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Capture the energy of the sun with Trace’s all new Sun Tie ST2500
utility interactive PV inverter. The Sun Tie is designed, built and priced
to make Green Power production easier and simpler than ever before.
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Low cost, all-in-one design • Works with any type of PV technology • 2.5 kW capacity • Maximum power point tracking
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USA
Alternative Solar Products -
California
Toll Free: 800.229.7652
Phone: 909.308.2366
E-mail: mark@alternativesolar.com
Internet: www.alternativesolar.com

American Energy Technologies, Ltd. -
Florida
Toll Free: 800.874.2190
Phone: 904.781.7000
E-mail: solardell@aetsolar.com
Internet: www.aetsolar.com

Applied Power Products -
Washington
Toll Free: 800.777.7075
Phone: 707.923.2277
E-mail: sales@appliedpower.com
Internet: www.appliedpower.com

Atlantic Solar Products, Inc. -
Maryland
Toll Free: 800.807.2857
Phone: 410.686.2500
E-mail: mail@atlanticsolar.com
Internet: www.atlanticsolar.com

Dankoff Solar Products -
New Mexico
Toll Free: 888.396.6611
Phone: 505.473.3800
E-mail: pumps@dankoffsolar.com
Internet: www.dankoffsolar.com

Effective Solar Products - Louisiana
Toll Free: 888.824.0090
Phone: 504.537.0090
E-mail: esp@effectivesolar.com
Internet: www.effectivesolar.com

Intermountain Solar Technologies -
Utah
Toll Free: 800.671.0169
Phone: 801.501.9353
E-mail: orrin@intermountainsolar.com
Internet:
www.intermountainwholesale.com

Solar Depot, Inc. - California
Toll Free: 800.822.4041
Phone: 415.499.1333
E-mail: info@solardepot.com
Internet: www.solardepot.com

Sit back and relax, confident that you’ve selected the best—an engineered packaged system from BP Solar.

Recognized as an industry leader for nearly thirty years, we’re more than solar power. 

Moreover we’ve created alliances with premier solar industry manufacturers to design and
engineer components that are specially matched to our solar technology.

Furthermore, these packaged systems are guaranteed to provide superior
performance as well as years and years of reliability.

So go ahead, contact the office conveniently located nearest
you. Then sit back and relax, confident that your solar

electric system will provide years of reliable power,
when and where you need it.

relax.

Southwest PV Systems - Texas
Toll Free: 800.899.7978
Phone: 281.351.0031
E-mail: swpv@southwestpv.com
Internet: www.southwestpv.com

Sun Amp Power Company - Arizona
Toll Free: 800.677.6527
Phone: 480.922.9782
E-mail: sunamp@sunamp.com
Internet: www.sunamp.com

Talmage Solar Engineering, Inc. -
Solar Market - Maine
Toll Free: 877.785.0088
Phone: 207.985.0088
E-mail: sm@solarmarket.com
Internet: www.solarmarket.com

CANADA
Powersource Energy Systems -
Alberta
Toll Free: 888.291.9039
Phone: 403.291.9039
E-mail: info@powersourceenergy.com
Internet: www.powersourceenergy.com

Powersource Energy Systems - 
British Columbia
Toll Free: 888.544.2115
Phone: 250.544.2115
E-mail: info@powersourceenergy.com
Internet: www.powersourceenergy.com

Powersource Energy Systems -
Ontario
Toll Free: 888.544.2115
Phone: 613.967.2774
E-mail: info@powersourceenergy.com
Internet: www.powersourceenergy.com

Trans-Canada Energie - Quebec
Toll Free: 800.661.3330
Phone: 450.348.2370
E-mail: rozonbatteries@yahoo.com
Internet: www.worldbatteries.com

We’re the power of experience.
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Get the power you 

need with Siemens Solar 

Whether you're just 
beginning to use solar 
electricity, or adding to a system, 
choosing Siemens Solar modules assures you 
of the exceptional performance, precision quality and
proven reliability that have made Siemens a leader in
photovoltaic energy.

Our exclusive PowerMax™ technology enables 
Siemens Solar modules to achieve charging power
with very little sunlight. This means your system can
operate from earlier to later in the day, generating
more useable energy, everyday, from every watt of
solar installed.  

Your Siemens Solar PowerPro™ Partner has the 
information, experience and products you need for
effective and economical solar power solutions.

Applied Power

Hitney Solar

Hutton Communications

Inter-Island Solar

Soltek

SunWize

Talley Communications 

Look For This Logo

Dealer Inquiries Invited

Siemens Solar
Tel: 1(877) 360-1789 • siemenssolar.com • P.O.B. 6032, Camarillo, CA 93011-6032
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10 PV in the City

John Berton goes solar in
the middle of Chicago.
Collecting equipment over
the years, he now meets all
of his energy needs.

24 Earth & Sky

Peter Berney and Ariella
Alandra build a beautiful
adobe home in Arizona.
Utilizing the sun for space
heat and hot water, and sun
and wind for electricity, their
dreams have come true.

34 Intertie Hydro

Kurt Johnson helps Kitty
Couch offset her electrical
loads by installing a simple
batteryless hydro system.
From Aqua Shear intake to
the Harris Hydro output, it’s
a model installation. 

42 PV Payback?

Not dollars, but watts—Karl
Knapp and Theresa Jester
count the calories in the PV
production process and
compare it to the output of
the panel. 

50 Starting Out Small

Rather than buying a bunch
of test equipment, Rudy and
Jill Ruterbusch just started
out small. By monitoring
their model system’s
performance, they can
extrapolate their resource
and design a full system.

76 RE Vehicles at SolWest

Electrathon racing came to
the SolWest RE fair this
year. Eric Hansen reports
from the driver’s seat. Also,
biodiesel trippers show off
their rig.

90 More Electrathon

Muscatine High School
enters the race circuit with a
new car and a new
curriculum. The kids dig it.

96 EV Driving Techniques II

The second part of Shari’s
tips and tricks on piloting an
electric vehicle.

100 Box It Up

Mike Brown finishes his
series on mounting batteries
in an EV conversion.
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58 Utility Intertie At SolWest

Home Power helps with a
workshop on grid-intertied
PV systems at the Grant
County Fairgrounds in John
Day, Oregon. But the local
utility renegs on the net
metering agreement.

70 SolWest, Part II

The second year for this fair
brought even more
experienced nerds to
Central Oregon for fun with
the sun.
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Makin’ green power with renewables

Is pretty simple—there aren’t many rules.

Eliminate those phantom loads

In shops, and boats, and in abodes.

Appliances that suck your power

Unbeknownst, hour by hour

It all adds up, it’s plain to see

The goal here is efficiency.

Turn it off when you’re finished with it,

Those watts add up, bit by bit.

You can make all the power you need to consume

If you turn off the lights when you leave the room.

First, check your loads—how much do you need?

How much juice do those appliances feed?

What’s the voltage of the system, and how many amps?

“Volts times amps equals watts” is the dance.

Add it all up to figure how much you’ll use.

Do the math and the homework—you’re payin’ the dues.

Once you’ve got your loads all checked

Scope out your source, Nature’s in effect.

What’s delivered to your door every day?

Is there sunshine, or wind, or water to play?

How much juice is comin’ in, and how much juice is goin’ out—

That’s what this volt, amp, and watt thing’s about.

Now go get the parts and put it together.

Wire it skookum and safe from the weather.

When you’re hookin’ it up, do it well, do it right—

Make your connections shiny and tight.

Take it one step at a time and you’ll get it all set.

If you get stuck, there’s lots of help, you can bet.

There are a lot of good folk with the answers you need,

Pick up a Home Power, peruse it and read.

Tread lightly on the Earth, plug in to RE sources,

Align yourself with the natural forces.

The goal is reduction in fossil fuel use,

So make those green amps, that clean sunshine juice!

–Joy Anderson for the Home Power crew
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People

“Think about it…”

Makin’ green power with renewables

Is pretty simple—there aren’t many rules.

Eliminate those phantom loads

In shops, and boats, and in abodes.

Appliances that suck your power

Unbeknownst, hour by hour

It all adds up, it’s plain to see

The goal here is efficiency.

Turn it off when you’re finished with it,

Those watts add up, bit by bit.

You can make all the power you need to consume

If you turn off the lights when you leave the room.

First, check your loads—how much do you need?

How much juice do those appliances feed?

What’s the voltage of the system, and how many amps?

“Volts times amps equals watts” is the dance.

Add it all up to figure how much you’ll use.

Do the math and the homework—you’re payin’ the dues.

Once you’ve got your loads all checked

Scope out your source, Nature’s in effect.

What’s delivered to your door every day?

Is there sunshine, or wind, or water to play?

How much juice is comin’ in, and how much juice is goin’ out—

That’s what this volt, amp, and watt thing’s about.

Now go get the parts and put it together.

Wire it skookum and safe from the weather.

When you’re hookin’ it up, do it well, do it right—

Make your connections shiny and tight.

Take it one step at a time and you’ll get it all set.

If you get stuck, there’s lots of help, you can bet.

There are a lot of good folk with the answers you need,

Pick up a Home Power, peruse it and read.

Tread lightly on the Earth, plug in to RE sources,

Align yourself with the natural forces.

The goal is reduction in fossil fuel use,

So make those green amps, that clean sunshine juice!

–Joy Anderson for the Home Power crew

We don’t know 
who discovered water, 

but we’re certain 
it wasn’t a fish.

–John Culkin



Power NowNow
Portable Solar Power
System Built-in AC and DC
outlets provide power for
lights, stereos, cell phones,
TV/VCRs, blenders, electric
fans, power drills, laptops
and more—anywhere on
the property!

Four Easy Ways to
Recharge Use the NOMAD
solar panel to recharge
from the sun, or recharge
from utility power, your
vehicle or generator.

A Great Introduction to
Solar Power Everything
you need to start producing
electricity from the sun is
included.

Accessories Included
Vehicle jump-start cables,
wall charger, 12 volt car
charging adapter and
more!

The Power of the Sun Within Reach

NOMAD 300

NOMAD 300

Toll Free 1-877-797-6527
Local 604-656-2131
www.solarsense.com

The NOMAD 600 is coming soon!

Call us toll free or visit our website for more
information about the NOMAD 600, SolarSense
plug and play battery charging systems, great
Christmas gift ideas and more!

More
Power
NOW!
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n May of 1999, I became the first person in the city of
Chicago to live off the grid. My local utility, Commonwealth

Edison (ComEd), became my backup power source. A huge
percentage of their power is produced by nuclear plants.There is
no solution to the problem of nuclear waste, and production of
the fuel is inextricably linked to production of nuclear weapons. I
don’t want to be part of either of these.

n May of 1999, I became the first person in the city of
Chicago to live off the grid. My local utility, Commonwealth

Edison (ComEd), became my backup power source. A huge
percentage of their power is produced by nuclear plants.There is
no solution to the problem of nuclear waste, and production of
the fuel is inextricably linked to production of nuclear weapons. I
don’t want to be part of either of these.
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My dream started somewhere back in the late 1980s
when I became aware of the possibility of generating
enough electricity from photovoltaic panels to actually
do something. Until then I had the assumption that you
needed massive equipment to produce useful amounts
of energy.

Renewable Inspiration
The very first seeds of my interest in power generation
were sown in the late ‘70s, just after college. A college
friend was involved in restoring a microhydro plant in
southwestern Michigan. My roommate and I were
invited to visit for a weekend. For me it was love at first
sight. I was fascinated with the task at hand, the
building, the people involved, and the setting.

Nothing else came of my interest in that microhydro
project, but over the next decade I remained aware of
power issues. My roommate became involved with the
American Friends Service Committee. He spoke
publicly about the problems of nuclear power in general
and ComEd in particular. I listened intently, and slowly
became aware of other possibil it ies for power
generation.

At some point, someone mentioned Home Power
magazine. There I learned that some people were
producing enough power to perform useful tasks in a
home environment. I was hooked. My first contacts in
the renewable energy world were Home Power
advertisers who had 800 numbers. I spent a year
picking their minds and learning about equipment.

At the same time, I was trying to save money, and
determining what changes I would have to make in my
apartment to use home-produced electricity. I realized
that I would not be able to power the entire apartment
immediately, and decided to convert just the study and
the refrigerator. In early 1991, I had enough money to
begin collecting equipment.

Code Dilemma
When I began thinking of building a
renewable energy system in
Chicago, I wondered about city
codes, inspections, etc. Since Mrs.
O’Leary’s (legendary) cow kicked
over the lantern in her barn back in
1871, we have had a history of
zealous inspectors and rigidly—if
unevenly—applied codes. I called
the city department of buildings.

When I began to explain what I was
doing, I was transferred. Each
person and department transferred
me to someone else. Finally

11Home Power #80  •  December 2000 / January 2001

Photovoltaics

Not much visible from the street.

Almost all of the motley array of modules John collected over the years.
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someone confessed, “We don’t know what that is, and
we don’t have any codes on that.” I thanked him and
hung up. Except for the National Electrical Code, I was
on my own. As long as I didn’t burn the place down or
electrocute anyone, I was free to do as I wished.

First Gear
I started with twelve Tri-Lams from the Carrizo Plains
project in southern California, a Trace 2012 inverter, a
set of old Edison nickel-iron batteries, and a Sun Frost
refrigerator. I replaced the lights in
my study with compact fluorescents.

All this equipment was delivered to
my workplace—a traditional 9 to 5
real estate company in the Chicago
suburbs. My co-workers thought I
was nuts. I purchased #3/0 (85
mm2) cable, #8 (8 mm2) cable,
conduit, a number of boxes, fuses,
disconnects, and lumber for the
panel mounts. Then I started the
project.

It was a task that took far longer
than I expected. Had I known or
stopped to consider how long and
involved it would be, I might never
have started. But I just plunged in
with no definite plan other than an
idea of how things were theoretically
supposed to be hooked up. I started

by building the racks. Everything had to be hauled up a
24 foot (7 m) ladder and through an 18 by 24 inch (46 x
61 cm) trap door to get to the roof.

The building directly south of me had a peaked roof that
cast a shadow on my roof. I calculated the angle of the
sun on December 21st, and figured as well as I could
where that shadow would be then. I also needed to
arrange the racks so that I could walk behind them to
do seasonal adjusting. The space needed would put the
panels in a shadow as the days in December grew
shorter, so I made the racks 15 inches (38 cm) higher to
keep them in the sun.

Panels were wired together on the roof after being
installed in the frames. Perhaps the most difficult part of
the job was getting two #3/0 (85 mm2) non-welding
cables through 60 feet (18 m) and four 90 degree
bends of 2-1/4 inch (5.7 cm) conduit by myself. The 2-
1/4 inch conduit runs from the junction box on the roof,
over the parapet, and down the wall to the basement,
where it goes through a boarded-up window into the
battery room.

I ordered the first set of batteries from Utility Free in
Colorado (no longer in business). They arrived well
battered and leaking electrolyte. There was no problem
returning them to the shipper. A second shipment
arrived in excellent condition. I unloaded them from the
truck and lugged them into the basement. A battery rack
was the next order of business. I used 2 by 8 lumber
and metal shelf supports (L-brackets). Then I installed a
fused disconnect for the array and a breaker for the
inverter.

Main DC bus bars.

Left: DC distribution. Right: PV disconnect.
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It Actually Works!
The Sun Frost had arrived earlier,
so I had two refrigerators in the
kitchen. Once the panels were
connected to the batteries for a few
days, the voltage remained well
over the 12 volts necessary. The
Cruising amp-hour meter showed
that the batteries were full and
overcharging.

I connected the wires from the Sun
Frost to a fused switch on the
system in the basement, ran
upstairs, and listened. The
compressors kicked on. I was
amazed. It really worked!

Sometime during the next week, the
Trace arrived. I installed it on the
rack right next to the batteries in the
basement. I separated them with a
piece of wood to protect the inverter
from corrosive fumes.

The giant print on the terminals and the even larger
plus and minus signs, the cost of the inverter, and the
warnings in the manual made me check and recheck
my wiring. Convinced that I had installed things
correctly, I gingerly attached the #3/0 (85 mm2) cables
to the inverter. Nothing happened. I plugged my drill
into the Trace. I was ecstatic—I couldn’t believe that it
actually worked! This was real 120 V power. This was
what I needed to run the whole apartment. The system
functioned perfectly—it ran two lights in my office,
computer, printer, boom box with CD player, dual tape
deck, and an AM/FM radio.

From time to time over the next nine
years, the batteries got low and the
Trace would charge them from the
grid. The batteries functioned
flawlessly. I watered them every
three to four weeks. The only
problem was that I didn’t have a
charge controller. The nickel-iron
batteries didn’t care about being
overcharged. It didn’t hurt them. I
just had to add water more
frequently. Adding a charge
controller would just increase costs,
and I was running out of money.

On sunny days, the batteries would
go over voltage at about 11 am and
the Trace would shut off. This was
annoying if I happened to be home

during the day and working in the study. So I planned to
add a charge controller.

Nickel-Iron Batteries
When I go to energy fairs and talk to people about
batteries, they worry about overcharging, equalizing
charges, sulfation, and reduction of battery life by taking
too much power out of the pack. They also need to be
concerned about the age and size of batteries if they
want to add to their lead-acid battery pack. When I first
started planning a renewable energy (RE) system, the

Author John Berton switches to solar power.

Nickel-iron cells:Twenty Russo-Hungarian (top) and thirty Edison (20 shown).
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idea of taking care of lead-acid batteries was daunting.
None of these things are a concern with nickel-iron
batteries.

Nickel-iron batteries are not harmed by being
overcharged. They don’t need equalizing. You can add
to the nickel-iron pack with any size battery of any age
at any time. And, according to the supplier, they last
forever.

The drawback was that they cost about three times as
much as lead-acid batteries. Their energy density
(power per pound) is half that of lead-acid batteries.
Their internal resistance is greater, making it harder for
them to give up large amounts of energy as fast as
lead-acid batteries. And they tend to self discharge
faster than lead-acid batteries.

Last but not least, they were not being produced
anymore. The only ones available were at least twenty
years old. But I was assured that they had many years
of life left. The advantages seemed to outweigh the
disadvantages.

The recommended way to store nickel-iron batteries is
to discharge them completely and put them away. You
can come back years later and charge them up. They
never need equalizing. I have never experienced any
problem with overcharging.

Watering them happens much more frequently than
with lead-acid batteries, but this is not much of a
drawback. There are precipitous voltage drops under
heavy loads, but this has not yet been a problem.
Carbonation of the plates or electrodes is supposed to
be a problem, but has not happened yet.

Not only would I use nickel-iron batteries again, but I
would probably not want to set up a new system without
them. The idea of using lead-acid batteries after the
ease of nickel-irons is horrifying.

The problem is that the only new NiFe batteries
available are produced in Shanghai, China or St.

Petersburg, Russia. Shipping is
prohibitively expensive. Power
Technology Systems is rumored to
be trying to produce a North
American nickel-iron battery, but
nothing has happened yet. Nobody
in the U.S. that I am aware of has
any of the new batteries in stock.
And I’m unaware of any used ones
currently available.

Off to the Midwest RE Fair
When I was first getting my system
set up, all contact I had with the
renewable energy crowd was via
800 phone numbers. In the spring of
1992, after living with my system for
almost a year, I attended my first
energy fair in Amherst, Wisconsin
(MREF), put on by the Midwest
Renewable Energy Association. The
range of equipment available, the
people and their experiences, and
the workshops, were fantastic.

Close-up of a 30 year old Edison NiFe cell.

KWH meter shows solar energy produced (left);Trace 2512 inverter.
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John Berton’s PV System

Trace SW2512

13.5

AMP-HOURS

Dump Load:
Enermaxer controller

and 1,440 watt air heater

To Small DC Loads:
Amp-hour meter

Battery ventilation

To Large DC Loads:
Sun Frost

CD / Stereo
Answering machine

Doorbell
AA battery charger

Meter:
Cruising Amp-Hour

Shunt

Breaker:
250 amp

Main DC Bus: With voltmeter

Breaker:
120 amp

Breaker:
120 amp

KWH Meter:
Solar

AC Distribution:
To 120 VAC loads
(lightning arrestor

not shown)

Main Breaker:
Utility power

KWH Meter:
Four-channel,
including KWH

in and out

Utility Power:
240 VAC to / from

ComEdLaptop Computer:
Data logging

Transfer Switch:
Solar or utility power

Inverter:
Trace SW2512

2,500 watts at 120 VAC

Batteries: Fifty nickle-iron cells
wired in series strings of ten

for 1,500 amp-hours at 12 VDC

Breaker:
250 amp

Array Disconnect for BP-275s

Photovoltaics: Two Solarex MSX-60,
twelve Arco Tri-Lams, three Solarex MSX-83,

four Solarex PL-110, and fourteen BP-275 panels,
all wired for 2.2 KW at 12 VDC

DC chassis grounds not shown

John Berton’s PV System

1234
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Over the next eight years, I went to the fair every year.
As money became available, I purchased more
equipment. Two MSX-60 panels one year. Three MSX-
83 panels the next. Four ancient Solarex panels, a
Trace 2512 inverter and control panel, an Air 303,
fourteen BP-75 panels, an Enermaxer, two more strings
of 30+ year old Edison batteries (300 AH each). Twenty
brand new Russian-made nickel-iron batteries (300 AH
each). Two 3 by 8 foot (0.9 x 2.4 m) panels to heat
water, and two to heat air. Another Sun Frost.

Some people spend US$40,000 on a new SUV, and
nobody questions them. I chose to spend close to that
on my solar-electric installation, and was seen as
eccentric.

Time & Money Merge
Much of this equipment spent literally years on my living
room floor waiting for its companion equipment to be
purchased. Then it spent more time waiting for me to
find time to begin installation. A standard joke

developed among suppliers at MREF. When they met
me intent on making another purchase, they would ask
if I had managed to install the stuff from three years
ago. In the spring of 1999, time and money finally came
together. I also swore to get the system installed before
the 1999 fair.

First I changed all the bulbs in my apartment to
compact fluorescents. I eliminated any phantom loads I
found by using power strips and rechargeable AA
batteries.

I was unable to install the new Trace alone, but I
determined I could go off the grid with the old 2012 if I
could just get the new batteries and panels installed. It
was a lengthy procedure and went off largely as
planned except for a scary battery explosion. As I was
lifting the old Edisons onto a platform, something inside
one of them shorted and with a loud noise sent a
corrosive plume into the air. I happened not to be
leaning over that battery at the time.

It was a good thing, since I was not using protective eye
gear. My mind instantly recalled Richard Perez’ story
about exploding batteries. To this day, any time I look
into my batteries, I have my goggles on. My vinegar is
also close at hand (my batteries are alkaline, so baking
soda is not the neutralizer).

