLS New 5” monocrystal 50 
per pack - 125 watts $150.00 make your 
own solar panels email for specs:  
none1120@juno.com • HP12214
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DAKOTA WIND GENERATOR.  Never 
used. ‘79 model. 200V DC-30 amps. 7 foot 
blades, some small parts missing. $1500,  
620-479-6837 • HP12221

LARGE GAS REFRIGERATORS 12, 15 & 
18 cubic foot propane refrigerators. 15 
cubic foot freezers 800-898-0552 Ervin’s 
Cabinet Shop, 220 N County Rd. 425E., 
Arcola, IL 61910 • HP12227

WANT TO LIVE RENT-FREE? Property 
owners need trustworthy people to live in 
their empty homes as property caretakers 
and housesitters! The Caretaker Gazette 
contains these property caretaking/
housesitting openings in all 50 states 
and foreign countries.  Published since 
1983, subscribers receive 1,000+ property 
caretaking opportunities each year, 
worldwide.  Some of these caretaking 
and housesitting openings also offer 
compensation in addition to the free 
housing provided. Subscriptions: $29.95/
yr. The Caretaker Gazette, PO Box 4005-E, 
Bergheim, TX 78004. (830) 755-2300 
www.caretaker.org • HP12215

HYDROS, P.M. BRUSHLESS DC units with 
Harris housing and wheel. Up to 70% 
efficiency. From $1350.  
www.homehydro.com, 707-923-3507 CA • 
HP12216

BE TRULY INDEPENDENT IN THE 
ALASKAN BUSH.  For Sale - Modern 
home with power system.  For photos & 
full details, see  www.remoteproperties.
com , click on “Western Alaska”, then click 
on “Aniak”. • HP12217

SOLAR THERMAL BUSINESS FOR 
SALE Well established, good income, 
growth potential, in a beautiful area in 
the Pacific Northwest. Will train the right 
person. Contact: solar4sale@gmail.com 
• HP12218

BP4150,150 watt, solar modules 43.6 
Voc, 34.8 Vmp, 4.75 Isc (Amps), 4.33 
Imp (Amps) single crystalline, 67 units 
for sale.  Four years old 20 year factory 
warranty, upgrading system.  Ready 
for pick-up, Contact Greg @ 805-497-
9808 Ventura, Calif. $ 3 per watt. www.
solarelectricalsystems.com • HP12219

marketplace
SOLAR POWER OF TEXAS (817) 988-1280. 
2 SW 4024 Trace in cartons. Used for short 
time. Also other new SW inverters, all at 
large savings. Best offer. • HP12220

LOOKING FOR LAND? Consider a 
solar-reliant development in Southwest 
Michigan. Provisions for renewable 
energy and food production. See  
www.sunflowerecovillage.com • HP12222

FOR SALE: 20 KW JACOBS WIND 
TURBINE GENERATOR with 80’ tower and 
grid inter-tie inverter, this unit has been 
completely re-manufactured and includes 
everything ready for on-grid installation 
(120’ tower option available also) 
$33,000.00, (661) 724-1488 • HP12223

I NEED THE SPACE & MUST CLEAR OUT 
SOME EQUIPMENT:  100 + Sunmaster 
Evacuated tube Solar Water Heating 
Panels, made in the 70’s include 8 
good tubes each & glass injection tube, 
reflectors are weathered, & need new 
coating, includes copy of installation 
manual & lessons learned from my 
experiments.  $275. each,   10 or more 
$250. each.  Would consider trades for EV, 
compost toilet. etc.  Pick up only.  Call Jim 
Crater @ 610 323 8545 • JimCrater@aol.
com • HP12224

ZERO DRAIN CHARGE CONTROLLERS 
More power, no radio interference, sealed, 
rugged. Perfect for telecommunications 
and sensing applications. Call 613-962-
9889, www.eco-energy.ca • HP12225

WILL TRADE SASKATCHEWAN BEAR/
WHITETAIL HUNTS FOR PARTS//
EXPERTISE to build upon gen-verter 
system for lodge. Andy Milam, 830-833-
5764, www.southbayoutfitters.com • 
HP12226

Marketplace Advertising
Rates: $2.50 per word. $50 minimum per 
insertion, paid in advance of publication. 
Submit your ad to marketplace@
homepower.com or call 800-707-6585.

www.solarthermal.com
www.homepower.com
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Arizona

California

Cobalt Power Systems Inc. is a full-service, licensed 
installer of PV systems in the SF Bay Area. We offer free 
consultations, detailed proposals, professional system design 
by an electrical engineer, expert installations, and competitive 
pricing. We handle all the paperwork for the client, and we 
oversee all inspections. Please contact us at 650-938-9574 or 
www.cobaltpower.com.

Carlson Solar. has been serving Southern CA since 
1988. We are a licensed, bonded, and insured solar-electric 
installation company, specializing in both grid-tie and off-grid 
systems. We are NABCEP certified and take great pride in our 
excellent customer service. Saving the environment one house 
at a time. Call toll-free 1-877-927-0782 or visit us at 
www.carlsonsolar.com

Electron Connection Licensed in CA and Oregon. 
NABCEP Certified installer. Serving northernmost  California 
and southern Oregon. PV, wind, microhydro installs.  
800-945-7587 email: bob-o@electronconnection.com,  
www.electronconnection.com CA Lic. #613554

Acro Electric is a full service electrical contractor 
specializing in solar power. We provide turn-key solutions 
for PV, standby power, LED lighting, and more. Approved by 
the League of California Homeowners (www.homeowners.
org) & Better Business Bureau (www.midcalbbb.org). Free site 
analysis & brochure. (866)711-ACRO • www.acroelectric.com 
Quality installations backed by 32 years electrical experience.

Northern Arizona Wind & Sun, of Flagstaff, 
Arizona, has designed and installed thousands of solar 
electrical systems since 1979. Call or email us for a design 
quote for Residential Utility Tie, Remote Home, Water 
Pumping, or Telecommunication System at 800-383-0195, 
email windsun@wind-sun.com, or visit our website at http://
store.solar-electric.com/index.html.  Licensed #ROC 089239.

Independent Energy Systems, Serving the 
Santa Cruz/Monterey Bay Area. We specialize in design, 
installation and sales of residential/commercial PV systems. 
Our mission is to provide our friends in the community an 
opportunity to become part of the future in renewable energy. 
We are based in Santa Cruz, we love what we do and it shows 
in our work! Ph: 831-477-0943 or visit  www.iesolar.com

Generator Solar & Wind Power Systems Design, 
Sales, installation & maintenance. Off-grid & grid-tied, prime 
power or back-up. Complete systems, hybrid systems, or sub 
systems & components. We can do it. Covering all of Arizona 
& dedicated to helping all present & potential customers. 
Ralph Odonnal, license # ROC203166, 928-300-4067, 
altpwrsys@hotmail.com

California, cont.

ABS Alaskan, Inc. Anchorage – Fairbanks – Renton, 
WA Battery systems, Remote power systems, RE systems.
OEM design and fabrication. Consultation & design, sales, 
installation, & service for solar, wind, hydro, and hybrid 
components and systems since 1989. Web – www.absAK.com. 
Toll free 800-235-0689 or 800-478-7145, email jim@absAK.com.

Alaska

Offline Independent Energy Systems, Since 1983.  
An electrical contracting co., we specialize in utility intertie 
(with state rebate & net metering) & off grid systems. Owned 
& operated by Don & Cynthia Loweburg in Central CA East 
of Fresno. Don Loweburg NABCEP Certified Installer. POB 
231, North Fork, CA. 93643, (CA lic# 661052) ph 559-877-7080, 
fx 559-877-2980, ofln@aol.com  www.psnw.com/~ofln

EV Solar Products, Inc. Licensed solar professionals 
since 1991. We design and install solar electric and hot 
water systems for grid-tie and remote homes. Visit our retail 
showroom just north of Prescott at 2655 N US Hwy 89. Chino 
Valley, AZ 86323 ROC Licenses: 129793/118299. 928-636-2201.

IDC Solar Exclusive products like the Guy-wireless 
Towers, Modular Wiring Unit and Automatic Battery 
Watering System for code compliant, worry-free hybrid 
renewable energy systems. We install locally or nationally. 
Complete licensing for all residential and commercial devices. 
Skystream turbines & towers up to 50’ now available.  
928 636-9864 or idcllc@northlink.com • www.idcsolar.com

Michael Symons Electric, C-10 licensed electrical 
contractor. NABCEP certified installer. We design, sell, install 
& service both commercial & residential Photovoltaic systems 
since 1982.  We specialize in grid-tie and stand alone off grid 
systems including solar wells. We are located in East San 
Diego County serving Southern California and Baja California 
Norte. Ph: 619-468-3277 or E mail symonselectric@aol.com

Solarecity Electric serves Placer, El Dorado, Nevada & 
surrounding Counties. We specialize in grid-tied PV systems. 
C-10 licensed-817001 and no subcontracting insures a quality 
installation. We provide everything you need to make an 
informed decision about your investment. We install turnkey 
systems and carry your rebates. Free site analysis.   
916-624-0535. www.solarecity.com

C & R Solar Quality design, sales and installations of 
solar/wind power systems to meet your application. Serving 
northwest Arizona since 1989 for remote homes and grid 
tied systems. Living off grid since 1980. We achieve customer 
satisfaction with over 25 years of experience in renewable 
energy.  ROC135882. 928-757-7059.