When finally assembled, the battery pack seemed not
to hold a charge well. I conditioned them by charging
them twice with my Trace 2012 as much as I could, and
then discharging them. They then held a charge and
functioned as expected.

The Trace was still feeding only one circuit in my
apartment, but I was now technically off the grid. Grid
power was still available at every wall outlet and in
overhead lights, but I didn’t use it. I had long orange
extension cords snaking their way throughout my
apartment from the one circuit that was powered by the
Trace. Clamp lights and power strips were everywhere.
All my power came from my Trace. At the energy fair, I
could honestly say I was off-grid.

Wind Power
I spent a long time at the fair talking to the people from
Southwest Windpower about mounting an Air 303
without actually attaching it to the building. I had
concerns about noise and vibration.

As an experiment, I designed a mount that would be
anchored by sandbags. The base measured 22 by 22
feet and was 13 feet tall (6.7 x 6.7 x 3.9 m). In some
places, on top of a two story building, this might be
adequate. Not so in my neighborhood of Chicago. I had
a two story building just north of me and a two story
building with a peaked roof south of me. The peak of

Renewable energy or the grid—notice the position.
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that roof was 10 feet (3 m) above my building, giving
me only 3 feet (0.9 m) of clearance.

Adding to my problems was a giant cottonwood tree
well over 80 feet (24 m) tall across an alley just east of
my building, and a row of three story apartments across
the street. These proved to be enough to make my Air
303 almost useless unless there was a constant
northwest wind. The solution would be to raise the
turbine another 10 to 30 feet (3–9 m).

So far, the noise was negligible compared to the roar
and shaking of city buses, ambulances, trucks, and
general street traffic just two houses away on Lawrence
Avenue, a major four-lane east-west artery. I was told,
however, that once the Air 303 started to self regulate in
strong winds, the vibration and noise would become
intolerable.

I am unsure about whether the sandbags would have
supported an additional 30 feet (9 m) of tower, or how
to attach more cables. I concluded that the time and
expense would be better spent on additional
photovoltaic panels, so I decided to take the Air 303
down. A taller tower was the solution. But the effort to
do this, the maintenance necessary, the possible
conflicts with city ordinances, and potential problems
with neighbors if the thing fell during a storm influenced
my final decision.

Pull the Plug Party
One day during the summer of 1999, I returned to my
apartment to see a group of my neighbors gathered in
the alley behind my garage, chatting with each other. I
pushed the button to open the garage door. They were
quite surprised. There was a power outage in my

neighborhood, the first of many in Chicago that
summer. None of them had power, nor would they for
hours.

They were already aware of my efforts to produce
power and that I had “some equipment” on the roof. But
suddenly they realized what it really meant that I was
producing my own power. I ran an extension cord to my
building partner’s refrigerator (she also has a Sun Frost
RF-16 but hers is 120 V). She disconnected the
extension cord when power came back on.

By late summer, I still had not finished the installation. I
decided to have a “Pull the Plug” party to celebrate
being off the grid. I wanted to have the system really
finished so people would not be tripping over extension
cords. The date of the party forced me to get the
system finished.

My friend and electrical consultant, Vladimir Nekola
(see the cover story of HP46), came over and had me

All solar energy is counted with a KWH meter.

The Air 303 just didn’t have the exposure it needed.
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change a number of things that I had wired. He also
helped me install the Trace SW2512, Enermaxer,
resistor dump, meters, and disconnects.

The final task was to wire the whole system into the
breakers for my apartment through a disconnect that
would, in emergencies, send grid power back into my
apartment and disconnect the solar power. We finished
one day before the party—just enough time to stock the
Sun Frost with beer and pop. The
highlight of the party was to be “the
only solar-cooled beer in Chicago.”

Dealing with the Surplus
I have recently started selling back
to ComEd. ComEd has instituted a
program to buy back power from
people like me. There is a special
meter that they have installed, and
an external locked switch they can
throw if they need to work on lines in
the area.

It’s not ideal for me, however. I want
the inverter to sell back to ComEd
only when the batteries are full. So I
want the charge controller, instead
of shunting the power to a resistive
load, to send it to the utility. When
the batteries get low, I want the
inverter to stop selling solar power
and redirect it back to the batteries.

I want the house to be powered
from the batteries all the time,
unless the batteries are low and
there is no sun. At that time and only
at that time do I want the inverter to
take grid power to charge the
batteries. I have talked to Trace.
They say the inverter I have can’t do
that. Right now I sell to ComEd only
when I’m home and can get out of
“sell” mode when the sun goes
down. This seems complicated. I
hope I have misunderstood Trace
and that someone can tell me how
to do what I want to do.

Future plans include a car charging
station in my garage, and an electric
truck. The truck has been
purchased, as well as all the parts
necessary for the conversion except
the batteries. Construction of motor
and equipment mounts and battery

boxes, lack of welding experience, and a host of other
problems have delayed this project. I hope to have it
completed by Spring 2001.

I have purchased more panels that are not yet installed.
These, added to what I already have, should allow me
to recharge the truck. I hope to eventually stop selling
excess power back to the utility, and instead use it
myself—recharging electric vehicle batteries.

Berton System Loads
Average Average

# Item Watts Hours / day WH / day %
1 Food dryer 260 8.00 2,080.00 38.7%
1 Sun Frost RF-16 120 6.30 756.00 14.0%
1 Blender 1,000 0.14 142.86 2.7%
1 CD player & radio 15 5.00 75.00 1.4%
1 Fountain 3 14.00 42.00 0.8%
1 Answering machine 2 24.00 38.40 0.7%
1 Stereo & turntable 30 1.00 30.00 0.6%
1 Food processor 400 0.05 20.00 0.4%
1 Vacuum cleaner 750 0.01 8.93 0.2%
1 Iron* 1,100 0.00 3.27 0.1%
1 Juicer* 300 0.00 0.14 0.0%
1 Coffee grinder* 110 0.00 0.05 0.0%

Lighting

3 Study, CF 23 5.00 345.00 6.4%
2 Kitchen, CF 23 3.00 138.00 2.6%
5 Dining room, CF 23 1.00 115.00 2.1%
4 Bedrooms, CF 23 1.00 92.00 1.7%
4 Living room, CF 23 1.00 92.00 1.7%
4 Hallways, CF 23 1.00 92.00 1.7%
3 Bathroom, CF 23 1.00 69.00 1.3%
2 Closets, incand.* 75 0.00 0.22 0.0%

Computer Equipment

1 Dell laptop 66 10.00 660.00 12.3%
1 Desktop computer 400 1.00 400.00 7.4%
1 Printer 60 0.29 17.14 0.3%
1 RW CD-ROM 100 0.14 14.29 0.3%
1 AT&T laptop 60 0.14 8.57 0.2%
1 Scanner 50 0.14 7.14 0.1%
1 ZIP drive 13 0.07 0.93 0.0%

Power Tools
1 Circular saw 1,560 0.03 52.00 1.0%
1 Router 1,200 0.03 40.00 0.7%
1 Drill 660 0.03 22.00 0.4%
1 Reciprocating saw 581 0.03 19.36 0.4%

5,381.31
*Average daily use is too low to show at two decimal places.

Total average watt-hours per day
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Off-Grid in the City
My power bills initially didn’t change because the utility
had not been out to physically read the meter for almost
two years. I was getting estimated bills. When they
finally read the meter, I had been seriously
overcharged. There is a minimum charge just for being
connected. There are also decommissioning charges
for the nukes that they have. These charges run
between US$7 and $10.

Instead of refunding the money that I had been
overcharged, they are gradually reducing it by applying
the monthly charge against what they owe me from the
overcharge. So, for now, I have a zero bill. Eventually, I
will pay the connection charge and whatever else they
deem necessary to keep me connected.

My apartment has now been off-grid for a year. The
inverter switched me back to grid power once in
December after many days without sun. It happened
again in early February. I am now trying to convince my
building partner on the first floor that self-made power is
reliable. She already has a Sun Frost and compact
fluorescent bulbs. She only needs to buy into the idea
of conservation to make this the first entire building off-
grid in the city of Chicago.

I knew nothing about solar power and very little about
electricity when I started. Now I can’t imagine living
without solar power. In any moves I consider, I always
have the question of solar power in mind. Will this
building be easy to convert to solar? How is the roof
situated? Are there any obstacles to putting up panels?
Is it the kind of neighborhood where the neighbors will
complain?

Solar Anywhere
Since I have done this in Chicago, I believe I can do it
just about anywhere. We don’t have the best situation
for solar, but it works. But this also poses a dilemma.
Sometimes I consider moving somewhere just for a
year, like Paris, or Oslo, or Peking. How would I rent out
my apartment with the solar-electric system?

I’ve learned what it takes to supply my energy needs
and satisfy my philosophical stance. I’d need to find
someone truly committed to being off the grid.
Someone to care for the system, water the batteries,
and be able to go to the battery room and talk to the
equipment. Someone who does not need air
conditioning (that’s hard for some people in Chicago).
Someone who can turn off lights, and spend more for
replacement bulbs when the compact fluorescents go
out. It would have to be someone who’s generally
aware of power usage, or someone who’s willing to
learn.

It’s not as carefree as utility power in the short run. But
you get a guilt-free conscience when ComEd starts
moaning about their nuke liabilities and the rate hikes
that are necessary for their upkeep and eventual
decommissioning.

Solar panels are ideal for urban environments. Flying
over most large cities, I’m amazed by the square
footage covered by roofs. Covering large areas of
desert with solar panels, taking energy from waves,
building dams, and even harvesting power from the
wind somehow changes the environment from which
the power is being taken. Whether the change
produced is significant is debatable. Someone may
someday discover that we are irreversibly changing
certain micro-environments to the detriment of their
inhabitants.

By covering urban roofs with PV, we can reduce the
amount of land we need to devote to power
production/collection. Of course, reducing need is still
the best solution—even for urban PV-created power.

Enermaxer dump load.



1-800-681-9914
sales@rollsbattery.com

INTRODUCING...
THE NEW 4-KS-25PSLOOKING FOR

2000 AH?

INTRODUCING...
THE NEW 4-KS-25PS

• New Generation Dual-Container
Modular Design

• 3300 Cycles to 50%DOD.
• Fewer or No Parallel Strings
• Fewer Cells
• Less Maintenance
• Elimination of Stray Current
• Greater Charging Efficiency
• Available Wet 

or Dry Charged
• 10 Year Warranty

LOOKING FOR
2000 AH?

1-800-681-9914
sales@rollsbattery.com

Shipping May 1st!
4-KS-25PS
1900AH (100 hour rate)
15 3/4 (L) X 10 5/8 (W) X 24 3/4 (H)
315 lbs (wet), 220 lbs (dry)

Surrette Battery
Company, Ltd.

Battery Engineering
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Access
John Berton, 4807 North Hoyne, Chicago, IL 60625
773-334-7529 • JBerton55@cs.com

Vladimir Nekola, Nekolux, 1433 West Chicago,
Chicago, IL 60622 • Phone/Fax: 312-738-3776
vladimir@nekolux.com • www.nekolux.com • Great
advice, support, wiring

Backwoods Solar Electric Systems, 1395 Rolling
Thunder Ridge, Sandpoint, ID 83864 • 208-263-4290
Fax: 888-263-4290 or 208-265-4788
info@backwoodssolar.com • www.backwoodssolar.com 
12 V Sun Frost RF-16, various gauges and meters

Vertis Bream, Energy Options, 1755 Coon Rd., Aspers,
PA 17304 • 717-677-6721 • Fax: 717-677-6466
New and old nickel-iron batteries

Great Northern Solar, Christopher LaForge, 77450
Evergreen Rd., Suite #1, Port Wing, WI 54865
Phone/Fax: 715-774-3374 • gosolar@win.bright.net
PV panels, tracker

Jim Kerbel, Photovoltaic Systems Co., 7910 Hwy 54,
Amherst, WI 54406 • 715-824-2069 • PV panels

Abraham Solar, 124 Creekside Pl., Pagosa Springs, CO
81147 • 800-222-7242 • Phone/Fax: 970-731-4675
Trace 2012 and original Tri-lams

Applied Power (formerly Alternative Energy
Engineering), PO Box 339, Redway, CA 95560
800-777-6609 or 707-923-2277 • Fax: 800-777-6648 or
707-923-3009 • info@appliedpower.com
www.solarelectric.com • Enermaxer and dump load,
Cruising meter, switches, fuses

Electro Automotive, Mike Brown, PO Box 1113-HP,
Felton, CA 95018-1113 • 831-429-1989
Fax: 831-429-1907 • mike.brown@homepower.com
www.electroauto.com • Car conversion kit

Sales, Design Service, Installation,
and Maintenance on Solar, Wind, and Hydro systems. 

Whether this is your first purchase or you are an expert installer 
we can assist you.

www.bountifulenergy.com email: sales@bountifulenergy.com ph: (615) 412-5200
135 Martin Rd, Bon Aqua, TN 37025

Bountiful Energy
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Trojan Battery

four color on film

7.125 wide
4.82 high



What you see when you look at BP Solar today is just as important as what you don’t see. We’re
more than solar power. We’re the power of experience, successfully providing
clean, safe solar electricity to hundreds of thousands of people in over 160 countries.

Our strength and stability is a result of the merger of BP Solar and Solarex, two premier manu-
facturers that have been shaping the solar industry since its infancy. With nearly thirty years of
demonstrated experience, we have made continuous advancements in solar electric technology.
In fact, we offer the broadest product line in the industry, including the world’s highest
efficiency monocrystalline, the most cost-effective polycrystalline, and the most
advanced thin film technology. Furthermore, we believe the possibilities for solar
electricity are as limitless as the natural energy that comes from the sun.

So if you’re looking at solar, take a closer look at
BP Solar. Let us use the power of our experience
to give you the power you need, wherever
you need it.

See electricity in a whole new light.

See for yourself.
For more information, visit our website at

www.bpsolar.com

See electricity in a whole new light.

The natural source for electricity™
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or many years I had wanted to
design and build my own home. I

wanted to demonstrate that a
person could have a beautiful home that
would fit into its landscape and be
energy efficient, inexpensive, free of
toxic substances, and a pleasure to live
in. Ten years ago, I began to fulfill that
dream.
The result is a house stil l in the final stages of
construction, but one that relies on the sun for heat, hot
water, and electricity. Two wind generators supplement
the supply of electricity.

Soul Building
My desire to do everything myself—from pouring adobe
and cement to building my windows and doors—has

made this process a long one. Searching for sandstone
to build a hearth wall and reusing old flooring to build
cabinets are time consuming but enjoyable tasks that
enliven the soul.

The four acres of land that I purchased was far from
any power lines, encouraging my interest in using
renewable sources of energy. The site receives plenty
of wind, and the sunshine here at 5,000 feet (1,525 m)
is seldom interrupted for more than a day.

I began by building a woodworking shop of poured
adobe. It would eventually be insulated on the outside
and then stuccoed. I purchased sixteen used Arco M-51
panels and set four of them up with four L-16 batteries
and a Trace 2524 inverter. These ran my shop
adequately.

In my woodworking shop, I run a table saw (1.5 hp), an
18 inch bandsaw, a 6 inch jointer, lathe, planer, drill
press, and a wide variety of other power tools. I do this
all without difficulty, and often work all day in the shop.

Peter Berney
©2000 Peter Berney

Peter Berney and Ariella Alandra’s adobe home is powered by the sun and wind, and uses solar energy 
for space heating, water heating, and greenhouse gardening.
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Shop & House
The shop is bermed to 4.5 feet (1.4 m) on the north
side, and the temperature is pleasant any time of the
year. It depends only on the sun to heat it, and the
adobe walls to store that energy. The batteries and
inverter (now a Trace 4048 sine wave inverter) are at
home in the shop, well protected from dust, and vented
to the outside.

After roofing the shop with steel
panels, I began on the house. The
house is a U-shape surrounding a
400 square foot (37 m2)
greenhouse. It is built in the same
manner as the shop, with 16 inch
(40 cm) poured adobe walls that are
insulated on the outside and
stuccoed. It is bermed 3 feet (0.9 m)
high on the north side. The only
room that does not open to the
greenhouse is one of the two
bathrooms. But I designed it so

there would be plenty of space and light for plants to
grow and purify the air.

The house is very light and airy. On moonlit nights, I
can walk anywhere without turning on lights, even into
the circular shower that has its own skylight and built-in
dressing room. The dining room and kitchen face to the
southeast. It’s delightful to have breakfast while sitting
in the sunshine.

The shop contains the renewable energy system.
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Precious Water
In Arizona, water is a precious commodity. The well I
originally had dug intercepted a water-bearing layer at
95 feet (29 m), but it only produced a half gallon (2 l) a
minute. I pumped water, with an assortment of pumps,
to a 3,500 gallon (13,250 l) tank. The tank is on a hill
about 20 feet (6 m) above the house. This gives us
about 10 psi pressure. And as the tank fills, the
pressure rises enough that you can judge the amount of
water in the tank by the flow from the shower head.

The first pump was a Flowlight Slowpump, powered by
four M-75 panels on a Zomeworks tracker. This pump
sat above the water table. But it was easy to pump the
water level below the pump’s intake level. This meant
that the pump sucked air, which is hard on it. After
pulling the pump by hand five times for repairs, I bought
a submersible pump to replace it. I
found that I would pump the well dry
every summer watering my garden,
and then have to wait six weeks for
more water.

Over several years, I had to pull this
pump myself for more repairs. I
became so frustrated that I
purchased a jack-type pump three
years ago. I figured that I could at
least work on the electrical and
mechanical parts without much
effort. I also had the well deepened
another 120 feet (37 m) to a more
reliable aquifer that produces 6 to 7
gallons (23–27 l) a minute. Because
I can only pump 1/2 gallon (2 l) a
minute, I have not been able to
lower the static 95 foot (29 m) water
level with any amount of continuous
pumping.

I have the pump connected to the batteries, and can
pump at night or in cloudy conditions by engaging a
bypass switch from the batteries. The pump is
connected to the batteries on a line that is fed by the
five M-51 panels and the two wind generators. This line
feeds through the Trace C-40, which allows electricity to
flow only into the batteries, not out. If I want to pump
when the panels and wind generators are not producing
enough electricity to run the pump, I have to bypass the
C-40.

In the shop, I added a pressure pump that pressurizes
the water for the house and shop whenever I want to
use the washing machine or dishwasher. Otherwise, the
pressure is fine. I plumbed the house using 3/4 inch
copper pipe to minimize water pressure losses.

Heat & Hot Water
The “big fin” Zomeworks panels in the greenhouse heat
water that rises by convection into a solar storage tank.
The panels have extruded aluminum fins that are
painted black, and have a channel on the back that
snaps over 3/4 inch copper pipe. Each of my twenty-
four panels are 6 inches (15 cm) wide by four feet (1.2
m) long. Although Zomeworks does not produce these
anymore, they do have some extruded fins in 8 foot (2.4
m) lengths still available. I have found these fins to be
efficient, and they require no care other than a good
cleaning every few years.

A fireplace in one bedroom also doubles as a
supplemental heater for domestic hot water. In the
winter, when the days are short and we have had
several consecutive cloudy days, I burn a fire in the
bedroom fireplace. This heats the room, and also heats

The shop, with one of the Air 303s spinning.

Inside the central greenhouse.
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water that moves into the storage tank by convection. In
about half an hour, I have me enough water for a nice
hot shower.

The adobe walls soak up heat so efficiently that you
cannot overheat the bedroom by burning a fire in the
fireplace. Temperatures in the house vary more widely
than those in the shop. The large greenhouse cools at
night, often leaving the rooms in the low sixties during
the winter at dawn. A woodburning stove placed against
a sandstone wall and chimney remove the chill.

I designed the house so that the sun shining through
the greenhouse heats the adobe walls, which then pass
the energy at about an inch per hour into the house
itself. The U-shape of the greenhouse means that the
sun is always shining on at least one wall.

A large amount of glazing on the south side of the
house allows the sun to penetrate into the house all
winter, and in early morning or late afternoon in the
summer. I calculated heat loss rates to determine the
amount of glazing I would need. The curving roof and
rounded walls give the house a feeling of welcome and
familiarity. At night, I can watch the stars and the
passage of the moon as I lie in bed.

Growing Pains
After the shop was completed, I found the Trace 2524
was not up to the task of running all my tools efficiently.
Other loads interfered with the starting of 1-1/2
horsepower motors. The folks at EV Solar in Chino
Valley had a used set of two interfaced 2248 Trace
inverters. I put my 2524 up for sale and purchased the
2248s and some more batteries, since I now needed to
rewire for 48 volts.

Two years later, with the house livable, I found that the
ceiling fans were humming objectionably. And I was not

feeling confident about the ability of
the 2248s, one of which had gone in
for repair. I sold the 2248s and
bought a Trace 4048 sine wave
inverter, which has exceeded my
expectations. The tools and ceiling
fans are happy, and so am I.

After several years of use, I added
EDTA to the batteries and noticed a
slight gain on the hydrometer
reading after a month, which has
remained for the last two years.

Upgrades & Acquisitions
As time passed, I upgraded the
sixteen original panels with eight
SP75 panels and two Air 303 wind
generators. One wind generator is

mounted on the top of the tower of the house that gives
access to a rooftop deck, and the other is mounted
above the shop.

The two Air 303 wind generators have been operating
for two years, and were the very first 48 volt ones
produced in Flagstaff. With frequent high wind gusts, I
have seen a combined 10 amps produced for a few
seconds, but 2 to 4 amps is most common. I suspect
that the wind provides less than 10 percent of the
energy generated by our system.

My latest addition to the system is two Zomeworks
trackers for sixteen Arco M-51s and the eight SP75
panels. My next change will be to replace the eight L-16

Eight Siemens SP75s and sixteen Arco M-51s on Zomeworks trackers 
on the north side of the house.

Five M-75 Arco panels on the south of the house.
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batteries with sixteen L-16s when the present eight are
no longer serviceable. This year I purchased an Onan
4,000 watt generator, which allows me to be a bit less
frugal with electricity when I have company.

I have noticed that the old Arco panels benefit greatly
from the reflection of sunlight from the snow, delivering
40 percent more power, while the SP75s give their
usual constant amperage. The Arco panels deliver the
same now as when I first installed them.

These are the panels that feed the batteries at present:

• Sixteen Arco M-51, 32 watts each, producing 8 amps
at 48 volts

• Eight SP75, 80 watts each,
producing 9 amps at 48 volts

• Five Arco M-75, 38 watts each,
producing 3 amps at 48 volts

All the panels are wired for 48 volts
and pass through a Trace C-40. The
amperage readings given are based
on two small ammeters, which may
not be very accurate, but the
readings are consistent day-to-day.

The panels are now mounted on
three trackers, which has made a
considerable difference in the
energy supply. Previously I had built
some temporary wooden supports
for the panels that I could
seasonally tilt up or down to follow
the path of the sun across the sky.

Efficient Appliances
We first chose a highly efficient mass-market
refrigerator, attempting to avoid the cost of a Sun Frost.
But I was running low on energy nearly every day when
I was using it. So we quickly sold that refrigerator and
purchased a sixteen-cubic-foot AC Sun Frost, which
has exceeded our expectations.

After reading about the Staber washing machine in
Home Power, we purchased one. We’re extremely
pleased with its performance and low use of water and
energy, both of which are of concern to us.

We put in a Bosch dishwasher, which is very energy
efficient, uses much less water than other models, is
extremely quiet, and relatively inexpensive. Other
appliances we run are a computer and printer, TV for
watching movies with a VCR, and several stereos.

Some of our lights are fluorescent and a few are
incandescent. The house is designed so that no lights
are needed in the day. There are four skylights in the
house. We have three ceiling fans. All appliances in the
house are AC.

Unlike most off-grid homes, we also cook with
electricity, using an induction GE cooktop and a
convection oven. Of all the appliances we have, I like
the cooktop best. It heats quickly, leaving the cooktop
itself cool (except directly underneath the pot, which
heats the cooktop by sharing its heat with it).

We use a Trace transformer to provide the 220 volts AC
needed for the cooktop. It draws about 15 amps on
high. However, it heats so rapidly that it takes very little
time to boil water. I never use more than two burners at
once.

Berney System Costs
Qty. Item Cost (US$)

8 Siemens SP75 80 W panels $3,352
3 Zomeworks trackers 2,900

Trace 4048 inverter 2,800
16 Arco M-51 32 W panels 2,560
8 Trojan L-16 batteries 1,440
5 Arco M-75 38 W panels 1,275

Onan 4 KW generator 1,200
2 Air 303 wind generators 930

Wire, pipe, & miscellaneous 600
Trace T-220 transformer 265
Circuit breaker 163
Trace C-40 charge controller 120
Class T fuse, 400 amp 38

Total $17,643

Ariella standing in the kitchen with the induction cooktop and Sun Frost RF-16.



29Home Power #80  •  December 2000 / January 2001

PV & Wind

I burnt out the heating system on it, which was and still
is under warranty. When it happened a second time, I
realized that running it when the batteries were low
seemed to be the cause. I adjusted the low voltage
cutoff on the Trace inverter to a higher value, and have
not had the problem again.

With my small battery pack, I cannot run the cooktop for
hours on end, though I use it occasionally for up to an
hour at a time. In the course of the day, we will use the

cooktop six or seven times. Of course, as in any off-grid
home, we pace the use of our appliances according to
the available energy.

Seven Year Process
It took me seven years to get my permit of occupation
from the county and building department. They adopted
the national building code a year before I got my
building permit. I had to submit formal plans and
receive periodic inspections, but the planning and
zoning people were very understanding and helpful as I
slowly built the buildings.

The folks at EV Solar were helpful in offering advice
about choosing the right equipment and proper
installation. When something needed repair or service,
they were prompt and helpful. I still stop and visit to see
what’s new and to bounce ideas off them that I read
about in Home Power and other publications.

The only complaint I have is that here in arid Arizona,
what is normally considered “grey” water is considered
“black” and must be run into the septic tank. I did plumb
the drain lines so that if they ever change that code, I
can easily run the grey water onto my garden and
plants. I also dug a pond, and run all the water from the
roofs and any that collects in front of the house into it.
This I use on the garden in the summer.

Most of the time, there are just two of us living here, but
for three months recently, there were six of us all living
comfortably with the sun. Meanwhile, we eat fresh
vegetables and herbs from the greenhouse year-round.
And when the temperature outside is either 100 or 10°F
(38 or -12°C), and the wind is howling at the same time,
I smile thinking of the energy flowing to my batteries
and the comfort I am enjoying inside.

Comfort, Beauty, & Energy Efficiency
People who visit are impressed with how comfortable
the house feels. I believe that this feeling comes from
the lack of chemicals in the house. The floor joists are
steel, the cabinets are made from recycled flooring, and
the floors are wood and tile. The joy and love that was
given to the building of this structure has been retained
in the walls.

It is ten years since I started this project and will be
another year or two before I finish. In that period of
time, the utility company has arrived next door and a
telephone line has made its way into our house.

Classes from the local colleges and schools have
visited to see how the sun, wind, and human ingenuity
can sit lightly on the earth. I hope that what I’ve done
will allow people to see how comfort, beauty, and
energy efficiency are available to any who choose to
have it now.

Berney System Loads
Average Average

Item Watts Hrs / day WH / day
Induction cooktop 1,600 1.00 1,600.0
Well pump, DC 250 6.00 1,500.0
Sanders 1,200 1.14 1,371.4
Staber washing machine 800 1.00 800.0
Lights 200 3.00 600.0
Sun Frost RF-16 60 10.00 600.0
Table saw 1,800 0.29 514.3
Convection oven 1,500 0.33 500.0
Planer 1,660 0.29 474.3
Band saw 1,450 0.29 414.3
Vacuum cleaner 1,000 0.33 333.3
Jointer 1,450 0.21 310.7
H20 conditioner 10 24.00 240.0
Toaster, four-slice 1,800 0.08 150.0
Clock 4 24.00 96.0
TV 80 1.00 80.0
Drills 400 0.14 57.1
Steam cleaner 1,500 0.04 53.6
Computer monitor 100 0.50 50.0
Dishwasher 1,400 0.03 46.7
Cappuccino maker 1,200 0.04 42.9
Heat storage fan 600 0.07 42.9
Iron 1,200 0.03 40.0
VCR 30 1.00 30.0
Lathe 900 0.03 30.0
Computer 55 0.50 27.5
Pressure pump 370 0.07 26.4
Battery chargers 160 0.14 22.9
Stereo 30 0.33 10.0
VitaMix 1,265 0.01 9.0
Ceiling fans 30 0.25 7.5
Drill press 800 0.01 5.7
Air compressor 1,000 0.01 5.6
Printer 35 0.07 2.5
Coffee grinder 100 0.02 2.4

10,096.9Total average watt-hours per day
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Solar water pumps for every purpose
Don’t throw energy down the drain with an inefficient water pump. Dankoff Solar 
DC pumps use 1/3 to 1/2 the energy of conventional AC pumps run by inverter.

Vertical lift 
to 960 Ft. (290 m)
Pressurizing 
to 100 PSI (7 bar)
Flows to 75 GPM
(285 lpm)

Depths to 600 Ft. (180 m)
Flows to 50 GPM (200 lpm)

Call for a dealer referral
Toll-Free (888) 396-6611

(505) 473-3800
www.dankoffsolar.com

Water supply for homes, villages, 
agr iculture, parks and recreat ion, 

and more—since 1983
Also a wholesale distributer of power system components

SunRise®

TSP-1000™

AND MORE . . .

Flowlight® Booster Pump
SunCentric™ Centrifugal
Solar Force™ Piston
Solar Slowpump™

Solaram™
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CONTROLLERS
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Morningstar controllers 
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Bergey
1000 Watt Home Wind Turbine

Dealer Inquiries

Welcome

24 VDC
Battery Charging

➧ 5-Year Warranty (Industry’s Longest)
➧ Maintenance Free Design
➧ Excellent Low Wind Performance
➧ Nearly Silent Operation
➧ Three High-Strength PowerFlex

Fiberglass Blades, SH 3045 Airfoil*
➧ Neodymium Super-Magnet Alternator
➧ AutoFurl “No Worry” Storm Protection
➧ Fail-Safe Design, No Dump Load

Required for Structural Safety
➧ PowerCenter Multi-function Controller
➧ OptiCharge Regulation for Extended

Battery Life
➧ Easy Installation with BWC Tilt-up

Towers
*Patent Pending

PowerCenter Controller
• 60A Wind Regulator
• 30A Solar Regulator
• 30A Optional Dump Load
• 24 VDC DC Bus
• Battery Status LEDs

1–Air is a registered trademark of Southwest Windpower, Inc. 11.2 mph (5 m/s) Average Wind Speed at Hub Height, Rayliegh Distribution.
2–Whisper is a registered trademark of Southwest Windpower, Inc. Based on manufacturer’s published power curves.

The all new Bergey XL.1 is the most technically
advanced small wind turbine ever. It combines
excellent low wind performance and the
legendary Bergey ruggedness, at costs well
below the lightweights. It comes from the
world’s leading supplier of small wind turbines
and is backed by the longest warranty in the
business. The XL.1 delivers on value.

Compare features, performance, price,
reputation, and warranties. The new Bergey
XL.1 is the clear choice for your home energy
system.

$1,495
BERGEY•DIRECT
www.bergey.com

Or, Call Toll Free:
1-866-BERGEYS

Complete AC “Plug
& Play” Systems

from $2,995

4 Times More Energy Than the Air 4031 1.8 Times More Energy Than the Whisper H402

Bergey

2001 Priestley Ave.
Norman, OK 73069

T: 405–364–4212
F: 405–364–2078

SALES@BERGEY.COM
WWW.BERGEY.COMWindPower SIMPLICITY•RELIABILITY•PERFORMANCE

© 1999 Bergey Windpower
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TThhe Southern Star in Solar
SERVING THE SOUTHERN UNITED STATES & CARRIBEAN

SOLAR CONTRACTING SINCE 1977
4,000 REFERENCES AVAILABLE

FULL SERVICE DESIGN & INSTALLATION
SITE SURVEYS / LOAD ANALYSIS / ON-SITE TECHNICAL SUPERVISION

6120 SW 13th Street  •  Gainesville, Florida  32608  •  USA •  www.ecs-solar.com

Tropical Solar Experts

Tom & Shirley  Lane...ECS Owners (352) 377-8866

MEMBER

SMA, the leading inverter company in Europe - Now available in the US!

● Sunny Boy
grid connected String
Inverter 700 - 2500W

Sunny Island 
Sine wave battery 
inverters for island
grids

● Sunny Central
large scale PV 
inverters for plants with
20 kW up to several
MW

● Sunny Boy Control
for enhanced PV-plant 
monitoring

www.SMA.de

   Advanced System Technology for
the Successful Photovoltaic Future

America, Inc., John S. Berdner

e-mail: berdner@sma-america.com

● Inverters and more
Equipment, communi-
cation, engineering
and service

● Trend setting system
technology for over 15 
years

● More than 50 MW of 
total installed inverter 
power

●

Sunny Boy 2500 
available soon!
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At U.S. Battery, we’re committed to doing our part in keeping the
environment clean and green for future generations, as well as
providing you with premium deep cycle products guaranteed to

deliver your power requirements when you need them.

Don’t settle

for anything less

than U.S. Battery

products!

Don’t settle

for anything less

than U.S. Battery

products!

1675 Sampson Ave. Corona, CA 91719 (800) 695-0945 / 653 Industrial Park Dr., Evans, GA 30809 (800) 522-0945

www.usbattery.com
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itty Couch lives near the end of a
gravel road outside Burnsville, North
Carolina. Plum Branch drops out of

a ridge facing the Black Mountains
along the east boundary of her property.
It is a small, seasonal stream with a flow
range of around 60 to 130 gallons per
minute. At her location, a 75 foot (23 m)
head over a distance of 1,000 feet (305
m) is available.
Kitty is a potter and uses electric kilns. Between her
home and shop, she had been using about 650 KWH
per month. She wanted to reduce her US$80 monthly
electric bill, and wanted to take advantage of the water
resource of Plum Branch. She called The Solar Guys, a
local renewable energy business that I run, and asked
me to design and build a microhydro system for her.

Site Analysis
The site survey started by determining Kitty’s property
boundaries, and where the stream lay within these

boundaries. She had just acquired another 3.5 acres at
the upper part of her property, which increased the
length of the stream she owned. I took advantage of the
fact that the surveyor was coming to map her new
boundaries; I met him and got him to show me the
highest point of the creek on her property.

From a point within a few feet of the boundary, there
was a small waterfall that would work perfectly for the
Aqua Shear intake I was hoping to use. After
determining the highest possible point on the stream, I
needed to determine the lowest. The most obvious
place was the existing man-made pond at the bottom
end of her property. It already had a 4 inch PVC
penstock buried along the stream for about 400 feet
(120 m).

This looked like the best place to put the turbine house.
All I had to do was tie into the pipe flowing into the
pond, and let the tailwater spill into the pond. Next I
used a transit and worked my way up the hillside to the
small waterfall. I determined that Kitty had 75 feet (23
m) of head for her hydro site. After measuring this out
along the proposed path of the penstock, I concluded
that adding another 600 feet (180 m) to the existing 400
foot (120 m) penstock would do the job.

Kurt Johnson, with Paul Hoover
©2000 Kurt Johnson & Paul Hoover

Sophia likes the Aqua Shear intake—from here, 1,000 feet of pipe runs to the turbine.
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Next I needed to determine the flow of the stream. By
setting up a small weir to determine the volume, and
using a bobber and a stopwatch to determine the speed
of the stream, I came up with fairly consistent figures.
The stream was yielding 130 gallons per minute (8.2
liters per second) during the wet season.

The neighbor above Kitty’s property also has a hydro
system on the same stream. Since he is farther up the
stream, he has less flow. But he was able to let me
know that the stream usually cuts to half its wet season
flow during the dry season. From this I figured that the
stream would reduce to roughly 60 gallons per minute
(3.8 lps) during the dry season.

Now I knew that the head was about 75 feet (23 m), the
length of the penstock 1,000 feet (305 m), and the flow
of the stream 60 to 130 gpm. I only wanted to use half
of that, so I would size the system to use 30 gpm (1.9
lps) in the dry season and 65 gpm (4.1 lps) in the wet
season.

Water Intake & Screen
The nice little 18 inch (46 cm) waterfall channeled the
stream into a narrow flow of about 6 inches (15 cm) in
width. After reading the HP71 article on the Aqua Shear
screen, I had a feeling that this was going to work out
well. The screen isn’t cheap, at almost US$200 a
square foot. But it’s worth it to have no maintenance on
the intake. Especially since Kitty is in her 70s, and
wouldn’t want to be continuously cleaning the screen.

When I received the screen, which was the smallest
piece I was allowed to order (1 foot by 1 foot; 0.3 x 0.3
m), I made up a mock intake box with plywood. I had to
make it so that it conformed to the rocks in the small
waterfall and allowed the screen to receive the bulk of
the water coming over it.

Then I had to determine where the penstock would
attach and how. I also made a little overflow slit above
the penstock and below the Aqua Shear screen. This
was because we were only taking half the water flowing
onto the screen (this was controlled by the size of the
orifices at the turbine). The overflow slit helps determine
when the orifices need to be changed. When water
stops coming out of the overflow, it’s time to reduce the
size of the orifice.

Once I had perfected this, I took it to a local welder.
Fortunately, he had done a lot of work similar to this for
the local mining industry over the years. He made a
simple 1/4 inch (6 mm) steel plate box from my plywood
mockup. It had a footprint that was roughly a square
foot (0.09 m2), with a back wall 18 inches (46 cm) high
like that of the waterfall, and a front wall that was
determined by the 40 degree pitch of the square foot
Aqua Shear screen.

It allowed enough room for the penstock flange to be
mounted, and still had room for a 3/4 inch (19 mm) slit
for overflow. I later had to put mesh over the slit to keep
salamanders from crawling in. The side walls were
brought up about 22 inches (56 cm) high to create a
channel to force the water toward the screen. On one
side, I had to leave a small section out to accommodate
a rock.

The stainless steel Aqua Shear screen filters to a 0.5
mm (0.02 inches) particle size, and can draw 350
gallons per minute (22 lps) per square foot (0.09 m2). It
is self cleaning, and should require l itt le or no
maintenance.

Penstock
There was already a 4 inch schedule 40 PVC pipe run
from the stream to a pond where the turbine now sits on
Kitty’s property. This pipe had been installed to feed the

A hinged roof covers the two-nozzle Harris turbine.
The tailrace dumps into Kitty’s pond.
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man-made pond. The intake for this pipe was some 600
feet (180 m) below the intake needed for the turbine.

I ran a 600 foot section of 3 inch black polyethylene
from the turbine intake to the existing PVC pipe. The 4
inch pipe had been buried, and I was able to tie into the
top of it with the poly pipe, and run that up through the
woods. It ran along the stream, but far enough away to
not be affected by flooding.

I was not able to bury the pipe any farther up the
stream because of the rough terrain (rock and laurel
thickets), so I went with poly pipe. Three inch was
sufficient for the water flow, and poly was my choice
because of cost, sunlight resistance, freezing durability,
and flexibility. I used 100 foot (30 m) lengths of pipe
with slip fittings and clamps.

I secured the pipe with metal fenceposts and used
stranded galvanized wire with a plastic sheathing to
attach the pipe to the posts. In one section, there was
an old mining road. I cut a metal culvert in half
lengthwise, laid it over the pipe, and buried it. This was
to protect it from the frequent 4-wheelers that use the
road for recreation.

The only other thing noteworthy about the penstock
was that where I joined the 3 inch pipe to the 4 inch
pipe, I put a breather in so air pockets can be released

manually. The outflow from the turbine is directed to the
pond.

The turbine is set 2 feet (0.6 m) above the ground level
to enable easy changing of nozzles without removing
the turbine housing. The turbine house is constructed of
concrete block with a hinged roof. There is very little
noise, and the turbine is well protected from the
elements.

Turbine & Controls
Analysis of Kitty’s water resource indicated that the flow
and head were adequate for a DC hydro system
generating 200 to 400 watts. It would use dual 5/16 inch
(8 mm) jets during the dry season for about 200 watts

The air release valve between the 600 feet of 
3 inch pipe and 400 feet of 4 inch pipe.

The Advanced Energy Systems GC1000 intertie inverter
and Trace C-40 used as a diversion controller.
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of output. During late fall and winter, up to 400 watts
could be generated using dual 7/16 inch (11 mm) jets.
The projected flow rates were 30 to 65 gallons per
minute (1.9–4.1 lps), or about half the stream flow.

The system would generate 5 to 10 KWH per day or
150 to 300 KWH per month. A 48 volt turbine from
Harris Hydroelectric Systems was chosen. It is
designed for battery charging of systems up to 48 volts,
and can generate up to 1,500 watts. Don Harris told me
that 57 volts is the optimum voltage for this unit. In
Kitty’s system, the controller will not allow the voltage to
go over 60 volts maximum.

Kitty needed the grid to meet her average and peak
electric needs, and she was not interested in a backup
power system. So she decided to go with an intertie
system without batteries. This presented several
opportunities and challenges. She would not need
battery charging capacity in her system, or a charge
controller. There is no need to limit DC output voltage to
that of the battery bank for this sort of system.

Using the grid as the load and in place of a battery bank
also means saving the cost of batteries and having to
maintain them. These factors led to choosing an
inverter that did not have battery charging capability
and which would accept a higher DC input voltage. This
reduced the wire size needed between the turbine and
the house, where the inverter was to be installed. This
distance is about 225 feet (70 m), and #2 (34 mm2)
copper wire is sufficient to keep losses below 2 percent.

The system design is shown in the schematic. The
Advanced Energy Systems GC 1000 used in this
system is a 1 KW inverter designed for interfacing fuel

cells with the grid. It does not have power point
tracking, which the standard GC 1000 designed for PVs
does have. It will accept DC input voltages from 45 to
75 volts.

The inverter and microhydro generator are coupled so
that the inverter controls the generator output voltage at
57 volts. Turbine alternator output is regulated via
parallel shunt regulation. The inverter output is 120
volts, 60 cycle synchronized with the grid, and the GC
1000 has all the disconnect features required for
interconnection with the grid.

The system needed a dump load in case grid power
failed, shutting down the inverter, or if the inverter itself
shut down. Without a constant load, the turbine will
overspeed and be damaged. I chose the Enermaxer

Hydro Generator:
Harris Pelton wheel, 2 nozzle,

200–400 watts at 57 VDC

DC Lightning
Arrestor

Capacitor:
110,000 µF

Diversion Controller:
Trace C-40

Utility Intertie Inverter:
Advanced Energy Systems GC 1000,

1,000 watts at 120 VAC

Ground

Dump Load:
Enermaxer air heater,

1,800 watts at 57

AC Disconnect:
Outside lockable

KWH Meter:
Bi-directional

To utility grid

To AC
mains panel

AC Lightning
Arrestor

AC Breaker:
15 amp

Inverter Meter:
Advanced Energy Systems

AM 100

348

Not all chassis grounds shown

Couch Hydro System Costs
Cost

Item (US$)
AES GC 1000 inverter, GFI, & disconnect $1,785
Harris Hydroelectric turbine, 2 nozzle, 48 V 1,360
Penstock & pipe fittings 1,000
Wire, conduit, & miscellaneous electrical 600
AES AM 100 inverter monitor 540
Turbine house & penstock hardware 500
Steel intake pieces 200
Trace C-40 195
Aqua Shear intake screen 185
Enermaxer air diversion load, 48 V 175
Electrolytic capacitor 56

Total $6,596

Kitty Couch’s Grid-Intertied 

Hydro System
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1,800 watt, 48 volt (30 amps at 60 volts) air heater for a
diversion load because it met the specs of the system. I
felt that putting in a water heater for diversion was more
trouble than it was worth because the system will rarely
go down.

Smoothing It Out
Batteries in a microhydro system are like a flywheel,
and serve to smooth out voltage fluctuations. A
controller such as the Trace C-40 can be used as a
load controller, and can switch to a dump load when
voltage increases above a set level. In this application,
the C-40 is set in charge control mode to dump power
when the voltage rises above 60 volts. However, the
control function is not reliable if voltage fluctuates.

When initially installed, the C-40 load controller was set
to switch to the dump load at 60 volts. However, during
tests it would sometimes switch even when there was
no loss of power or inverter output. Worse yet, it would
fail to trip when the inverter was shut down. The
challenge was to smooth voltage fluctuations.

A high capacity (110,000 microfarad) electrolytic
capacitor was double-lugged with the leads from the
hydro turbine across the battery input terminals of the
C-40. The PV input terminals on the C-40 are
connected to the dump load. The C-40 now properly
senses the voltage and switches to the dump load
within a fraction of a second whenever the DC voltage
exceeds 60 volts. In this way, it protects the turbine
from overspeeding.

My thanks to Mark McCray of RMS Electric, Dean
VanVleet of Trace Engineering, Ed Hall and Chris
Badger at AES, Don Harris of Harris Hydro, and Derek
Veenhuis and Dennis Ledbetter of APC for their help in
figuring out how to handle the dump load diversion.

Net Metering
North Carolina does not have net metering legislation.
But the French Broad Electric Membership Corp.
(“French Broad” refers to a river in the area), which
serves Western counties in NC, supports distributed
renewable energy systems and allows net metering.
They are more than willing to let their customers sell
power back to the grid. They require that customers
don’t produce more power than they use, have a
lockable disconnect on the system accessible by the
utility company, and use inverters in their systems that
are proven to not backfeed the grid in times of power
outages (such as Trace and AES).