Empower Energy, Southern California. We design, 
sell, install, & service high quality residential & commercial 
solar electric generation systems. Specializing in grid-tied 
and remote stand-alone systems. Make renewable energy a 
responsible and cost-effective part of your home or business. 
Free project estimate 800 494-2366 empowerenergy.net info@
empowerenergy.net. Licensed since 1995, #711993
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REVCO Solar Engineering, Inc. has been  serving 
Orange County, LA County  and The Inland Empire since 
1977. We specialize in Solar Pool  Heating, DHW and Solar 
Electric PV systems.  REVCO is actively involved with the 
League of California Homeowners, the American Solar 
Energy Society and CALSEIA. B/C-46 Lic# 387219.  
www.revcosolar.com 800.274.3638

Experienced renewable energy professionals install high-performance, code-compliant 
systems, and will offer you service and support after the sale. As with any home 
improvement project, request references and certifications, and compare bids before you 
buy. To get your business listed in Home Power’s installers directory, e-mail  
advertising@homepower.com or call 541-512-0201.

www.absak.com
www.idcsolar.com
http://store.solar-electric.com/index.html
www.acroelectric.com
www.carlsonsolar.com
www.cobaltpower.com
www.electronconnection.com
www.empowerenergy.net
www.iesolar.cm
http://www.psnw.com/~ofln
www.revcosolar.com
www.solarecity.com


Michigan

Florida
ECS Solar Energy Systems (tel) 352-377-8866  
www.ECS-solar.com / tom@ECS-solar.com We service FL, the 
Caribbean and the Southeastern U.S. FL's first solar contractor 
since 1977. Solar pool heating, hot water, and electric systems 
–commercial & residential. Solar lic. # CVC056643 Florida 
state certified for "grid-connected" systems. Contact us now 
to receive a free solar informational booklet.

Colorado
Burnham-Beck & Sun. Solar and Wind Energy 
Systems. Grid-Tied and Stand-Alone. Located in Fort Collins, 
Colorado, we make site evaluations, system designs and 
installations in Colorado and Southern Wyoming. We drop-
ship equipment anywhere in the U.S. CoSEIA Certified 
installer. 970-482-6924. Mail to BurnhamBeckSun@aol.com. 
www.burnhambeck.com

Solar Solutions Ltd. provides photovoltaic, wind & 
hybrid power systems & components for stand alone systems, 
grid tied, RV’s & remote water pumping. Committed to 
providing the highest quality service & customer satisfaction. 
A proud member of Colorado SEIA and a lifetime member of 
the Colorado RE Society and ASES. Xantrex Certified Dealer. 
888 44solar or 888-447-6527 www.solarsolutions.com

Backwards to the Future Ltd, installing, designing 
and supplying solar equipment since 1986. OEM supplier of 
evacuated tube heat pipe technology for DHW & hydronic 
heating. Systems building integration by joint venture with 
registered architect. State licensed residential builder & solar 
mechanical contractor. POB 409 Fennville MI 49408  
tel: 269-236-6179 email: info@BTFsolar.com www.BTFsolar.com

Namaste Solar Electric Inc., is a values-based, 
employee-owned business committed to holistic profit 
measurement that includes customer satisfaction, professional 
integrity, environmental stewardship, & community involvement. 
We design & install solar electric systems in the Boulder/
Denver area for residential, commercial, & non-profit 
applications. To learn more, visit www.namastesolar.com/

Simple Solar Systems is your full-service provider of 
consultations, designs, sales, and installations of residential 
and commercial solar electric systems. Grid-tie or Stand 
Alone. 15 years in the industry. Together, let’s live consciously 
for our planet. Licensed and Insured. CoSEIA and NABCEP 
Certified Installer, Joe Callahan 303-541-9852   
joe@simplesolarsystems.com  www.simplesolarsystems.com

installers directory

Natural Power Products is Ontario’s leading supplier, 
retailer and installer for solar, wind, domestic hot water, and 
other renewable energy technologies. Complete design and 
turn-key packages for home, cottage, rural, businesses etc. All 
applicable codes are adhered to and inspected by ESA.Visit: 
www.npp.ca   e-mail:  info@npp.ca   call:  519-504-1600

Sackett Brick is the mid-west distributor for Tulikivi 
masonry heaters. We have 10 dealers/installers in 8 states: 
Indiana, Illinois, Iowa, Michigan, Minnesota, Missouri, Ohio & 
Wisconsin. Tulikivi masonry heaters are a clean and efficient 
way to provide heating, cooking and baking with very little 
wood.  Visit www.sackettbrick.com or call 800-848-9440.

Nevada
Alternative Energy Solutions, Reno, Nevada. We 
design, sell, install and service PV, wind, off grid and grid tie 
RE systems, Nevada State Licensed and Bonded Contractor, 
NABCEP PV Certified Installer. Xantrex / Trace Authorized 
Service Center, Xantrex Certified Dealer, Outback Factory 
trained field service technicians and Certified Uni-Solar field 
laminate installer. 775-857-1157 toll free 1-866-491-SOLR

Montana
Oasis Montana Inc. designs, sells and installs 
renewable energy power systems in North America, and also 
offers efficient electric and LP appliances.  Our installer Dan 
Healy is a licensed Professional Engineer.  Toll-free  
877-627-4768 or 4778. www.oasismontana.com, www.grid-tie.
com, www.PVsolarpumps.com, www.LPappliances.com  
or e-mail us at info@oasismontana.com

New Jersey

New Hampshire

Sunweaver Incorporating innovative technologies 
for power, water and heat.  Encouraging knowledge and 
direction towards resource responsible solar living. Installing 
in New England and the Caribbean since 1985.   
www.sunweaver.org. mailto: info@sunweaver.org  
603-942-5863 Showroom hours: Monday-Saturday 11am-6pm

Solar Wind Works specializes in consultation, sales, 
design, service, & installation of complete RE systems. 
US Distributor for Proven Wind Turbines. We supply all 
components. Grid-connected or grid-independent . Truckee, 
CA 530-582-4503, 877-682-4503, NABCEP Certified Installer. 
NV Contractor’s Lic # 59288.  
chris@solarwindworks.com, www.solarwindworks.com

Solar Wind Works specializes in consultation, sales, 
design, service, & installation of complete RE systems. 
US Distributor for Proven Wind Turbines. We supply 
all components. Grid-connected or grid-independent . 
Truckee, CA 530-582-4503, 877-682-4503, NABCEP 
Certified Installer. CA Contractor’s Lic # 796322 chris@
solarwindworks.com, www.solarwindworks.com

Solar-Fit is one of Florida’s oldest active solar contractors. 
Established in 1975, International Sun Protection, Inc. (dba 
Solar-Fit), has helped over 8,000 families and businesses 
“Plug into the Sun”. Call (386) 441-2299 for FREE information 
on solar electric, solar pool and solar hot water systems, and 
solar attic fans, or visit us on the web at www.solar-fit.com 
State Certified Solar Contractor #CVC56690.

Benchmark  Solar PV and solar thermal solutions from 
design through construction for residential and commercial 
buildings. NABCEP PV Installer’s Certification; Master 
Electrician licensed in Maine, NH, and MA. Master Plumber/
Heating license. Grid-tie, off-grid, hot water and space 
heating applications. We also serve the island communities. 
Call 1-800-9SOLAR1 (976-5271)

Maine

Solar Water Works, LLC Specializing in high quality 
solar thermal systems; sales, consulting, engineering & 
installation. Distributors of Apricus solar products. Residential 
& commercial applications for; radiant heat, baseboard, forced 
hot air, pools, spas, and domestic hot water. Complete pre-
packaged systems are available. Visit www.solarwaterworks.
com or contact us at: 908-477-8551 Dealer Inquires welcomed!
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Standard Solar Inc., serving the Washington 
metropolitan area, Maryland, and Northern Virginia. We’re 
making solar standard! Specializing in residential and 
commercial solarelectric installations. NABCEP certified. Visit 
our Website: www.standardsolar.com 202 Perry Parkway, 
Unit 7, Gaithersburg, Maryland, 20877. Tel. 301-253-5008; 
email: sales@standardsolar.com

MarylandCanada
Energy Alternatives has been serving Canadians for 
over 20 years. A licensed electrical contractor (BC Lics # 
86683) with professional installers throughout Canada. Expert 
consultation & design services, turn-key installed systems 
or DIY packaged system kits. Extensive inventory for fast 
delivery. Visit www.EnergyAlternatives.ca, Call  
1-800-265-8898. Canadian dealer inquiries welcome.