They also require that you pull a permit and get an
electrical inspection and an inspection by French
Broad. And last but not least, they have you pay your
utility bill once a year instead of once a month. So if you

are out of town for a month and make more than you
use, it won’t confuse the meter reader into thinking that
your meter turned over a full 100,000 KWH instead of
just spinning backwards a few KWH. In the event that
you do make more than you use in a year, they will
charge you a US$50 processing fee. If there is still any
more owed, they will write the customer a check.

I used a local electrician, Danny Honeycutt, to pull the
permit and wire the AC side of the system to meet code
and the grid-tie requirements. Danny also proved to be
extremely valuable in helping me fine tune the running
of the system. We established a great working
relationship on this project, and now work together on
every install I do, whether it be grid-tie, stand-alone, PV,
wind, or hydro. We now can also offer to wire the
complete house, which the customer tends to like.

Up & Running
Kitty’s system became operational at the end of May,
2000. Charles Tolley, General Manager of French
Broad, came to the site to inspect and approve the
system. He was pleased that the system was installed
according to code, and pulled the meter himself to see
that the system posed no danger to his linemen during
power outages.

An Advanced Energy AM 100 inverter monitor was also
installed. It logs all inverter operating data. Data is
averaged over 15 minute intervals, and stored for up to
the last twenty days. It also maintains an event log with
data on startup and stops, grid power failures, and the
like. The system is generating 4.9 KWH per day in the
dry season. Earlier, at the end of the wet season, the
measured output was about 10 KWH per day.

Kurt and Kitty—proud and powered.
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Hydro

Responsible for Our Energy Use
Kitty has had an interest in doing this for many years.
She loves nature, and lives right in the heart of it. Over
the years, she has noticed the impact that pollution has
had on the local environment. This is especially evident
when you go to the top of Mount Mitchell and see the
damage that acid rain has done to the vegetation on the
mountain.

Kitty realizes that she is a part of the reason this acid
rain is here. She drives a car, and uses electricity that is
predominantly produced by coal (one of the main
contributions to the pollution in North Carolina, which is
only third to California and Texas in pollution
production). Kitty wanted to do her part to fix that.

She realized that she only had a small stream, and that
her power production would be minor, but it was still
important to her. Of course cost was an issue, so
figuring out how to grid-tie the system without a battery
bank was a key factor in making this project affordable.

The savings on her power bill has been moderate, but
not insignificant. During the wet season, the turbine
cuts almost US$30 off Kitty’s bill (300 KWH times 9.5
cents per KWH), and during the dry season it is doing
about half that. She now gets a kick out of looking at
her meter. She can see how much power she is
producing, and feel good that it is coming from a
renewable source, and not from burning coal.

Access
Kurt Johnson, The Solar Guys, 99 Hannah Branch Rd.,
Burnsville, NC 28714 • 800-614-1484 or 828-675-9866 
Fax: 828-675-4555 • kurtj12@aol.com
www.solarguys.com

Paul Hoover • 828-675-5393 • Avocet365@aol.com

Clara “Kitty” Couch, Rt. 8 Box 915, Burnsville, NC
28714 • 828-675-5608 • ckcouch@ioa.com
System owner

Danny Honeycutt, IFIWASYOU Construction, PO Box
36, Bakersville, NC 28705 • Phone/Fax: 828-675-9144
Electrician

French Broad Electric Membership Corp., Charles
Tolley, PO Box 9, Marshall, NC 28753 • 800-222-6190
or 828-649-2051 • Fax: 828-649-2989
charles.tolley@frenchbroad.ncemcs.com

Aquadyne Inc., PO Box 189, Healdsburg, CA 95448
707-433-3813 or 303-333-6071 • Fax: 707-433-3712
RKWEIR@aol.com • www.hydroscreen.com
Aqua Shear screen

RMS Electric Inc., Mark McCray, 1844 55th St.,
Boulder, CO 80301 • 800-767-5909 or 303-444-5909

Fax: 303-444-1615 • memc@rmse.com
www.rmse.com • Design consultation

Trace Engineering, Dean VanVleet, 5916 195th St. NE,
Arlington, WA 98223 • 360-435-8826, ext. 2220
Fax: 360-435-2229 • inverters@traceengineering.com
www.traceengineering.com • C-40 charge controller
and consultation

Advanced Energy Systems, Inc. (AES), PO Box 262,
Wilton, NH 03086 • 603-654-9322 • Fax: 603-654-9324
info@advancedenergy.com
www.advancedenergy.com • GC 1000 inverter, AM 100
inverter monitor

Harris Hydro, Don Harris, 632 Swanton Rd., Davenport,
CA 95017 • 831-425-7652

Applied Power Corp., Derek Veenhuis and Dennis
Ledbetter, PO Box 339, Redway, CA 95560
800-777-6609 or 707-923-2277 • Fax: 800-777-6648 or
707-923-3009 • info@appliedpower.com
www.solarelectric.com • Dump load and consultation

All the best brands...
TRACE • KYOCERA

APT • BUDERUS
THERMOMAX

WATTSUN
SOLARJACK • IBE

PEERLESS-PREMIER

Specializing in
COMPLETE
systems design
Solar Electric, Heating,

Water, & Appliances
Including complete CAD

design services

P.O. Box 340, 262 Badger Road
Ennis, MT 59729

Ph 406-682-5646 • Fx 406-682-5644 
MEMBER

®

Free Catalog to HomePower Readers in USA

We can supply everything you need to be off-grid...
inverters to modules to batteries, including your kitchen stove.
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New!
Low Head 1000 HERE THEY ARE !

• Brushless
• Low Maintenance
• Weatherproof
• 12–48 VDC and up
• Output over 1 KW

Stream Engine

LOW HEAD HYDRO POWER

New!
Low Head 1000

Power
m ft l/s gpm Watts

0.6 2 31 500 100
1 3 38 600 200
2 6 54 800 550
3 10 63 1000 1000

Head Flow

$1695
eachNew!

Energy Systems & Design
P.O. Box 4557, Sussex, NB, E4E 5L7, Canada • Tel: (506) 433-3151 • Fax: (506) 433-6151

website: www.microhydropower.com • email: hydropow@nbnet.nb.ca

LH 1000

Things 
that 

Work!

Your Hydropower Solutions
• Simple Installation
• High Efficiency
• Precision Parts
• 5” Diameter Propeller Turbine

“This is a very cool machine. It represents
a major breakthrough in microhydro
design.” –Bob-O Schultze on the
Stream Engine, Home Power #67
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Karl E. Knapp & Theresa L. Jester
©2000 Karl E. Knapp & Theresa L. Jester

Critics of solar energy have been
known to claim that it takes more
energy to produce photovoltaic

(PV) modules than the modules will
produce in their lifetime. We’ve
conducted a detailed and scientific
empirical study to look into this
question. We found that the skeptics’
assertions are false. PVs recoup their
production energy in two to four years,
and go on to produce clean, renewable
energy for twenty to thirty years or
more!
Our study examined energy costs for two types of
Siemens PV modules—single-crystalline silicon (SC-Si)
and thin film copper indium diselenide (CIS). Crystalline
silicon modules achieve an energy break-even in a little
over three years. The energy payback time for thin film
copper indium diselenide modules in full production is
just under two years. Over their lifetime, these solar
panels generate nine to seventeen times the energy
required to produce them.

Real Costs
Our research was based on direct investigation of the
energy requirements and net energy production of
manufactured photovoltaic modules. Other studies
employ production models with assumed process
recipes, equipment sets, materials yields, and module
efficiencies. None of them have used actual utility bills
and accounting records.

By contrast, our study didn’t have to make any
assumptions about yields. We just took energy
requirements right off the utility bills and the materials
requirements right off the bill of materials. This allowed
us to include indirect materials as well, which as far as
we can tell have never been included before. These
include things like argon, nitrogen, etchants, cleaners,
and so forth, all the way down to the cardboard box the
modules get shipped in.

Energy Payback Time
Energy payback time is one

standard of measurement
adopted by several analysts to look at the energy
sustainability of various technologies. It is defined as
the time necessary for a photovoltaic panel to generate
the amount of energy used to produce it.

Two parameters determine the energy payback time for
a PV module—how it is produced and how it is used.
The energy needed to produce a product (specific
energy) includes both the energy consumed directly by
the manufacturer during processing, and the energy
embodied in the incoming raw materials.

How a PV module is used is primarily a question of
location and module efficiencey. Location determines
the solar insolation, and combined with efficiency,
determines the electrical output of the PV panel. But
installation details are important too (fixed tilt or
tracking, grid-connected or stand-alone, etc.), as are
balance of system requirements such as mounting
structure, inverter, and batteries. The module energy
payback time is computed from this formula:
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Figure 1: Specific Energy and Energy Generation
Rate Relationship to EPBT

Specific Energy
EPBT =

Energy Generation Rate
=

E

E

Figure 1 shows this relationship. The vertical axis
shows specific energy and the horizontal axis shows
the energy generation rate (with some representative
estimates found in the literature indicated). Energy
payback time can be expressed as the ratio of the total
energy required to manufacture a photovoltaic module
to the rate that the module converts the solar energy
flowing from the sun at the installation site to electricity.



43Home Power #80  •  December 2000 / January 2001

PV Payback

Lines of constant energy payback are indicated in
Figure 1 by the diagonal lines. A sunnier location (a
move to the right), or lower energy requirements or
higher module efficiency (a move downward), reduces
the payback time.

Previous Research
Several reported results for a variety of technologies,
system types, and installation locations and styles are
indicated in Figure 1. The analyses range from solar
cells to full systems. Circled datapoints correspond to
framed modules, the emphasis in this analysis. Results
from our research are indicated by horizontal dotted
lines.

Published results from several excellent studies of PV
energy requirements vary considerably. Some of this is
due to different energy findings, and some to different
insolation assumptions. These variations are made a
little more clear by plotting them together on this chart.

Some analyses assume the use of frameless modules.
These have lower energy requirements than the more
standard aluminum frames (indicated by circled
datapoints), because aluminum requires a lot of energy
to produce. Both SSI products studied include
aluminum frames.

One of the key contributors to the energy payback field
is Eric Alsema, whose work is recent, comprehensive,
and clear on methodology and data. Alsema’s module
payback estimates for current SC-Si technology range
from a low of 2.9 to a high of 6.5 years (at 1,700
KWH/m2/year).

Methodology & Assumptions
This investigation deviates from and complements
earlier research. Ours was primarily an empirical
endeavor. We used measured energy use, actual utility
bills, production data, and complete bills of materials to
determine process energy and fully yielded (total input)
raw materials requirements.

The materials include direct materials that are part of
the finished product, such as silicon, glass, and
aluminum. They also include indirect materials that are
used in the process but do not end up in the product,
such as solvents, argon, or cutting wire. Many of these
indirect materials turn out to be significant. We
combined the best available estimate for embodied
energy content for each material with records of
materials use. This gave us the total embodied and
process energy requirements for each major step of the
process.

Energy Content
There are three basic steps in producing a crystalline
silicon PV module:

• Growth of the silicon crystalline ingot.

• Slicing the ingot into wafers and processing into solar
cells.

• Interconnecting the cells into circuits, laminating to
glass, and completing the assembly of a framed and
packaged module.

CIS modules require fewer steps. Their complete
circuits are fabricated directly as a coating on a glass
substrate. The process steps for both technologies are
illustrated in Figure 2.

The energy content of raw materials and direct process
energy used at the Siemens Solar facility are included

Module

Wafer / Cell

Ingot
Polysilicon preparation

Crystal growing
Ingot shaping

Ingot sizing

Mounting

Wire saw cutting

Cleaning

Chemical etching

Phosphorous diffusion

Post diffusion etch

Oxidation

Plasma etch

Anti reflective coating

Front print

Back print

Cell test

Packaging

Cut glass

Wash /
deposit Mo electrode

Pattern 1:
Isolation wash /

deposit CIG metals

Selenize

Chemical deposit CdS

Pattern 2: Via transparent
conductor

Pattern 3: Isolation test

Stringing

Circuit assembly

Prelamination lay-up

Lamination & cure

Edge trim & inspection

Framing

IV measurement
& labeling

Packaging

Attach leads

Prelamination lay-up

Lamination & cure

Framing

Edge trim & inspection

IV measurement
& labeling

Packaging

SC-Si

None

CIS

Figure 2: Manufacturing Process Sequence
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in the analysis. Excluded from the analysis are energy
embodied in the equipment and the facility itself, energy
needed to transport goods to and from the facility,
energy used by employees in commuting to work, and
decommissioning and disposal or other end-of-life
energy requirements. These are all very minor factors
in the total energy picture of PVs.

The energy requirements for incoming silicon includes
the energy used to produce metallurgical grade silicon
and refine it to polysilicon. This is consistent with most
other published PV energy studies.

All energy forms are converted to their electrical energy
equivalents, expressed in kilowatt-hours electric
(KWHe). For natural gas and thermal energy, a
conversion efficiency of 35 percent was assumed.
Energy and materials requirements were tallied on a
per-module basis for two representative products: the
75 watt SP75 (SC-Si) and the 38 watt ST40 (CIS).

Conversions to area (m2) and module rated peak power
(KWp) basis are easily computed from module area and
power rating from the product datasheets. The resulting
specific energy requirements are expressed in
KWHe/KWp.

This choice of units is convenient and intuitive because
it represents something physical—the number of full-
sun hours required for energy payback. To convert to

actual days or years, just divide by the average solar
insolation, usually expressed in KWH/m2/year. Then
correct for any performance changes from the rating
due to system losses or module operating temperature
(which was not included in this analysis because it is
site-specific).

The U.S. average solar insolation is 1,825
KWH/m2/year (five full-sun hours per day). A common
mid-range number used in the literature is 1,700
KWH/m2/year (4.7 full-sun hours per day), which is
more typical of Europe.

Energy Use
The process energy was derived from utility bills and
monthly production data. From October 1998 through
March 1999, Siemens Solar Industries (SSI) consumed
a total of 20 million KWH of electricity and about 90,000
therms of natural gas. During this time, SSI produced 3
kilometers of silicon ingot (about 111 tons of incoming
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silicon), 9 MW of solar cells (about
5 mill ion cells), and 6 MW of
modules at its Vancouver and
Camarillo sites.

CIS is in the early stages of
production scale-up, and therefore
energy requirements were
estimated using empirical data
applied at full production rates.
Measured energy consumption
along with equipment ratings from
nameplates, manufacturers’
specifications, or connected circuit
breaker ratings were used in
conjunction with the equipment duty
cycle for all pieces of equipment to
derive the process energy use
estimates.

Total raw materials requirements and the resulting
embodied energy contribution are based on production
bills of materials and the amount of energy needed to
create the incoming materials (derived from existing
literature and materials manufacturers). Materials are
shown in decreasing order of their embodied energy
contribution in Figure 3. The total materials energy
contribution for production modules is not far from the

process energy requirement: 2,857 KWHe/KWp for SC-
Si (about 85% due to direct materials) and 1,345 for
CIS (97% direct).

The gross energy requirement is the sum of the
process and embodied materials energy. These are
summarized by category and process step in Figure 4
and Table 1. Payback time is computed as the ratio of
the gross energy requirement to the solar insolation at
the installation site. A typical value of 1,700
KWH/m2/year yields 3.3 years for silicon and 1.8 years
for production CIS.

System losses due to wires, inverters, cell operating
temperatures, and so forth can be used as a direct
multiplier for the specific location. For a typical
generation rate adjustment of about 0.80, the payback
time jumps to about 4.1, and 2.2 years, respectively.
The final computations are similar to the most recent
and thorough published results, obtained using very
different methods.
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The Real Renewable Payback
Our study and analysis indicates that payback times for
today’s SC-Si and CIS photovoltaic technologies are
substantially less than their expected lifetimes. With a
module lifetime of thirty years, an SP75 will produce
nine times the energy used in its production and an
ST40 seventeen times.
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Energy Requirements Breakdown by
Energy Source Category & Process Step

SC-Si
EPBT*

Ingot Cell Module Total (years)
Process 1,380 850 510 2,740 1.6
Indirect
material
Direct
material

Total 3,300 1,265 1,035 5,600 3.3

EPBT* (yrs) 1.9 0.7 0.6 3.3

CIS ST40
EPBT*

Cell Module Other Total (years)
Process 960 145 620 1,725 1.0
Indirect
material
Direct
material

Total 1,365 1,085 620 3,070 1.8

EPBT* (yrs) 0.8 0.6 0.4 1.8

* Energy payback time, calculated at 1,700 KWH / m2 / year insolation.
Some totals do not add up due to rounding.
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The effects of the other components of a photovoltaic
system can be significant compared to the module
payoff, most notably in systems requiring batteries. You
have to take into account all components of a PV
system. The whole system needs to be a net gain to be
truly sustainable.

Access
Authors: Karl E. Knapp, Ph.D., Energy & Environmental
Economics, Inc., 353 Sacramento St., Suite 1700, San
Francisco, CA 94111 • 415-391-5100
Fax: 415-391-6500 • karl@ethree.com
www.ethree.com

Theresa L. Jester, Siemens Solar Industries, 4650
Adohr Ln., Camarillo, CA 93011 • 805-388-6500
Fax: 805-388-6557 • terry.jester@solar.siemens.com
www.solar.siemens.com

For further reading:
Alsema, E.A., Energy Requirements of Thin-Film Solar
Modules, A Review, Renewable and Sustainable
Energy Reviews, v2, 387-415, 1998.

Fthenakis, V., K. Zweibel, and P. Moskowitz, ed.,
Photovoltaics and the Environment 1998, BNL/NREL,
July 23–24, 1998, Keystone, CO, BNL-52557, Feb.
1999

K. Knapp and T. Jester, An Empirical Perspective on
the Energy Payback Time for Photovoltaic Modules,
Solar 2000: ASES Annual Conference, June 16–21,
2000, Madison, Wisconsin, American Solar Energy
Society
www.ecotopia.com/apollo2/knapp/PVEPBTPaper.pdf

K. Knapp, T. Jester, and G. Mihalik, Energy Balances
for Photovoltaic Modules: Status and Prospects, 28th
IEEE Photovoltaics Specialists Conference, September
17–22, 2000, Anchorage, Alaska
www.solarpv.com/paybackstudy.pdf

Additional references are available from the authors.

You have invested in an alternative energy generating system.
Make sure your battery is not your weakest link. Insist on
North America’s best deep-cycle battery... Rolls.

• Dual-container construction eliminates potential leaks, stray 
current, and decreases maintenance

• Unsurpassed cycling due to the most dense active material in 
the industry

• Modular construction for easier installation
• Average life expectancy is 15 years  - Warranted for 10 years
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272 pages of EV technology, 465 photographs
(over half in color), and detail on 65 vehicles.
Includes 115 technical design and construction
sidebars.

To order Call: 800-707-6585
Outside USA call 541-512-0201 • Fax: 541-512-0343

Journey into the world of conversions,
scratchbui lts,  human-electrics, solar cars,
electrathon racers, planes & boats—all powered
with electricity.

Available Now!  Only $25 (outside USA add $10 for air-mail shipping)

THE NEW 
ELECTRIC VEHICLES

A  C l e a n  &  Q u i e t  R e v o l u t i o n
by Michael Hackleman

“It’s 
Electric !”

or write to: 
Home Power Publishing

PO Box 275 • Ashland OR 97520

Newinli International, Inc.

“HANZI” Chinese Diesel“HANZI” Chinese Diesel
China Diesel Generators
Water Cooling, Electric Start, 1800 rpm, 115V / 230V, 60 Hz,
One Year Warranty.

3 kw $1575
7.5 kw $2795
10 kw $2995
15 kw $4295
Includes Spare Parts Kit,
Tools, & Free Shipping.

China Diesel Tractors
4-Wheel Drive, Power Steering, Roll Bar, Double Stage Clutch,
& Front Loader.

25 HP, 30 HP, & 50 HP.
Options: Front Loader
Backhoe, Cab Turf Tires,
& Implements.

Call now to place your order, or for more information

Newinli International, Inc.
13445 Yorba Ave., Chino, CA 91710

Toll Free: 1-877-NEWINLI (1-877-639-4654)
Phone: (909) 364-0667 • Fax: (909) 364-0856

www.dieselpowerequipment.com • newinli@aol.com
Distributors Wanted



No Power?  No Problem!No Power?  No Problem!
Solar • Microhydro • Wind Power • Water Pumping • Remote Communications

We do it all and we do it right!

There is more to a working renewable energy system than a cheap deal on a pile
of hardware.While other companies may seem to be cheaper, none are better at
building the right, and most cost-effective, RE system for you.

Electron Connection offers: load analysis, site survey, system design, sales,
installation, user training, and tech support long after the warranties expire.We
live on renewable energy, have over 17 years of experience, and have
established over 300 systems.We specialize in NEC® compliant, safe systems
that will make your Electrical Inspector smile!

Complete service including installation: We have done systems from
Ketchikan, Alaska to Baja California.We have a network of qualified, competent
Electron Connection associates across the country. If you need installation or
design assistance we will refer you to one in your area.We do it all and do it right
the first time!

Equipment via mail order: We offer reasonable deals and technical reality
checks.Why settle for a packaged system when you can have yours custom
designed by the experts?

Dealers / Installers: Why talk to a “technician” when you can talk to an
electrician? We spend half our time in the field installing the equipment we sell
you.We KNOW how the systems work and offer technical support, system
design assistance, prompt shipment, fair pricing, and NO BULL. Local Referrals.
Electrical competence is required.Write today for your dealer application.

SIEMENS

Electron Connection
PO Box 203,
Hornbrook, CA  96044 USA
Voice • Fax: 530-475-3401
E-mail:
econnect@snowcrest.net
Web Page:
www.electronconnection.com
CA Electrical Lic #613554 

• Photovoltaics —Siemens - BP -Solarex
• High-Quality Batteries —Trojan - GNB
• Power Inverters — Trace - Exeltech
• Instrumentation — Cruising - Fluke - Wavetek
• Charge Controls — Heliotrope - Trace
• Trackers & PV Mounts — WattSun -

Zomeworks - Direct Power
• Microhydro Electric Powerplants — ES&D -

Harris Hydro - Lil Otto Hydroworks!
• Wind Generators — World Power Tech -

Southwest Windpower
• Pumps — Dankoff Solar - Solarjack - SHURflo 
• Water Heaters — Myson – Aquastar
• Efficient Lighting — Phillips - Osram - S&H
• Safety Gear — APT - Heinemann - Cutler &

Hammer - Square D Products
• Radiotelephones

Cruising
Equipment

Authorized Distributor

1-800-945-7587

SUN
FROST
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For several years we
have lived in a small
log cabin on our high

bluff property near
Frankfort, Michigan. We
have marveled at the
plentiful sun, breezy
afternoons, and relentless
surf that our corner of the
Great Lakes offers. All the
while, we imported our
electrical power over a
long thin wire, and
wondered if there was
some way to harness the
energy around us.