New Mexico
Direct Power and Water Corp designs, engineers 
& professionally installs turn-key solar electric systems for 
remote homes/log cabins, commercial, telecommunication, 
& water pumping applications. NABCEP Certified Design 
Engineer Daniel Duffield & Master Electrician EE98J Dave 
Hammack have over 30 years experience and live by PV. 
References provided. 800-260-3792 www.directpower.com

Creative Energies Eastern Idaho’s premiere full-service 
RE company. Solar & wind power for remote cabins, homes & 
ranches, utility grid-tied solar & wind power, solar hot water 
& heating, solar water pumping & passive solar home design. 
We custom design a system that fits your needs & budget. 
Trace certified dealer. Phone/fax: 208-354-3001  toll free  
866-332-3410  info@cesolar.com • www.cesolar.com

Idaho
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Ohio

Electron Connection Licensed in CA and Oregon. 
NABCEP Certified installer. Serving northernmost California 
and southern Oregon. PV, wind, microhydro installs.  
800-945-7587 email: bob-o@electronconnection.com,  
www.electronconnection.com OR CCB# 149724

Third Sun Solar & Wind Power, Ltd. Ohio’s 
premier solar and wind power contractor.  Complete design 
and installation of utility tied or off-grid systems for OH 
and surrounding states. Serving commercial and residential 
customers. NABCEP Certified PV Installer committed to 
excellent customer service & the highest quality systems. 
www.third-sun.com 740 597-3111.

REpower Solutions: Northeast Ohio’s renewable 
energy provider for home and business. Design, installation, 
and education for PV and wind systems. NABCEP certified 
installer. P.O. Box 91992, Cleveland, Ohio 44101.  
Web: www.repowersolutions.com. Email:  
power@repowersolutions.com. Phone: 216-402-4458

North Carolina

Solar & Wind FX Inc. NY’s only Off-grid Design & 
Training Center, where a client can see the latest RE & Green 
building technologies. A family owned, full service company 
focusing on Western NY that provides site evaluation, design, 
installation & the all important, service after the sale. Member 
of NESEA & NYSEIA, SEI alumni & a NYSERDA installer. 
585-229-2083, solarandwindfx.com

SC Solar is a full-service provider of PV and solar thermal 
installations for commercial, residential, and government 
customers. Solar water pumping, back-up power, small-scale 
wind power. PV installations in NC, SC, GA, FL and CO; 
Solar hot water in NC, SC and GA. Information at  
www.scsolar.com or 866-856-9819..

Sundance Power Systems, Inc. is the largest 
provider of Renewable Energy in Western North Carolina. 
Since 1995, Sundance has been providing high quality 
Residential and Commercial Design and Installation of PV, 
Wind, Hydro, Solar Thermal and Hydronic Heating Systems 
throughout the southeast. Phone: 828-689-2080 Email: info@
sundancepower.com Web: www.sundancepower.com.

installers directory

SC Solar is a full-service provider of PV and solar thermal 
installations for commercial, residential, and government 
customers. Solar water pumping, back-up power, small-scale 
wind power. PV installations in NC, SC, GA, FL and CO; 
Solar hot water in NC, SC and GA. Information at  
www.scsolar.com or 866-856-9819.

South Carolina

Sunstore Solar Full service solar systems integrator, 
serving Carolinas & Georgia for 30 years. Proud to serve 
the community by providing the highest quality product 
and excellent customer service. Provide all services needed 
from consultation/design to installation on all types of Solar 
Systems. 3090 South Hwy 14, Greer, SC 29650 864-297-6776, 
www.sunstoresolar.com, info@sunstoresolar.com

North Texas Renewable Energy Inc. North Texas’ 
premier solar and small wind energy service. Complete 
system design and installation. Available service contract 
Independence–Reliability–Conservation. Jim Duncan ntrei@
earthlink.net  817-917-0527

NTREI

Texas
Meridian Energy Systems is an industry leading 
integrator of solar and wind energy systems. With the most 
installed solar electric capacity and more NABCEP certified 
installers than any Texas company, Meridian provides 
experienced design and quality installation services. Call:  
512-448-0055. Email: info@meridiansolar.com Visit our 
website: www.meridiansolar.com