After reading Home Power for a year, doing some
research, and looking at a few boat and RV systems,
we learned that it’s possible. The problem was finding a
way to measure just how much wind and sun we had.
We considered putting up some measuring instruments,
and then spending a year compiling data. For about
US$1,000 you can put up a nice system that records
data onto your computer.

We already had the power company keeping good
records on our loads. If we had similar information on
our available source, it would be simple math to design
a system to produce our own electricity.

Then we thought of a better idea—take the $1,000 and
build a small wind and solar-electric system instead.
This way, we would have hands-on experience, a
reliable backup power system for small loads, and
already be producing some of our own power.

System Design
What was needed was a small wind plant, a small solar
array, some batteries, meters, and DC loads we could
use when power was available. We attended the
Midwest Renewable Energy Fair in 1997, went to
several workshops, and purchased most of our
equipment right on the spot.

We selected the Southwest Windpower Air 303
because of its simplicity, size, and price. With its
internal regulator, light weight, and two-wire DC output,
it is a plant we felt capable of installing ourselves.

Next we selected the Solarex VLX-53 panel because of
its size, cost, and appearance. While not mentioned in
many articles, we thought it was important to select
solar components that didn’t detract from the natural
beauty of our home and property.

Rudy & Jill Ruterbusch
©2000 Rudy & Jill Ruterbusch
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We purchased four Trojan T-105 batteries for our
energy storage. They were easy to find at a local golf
cart repair business for US$52 each. The company also
makes custom cables with #6 (13 mm2) USE wire and
soldered connectors very inexpensively.

Then after consulting with our local electrical inspector,
we made up some wiring diagrams, applied for a
permit, and purchased Square D breakers, boxes, and
disconnects. Our inspector was very helpful, steering us
away from possible problems before we laid the first
piece of wire.

Installation
Our goal during the entire project was to stay as low-
tech as possible. For the tower, we cut down a tall
skinny tree in the woods. We erected it between two
shorter, heavier poles that were cemented into the
ground, much like an old flagpole. Using two large
bolts, one became the hinge point for tilting the tower
up and down, and the other held it in place while the
guy lines were secured.

This temporary pole tower is 45 feet (14 m) tall. None of
the obstructions (trees, cabin, etc.) extend above about
25 feet (8 m). Our cabin is on a little hill with falling
terrain in three directions. It was a good spot for the
wind generator, except for the noise. We’ve found a
better permanent spot for a larger wind generator since
then.

The tower wiring simply ran through a plastic conduit
that was attached to the side of the pole, with a flexible
section at the bottom to allow the tower to tilt up and
down without disconnecting anything. Wires ran
underground to the cabin from there.

The solar panel was mounted on a
home-built rack made from 1-1/4
inch (3 cm) aluminum angle and
some stainless hardware. The rack
was built to hold two additional
panels, which were added about a
year later. It was attached to the
porch roof on the south side of the
cabin. It has adjustable rear legs to
allow for summer and winter tilt
settings. The wind tower top, solar
rack, and main DC box were each
earth grounded using separate
ground rods and wires.

Our battery box was constructed of
scrap plywood, with a hinged top for
periodic inspection, and a
removable front wall to make battery
maintenance easier. The box is

vented outside with a 3 inch (7.6 cm) flexible tube on
one end. Air from the crawl space is allowed to enter
the other end through a small screened opening. We
also added Hydrocaps to all four batteries. So far, we
have only added water once in over a year.

Once the battery box was installed, we ran a 30 amp
service up to a six-circuit panel in the kitchen and
connected some DC loads to the box. The low voltage
under-cabinet lighting in the kitchen was simply rewired
to the 12 volt box. We also wired in a radio, a fan, and a
couple of small lamps with new cord ends and low
voltage light bulbs.

Our system received final inspection and approval in
the spring of 1998. All we needed was some wind and
sun, and we didn’t have to wait long.

Charge Controlling
After reading The Complete Battery Book by Richard
Perez, we decided that the solar array could operate
unregulated. As long as we limited its size to three
panels maximum, the highest charge current would be
about 9 amps, and with a fixed rack, that should only
occur for three to four hours per day.

Our 440 amp-hour battery bank would never receive
more than a C-50 charge rate after reaching full
capacity. It would operate as a long, slow equalization
during periods of high sun if we were away.

A small diode was installed at the disconnect box on the
back of the solar array for each panel input to prevent
nighttime discharging. I’ve checked the Hydrocaps on
sunny days after returning home. You can hear them

Four Trojan T-105 batteries, 440 AH at 12 VDC. Note the Hydrocaps,
DC disconnects, and removable front wall on the box.



52 Home Power #80  •  December 2000 / January 2001

Solar & Wind

working, but they never get more than slightly warm.
And the batteries never seem to get above 15 volts
during these times.

Low-Tech Data Logging
Since the original idea was to measure our wind and
sun, we needed to devise a plan to get the most
information out of our low-tech instruments. Our data
logger consisted of three ammeters, a voltmeter, a
clock, and a notebook. Basically, any time the batteries
were estimated to be in the upper third of their charge
capacity, we used our DC loads at will.

Then whenever one of us walked through the kitchen,
we picked up the notebook and wrote down the date,
time, wind amps, solar amps, load amps, and volts. At
the end of each week, we could interpolate our
approximate watt-hours used, and add it to our annual
running total. Occasionally during days of high winds
and little sun, we would intentionally run all of our DC
loads to extract all that was available from the wind
plant, and take frequent readings.

We kept our log sheet next to the meters, and the load
amp meter was read between five and thirty times each

day. All the loads (except for the light we run all night in
the kitchen) are only on when we are in the room using
them. There are no phantom loads in our little system—
it is all DC.

If we are gone for several days or more, all loads in the
system are off. We didn’t use these days for analysis,
since there were no loads to balance against the
charging available.

By comparing our data with wind reports from the local
Coast Guard station hour by hour, we had a fairly
accurate idea of what wind power was actually
available. We could now take annual wind data from the
National Weather Service and convert it into rough
KWH of DC wind power.

The solar panel was much easier to estimate, since it
followed a nearly identical curve any day the sun
shined. We just had to keep track of rough hours of
sunlight each day to compute solar energy available. It
was all actually a lot of fun, and provided hours of
discussion among our friends, neighbors, and family.

Ruterbusch System Loads

Item Watts Hours / day WH / day
Kitchen light 60 5.0 300
Night light 12 10.0 120
Living room light 25 2.0 50
Radio 8 4.0 32
Bedroom lamp 50 0.5 25
Hall lamp 18 1.0 18
Porch light 25 0.5 12
Fan 10 1.0 10
Bathroom light 20 0.5 10
VCR tape rewinder 40 0.1 4

581Total WH per day

Ruterbusch System Costs
Qty. Item Cost (US$)

1 Air 303 wind generator $500
1 Solarex VLX-53 module 265
4 Trojan T-105 batteries 208

Miscellaneous wire and hardware 100
12 Hydrocaps 72
4 Square D DC disconnects 72
1 Home-built PV rack 45
6 Square D breakers 36
1 Square D 6-circuit panel 25

Total $1,323

Square D breaker panel with six circuits, DC meters,
and wall switch for the 12 VDC light above.

Box covers are removed for final inspection.
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Results
Our data collection method is obviously not as accurate
as actual data logging equipment, but it is fairly close.
For about the same amount we would have spent on a
data logging system, we are actually producing energy
we can use now.

After collecting data for 18 months, expanding our solar
array to 150 watts, adding additional DC loads, and
watching our batteries very closely, we know we can
rely on our little system to provide between 1/2 and 1
KWH each day. This is enough to run all the lighting on
our main floor.

We have rarely cycled the batteries below 50 percent
state of charge. On one occasion during a week-long
family reunion, we had to connect a small battery
charger to the batteries to compensate for high demand
and low wind and sun. I liken it to running the generator
for a day.

We have also learned that the wind at our site during
the fall and winter is too much for our little Air wind
plant. During storms, I have personally watched our
little 300 watt whiz kid produce over 1-1/2 times its
rated output for extended periods. It can only handle
this abuse for several months before the regulator
burns up. We have burned up several regulators in two
years trying to make use of this natural power source.

The only two options appear to be upgrading to a
stronger unit, or simply turning the Air off during
inclement weather or while we are away. Our machine
is currently in Flagstaff being upgraded to a model 403

for future use. The Solarex modules have performed
flawlessly, and our batteries are holding up fine.

Where We’re Going from Here
With the information we now have, we have designed a
system that should produce 120 percent of our total
power needs. It will consist of a Whisper H-900 wind
generator, a 1.2 KW solar array, and 50 KWH of lead-
acid batteries. A Trace SW4024 will convert our power
to AC. Last fall we applied and were approved for a
wind energy grant from the state of Michigan. It will pay
for about one quarter of the cost of our wind and battery
system.

Two local dealers, John Heiss of Northwoods Energy,
and Steve Smiley of Bay Energy Services, Inc., will be
participating in our installation. We hope to have the
wind system up and running by the fall of 2000. The
solar array will be added the following spring. At the
moment, a grid intertie is not planned, but we may do
that in the future.

Since we do have grid power, we will simply use it in
place of a generator for any power shortcomings, or for
the occasional equalization. The small amount of
money we pay to maintain grid power is acceptable to
us under the circumstances. It’s actually less expensive
than purchasing and maintaining a gas or diesel
generator.

Successful Test
In the end, we much prefer building a small system
from scratch to going cold turkey into a large one. It
was fun, we learned a great deal, and it didn’t cost any

Meters:

System
volts

Wind
amps

Load
amps

PV
amps

Wind
Disconnect:
At tower base

Wind
Disconnect

Main
Disconnect

Ground

PV Disconnect:
On roof

Ground

Batteries:
Four Trojan T-105,
440 AH at 12 VDC

DC Load Panel:
30 amp main breaker

15 amp
breakers
to 12 volt
DC loads

Photovoltaic Module:
Solarex VLX-53, 53 watts at 12 VDC

Wind Plant:
Southwest Windpower

 Air 303,
300 watts at 12 VDC

Rudy & Jill Ruterbusch’s 
Wind & PV Test System
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more than we would have spent on a data logging
system. It provided us with backup power during power
outages, and we got the information we originally
wanted.

Our small test system will remain in place even after we
finish the larger one. It can still run our lights and other
DC loads, and it will offset about 10 percent of our
electric demands from our future equipment. We
recommend it to anybody on the fence about going
renewable.

Access
Authors: Rudy & Jill Ruterbusch, PO Box 195, Elberta,
MI 49628 • 231-352-7839
TheRudys@compuserve.com

Steven B. Smiley, Bay Energy Services, Inc., PO Box
260, Omena, MI 49674 • 231-271-4850
Fax: 231-271-4860 • smiley@traverse.com

John Heiss, Northwoods Energy Alternatives, Inc., 
PO Box 288, Lake Leelanau, MI 49653 • 231-256-8868Jill and Rudy, ready for a larger system.

ZOMEWORKS - If You Want QUALITY
 & 30+ Years of EXPERIENCE

• If you are not tracking you must live above the arctic circle

• 45%more water when using a track rack

• 25-30% more on all other applications

• Ten year warranty with all trackers and fixed racks

• Zomeworks battery boxes now available with patented Hydrogen
Venting at affordable prices

1011 Sawmill Rd., Albuquerque, New Mexico 87104
(505) 242-5354, FAX (505) 243-5187, 1-800-279-6342

e-mail zomework@zomeworks.com, web-www.zomeworks.com

WE ARE THE ONLY  TRACKER & RACK MANUFACTURER
WHO GUARANTEES  THE RACK FOR TEN YEARS,
AND THE MODULES SHOULD THEY BE DAMAGED

BECAUSE THE RACK FAILED.

ZOMEWORKS CORPORATION

Turner Group

Harrison Office

Maine

Need a High Efficiency Refrigerator 
for a Harsh Climate?

P.O. Box 1101, Arcata, CA 95518-1101
Phone: 707-822-9095 • Fax: 707-822-6213 • www.sunfrost.com

Shorter
Lead

Times!

Shorter
Lead

Times!



New Lower Prices & Shorter Lead Times

www.nwes.com batteries@nwes.com

800-718-8816800-718-8816

New Lower Prices & Shorter Lead Times

Dealer
Inquiries

Welcome



56 Home Power #80  •  December 2000 / January 2001

SunWorld, the official magazine
of the International 

Solar Energy Society says, 
“Together these CDs offer the
largest collection of useful and

practical information on
achieving energy independence

ever available.”

$29ea
Postage Paid

(International orders add $3)
Home Power

PO Box 520, Ashland, OR
97520

Phone: 541-512-0201
Web: www.homepower.com

The original magazine layouts
In Adobe Acrobat PDF® format (reader included):

Color • Indexed • Searchable • Exportable
Printable • Acrobat Readers included

Some CDs contain: video, audio RE lectures,
RE system analysis software, RE business
database, & nationwide data on solar
insolation and weather 

Windows
Mac
Unix

Issues
61 – 70

P
ho

to
vo

lta
ic

s
•W

in
d • Hydro • Passive Solar • Hydrogen • Water Pum

ping
• Vehicles

Copyright 1999 Home Power, Inc.

H
O

ME POW
ER

Solar 4

H
O

ME POW
ER

Solar 4

H
O

ME POW
ER

Solar3

H
O

ME POW
ER

Solar3

Issues
#43 – #60

Windows
Mac
Unix

P
ho

to
vo

lta
ic

s

•W
ind • Hydro • Passive Solar • Hydrogen • Methane

• Vehicles

Copyright 1998 Home Power, Inc.

H
O

ME POW
ER

Solar 2

H
O

ME POW
ER

Solar 2

Issues
#1 – #42

Windows
Mac
Unix

P
ho

to
vo

lta
ic

s

•W
ind • Hydro • Passive Solar • Hydrogen • Methane

• Vehicles

Copyright 1997 Home Power, Inc.

For Credit Card orders, 
Call Home Power at 800-707-6585

Save Paper! 
Check out Home Power’s 
back issues on CD-ROM 

• Solar2 — Issues #1–#42
• Solar3 — Issues #43–#60
• Solar4 — Issues #61–#70
• Solar5 — Issues #71–#76

H
O

ME POW
ER

Solar 5

H
O

ME POW
ER

Solar 5

Windows
Mac
Unix

Issues
71 – 76

P
ho

to
vo

lta
ic

s
•W

in
d • Hydro • Passive Solar • Hydrogen • Water Pum

ping
• Vehicles

Copyright 2000 Home Power, Inc.

New

Home Power on CD-ROM

Call us to find out more.
(800) 376-9530 or (336) 376-9530
Visit our website: www.solarvillage.com

No Power Lines!
No Power Bills!
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SunWize Technologies is looking for experienced dealers
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BACKWOODS SOLAR ELECTRIC SYSTEMS

Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro

BACKWOODS SOLAR ELECTRIC SYSTEMS
For an Earth Restored and a World at Peace

Independent Electric Power Systems for the Remote Home — Solar Electric, Wind, Hydro

Our mountaintop business, shop, and home pictured here have been 100% powered by equipment in our catalog
for 25 years; utility lines are still 2 miles away. We are a family business, living with our products everyday, and
offer the knowledge to help you set up your off-grid home energy system.  When you order from the Backwoods
Solar people, you get free phone, mail, and email help and advice, and your questions are personally answered by
people who use the products. 

Our catalog is a planning guide to help 
you learn about and  assemble your solar
electric power system. We emphasize
economical system sizing and practical
selection of low-energy appliances. Solar
electric modules & mounts, charge
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Backwoods Solar Electric Systems • 1395 Rolling Thunder Ridge • Sandpoint, Idaho 83864
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There surely must be
something more
satisfying than

putting solar energy on
the grid, but I can’t think of
it. Every time I get to blow
a little sunshine up a coal-
burning or salmon-killing
utility’s skirt, I just have to
grin.
Solar-electric systems just don’t
spring up like mushrooms. They
require meticulous planning, mucho
ground work before the installation,
and a crew that knows what to do.
This system at the Grant County
Fairgrounds was no exception. It
took months of work from many folks
to bring solar electricity to the
Oregon Trail Electric Co-op.

It all began at the end of the 1999
SolWest Fair. The SolWest and
Home Power crews were discussing
the event over a few beers. I
mentioned that we should do a pre-
fair workshop and install a
permanent PV utility-intertied system
at the fairgrounds. The big cheese of
SolWest, Jennifer Barker, lit up like a
supernova—“Yeah, let’s do it!”

And that began months of work,
mostly on Jennifer’s part. She began
canvassing the manufacturers of the
gear—would they donate equipment
to such a project? Would the local
Grant County Fairgrounds be willing
to host such a system? Would the
local electric utility intertie with such
a system? Would the local electrical
inspector approve of it all? Would
enough paying students show up to
meet the mounting incidental project
bills? Would we get it all on line in
time for the SolWest Fair? Jennifer
worked her butt off.

The Workshop
The plan was for Joe Schwartz and
me to breeze into town three days
before the fair to teach the

Richard Perez
©2000 Richard Perez
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workshop. The students at this workshop would install a
permanent, uti l i ty-intertied PV system at the
fairgrounds. It worked just like that—well, almost.

Joe and I didn’t know what to expect. Neither of us had
ever taught this workshop before, even though we’d
both done other workshops and utility-intertied PV
systems. We finalized our class notes on the long,
eight-hour drive to John Day. We felt we were ready.

My major concern was the technical skill level of the
students. I needn’t have worried. Most of the nineteen
students were very familiar with off-grid PV, and some
even with on-grid PV. We were blessed with an
experienced and energetic group of students. They
were a joy to work with.

We started the class out with technical information and
discussions about how PVs and inverters work. We
discussed AC power quality issues, and measured the
power quality of the local grid and various inverters
using the Fluke 43 power quality analyzer. We
discussed energy issues, NEC® issues, wire sizing, PV
mounting structures, the legal issues of net metering
PV systems, and a host of other PV issues.

We installed a temporary guerrilla solar system using a
couple of the modules and a Trace Microsine inverter.
We took some lessons out in the sun with the Solar
Pathfinder, and even ran a current versus voltage (IV)
curve on one of the modules we were installing. We
had a fun-filled couple of days discussing a subject that
interested all of us—solar electricity.

All the concrete work was done prior to the workshop.

Joe Schwartz discusses safety issues with the class.

Top: A working guerrilla solar system.
Center: Running an IV curve on one of the PV modules.

Bottom: Learning to use the Solar Pathfinder.
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System Design
Batteryless, grid-intertied PV systems are far easier to
design than off-grid systems. Since there is no need to
worry about the system running out of electricity
(provided the utility doesn’t fail), a detailed load analysis
isn’t required. The system components simply need to
be sized to handle the PV array’s maximum power
output. It doesn’t get much simpler in the world of solar
electricity.

In batteryless utility-intertie systems, there are really
only three major components—PV modules, a
mounting structure for the PVs, and a utility-intertie
inverter. There are no batteries to lug, battery

interconnects to manufacture, or charge controllers to
wire up and fine tune.

The size of a utility-intertied PV system is limited
primarily by one factor—the budget. Since the major
system components were to be donated in this case,
the limit was the generosity of the RE industry. BP Solar
kicked down with sixteen Solarex VLX-70 PV modules
with a total rated wattage of 1,120 watts.

Two Seas Metalworks donated two of their hurricane-
proof, pole-mount PV racks. Trace Engineering donated
one of their brand new 1,500 watt Sun Tie inverters.
Many thanks to these companies for giving so freely of

PV Array
Sixteen Solarex VLX 70 modules

wired for 1,120 watts at 48 Volts DC

Inverter
Trace ST 1500, sine wave, synchronous

(all breakers and fuses are factory installed)

Ground
Disconnect

DPST, lockable

KWH Meter
energy in

Duplex Outlet
outdoor rated

KWH Meter
energy out

100 A 15 A

15 A 15 A

20 A

AC Mains

60 A

To OTEC grid

Ground

PV outputs are #10 AWG
Cu THHN in PVC conduit directly to

inverter

Ground is #6 bare solid Cu
follows PVC conduit to ground rods

20 ADC in

AC out

Ground
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their products. This was going to be a bang-up system
on permanent public display!

Jennifer saw to it that the mounting poles were properly
installed in their concrete holes, and that all the 120
VAC wiring and utility meters were installed prior to the
workshop. Special thanks to Dennis Voigt, a local
electrical contractor, for donating his time for the pre-fair
groundwork.

Jim Sanders, the local contractor who donated time to
put in the PV mount poles, also built support boards of
locally milled pine for both the AC wiring and the
inverter. He built a mini-house for the inverter and
wiring, with locking barn-style doors that could be
opened for display.

The Installation—Day One
At noon on the second day of the class, we went out
into the intense sun and began the actual installation.
Joe and I had counted and checked all the parts the
previous day. We paid special attention to the PV racks,
and yes, every part was there.

What we didn’t know was that due to a communication
error, we had the wrong racks. We discovered this
chilling fact only after the class laid the modules out on
their shipping cartons and began laying out the racks.
Everyone froze with “what’s wrong with this picture?”
looks on their faces. The donated Solarex VLX modules
were far wider than what the racks were designed to
hold.

Our hearts sank. Here we had a class that had come to
install this system. In just 48 hours, the SolWest RE
Fair would begin, and this system was going to be on
display. If this were a regular home installation, we’d
have just sent the racks back and returned to do the
installation on another day.

But this wasn’t a regular installation; it was a pre-fair
workshop. These folks had traveled hundreds of miles
and paid good money for the educational experience of
actually installing a utility-intertied PV system. We had
to do something, and we had to do it very quickly.

Joe and I gave the class an early lunch and began
frantically searching for a solution. A quick call to Two
Seas confirmed what I suspected. There was no way
that they could ship us a rack in time to complete the
class and have the system operational by fair time.
They had the rack in stock, but there was no way to
ship it quickly enough. We were on our own.

Workshop participant Chris Worcester, Joe, and I
jumped into the van and began combing the tiny town
of John Day for the material we needed. We visited
every store we even remotely thought might have
aluminum channel stock. We checked out both

hardware stores, the welding shop, and even dug
through the metal scrap pile at the local glass shop.
Finally, we lucked out. The lumberyard had just enough
1 inch (25 mm) galvanized angle iron to extend the
racks to accommodate the VLX modules.

Top: Hey, the rack is too small for these PVs....
Bottom: A successful rack klüge using steel angle iron.
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Country Klüge
We bought ten 10 foot (3 m) pieces and rushed back to
the fairgrounds where the students were just returning
from lunch. We set about making strong extensions for
the existing racks by bolting together the metal angle
stock to form “C” sections. This required much
additional dril l ing and cutting. The class was
wonderfully understanding. Most were country “can-do”
folks who were deeply acquainted with the art of klüge.

One person in particular was invaluable—Chris
Worcester of Solar Wind Works in Truckee, California.
Chris may have been a student in the class, but his
design expertise and cool head were really what made
this klüge work. Even though we had to modify the
beautiful Two Seas racks, this klüge would be strong
and permanent.

By the end of that afternoon, we had all the modules on
the racks and the racks atop the poles. Lifting a rack
with four pre-wired modules to the top of the poles was
a big job. I was thankful that we had many hands.
Before quitting time, we also had the Trace inverter
installed in its wooden mini-house and ready for wiring
the next day.

Each PV subarray is composed of four 70 watt modules
wired in series, so we had four subarrays on two
different racks. Each subarray had its own home run of
#10 (5 mm2) copper wire to the Sun Tie inverter. Each
home run was about 40 feet (12 m) in length. All the
wiring from the PV array to the inverter was encased in
Carflex conduit on the racks and non-metallic conduit
for the underground runs.

Trace Sun Tie Inverter
This inverter is a brand new Trace product designed
specifically for putting solar electricity onto the grid. It is
purely utility-interactive, and designed to work without a
battery. It contains individual fuses for each subarray,
and all the safety and protection gear required by the
NEC and the IEEE for utility interconnection of solar
electricity. It was a snap to install.

This new inverter has maximum power point tracking
(MPPT) that extracts the maximum available power
from the PVs, regardless of module temperature or
solar insolation. The Sun Tie (ST) inverter also contains
a nifty information display that shows grid AC voltage
and frequency, array voltage, instantaneous power
produced, and total daily power produced. Once the
system was installed and working, we were constantly
watching this display to see exactly how much solar
energy we were putting on the grid.

The Installation—Day Two
After modifying the racks on the first day of the
installation, the second day was smooth sailing. All we

had to do was hook up the wiring at the Sun Tie and we
were on line. We worked at a leisurely pace and
finished at about 3 PM daylight savings time (that’s 2
PM sun time). After the last connection was made, Joe
flipped the circuit breaker connecting the system to the
grid. The entire class rushed to the utility meter to watch
it spin.

Top: Attaching the home runs to the array.
Bottom: Pulling the home runs through the conduit and

into the inverter.
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A separate service was installed for the fairgrounds’
utility-intertied PV system. It consists of a main panel
and two unidirectional meters—one for consumption
from the grid and the other for solar electricity put on
the grid. Why the local utility insisted on two meters was
and still is a mystery to us.

Apart from a single duplex receptacle that is rarely (if
ever) used, there is no consumption at this service’s
site. Because the PV system had its own unidirectional
meter, it didn’t spin backwards, it spun forwards. This
led to a l ively discussion among the workshop
participants, and we decided that henceforth we would
term all solar electricity placed on the grid as spinning
the meter “forward.” A small step forward, but it’s
definitely in the right direction.

After spending an hour cleaning up the job site, we
looked at what we had accomplished. In about sixteen
hours of actual installation time, we had put in a system
that would deliver four to five KWH of solar electricity to
the local electric power grid every day. I’ll bet that
everyone who helped with this installation will often
think about how this system is performing.

Political Aspects
Perhaps the greatest lessons we learned from this
system were not technical, but political—as in “of the
people.” This solar-electric system is all donated. The
manufacturers donated over US$8,000 worth of solar-
electric equipment—PV modules, mounting racks, and
inverter.

Measuring PV array voltages before putting the Sun Tie
inverter online.

The crew.



Hoops & Hurdles

64 Home Power #80  •  December 2000 / January 2001

Utility-Intertie PV

Jennifer and her local assistants donated US$2,000 for
the groundwork of poles, holes, concrete, wire, and
conduit—all of it installed and inspected before the fair.
The students donated—no, actually paid for—their
labor of learning and installing. Joe and I donated our
time and expenses. We all—from industry biggies to
on-point grunts—freely gave what we had to give. This
was a labor of love and hope.

I wish I could include the Oregon Trail Electric Coop
(OTEC) in the list of folks who were giving because
they believe that solar electricity represents a better
future for us all. But I can’t.

OTEC is like many small rural electric coops. They
seem to see locally-produced solar energy as a threat
to the way they have always done business. It’s a
change in a structure that isn’t used to change. OTEC
insisted on two meters, and rightfully under the Oregon
net metering law, installed them at their own expense.
OTEC is pursuing an agreement that would net these
two meters against one another. Since there is no
regular load on the grid meter, there is no usage for the
PV meter to net against. This qualifies all the energy
that these PVs produce as “monthly excess.”

Under Oregon’s net metering law, monthly excess
energy is either granted to the utility or sold to them at
avoided generating cost. This system, the result of so
many people’s generosity and hard work, isn’t really a
net metering system at all. It’s a donation of solar
electricity to OTEC’s grid.

To add insult to injury, OTEC is now trying to insist on a
US$15 per month meter reading fee (the PV system
makes about US$7 worth of electricity per month). They
even went so far as to suggest a US$15 fee for each
meter when they formalize their net metering policy.

But wait, there’s more…. Off the charts is their latest
proposal of a US$35 annual inspection fee so that they
may determine that this peanut-whistle PV system is
not a danger to their grid.

A Legacy for the Future
Technology and politics aside, the real accomplishment
of this system is a daily average (so far) of 4.33 KWH
placed on the grid. This will go on day after day for
years. This system will just keep on pumping out the
electricity as long as the sun shines.

Over the next twenty years, this small system will
displace 20 metric tons of CO2 that would have been
produced to make the same quantity of electricity. All
the folks who worked on this system have left this
amazing new source of electricity as a legacy to the
future. I salute them!

Hoops & Hurdles
Jennifer Barker ©2000 Jennifer Barker

Getting permission from the utility
to install the system at the
fairgrounds was easy. The new

net metering law, Oregon HB3219, says
that the utility has to allow grid-intertied
PV, and they were going to obey the law.
No mention was made of extra costs or
charges, because the law had just been
passed, and Oregon Trail Electric
Cooperative (OTEC) had no idea what
their policy would ultimately be.
Dealing with OTEC’s engineering department was easy
too. Busy as he was, Chief Engineer Mike Chase was
frequently in John Day for meetings, and was always
willing to return my phone calls and get together to
discuss configuration. His main concern was how they
would meter a system that would produce more power
in a month than was being consumed. He
recommended two meters for our system.

Grant County’s planning department was very
cooperative. They looked at the wiring schematic and
declared the solar installation to be a “branch circuit”
because it did not have a subpanel. So the additional
cost on the permit already issued for the main panel
and utility hookup would be US$3.

Trouble Comin’
The first indication of a potential problem was when I
received a desperate email from Tom Wykes, Oregon
State Extension energy agent in Bend. Comment was
needed quickly. Central Electric Coop was formulating
their net metering policy and proposing prohibitive fees.
My contact at OTEC informed me that they would soon
be following suit, and I asked for a copy of their
proposal as soon as it became available.

OTEC was proposing administrative and inspection
fees of US$131 annually for net metering customers
over and above the base fees and power in/out. This
would make net metering a loss to almost all customers
with the 25 KW-or-under systems allowed by the law.
When the co-ops negotiated for the terms of the law,
they promised to “make it work.” But this was not
working. In fact, it was worse than no law at all!
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OTEC’s concern was that
distributing the cost of administration
(hand billing in case of negative
meter readings) among all their
members would amount to a
“subsidy” of the net metering
customers, and raise the bills of all
their customers.

Speak Up!
The law said they had to take public
comment. The hardest part was
lining up people who cared enough
to drive the miles to the OTEC office
in Baker City and comment in
person. We had exactly two and a
half weeks notice, and only two
weeks for written comment to be
submitted. Six dedicated RE
supporters attended the meeting,
and one other whipped out a letter of
comment in time.

OTEC was represented by their general manager,
member services manager, head of accounting, and
chief engineer. The purpose of the meeting was for
these people to collect our comments, digest them into
suggestions, and later present them to the board of
directors.

The comments made by EORenew members were very
sharp. They represented all levels of personal
experience, from Kay Firor and Kent Osterberg who
had operated a permitted grid-intertied system on their
house for many years (with no extra fees!) to Chuck
Koch, proposing to install a 15 KW Jacobs wind genny
as soon as possible, to Linda Harrington, who dreams
about adding a solar-electric system to her bed and
breakfast in Prairie City.

Since I am not an OTEC customer, I was regarded with
some impatience as an “activist.” But the OTEC
members and a local installer were listened to very
courteously. Some of us had our comments in written
form, and these were accepted at the meeting. I don’t
know what the board’s decision will be in the end, but
from the rumors, we had more turnout for comment
than any other utility.

Do Your Homework
People whose utilities are proposing prohibitive policies
towards RE on-grid need to buckle down and do some
serious research. The folks who came to the meeting
had done the homework. We had contacted our friends
in the business, learned the technical aspects of the
safety issues, and found out how other utilities are

dealing with net metering and how they regard RE on-
grid as a benefit.

Without being confrontational about it, we made OTEC
realize that they were acting like they were afraid of the
dark. If you want to get your utility to back off, offer help
and support for the learning process that these utilities
must go through. We have the contacts and the
information they need, and we should offer it freely.

Wanted: RE-Friendly Policy
For now, the fairgrounds’ system is being net-metered
as they all should be—retail in, retail out, and no extra
fees. OTEC emphasizes this policy is only for us, and
only until a formal policy is instituted. Perhaps even if
they charge fees for regular customers, we can get
them to leave the fairgrounds as it is now, because it is
a public demonstration on a not-for-profit property.

But that is not enough. We want the whole thing—not a
handout, but a fair and forward-looking policy that
encourages all their members to put distributed, RE-
based generation on the grid!

Access
Authors: Richard Perez, Home Power, PO Box 520,
Ashland, OR 97520 • 530-475-3179 • Fax: 530-475-
0836 • richard.perez@homepower.com
www.homepower.com

Jennifer Barker, SolWest/EORenew, PO Box 485,
Canyon City, OR 97820 • Phone/Fax: 541-575-3633
info@solwest.org • www.solwest.org • SolWest 2001,
July 28–29, Grant County Fairgrounds, John Day,
Oregon

SolWest organizers: Ken Primrose, Nancy BeBout, and Jennifer Barker.
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Utility: Oregon Trail Electric Co-op (OTEC), Steve
Schauer, Manager, Member Services, PO Box 226,
Baker City, OR 97814 • 541-523-3616 • Fax: 541-524-
2865 • customerinfo@oregontrailelectric.com
www.oregontrailelectric.com

Project Donors:
BP Solar, Ron Tovella, 10752 N 89th Pl., Suite 221,
Scottsdale, AZ 85260 • 480-451-8050 • Fax: 480-451-
8040 • tovellrs@bp.com • www.bpsolar.com

Trace Engineering, 5916 195th St. NE, Arlington, WA
98223 • 360-435-8826 • Fax: 360-435-2229
inverters@traceengineering.com
www.traceengineering.com

Two Seas Metalworks, 291 Shell Ln., Willits, CA 95490
800-227-9523 or 707-459-9523 • Fax: 707-459-1833
david@2seas.com • www.2seas.com

Energy Outfitters Ltd., PO Box 1888, Cave Junction,
OR 97523 • 800-GO-SOLAR or 541-592-6903
Fax: 888-597-5357 or 541-592-6747
bob@energyoutfitters.com • www.energyoutfitters.com

Sunlight Solar, 1436 S. Highway 97, Redmond, OR
97756 • 888-787-6527 or 541-923-9897 • Fax: 541-923-
4948 • information@sunlightsolar.com
www.sunlightsolar.com

James R. Sanders Construction, Inc., PO Box 325,
Canyon City, OR 97820 • 541-575-0926
Fax: 541-575-1080 • waterfal@oregontrail.net

B&D Electric, Inc., Dennis Voigt, PO Box 678, Prairie
City, OR 97869 • 541-820-4144

SunAmp Power Company
AJAK Electrical Systems

Licensed/Bonded & Certified Electrical Inspector
• SunAmp Power markets the AgraTech pumping system

• Expert “Installation” for solar electric and water pumping 
systems in the Southwest

• Wholesale pricing to dealers and contractors

• Solar lighting designed for signs, streets, and security

SunAmp Power Company
AJAK Electrical Systems

7850 E. Evans Rd., S-104
Scottsdale, AZ 85260

www.sunamp.com
1-800-677-6527

AgraTech International, Inc.
4221 US Hwy 87 South

Fredericksburg, TX 78624
1-888-759-9051

AgraTech’s New Pumps
• Revolutionary new design
• Solar powered or AC
• Easy to adjust & maintain
• Easy to service
• Safe around people & livestock

DEALERS 
WANTED!

Trace 
SW2512
$1,735

Trace 
SW4024
$2,270

NO-HASSLE WATER POWER
If you have a reasonably fast running stream or tide
nearby and 12” of water clear, Aquair UW Submersible
Generator can produce 60 to 100 Watts continuously, up
to 2.4 KWH per day. NO TURBINES, NO
DAMS, NO PIPES! Water speed 5
mph (brisk walk) = 60W. 8 mph
(slow jog) = 100W.Timber, rock, or
natural venturi increases output.

12 or 24
VDC

Jack Rabbit 
Energy Systems
425 Fairfield Ave.,
Stamford, CT 06902
(203) 961-8133
FAX (203) 961-0382
e-mail: jackrabbitenergy@worldnet.att.net



Upcoming Workshops:
See Details in Happenings

Solar Energy
I n t e r n a t i o n a l
Solar Energy
I n t e r n a t i o n a l

Hands-On Education • Sustainable Development
voice: (970) 963-8855 • fax: (970) 963-8866

e-mail: sei@solarenergy.org  •  web: www.solarenergy.org
P.O. Box 715, Carbondale, Colorado, USA  81623

Upcoming Workshops:
See Details in Happenings

PV Line-Ties & More! February 12–17
Sacramento, CA

PV for Park Services March 5–10
Phoenix, AZ

Women’s PV Design & Installation March 19–24
Austin,TX

PV for Home Systems March 26–31
Austin,TX

Solar, Wind, & Water Power for Off-Grid April 2–7
Lasqueti Island BC, Canada

PV Design & Installation April 16–21
Woodstock, NY

PV for Eco-Villages April 23–28
The Farm in Summertown,TN

Photovoltaics

Wind Power

Microhydro Power

Solar Home Design

Natural House
Building

Straw Bale
Construction

Solar Cooking

RE for the
Developing World

Successful Solar
Businesses

Our Complete

Workshop Catalog for

2001 will be available 

in November
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RENEWABLE  ENERGY 
with the EXPERTS

Residential Solar Electricity 
with Johnny Weiss,

Residential Wind Power
with Mick Sagrillo,

Residential Microhydro Power 
with Don Harris,

Batteries with Richard Perez,

Solar Water Pumping with Windy Dankoff,

Add $5.00 shipping for international orders 

Home Power, Inc., PO Box 275, Ashland, OR 97520
toll free in USA: 800-707-6585 • 541-512-0201

Fax: 541-512-0343
Web: www.homepower.com

RENEWABLE  ENERGY 
with the EXPERTS
An Instructional Video Series

on the Basics of Residential Renewable Energy
Residential Solar Electricity 
with Johnny Weiss, 48 min.
Johnny Weiss is one of the founders
and teachers at Solar Energy
International, in Carbondale, CO.

Residential Wind Power
with Mick Sagrillo, 63 min. 
Mick Sagrillo has installed and
repaired over 1,000 wind turbines.

Residential Microhydro Power 
with Don Harris, 44 min. Don Harris 
has designed and manufactured over 
1,000 microhydro power plants.

Batteries with Richard Perez, Editor 
in Chief and founder of Home Power magazine.

Solar Water Pumping with Windy Dankoff, 59 min. Windy
Dankoff has been designing and installing solar-powered water
pumping systems for 15 years.

Add $5.00 shipping for international orders

Home Power, Inc., PO Box 275, Ashland, OR 97520
toll free in USA: 800-707-6585 • 541-512-0201

Fax: 541-512-0343
Web: www.homepower.com

$39.95
each

$39.95
each

Reviewed in HP56

The Book on

Solar 
Cookers
Back by Popular
Demand

A second edition,
fully updated 
and revised.
Includes:

• A history as well as a who’s who in the
solar-cooking movement

• Guidelines for designing your own cooker
• Plans for building the SunStar cooker 

with salvaged and inexpensive materials
• Tips and tricks for cooking with the sun

With 200 Photographs & Diagrams
Call Home Power Publishing

800-707-6585
Outside USA 541-512-0201

$15
Outside USA add
$5 for air shipping

Call, see our web site, or send check or money order
800-707-6585 (541-512-0201 Outside USA)

www.homepower.com
Home Power, PO Box 520, Ashland, OR 97520

On Black: $15, or Camo: $18
International orders add $5 for air shipping

To Order Call: 800-707-6585To Order Call: 800-707-6585
(541-512-0201 Outside USA)

Or see our web site:
www.homepower.com

Or send check or money order to:
Home Power Magazine
PO Box 520, Ashland, OR 97520

Full Color
on Natural Shirt

$15.00

Sizes:
S, M, L, XL, XXL

100% Cotton
Good Shirts!

International
orders
add $5 for
air shipping

HOME

P O W E RP O W E R

HOME



Deal 1
• All four Solar series CDs for $100

you save $16.00

Deal 2
• A Solar series CD of your choice
• The New Electric Vehicles
• A Home Power Subscription or renewal

All for $60.00, you save $16.50

Deal 3
• A Solar series CD of your choice
• The New Electric Vehicles

All for $45.00, you save $9.00

Deal 4
• A Home Power Subscription or renewal
• The New Electric Vehicles

All for $39.00, you save $8.50

Home Power

Home Power
PO Box 520, Ashland, OR 97520

Phone: 800-707-6585 or 541-512-0201
Fax orders: 541-512-0343 • Email orders: hp@homepower.com

Web: www.homepower.com
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fairs, I must say that SolWest has the best food. And
SolWest’s “networking dinner” is open to anyone who is
interested, not just exhibitors.

The day before the fair began, Joe Schwartz, Eric
Hansen, and I went to Jennifer and Lance Barker’s
homestead, Morning Hill Forest Farm. Their place is
amazing. Jennifer and Lance run their homestead
without fossil fuels. The only gas consumers are their
vehicles and a chainsaw. Everything else runs on solar
and wood. They have no backup generator and use no
propane on their remote mountain homestead. I’ve
asked them to write an article about their homestead for
publication in Home Power.

One main feature at this homestead are Lance’s
gardens. Considering the 5,000 foot (1,525 m) plus
elevation, these gardens are more than amazing, they
border on impossible. Almost all the vegetables served
at the SolWest networking dinner came from Lance’s
gardens. As we wandered through these extensive
gardens, Lance introduced us to each of the many
veggies scheduled for the dinner.

These healthy and beautiful veggies, coupled with
locally raised organic beef, made for the best exhibitors’
dinner I’ve ever attended. Many thanks to Lance Barker
for sharing the fruits of his herculean labors with the
SolWest attendees.

hat makes folks travel for
hundreds, even thousands, of

miles to spend the weekend
talking renewable energy with others?
An energy fair, that’s what!
While John Day is a small town located in the middle of
eastern Oregon, it is well on its way to becoming a
mecca for RE enthusiasts. SolWest 2000 drew over a
thousand folks from sixteen states and Canada. They
came from as far away as Massachusetts, New York,
Vermont, Mississippi, Oklahoma, and Illinois.

Second Year in a Row!
Getting an energy fair to happen just once is an
accomplishment. Getting it to happen a second time,
and having the event surpass the first, is a supreme
accomplishment.

Jennifer Barker and her crew of SolWest workers pulled
it off again this year on July 29th and 30th, and bettered
their first event. If you were there, I hope these pictures
will bring back fond memories. If you didn’t attend
SolWest 2000, here’s what you missed.

A Great Meal is the Way to Begin
I’ve attended over fifty energy fairs in the last ten years.
Most start with an exhibitors’ dinner. Out of all these

Richard Perez
©2000 Richard Perez

200020002000
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Featured Speakers
Randy Udall from the Community Office for Resource
Efficiency (CORE) in Aspen, Colorado was the keynote
speaker on Saturday. His use of humor in his slides and
examples brought home the point that we have to be
serious about examining our energy use and sources.
Randy is an accomplished speaker—he left his
listeners inspired.

John Perlin, author of From Space to Earth: the Story
of Solar Electricity, was the keynote speaker on
Sunday. John explored the history of man’s use of solar
energy and solar electricity. Also a featured speaker
both Saturday and Sunday was Steve Roberts of
Nomadic Research Labs. Steve discussed what he
terms “Technomadics” with SolWest fairgoers.

Workshops
One of the reasons energy fairs are so popular is the
workshops. Workshops offer folks the opportunity to
learn about renewable energy technologies and how to
use them. No matter the topic, SolWest had a workshop
on the subject, each taught by a hands-on expert. In all,
there were 33 workshops during the fair, covering solar
heat, PV, net metering laws, solar tax credits, fuel cells,
wind power, inverters, batteries, and more.

Bob Maynard of Energy Outfitters told me that he sold
out by 11 AM on Saturday. The folks at Sunelco said
that they sold more RE gear at SolWest than in their
previous four fairs combined. I saw many fairgoers
carting equipment out to their cars. This commercial
aspect of energy fairs is wonderful. What’s the use of
knowing the technology without the hardware
necessary to actually use RE? Users got great deals

Exhibitors
The heart and soul of any energy fair are the exhibitors.
They are the folks teaching the workshops and meeting
you one on one at the booths. Most exhibitors are by
necessity commercially oriented—they must make
sales at a fair in order to survive and return again the
next year. While the crowd at SolWest 2000 was not
large, they were serious about going home with RE
gear to install. They came with checklists and
checkbooks.

Windy Dankoff teaches solar water pumping. Top: Sunelco and Kyocera talk solar.
Center: Solar Depot does the same.

Bottom: Oregon Office of Energy helps you pay for it.
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with fair specials, and exhibitors
went home with full wallets and
empty trucks.

Not all of the exhibitors were
commercial. Some were purely
informational. For example, the
State of Oregon had a booth
explaining to folks about the RE tax
credits in Oregon. An exhibitor that
really caught my attention was Steve
Roberts and his Technomadics
research.

GoPower!
I first ran into Steve at the first SEER
fair in Willits, California in August,
1990. Steve was astride his totally
wired bike. This bike had most every
two-way radio possible, and several
computers too. It was all solar and
pedal powered. It was totally nuts,
and Steve had already put
thousands of miles on the rig.