Utah
Alternative Power Systems, Inc. is Southern Utah’s 
premier Designer & Installer of renewable energy systems. We 
provide design, sales, installation & service of Solar Power, 
Solar Hot Water, Wind & Back-up Generators. We are the 
region’s only NABCEP certified. We are insured & licensed 
in Utah #6259909-5501 And Nevada #0068796. Compare our 
prices. www.apssolar.com 435-586-9181

Oregon

Trinity Electrical Contractors Corp. A full service 
licensed electrical contractor specializing in PV and Wind 
system design and installs. Serving all of Central Oregon. We 
are proud to be an Energy trust of Oregon Trade Ally.  Call 
541-923-0556 or visit us at www.trinityelectric.org

Washington

Dunimis Technology Inc. Providing alternative 
energy systems since 1992. NABCEP certified solar 
technicians on staff. We specialize in the more demanding 
upscale off-grid residential & commercial installations.  
Installations completed in ID, TX, PA, NJ, NC, VA, and WV.  
P.O. Box 10, Gum Spring, VA 23065, Phone 804-457-9566, 
jryago@netscape.com, www.pvforyou.com

Virginia

Vermont

Vermont Solar Engineering has provided the 
finest in renewable energy throughout New York and New 
England, since 1991. We design, install, and support solar 
electric, wind electric, and solar hot water systems.  
K. Herander, NABCEP™ certified installer.  Xantrex Certified 
Dealer.  NYSERDA eligible installer.  Vermont Solar and Wind 
Partner.  www.vermontsolar.com  1-800-286-1252

Solar Unlimited Energy & Homes, Inc. Serving 
Southern Utah, Eastern Nevada and Northern Arizona. We 
provide sales, service and installation for all your alternative 
energy needs, including PV, wind, Net metering, solar hot 
water and off-grid systems. We are authorized dealers of 
Gillette, Xantrex, OutBack and more. Licensed & Insured. Call 
toll free 866-solar99 or visit www.solarunlimited.net

Seraphim Energy, Inc. Full service electrical contractor 
serving the Columbia River Watershed. We specialize in on 
and off grid wind, sun and water powered systems, meeting 
all your design, installation and procurement needs. Seraphim 
Energy: your power provider. WA#SERAPEC971MG/OR 
CCB#175837 • 1-800-265-6288 www.seraphimenergy.com, 
re@seraphimenergy.com
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Independent Power LLC Serving Northern Vermont 
and New Hampshire with PV design, sales and installation. 
NABCEP certified owner David Palumbo has built over 300 
off-grid and grid tied systems since 1988. Outback Certified 
Dealer. 462 Solar Way Drive, Hyde Park, VT 05655 www.
independentpowerllc.com 1-802-888-7194

Positive Energy, Inc. High quality residential and 
commercial solar power systems. Grid-tied and off-grid 
systems. Licensed, bonded, and insured electrical contractor 
serving NM since 1997. Three owners are NABCEP Certified 
Installers and live on solar power. Company is carbon-
neutral. References on Findsolar. 505-424-1112.  
info@positiveenergysolar.com www.positiveenergysolar.com

Remod Solar Service Solar Heating Specialists for over 
27 years with thousands of happy customers. Installation, 
design & repair. Licensed NM Electrical, Plumbing and 
HVAC contractor. Solar space heating, solar water heating, 
radiant floor integration and solar pool heating. Old and slow 
but at least we’re expensive. Remod Inc. Albuquerque Lic. # 
26528 • 505-247-4522 chuckmarken@qwest.net

New York
Solar Water Works, LLC Specializing in high quality 
solar thermal systems; sales, consulting, engineering & 
installation. Distributors of Apricus solar products. Residential 
& commercial applications for; radiant heat, baseboard, forced 
hot air, pools, spas, and domestic hot water. Complete pre-
packaged systems are available. Visit www.solarwaterworks.
com or contact us at: 908-477-8551 Dealer Inquires welcomed!

New Mexico, cont.

www.electronconnection.com
www.positiveenergysolar.com
www.solarwaterworks.com
www.solarandwindfx.com
www.scsolar.com
www.scsolar.com
www.sundancepower.com
www.repowersolutions.com
http://www.third-sun.com
www.trinityelectric.org
www.sunstoresolar.com
www.meridiansolar.com
www.apssolar.com
www.solarunlimited.net
www.indpendentpowerllc.com
www.vermontsolar.com
www.pvforyou.com
www.seraphimenergy.com


Western Washington Solar designs & installs solar 
electric, solar hot water, solar space heating & wind power 
systems for residential & commercial clients throughout 
Washington. Renewable energy will save you money, add 
value to your home or business, & reduce greenhouse gas 
emissions. 360-319-6273, www.westernwashingtonsolar.com,  
email: info@westernwashingtonsolar.com