Steve is a technical wanderer. His
chosen fields are electronic
technology and the surface of this
planet—he wanders both. His dream
is total free mobility with a fast
Internet connection. Steve’s bike
was just the beginning—now he’s
into water. Steve and his partner
Natascha were at SolWest
displaying their Microships.

These live-aboard, 17 foot (5 m)
sail ing trimarans are the most
intensely and tightly engineered
boats I’ve ever seen. They have
three motive sources—sail, pedal,
and solar-electric. They even have
retractable wheels for easy,
damage-free beaching. They have
almost every known form of radio
communication aboard. All this
communications gear talks to
multiple onboard computers. If
Steve’s wired bike was nuts, these
microships are from another planet.
While we discussed sailing, PV,
radio communications, and
computers, I marveled at the
experience. Where else but at an
energy fair can you meet and talk to
such people?

Steve Roberts and his Microship.
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More GoPower!
Christopher Dymond of the Oregon Office of Energy
was at SolWest with the OOE’s new Honda Insight
hybrid electric vehicle. Christopher gave me a ride and
it was quiet, smooth, and fast. Christopher drove the
vehicle from Salem, Oregon to John Day. This is a long
trip over several mountain passes. He averaged 72
miles (116 km) per gallon of gas. He said he turned off
the air conditioner only while climbing hills....

If the 100 degree heat made you lethargic, there’s
nothing like a car race to wake you up. SolWest had
Electrathon racing. See Eric Hansen’s article following
this one for a report on the excitement. Eric actually
drove in the race. Joe and I tried to be Eric’s pit crew,
but armed only with two Leathermans, two hours
warning, and no spares, I’m afraid we weren’t much
help.

Fantastic Fun
No one would go to these fairs if they were a drag.
These fairs are the finest form of fun. The fairgoers get
their questions answered, and they get great deals on
equipment. All the exhibitors get to talk shop. Everyone,
yes everyone, learns more than a few new things. At
night the distinction between exhibitor and attendee
blurs. Everyone gathers around a common light. The
solar-powered daiquiris flow. Hopes and wishes take on
form. Music and song rises. If you weren’t there, you
really missed something.

Access
Richard Perez, Home Power, PO Box 520, Ashland, OR
97520 • 530-475-3179 • Fax: 530-475-0836
richard.perez@homepower.com
www.homepower.com

Jennifer Barker, SolWest/EORenew, PO Box 485,
Canyon City, OR 97820 • Phone/Fax: 541-575-3633
info@solwest.org • www.solwest.org 

SolWest 2001, July 28–29, Grant County Fairgrounds,
John Day. Oregon

Bob Maynard, Energy Outfitters Ltd., PO Box 1888,
Cave Junction, OR 97523 • 800-GO-SOLAR or 541-
592-6903 • Fax: 888-597-5357 or 541-592-6747
bob@energyoutfitters.com • www.energyoutfitters.com

Sunelco, The Sun Electric Company, PO Box 787,
Hamilton, MT 59840 • 800-338-6844 or 406-363-6924
Fax: 406-363-6046 • info@sunelco.com
www.sunelco.com

Steve Roberts, Nomadic Research Labs, 1313 South
Hagen Rd., Camano Island, WA 98282 • 360-387-1440
Fax: 360-387-2429 • wordy@microship.com
www.microship.com

Christopher Dymond, Oregon Office of Energy, 625
Marion St. NE, Suite 1, Salem, OR 97310 • 800-221-
8035 or 503-378-8325 • Fax: 503-373-7806
Christopher.s.dymond@state.or.us
www.energy.state.or.us

Randy Udall, Community Office for Resource Efficiency
(CORE), Box 9707, Aspen, CO 81612 • 970-544-9808
Fax: 970-544-9599 • rudall@aol.com
www.altenergy.org/core

John Perlin, 3639 San Remo Drive, Unit 18, Santa
Barbara, CA 93105 • 805-563-5342 • Fax: 805-966-
1344 • solarperlin@aol.com • From Space to Earth: The
Story of Solar Electricity US$32 from aatec
publications, PO Box 7119, Ann Arbor, MI 48107
800-995-1470 or 734-995-1470 • Fax: 734-995-1471
aatecpub@mindspring.com

Christoper Dymond demonstrates the Honda Insight.

Solar Wind Works
Renewable Energy Power Systems

• Sales—PV, Wind, & Microhydro

• Design—Off-Grid or On-Grid

• Full On-Site Installation

Chris Worcester
Toll Free! 1-877-682-4503

530-582-4503 • fax: 530-582-4603
PO Box 2511, Truckee, CA 96160

www.solarwindworks.com
off the grid since 1977!

Proven Energy Solutions for Self-Reliance or Utility Buy-Back
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ELECTRIC VEHICLE
COMPONENTS, CONVERSION KITS, PUBLICATIONS, VIDEOS,
AND ENGINEERING DESIGN SERVICES FOR THE EV
HOBBYIST AND MANUFACTURER...All components selected
with safety and reliability foremost in mind....We stock and sell the
largest variety of the very best:

♦ ADVANCED DC Motors in 9 variations from 2 HP to 28.5 HP
♦ CURTIS-PMC Controllers, Throttle Potboxes, Footpedals
♦ ALBRIGHT ENG. Main & Reverse Contactors in 6 models
♦ GENERAL ELECTRIC & HEINEMANN Circuit Breakers
♦ BUSSMAN Safety Fuses from 200 to 800 amps
♦ DC-DC Converters from 48 to 200 V input
♦ K & W ENG. & BYCAN Battery Chargers from 48 to 144 V
♦ Full line of CURTIS, WESTBERG, & KTA Meters & Gauges
♦ DELTEC Meter Shunts from 50 to 1000 A
♦ EVCC Adapter Plates, Couplings, Clamps, & Brackets
♦ PRESTOFLEX Welding Cable, MAGNA Lugs, Assy. Tools
♦ CONVERSION KITS for vehicles from 300 to 5000 lbs.
♦ Complete ELECTRATHON Drive & Instrumentation Pkg.
♦ 4 Complete GO KART kits...for up to 90 mph..

COMPONENTS & PUBLICATIONS CATALOG........$5.00
Electric Vehicle components and systems since 1984

944 West 21st Street – Upland, CA 91784 USA
Tel: (909) 949-7914 – FAX: (909) 949-7916

Web: www.kta-ev.com

PROVIDING ELECTRICAL INDEPENDENCE
POWER PRODUCTSRV 

Manufactured by RV Power Products and offered by a large network of quality
distributors and dealers. Call us today for information or a dealer near you

1058 Monterey Vista Way, Encinitas CA 92024
800-493-7877 or 760-944-8882

Increase Charge Current TO Your Batteries Up To 30%Increase Charge Current TO Your Batteries Up To 30%

Visit  our  web s i te  at  www.rvpowerproducts .com or  e-mail  to  info@rvpowerproducts .com

BOOST YOUR SOLAR OUTPUT

Patented MPPT Technology can deliver more charge current to your batteries
- up to 30% more. Stop throwing away that extra power and use a
Solar Boost™ Maximum Power Point Tracking (MPPT) PV charge
controller. Featured in Home Power Magazine "Things That Work" issue
#73 and #77. Independent tests prove Solar Boost MPPT controllers deliver
more charge current.
New Solar Boost 3048 - 48V/ 24V 30A MPPT controller.

New Solar Boost 2000E - 12V 25A MPPT controller, an improved version of
the original Solar Boost 2000, now with a 25A rating and equalization.
Solar Boost 50 - 24V/ 12V 50A.

MPPT Power Conversion can charge 12V batteries from 24V array (SB50) and 24V batteries from 48V array (SB3048).
These advanced controllers also provide true three stage charge control, electronic current limit, and equalization. An
optional user friendly digital display can be built in, remote, or both.

RV Power Products – The recognized leader in quality MPPT charge controllers.
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ehicles at SolWest’s second
annual energy fair ripped it up with

electricity and grease! An exciting
Electrathon race and the introduction of
the “Grease Car” highlighted the event’s
rolling stock. I was able to jump in the
driver’s seat of an Electrathon racer for
a brief, yet epic, adventure. And those
who met the Grease Car’s crew learned
of their evangelical cross-country
experiment.
Jennifer Barker worked with Electrathon America to
bring the first Electrathon race to the SolWest
Renewable Energy Fair. When the event’s details were
arranged, the national organization approved it as a
sanctioned Electrathon America
race. The local auto club, the Grant
County Kruzers, helped out by
sponsoring a special award for the
best high school vehicle.

The main competitors were Cloud
Electric Racing, Willamette High
School, Hewlett Packard ENV
Team, and Morning Hill Associates.
Dave Cloud is an experienced and
innovative designer and builder of
these racers. Ron Breckon, another
Electrathon competitor, is a
recycling and alternative energy and
transportation enthusiast. He’s
recently gotten involved in the

Electrathon by bringing two of Dave Cloud’s racers out
of retirement. And he’s hoping to organize an
Electrathon race in Washington state.

Give Me the Keys, I’ll Drive
Ron didn’t have to talk me into driving his second
Electrathon racer. I had been eyeing the cool vehicles
from afar, and was hoping for a shot at competing. My
vehicle, a three wheeled silver bullet, boasted a
respectable motor, but lots of duct tape. As we warmed
up the batteries in a heated foam cooler to top them off,
Ron gave me the lowdown on how to drive an
Electrathon racer.

My race strategy was this—quick and consistent. I was
going to go easy on the brakes, light on the throttle, and
allow the vehicle to coast as much as possible, taking
advantage of its aerodynamic and light construction.
Ron warned me that attacking the track with a fast and
furious pace would prematurely drain the batteries and
kill the tires.

Eric Hansen
©2000 Eric Hansen

Eric Hansen, powering into a sharp turn in the Electrathon racer.
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Teamwork—HP’s pit crew fixing the chain.

GoPower

But as the Home Power pit crew taped the sleek lid
onto my machine, I changed my tune. As the race
began, my levelheaded strategy fell victim to
adrenaline. I quickly became wrapped up in staying with
the pack and taking the sharp turns with the throttle
down. What fun—I felt like I was flying in my racer! The
fact that the car is only inches off the ground makes
twenty miles per hour feel like sixty miles per hour.

As I skidded around my fifteenth lap, I encountered my
first challenge. The lid of my vehicle was coming off. I
guess the duct tape that fastened it down didn’t hold too
well. Now it was totally askew, and my mirrors weren’t
working for me—I couldn’t see my fellow racers. I was a
liability, and didn’t want to hit anyone.

I took myself out of the race for a few seconds and
made the racer into a convertible. No worries. Now,
back in the race, pieces of the track and debris from
other cars’ tires bounced off my sunglasses. I was
keeping up with the shredders from Willamette High
School pretty well when boom, grind, scrape—I lost
power.

I exited the track near my pit crew—Richard Perez, Joe
Schwartz, and Rose Woofenden. Rose quickly
diagnosed the problem—my chain had fallen off and
was munched up in the nose cone. Richard was swift to
lend his Leatherman tool. Joe and I got the nose cone
off and the chain back on.

Back in the race, without a lid or a nose cone, I was
looking funky, but doing OK. I was skidding around the
corners with the best of them until… Pop!—one of my
tires blew. Yipes! My pit crew was all the way across the
track, but it didn’t matter this time. We didn’t have spare
tires in the Home Power booth. It was the end of the
race for me.

The track’s rough surface and hot temperature made it
hell on wheels. The tight design of the course made it
hard to coast the Electrathon racers. One long
straightaway allowed for some coasting, but in order to
stay competitive, the racers had to power through the
six quick turns. The quick turns ate up energy from the
batts and chewed up tires. Even so, several of the
fourteen participants finished with over a hundred laps.
My 70 laps looked pretty meager on paper compared to
the 289 laps Bruce Sherry of Cloud Electric Racing
racked up. 

The race was a prominent exhibition at the fair. The
crowd loved it. Fairgoers got the opportunity to see this
technology firsthand. Some got the bug to engineer
racers themselves. Home Power, along with Larry Elliott
of Klamath Advanced Transportation Technology &
Energy Lab (KATTEL) and Bob Maynard of Energy

Outfitters, are working on an Electrathon racer to
premier in 2001. This alliance will be promoting
Electrathon races in Grants Pass, Ashland, and
Klamath Falls, Oregon.

Introducing the Grease Car
Justin Carven’s converted 1982 VW Westfalia Vanagon
is journeying across the country and back on used
cooking grease. That’s right, grease! Home Power
caught up with the Grease Car crew after SolWest’s
biodiesel workshop.

The Grease Car runs on fuels ranging from bacon
grease to light salad oils. Using a dual fuel tank system,
the motor warms up on conventional diesel or biodiesel
and switches over to grease. As the engine runs, a
copper coil heats the tank. When the grease becomes
warm enough to pass through the motor’s components,
it’s ready to be burned. At the end of the day, the tank is
switched again to flush the cooling oils. And yes, the
exhaust smells like a plate of bacon, fried eggs, and
hash browns.
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This Grease Car is an evolutionary step in Justin
Carven’s experimental use of used cooking grease as a
viable diesel alternative. He and Skip Wrightson set out
from Cape Cod, Massachusetts on June 30, 2000 to log
some 10,000 miles (16,000 km) in the Grease Car—
refueling at restaurants.

If the cross-country experiment proves successful,
Justin hopes to market a retrofit kit. The product will
allow the user to quickly install a simple conversion that
burns a variety of clean and dirty oils stored in the
filtering tank of a diesel car or truck.

Justin converted the first Grease Car from a 1984 VW
Quantum turbo diesel, building on his previous work
with the Bio-fuels Project at Hampshire College. The
Quantum logged 2,000 grease miles (3,200 grease km)
before the car was retired. Justin and Skip then
converted the 1982 VW Westfalia Vanagon using the
Quantum’s swapped out diesel engine. Check out their
Web site for an overview of this process and the tools it
took to convert it. Project Grease Car is funded by the
National Collegiate Innovators and Inventors Alliance.

Congratulations to Justin and Skip on the Grease Car
and journey. What an awesome experiment, adventure,
and renewable outreach these two guys undertook.
They truly succeeded in spreading the greasy word
about renewables.

Access
Author: Eric Hansen, Home Power, PO Box 520,
Ashland, OR 97520 • 530-475-3179
Fax: 530-475-0836 • eric.hansen@homepower.com
www.homepower.com

SolWest/EORenew, PO Box 485, Canyon City, OR
97820 • Phone/Fax: 541-575-3633 • info@solwest.org
www.solwest.org • SolWest 2001, July 28–29, Grant
County Fairgrounds, John Day, Oregon

Electrathon America, 1251 W. Sepulveda Blvd., Suite
142, Torrance, CA 90502 • www.electrathonamerica.org

Energy Outfitters Ltd., PO Box 1888, Cave Junction,
OR 97523 • 800-GO-SOLAR or 541-592-6903
Fax: 888-597-5357 or 541-592-6747
bob@energyoutfitters.com • www.energyoutfitters.com

Larry Elliott, Director, Klamath Advanced Transportation
Technology & Energy Lab (KATTEL), 5808 Burgdorf
Rd., Bonanza, OR 97623 • 541-545-3201
Fax: 541-545-6700 • director@kattel.org
www.kattel.org

Project Grease Car • justin@greasecar.com,
skip@greasecar.com • www.greasecar.com

From the Grease Car Trip Log, July 29, 2000
We’re now in John Day, Oregon at the SolWest Renewable Energy Fair. We ran into Jon Kenneke, the SlugBus guy,
who runs his VW on biodiesel. He was psyched to see us with the Grease Car, since he blew a head gasket on the
way here. He gave a talk on how to make biodiesel, and mentioned us and the system that Justin got going. People
are pumped! The folks out west seem so open to anything.

There is another
one of those Honda
hybrid electric cars
here, and lots of
solar technology. In
fact, I think there is
a deal going down
with some of the
solar guys and
some of the grease
guys—grease tech-
nology for solar
technology. Justin
isn’t really a solar
advocate, but by
the end of the day,
the Grease Car will
be equipped with
solar panels that
wil l  power our
fridge, cell phone,
and laptop. The Grease Guys: Skip Wrightson (left) and Justin Carven (center).



The Return of the 
PV BULK BUY

Ready to buy PV now? Expert information and better than best prices on
quality PV modules, inverters and complete systems. For details visit our
web site at www.solarsolar.com or email joeldavidson@solarsolar.com 
or send a self addressed stamped envelope to: SOLutions in 
Solar Electricity, P. O. Box 5089, Culver City, CA 90231 or 
call Toll Free 1-877-OK SOLAR (877-657-6527) MEMBER

Let’s get together and buy a megawatt or two

www.solarsolar.com
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Wind & Sun
Serving customers around the world for over 20 years

Partial list of manufacturers
Astropower - Unisolar - Kyocera - Solarjack & Sunrise submersible pumps - Thin-Lite - Concorde AGM batteries - Siemens - Two Seas Mounts - Solarex

Crown batteries - Rolls-Surrette batteries - Trace - Statpower - Morningstar - BP Solar - Shurflo pumps - Exeltech - TriMetric - Zomeworks
Southwest Windpower - Solar Converters Inc. - Heliotrope - Delta Lightning arrestors - Dankoff solar pumps - Invertrix – and many others.

Check our new online webstore at www.solar-electric.com for these and many other specials.

All trace SW power panel systems on sale – up to 30% off!

Prices do not include shipping. We accept all major credit cards. All items may be ordered any time, any day from our online store.

Get our set of 3 - Catalog, Solar Design Guide, and Solar Water Pumping Guide for only $7.50 postpaid.

See our online catalog and complete guides to solar at www.windsun.com

www.solar-electric.com (online store)

Northern Arizona Wind & Sun, Inc.

Siemens SP75 - 75 watts, 25 year warranty: $365 each for box of 2 or more
Kyocera KC120 - 120 watts, 20 year warranty: $579 each
Unisolar US64 - 64 watt thin film triple junction: $289 each
Trace SW4024 or SW4048 4kw sine wave inverter: $2350

Trace DR3624 3600 watt modified sine wave inverter: $1139
Trace DR2424 or DR2412 2400 watt modified sine wave inverter: $995

Kyocera KC80, 80watt, 20 year warranty, $379
BP Solar BP75, 75 watt, 20 year warranty, $369

Phoenix, AZ
888 881-6464 - Fax: 623 872-9215

2725 E Lakin Dr., Flagstaff, AZ  86004
800 383-0195 - 520 526-8017 - Fax: 520 527-0729

XXXXX  Call

XXXXX  Call
XXXX  Call

OLYMPIAN

U.S. Catalytic Corporation 
871 Latour Court

Napa, California 94558
707-255-4181 • www.uscatalytic.com

KEEP YOUR HOME
    COZY IN ANY 

WEATHER.
OLYMPIANTM

 HAS  
A CATALYTIC 
HEATER SIZE 
THAT'S PERFECT 
FOR YOUR NEEDS. 

L/P OPERATED, 
NON-ELECTRIC... 
YOU CAN'T BUY A 
MORE RELIABLE 
HEATER!

Send for free catalog
information

TM

New!

Multi-Channel Power Meter
ONE SYSTEM, ONE METER!

Brand Electronics
421 Hilton Rd., Whitefield, ME 04353

For information only: 207-549-3401 • Orders: 888-433-6600
Fax: 207-549-4568 • info@brandelectronics.com

www.brandelectronics.com

Things that Work! 
Model 4-1850

Home Power #67

Plug-in Models:
Metering Made

Simple
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Back Issues of Home Power magazine

Back issues through #20 are $3.25 each ($4.25
each outside USA) while they last. Sorry, no more
issues #1–12, 14, 15, 16, 35, 36, 38, 40, 41, 57, 
59–61, 63–67. Back issues of #21–45 are $4.75
each ($6 each outside USA). Back issues
#46–current are $5.75 each ($7.25 outside USA).
Back issues are shipped First Class mail. See the ad
index for current Home Power back issue specials.
Issues #1–42, 43–60, 61–70, & 71–76 on CD-ROM
for $29 each (US$32 outside USA) Win/Mac/Unix.

International Home Power Subscriptions

Due to the high cost of international mailing, we
charge more for Home Power international
subscriptions.

1 YEAR (6 issues) INTERNATIONAL RATES:

All payments in U.S. currency ONLY!

Canada: Air — $36 Surface — $30
Mexico: Air — $38 Surface — $30
Western Hemisphere: Air — $40 Surface — $30
Europe: Air — $53 Surface — $30
Asia and Africa: Air — $64 Surface — $30
Pacific Rim: Air — $64 Surface — $30

Surface shipment may take up to three months. All
international issues are shipped in mailing
envelopes. International subs are best paid for by
either VISA, MasterCard, or funds from a U.S. bank.

International orders: Call: 541-512-0201
Fax: 541-512-0343

Display Advertising

Four process color (CMYK) in any sized
advertisement is a flat rate of $185 per insertion. 
For inserts, and current subscriber/circulation
demographics, please call us.

Home Power is published bi-monthly. The ad
deadline for the Feb / Mar 2001 issue (HP81) is 16
Dec 2000. Call 530-475-3179 for further details.

Home Power’s

Business
“The man who on his trade relies

Must either bust or advertise.”
Sir Thomas Lipton — 1870

Advertising Rates per Consecutive Insertion

Single Three Six Ad Area
Insertion Insertions Insertions sq. in.

Full Page $1,500 $1,350 $1,275 64.1

Half Page $840 $756 $714 32.1

Third Page $600 $540 $510 21.4

Quarter Page $471 $424 $401 16.0

Sixth Page $334 $300 $284 10.7

Eighth Page $268 $241 $227 8.0

Twelfth Page $188 $169 $159 5.3

MicroAds

MicroAd rates are 10¢ per character. Characters
include letters, numbers, spaces, and punctuation
marks. $15 minimum per MicroAd insertion. Send a
check with your ad. We do not bill MicroAds.

Home Power magazine for Resale

Quantities of Home Power magazine are available
for resale by distributors, newsstands, bookstores,
energy businesses, and others. Please call, email, or
write for rates and shipment specifics.

First Class Home Power Subscription

Get 6 issues of Home Power magazine via First
Class U.S. Domestic Mail for $36. Many of you have
asked for faster delivery, so here it is: First Class
Home Power. All First Class issues shipped in an
envelope. We start your subscription immediately
with the current issue.

Second Class Home Power Subscription

Get 6 issues of Home Power via Second Class U.S.
Domestic Mail for $22.50. Second Class can be
forwarded for one issue (2 months), so let us know
immediately if you move! We start your sub with the
next scheduled issue, so please allow ten weeks for
your first copy to arrive.