Wisconsin
SolarWind Energy Systems, LLC P.O. Box 1234, 
Okanogan, WA  98840  509-422-5309  www.solar-wind.us WA 
Cont. # SOLARES983RQ.  Serving Eastern WA & Northern 
ID grid-tied & off-grid RE systems. Solar PV, wind, solar hot 
water, remote stock watering. Design, installation, service, 
maint. Solar Energy International (SEI) trained. Lic. & 
bonded. bclark@solar-wind.us or jmartin@solar-wind.us

Photovoltaic Systems LLC, since 1980 we have been 
designing, installing and servicing solar electric systems 
statewide in WI. NABCEP Certified Installer, Xantrex certified 
dealer & authorized service cntr.; MREA instructor teaching 
basic thru advanced PV systems workshops. James Kerbel 
7910 hwy 54 Amherst Wi. 54406  715-824-2069 PVSOLAR@ 
wi-net.com

Photovoltaic 
Systems LLC.

Creative Energies Wyoming’s premiere full-service RE 
company. Solar & wind power for remote cabins, homes & 
ranches, utility grid-tied solar & wind power, solar hot water 
& heating, solar water pumping & passive solar home design. 
We custom design a system that fits your needs & budget. 
Trace certified dealer. Phone/fax: 307-332-3410 toll free  
866-332-3410  info@cesolar.com • www.cesolar.com

Wyoming

Washington, cont.
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OtherPower

Make your electricity from scratch!

www.otherpower.com
Orders: 970.484.7257

877.944.6247 (toll free)
Forcefield

2606 W Vine Dr
Fort Collins, CO 80521
Product information:

 info74@otherpower.com

• Magnets
• Magnet wire
• Templates 
• Stators
• Metal parts
• Frame kits
• SS Hardware
• Blades

Build your own wind turbine with our kits, com-
ponents, parts, books and plans. You can make a 
sturdy, slow-spinning, quiet, heavy and extremely 
reliable wind turbine in your home workshop for a 
fraction of the cost of a commercial model.

• Books
• Plans
• Free info!
• Fast service!
• Fun and free 
wind power 
forum here:
fieldlines.com

Ordering or Information call

(207)-549-3401
www.brandelectronics.com

Brand Electronics
421 Hilton Rd.
Whitefield, ME 04353
info@brandelectronics.com

New USB plug in meter, up to 1 gig of flash memory!

ONEMeter: Standard Features include Multiple AC or DC power 
channels, PC interface, internal logging.  Options include Web 
Interface, Weather Monitoring, and lots more.

4-1850WX: Special meter for Refrigerator Replacement 
Programs. Detects Defrost Cycle, displays cost/kWh-hrs/yr. 
Other Models available. Check our website or call for details.

Things that Work!
Model 4-1850
Home Power #67

Digital Power Meters
20-CTR: Measures AC Power up to 10 
kW, 100–250 vac single or two phase.

All products are California 

CEC eligible meters

Complete Biodiesel Production System

Process, Wash, Dry...80 Gallons of B100 
The Ester Machine

- Make Fuel the Day It Arrives

- Safe,  Durable,  Effective

- Completely Assembled and Tested

- Handles New or Used Vegetable Oil

- Consultation Services Available

- Monthly Biodiesel Seminars!
Green World Biofuels     319-545-7022    www.greenworldbiofuels.com

Boost Battery Health:

Call Toll Free: 
800-222-7242
www.abrahamsolar.com

Equalize 24/7 with BattEQTM

Reduces voltage variations  
within a string of batteries.

7 models: $69 to $399
Wholesale, Retail, OEM

E L E C T R I C  B I K E S
“No better quality at no better price”

www.iloveebikes.com
8 0 0 - 8 0 6 - 7 1 0 9

Under new ownership
RENEWABLE ENERGY PRODUCTS

SEE OUR EXTENSIVE LINE OF

5% DISCOUNT ON
ALL HUMAN POWER

EQUIPMENT FOR
DECEMBER ONLY.

Windstream Power LLC 
introduces our newest line of Human Power
Generators. Perfect for off-grid 12 VDC battery
charging and emergency power.

Phone 802-425-3435 FAX 802-425-2896

www.windstreampower.com
sales@windstreampower.com

INNOVATIONS IN RENEWABLE ENERGY SINCE 1974
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JOIN MARTHA IN THE FIGHT AGAINST GLOBAL WARMING. 
ENERGY STAR® qualified products and energy-efficient behaviors can help you save energy and

money at home while reducing greenhouse gas emissions.  Learn more at energystar.gov.

NAME:  Martha Ware

FIGHTING GLOBAL WARMING BY:  Using ENERGY STAR® qualified 

products, including lighting, a programmable thermostat, 

a furnace, and new insulation.

ANNUAL SAVINGS:  $1,150  |  11,000 kWh  |  12,000 lbs. CO2 

NEXT PROJECT:  Teaching Shadow to roll over
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People
Who: Kevin & Katie Reily
Where: Chapel Hill, North Carolina
When: 2006 to present
What: Solar-electric & solar hot water 

systems
Why: Sound financial & environmental 

investment

reclaimed or recycled, from windows to the kitchen sink to 
a floor made from old chimney bricks. To further minimize 
resource use, the house was designed with deep overhangs to 
shade windows in the summer. Even during North Carolina’s 
hot and humid summers, it needs no air conditioning. 

The Reilys’ renewable energy systems include a wood heater 
and a solar thermal system for space heating and domestic hot 

water, and a grid-tied 2.4-kilowatt solar-electric system with 
battery backup. The battery bank was sized to support water 
pumping, refrigeration, office appliances, and pumps for the 
radiant heating system during the occasional utility outages 
that they experience. Two low-tech solar energy dryers—
sturdy clotheslines—round out the Reilys’ RE system. 

Renewable energy interests the Reily family for several 
reasons: “We feel good investing in an industry that has 
potential to reduce global warming. Strong tax incentives 
have made it economically attractive for us to invest in RE 
now. And having a backup system when the utility goes 
down is a very useful bonus.”

Ed Witkin of Carrboro Solar Works installed the Reilys’ 
solar-electric system and has known the family for years. 
Their kids went to school together, and Ed has grown to 
respect the family environment that Kevin and Katie have 
built—and the environmental consciousness they have. 
“The Reilys’ home is alive with the work they’re all doing 
to nurture themselves and the Earth.”

—Ian Woofenden
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Kevin and Katie Reily have focused their energy 
and efforts on setting an example of how American 
families can have lifestyles that are both sustainable 
and comfortable. Kevin is dedicated to right 
livelihood and pioneered a first-of-its-kind vinyl 
siding reclamation and recycling operation. Katie is 
a speech-language therapist in private practice, a 
people person with a strong environmental bent, and 
she loves to travel.

“A year after I graduated from high school, I started 
a little farm in eastern Tennessee and remodeled 
the old farmhouse, where I cooked and heated with wood,” says 
Kevin. “Katie and I designed a passive solar house, but never 
got around to building it before we moved to Atlanta, where our 
four children were born. My interest in renewable energy went 
underground until we bought rural property in North Carolina.”

In 1993, Kevin and Katie bought 7 1/2 acres outside Chapel 
Hill, remodeled an old garage on the property as a temporary 
dwelling, and lived in it until Hurricane Fran hit in 1996. The 
stormed turned out to be a literal windfall for them, and they 
used fallen oak trees to build a post-and-beam home attached 
to the garage. Many other materials in the house are also 
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$6.95 US • $8.95 CAN 

Plus:
+ Solar Awnings, 

Carports & More

+ High-Flow Hydro

+ Wind-Powered 
Water Pumping   

WIND POWER

NEW YEAR
 NEW GEAR

24

Ian Woofenden, Home Power’s  
wind energy expert, at 165 feet.

Top Turbines
Site Right & Buy Smart

High-Performance 
 Solar Hardware 

COLD WEATHER BIODIESEL STORAGE • ELECTRIC TRUCK CONVERSION
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HIT® Double

SANYO Energy (USA) Corporation http://us.sanyo.com solar@sec.sanyo.com

POWER FROM BOTH SIDES!

Bifacial Solar Panel
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Direction: South
Height: 1m/3.28ft
May 22, 2007
Osaka, Japan

Tilt Angle 30°

HIT® Double vs. HIT® Single-Sided

®

HIT Double

HIT Single-Sided

SANYO's new HIT® Double bifacial module captures both direct sunlight 

and reflected light from surrounding surfaces. HIT Double can increase the 

amount of energy produced by up to 30% compared to single-sided HIT 

panels, depending on installation design and location. With high kWh 

performance, HIT Double is the perfect choice for areas with performance- 

based incentive (PBI) programs. Both residential and commercial customers 

will enjoy new possibilities using the HIT Double, including deck coverings, 

carports, awnings, facades, trellises, walkways and more.

http://us.sanyo.com
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