ACCESS  ➠ Home Power, PO Box 520, Ashland, OR  97520  USA
800-707-6585 or 541-512-0201 Subscriptions and Back Issues
530-475-3179 Advertising and Editorial • www.homepower.com
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DATE: October, 2000
LOCATION: Somewhere in the USA
INSTALLER NAME: Classified
OWNER NAME: Classified
INTERTIED UTILITY: Classified
SYSTEM SIZE: 450 watts of PV, 400 watts of wind
PERCENT OF ANNUAL LOAD: Classified
TIME IN SERVICE: Classified

Several families in my area have a passion
for serving the community with portable
emergency communications gear powered by
renewable energy. When we hook up our systems
at home, we have to use guerrilla tactics.

I want to install a utility-intertied wind
turbine, but I’ve been facing some obstacles.
Zoning states that the blade diameter must be
8 feet or less. The tower also needs a special
use permit, which costs $700 every time the
permit is submitted for approval. The catch is
that no one has been able to tell me the
average number of times these permits have
been resubmitted. In addition to this red
tape, no one has been able to make it through
the utility approval process.

I’m trying to show the government and utilities
that RE can work for everyone’s benefit.
Community service takes on many forms. For me,
guerrilla solar is community service--it provides power for emergency communication. When storms,
floods, or fires wipe out the infrastructure of a city, a network of people operate this portable
radio station, serving government and relief agencies.

Our power trailer allows us a high degree of flexibility--we do grid-tie, remote power, radio
base, and first aid.

System inputs are 450 watts of PV from Helios modules, and 400 watts of wind power from an Air
Industrial 99. The modules are hooked up in series pairs and then paralleled for a 24 volt array.
We have eight Liberty 1000 batteries, hooked up in a 24 volt configuration. Our Trace SW4024 is
housed in a three-cabinet Trace Power Module. To provide power during rolling blackouts, we have a
Honda 10 KW AC generator converted to propane, and a 24 volt, 1.5 KW, DC military gasoline
generator.

The power trailer connects to the house with a GenTran transfer switch, allowing the system to
power ten different circuits in the house. The DC and AC connectors for the modules and wind
turbine have been standardized within the local RE community, so that we can combine systems
quickly and efficiently.

In the future, we are going to finish loading up a tracker with more PVs, and using an auxiliary
solar input, add solar capacity when the power trailer is home.

The obstructionist tactics of the utilities and their pals in government are not serving the
community. So this community has chosen to serve its neighbors via guerrilla solar and wind
energy.

GUERRILLA SOLAR: 
The unauthorized placement
of renewable energy on a
utility grid.
PROFILE: 0012
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World’s
First

$549

Only
22 lbs

Complete Personal Power Pack
Portable Power and Light
AC/DC 24-hours per day

Camping • Boating • RVs
Emergency • Home Power

Field-work • International Missionary
Disaster Relief

Includes everything you need 
for Portable Power & Light

• High-Efficiency Solar PV Panel:
folding, monocrystalline-20watts

• 8 Watt DC Lamp: very bright-with
prewired 12V plug

• 12 VDC Plug: Up to 12 amps!

• Portawattz Power Center: with
sealed, maintenance-free battery
(18 Ahr)

• Indicators: charge-controller and
battery state-of-charge, 24-hour
availability

• AC Inverter: 2 AC plugs, run
appliances up to 300 watts
continuous, 120 VAC, 60 Hz

• Pre-wired & Tested: to give you
portable plug-n-play personal
power

• All packs into a backpack:
(included) for ease of deployment
and use in-the-field

Order Today!
Call 1-888-305-0278

Solardyne Corporation
503-244-5815 • Fax 503-244-8360

www.solardyne.com • info@solardyne.com

Solar Power
Pack®

®

Pat. Pending

CHEAPESTSOLAR
.COM

Toll Free: 877-701-7252

The optional GC-1 GenSet 
Controller provides fully auto-
matic power management by 
automatically starting and 
stopping your generator when 
your battery(s) are discharged 
and recharged to user selec-
table levels.

The optional TS-1 Battery Temperature 
Sensor extends battery life by allowing 
you to program separate high and low 
temperature charging parameters.
Shopping? Please visit invertrix.com or call 
800 536-4900 for a color brochure to learn 
why Invertrix is the best choice for your new 
yacht, coach or off grid home!

Distributor, Dealer and OEM inquiries are invited.

Toll Free: 800-536-4900 Web: invertrix.com
Phone: 805-642-7184 email: info@invertrix.com

2259 Portola Rd., Ventura, CA 93003

Invertrix is a registered trademark of Invertrix, Inc.     Invertrix, Inc. is a subsidiary of Connect Systems, Inc.

Invertrix®.. Bringing you inverter/charger technology 
light years ahead of the competition!

• 2000 and 2500 Watt Models
• 100 Amp 3 Stage Smart Charger
• All Features are User Programmable/Selectable

• LCD Remote Panel comes standard and displays:
AC RMS Amps/Volts/Frequency
DC Amps/Volts/Battery Gauge
Status Messages
23 lines of User Programming data

• 36 FET's Provide Unmatched.. 
Surge Rating
Conversion efficiency 
Power Factor Handling 

• Lowest idle current • Marine Grade Circuit Breakers 
• Equalize Charging • Toll Free Tech Support
• Stainless Hardware • 6 Year Limited Warranty
• Powder Coat Paint • Made in USA

Features ★ Performance ★ Quality ★ 6 Year Warranty

UL/CSA LISTED

9901367
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he Renewable Energy Test Lab
has conducted its first experiment.

The lab is dedicated to defining and
promoting safe and cost effective
methods for the construction of
renewable energy electrical systems.
We believe that system costs can be
significantly reduced by using only what
is truly necessary for system safety and
efficiency.
In recent years, inspection agencies have become
interested in photovoltaic and other renewable energy
(RE) installations. An effort has been made by the
National Electrical Code to define requirements for
these systems. Manufacturers and Underwriters
Laboratories also specify conditions for certain system
components.

Safety & Common Sense
Solar and other RE systems were being installed for at
least a decade before code compliance became an
issue. (Wind systems go back many decades.) During
this period, many pioneers in the field developed safe
and effective methods of constructing systems. There
were remarkably few safety problems with these early
systems.

When code enforcement began, it was welcomed by
many. Some early systems did not use fuses or follow
other basics of good electrical design. But as code
enforcement developed, it quickly became apparent
that the experience of RE pioneers had not been taken
into account when drafting the new regulations.
Requirements were added that drove up system costs,
without benefit to safety or performance. Bob-O
Schultze’s early Wrench Realities columns in Home
Power documented many of the concerns.

Welding Cable
One area where new requirements ignored the
experience of RE pioneers was in the banning of

Ideal Sperry 61-780 Insulation Tester Results for Cable Insulation Test
Date Date Visible Meter

Tested Cable Insulation In Out Change Reading
#2/0 AWG THW or Oil Resistant l 4 Mar 7 Aug none   OL**
#2/0 Essex Excelene welding cable 5 Mar 7 Aug none OL
#4/0 Cobra Wire & Cable X-Flex  (Trace cable) 4 Mar 7 Aug none OL
#4/0 Carol Prene welding cable, 600 V 4 Mar 7 Aug none OL
#4/0 Carol Super Vu-Tron type W RHH or RHW 4 Mar 7 Aug none OL
#2/0 Hypalon diesel locomotive cable 25 Feb 27 Aug none OL
#2/0 Essex THHN or THWN* 4 Mar 21 Apr loss of mass OL
* This specimen spilled on 21-Apr, but remained in a puddle of acid until 06-Aug.
** The "OL" reading means resistance is beyond the range of the meter.

Drake Chamberlin ©2000 Drake Chamberlin

Cable specimens soaking in battery acid.
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RE Lab

welding cable from use in battery boxes. Welding cable
has proven to be an effective material to use for
connecting batteries to each other, as well as to
disconnects and inverters. Welding cable is readily
available, very durable, and relatively inexpensive.
Many national suppliers of RE equipment still use
welding cable for battery interconnects.

The banning of welding cables from battery enclosures
is a perfect example of an institutional barrier. Although
welding cable has been used successfully for years in
battery boxes, it is not listed for this purpose. Its use
has been actively suppressed by regulatory agencies.

Several years ago, inspectors in many areas began to
reject systems where welding cable was used. They
required cable types that were more expensive, and
often hard to get. System rejection has caused many
RE electricians to be humiliated in front of their
customers. It is often necessary to have exotic cables
shipped in, sometimes causing stressful delays in
system approval.

RE electricians are happy to do whatever is necessary
to construct safe systems. But few electricians believe
that the zealous suppression of welding cable is in any
way justified to obtain that safety.

What to Test
We first needed to determine what the differences are
between welding cable and the cables approved by the
NEC. Most of the popular, acceptable battery cables
have conductors composed of finely stranded copper
wire. Welding cable conductors are also made from
finely stranded copper wire. The difference between the
cable types is in the insulation. The concern is the
presence of battery acid in the cable’s  environment.

The issue to be determined was whether or not welding
cable insulation is sufficiently resistant to battery acid to
justify its use in battery boxes. Would there be any
catastrophic reaction if welding cable was subjected to
contact with battery acid? Would the insulation dissolve
or lose its resistance to electrical potential?

The Acid Test
Several samples of cable sheath were removed from
their copper cores. The cables ranged from welding
cable to various cable types currently deemed
acceptable for use in battery enclosures. The cable
samples were all roughly 2 inches (5 cm) in length.

All of the samples were submerged in standard strength
battery acid by March 5, 2000. Each specimen went
into an individual glass jar. One sample jar was tipped
over and mostly emptied of its acid by a squirrel on April
21st. This was a specimen of cable that is not approved
for use in battery boxes, and not commonly used—type
THHN-THWN.

All of the specimens were removed from the acid on
August 6, 2000. They were then dipped in a solution of
water and baking soda. All samples, including the
spilled specimen, fizzed dramatically when doused in
the soda solution. All specimens were then thoroughly
rinsed in cold water, dried, and stored in labeled
envelopes. Later, they were examined and tested for
electrical resistance.

The Results
The only specimen to show any visible deterioration
was the THHN-THWN. Within a day or so of being
immersed in the acid, it began to darken the solution.
Within a week, the solution was black. The insulation
was apparently losing mass.

Measured Resistance of Individual Resistors

Ideal-Sperry UEI Soar
61-780 DM 383 3200

Insulation Digital Digital
Resistor Tester Multimeter Multimeter
Number (Megaohms) (Megaohms) (Megaohms)

R-1 9.99 10.03 10.04
R-2 9.70 9.72 9.78
R-3 9.82 9.88 9.93
R-4 9.82 9.80 9.90
R-5 9.57 9.63 9.70

Average 9.78 9.81 9.87

Deviation 2.2% 1.9% 1.3%
To determine accuracy of the insulation test meter, resistors rated at 10 megaohms
were tested.

Test Instrument

Ideal-Sperry 61-780 Insulation
Tester on the 1,000 Megaohm Test

Megaohms Deviation
High reading 940 6.0%
Low reading 928 7.2%

Insulation Sample
Copper Wire:
#4 bare solid

Metal Plate

Insulation Tester:
Ideal-Sperry

 model 61-780

Test Lead Test Lead

COM
PRESSION

COM
PRESSION

Insulation
Testing
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After more than five months of soaking in acid, all the
other specimens came out of the solution with no signs
of degradation. The two samples of welding cable
remained flexible. They maintained mechanical
integrity, as evidenced by the inability to damage the
sheath by twisting and pulling.

The electrical resistance of the samples was tested with
an Ideal-Sperry 61-780 insulation tester. This device
applies 1,000 VDC to the material being tested. It will
test for resistance values up to 2,000 megaohms, or 2
billion ohms.

The accuracy of the meter was investigated by testing
10 megaohm resistors, individually and wired in series
groups. One test involved one hundred 10 megaohm
resistors wired in series. That adds up to 1 billion ohms,
or a gigaohm! The tests demonstrated that the
accuracy of the meter was adequate.

The meter readings showed less resistance than the
theoretical value of the resistors. The resistors were
rated for a 5 percent variation. If the insulation tester
was off, it appears that its readings were conservative,
showing less resistance than the material being tested.
The total variation is insignificant to the hypothesis
under investigation.

The samples were tested by inserting a bare #4 (21
mm2) copper wire through each empty tube of
insulation. The sample wall was squeezed between the
bare copper wire and a metal plate. One electrode of
the tester was attached to the wire, and the other to the
plate. Each piece of insulation was tested repeatedly. A

short circuit connection was made between the plate
and the #4 copper wire after each test to verify the
connections.

The bottom line is that none of the insulation specimens
registered any conductance whatsoever. Even the
sample of THHN, which partially melted in the acid,
showed resistance beyond the range of the meter.

Conclusions
The insulation specimens had hundreds of times more
exposure to battery acid than cables would in real
systems. The welding cable, which we are forbidden to
use, showed no signs of being damaged by prolonged
submersion in battery acid. The welding cables tested
are excellent products for use in battery enclosures,
and their use should certainly be permitted.

A Note on the RE Lab
There are many other issues about regulations that
affect RE installations. Many of these issues have a far
greater impact on system cost than the banning of
welding cable from battery boxes. The welding cable
experiment was chosen as the first because it was
relatively inexpensive. The RE Lab would like to
address other issues that are important to RE system
installers.

At present, the RE Lab is operating with no formal
budget. We are looking for sources of funding, and for
volunteers with grant writing skills. With adequate
financial backing, we would perform a series of
experiments dealing with other controversial areas of
RE installation.

RE Lab volunteers would like to become involved in the
code writing process. Our goal is to evolve clear
guidelines—based on testing—that allow for safe,
economical, and effective renewable energy
installations.

Access
Drake Chamberlin, Electrical Energy Contracting and
Consulting, 3138 Lyle Ct., Denver, CO 80211
303-477-4739 • solar@eagle-access.net
www.eagle-access.net/solar

National Electrical Code® and NEC® are registered
trademarks of the National Fire Protection Association.
The 1999 NEC and the NEC Handbook are available
from the NFPA, 11 Tracy Dr., Avon, MA 02322
800-344-3555 or 508-895-8300 • Fax: 800-593-6372 or
508-895-8301 • custserv@nfpa.org • www.nfpa.org

Other Lab Members:
Don Wallingford, Quicksilver Electrical Service, PO Box
766, Frederick, CO 80530 • Phone/Fax: 303-833-4214
quicksilver@eagle-access.net

Author Drake
Chamberlin,

testing a
sample of

welding cable
insulation.



SOLAR ON SALE
Congratulations to Our Latest Contest Winners !

Be sure to enter our next contest which began September 1st
We’ll be giving away another BP-585, a Trace inverter and much more !

Kyocera KC120 $529.00 Photowatt 100 Watt PV $375.00
BP 585 Laser Grooved PV $415.00 PowerStar 1300 Watt Inverter $269.00
BP 75 Watt PV $349.00 Photowatt 75 Watt PV $290.00

Nationwide financing now available for alternative energy systems !
Trace prices so low that we can’t even quote them here !

Sales & Repair
Trace Authorized Service Center

Toll Free 1-888-64-SOLAR (647-6527)
http://www.solaronsale.com

19059 Valley Blvd Suite 219 Bloomington California 92316-2219

Mark Boden of AL
1st Prize,
BP-585 Solar Module

Brad Stanton of TN
3rd Prize, 
Vector 600 Inverter

Francis McClausan of WA
2nd Prize,
Trace TS-512 Inverter
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Sarah Wallingford, Alpine Art & Graphics, PO Box 766,
Frederick, CO 80530-0766 • Phone/Fax: 303-833-4224 
alpartgraph@eagle-access.net

RE Lab Web Master: Willy Wallingford,
neophoenixte@eagle-access.net
www.eagle-access.net/solar

Rob Savoye, Seneca Software & Solar, 60 Bigbee High
Rd., Ward, CO 80481 • 303-258-0506
rob@welcomehome.org • www.senecass.com

Dr. M Tariq Iqbal, Associate Professor, Pakistan Institute
of Engineering and Applied Sciences, Nilore,
Islamabad, Pakistan • +92-51-583596
Fax: 14358085827 • m_tariq_iqbal@yahoo.com
www.geocities.com/m_tariq_iqbal

Phoenix Composting Toilet System
Odorless • Waterless • Large Capacity

Low Energy Requirements • Owner-Friendly
Advanced Composting Systems
195 Meadows RD
Whitefish, MT 59937
Voice: 406-862-3854
Fax: 406-862-3855
phoenix@compostingtoilet.com
www.compostingtoilet.com

Sunergy Systems, LTD
Box 70, Cremona AB T0M 0R0
Voice/fax: 403-637-3973
sunergy@telusplanet.net
In British Columbia:
Voice: 250-751-0053
Fax: 250-751-0063

WE MAKE WATER FROM YOUR GAS
Hydrogen and oxygen battery gas catalytically recombined into pure
water and returned to each battery cell.  Keeps battery topped off for
extended periods of time and reduces maintenance costs.  Explosive
hydrogen gas is virtually eliminated from the battery area.  Corrosive
spray and fumes are contained and washed back into each battery cell.
Electrolyte kept strong longer, extending the useful power and life of the
battery.  HYDROCAP Vents simply replace the battery’s caps.  Battery
maintenance is greatly reduced. Write or call for more information.

305-696-2504
975 NW 95 St.

Miami, FL 33150Things that Work!

AUTOMAGIC BATTERY WATERING



Free energy delivered

Absolute reliability

Supreme power quality

No pollution

Energy where you want it

You control it

Monthly energy bills

Subject to power outages

Irregular power quality

High pollution

Energy where they want it

They control it

Choose one…

Tough choice?



89Home Power #80  •  December 2000 / January 2001

The Bosch AquaStar tankless
gas water heater, model 125BS,
is designed to work with
preheated water from solar
systems. The tankless
construction provides an
endless flow of hot water
but heats water only
when you need it – 
meaning you save energy. 
And since it’s manufactured by
Bosch, it’s nearly as
dependable as the sun itself!

Efficient hot water
starts with the sun.
And ends with Bosch.

CONTROLLED ENERGY CORPORATION

800•642•3199

www.ControlledEnergy.com

AHPW1200

3312 STANFORD NE, ALBUQUERQUE, NM 87107

EPO
- The Electronic Source -

24 Volt, 100 Amp Battery 
Charger, 220 Volt input, 
87% efficient, 98% power-factor 
corrected (PFC), $300.00

Heinemann Circuit Breakers
100 Amp, 65V DC, $30.00
50 Amp, 65V DC, $20.00
30 Amp, 65V DC, $15.00
NEW SURPLUS EQUIPMENT

19" Rackmount DC Panels
Eight Heinemann 50 Amp circuit 
breakers, $125

AM "Talk" Radio, 21.5”h X 13”w X 10”d
Works on 12V rechargeable battery.
Charge lasts approximately 7 hours.
Stable, super-sensitive reception.
Includes antenna. $69.95

Electronic Parts Outlet, Inc.
“Visit our two locations in Houston”

www.epo-houston.com
1-800-403-3741
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e had no idea what we were
getting into, but we knew it

was bound to turn out to be
something great. This was Muscatine
High School’s first attempt at building an
Electrathon car.
An Electrathon car is basically a go-cart that runs on
batteries. You are allowed to use up to 64 pounds (29
kg) of batteries. There are many restrictions on the
height, width, and length of the car that have to be met.
The car can be no longer than 12 feet (3.6 m), and no
wider than 4 feet (1.2 m). The car also has to have at
least three wheels, and the driver must face feet first
while riding in the car.

The Electrathon is an annual event held in many states
all over the U.S. It is a race for distance, not time. The
object is to see how far you can go in one hour. The
cars are all started at the same time, and they race
around the track while their laps are being counted.
Each car runs in two out of the three heats (they have
three heats total because there are so many
participants). The best distance out of the two heats is
the one that is taken, and the other is thrown out. The
car that goes the farthest wins.

Mark Rhoads is an Industrial Arts teacher at Muscatine
High School (MHS) in Muscatine, Iowa. He is also the
main advisor behind the MHS Electrathon Project. He
has had all of the members of the 2000 Electrathon
team in his classes at some point. So all of us knew
him, and that’s how we learned about the Electrathon in
the first place. Phil Fitzgerald, another Industrial Arts
teacher at Muscatine High School, was another key
advisor for the project.

Mr. Rhoads and I had gotten some idea of what the
Electrathon was by visiting the Iowa Electrathon the
year before, and seeing some of the cars there. I knew I
was excited about building a car that actually ran on
batteries. Mr. Rhoads was probably a little hesitant
about leading the project since he didn’t know much
more than I did about what went into making an
Electrathon vehicle.

On top of that, we had no funding to make this car.
Funding is a very important aspect of an Electrathon
car. You need donations for parts and supplies to make
a car like this. Ours cost about US$4,800 to build.

First Year
The first year of doing the Electrathon is always the
most difficult. Our team heard this over and over from
teams that had some experience. Although this worried
us some, it definitely didn’t slow us down. All a new

Dan Gruemmer ©2000 Dan Gruemmer

Randy Teed takes Muscatine High School’s Electrathon car to the limit.
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team really has to do to get the
funds to make a car is get other
people interested in the project.
That may sound difficult, but believe
me, when you are doing something
as extraordinary as making a car
that doesn’t run on gasoline, it
comes fairly easily.

Our team was very fortunate for two
reasons. We had a lot of community
interest in our school’s project. And
we had a very decisive individual
come our way at just the right time.
John Root, former organizer of the
Iowa Electrathon, had just moved to
Muscatine to take a job as Energy
Services Advisor for Muscatine
Power & Water. Not only did he offer us his expertise,
but he was also able to get his new employer to make a
very generous donation to get our project started.

After getting enough funding for our project, the next
step was to do some research and find out exactly what
we needed to do in order to piece together our
Electrathon car. There were a lot of parts that went into
building the car that we didn’t even know existed. But
all it took was a little research and help from fellow
Electrathon teams to get us started on the right foot.

Learning Curve
It’s also becoming easier for new Electrathon teams to
start up due to the information on the Internet. Even our
team—in its first year—got a Web site up and running.
Other teams have sites that give details on the design
and construction of their cars. Our team actually did a
majority of its research on the Net.
We found information, sources for
parts, and even purchased some
parts online. We were also fortunate
to get a list of parts from another
Iowa Electrathon team.

As a team, we really only made one
major mistake—we didn’t budget
our time as well as we should have.
It’s a common mistake with first year
teams, but we did learn from it.

I would recommend that any new
Electrathon team write out a brief
calendar of goals, and when they
hope to achieve them. The calendar
doesn’t have to be strict at all, but it
wil l sti l l  help to keep the team
focused on what they have to
accomplish. There is plenty of time

to build an Electrathon car within a year (including the
time spent to gain exposure and get sponsors) if the
team is willing to make the effort and do the necessary
planning.

One thing our team did was to put a lot of effort into the
project. Most of us worked on the car for about eight
hours a day over spring break (although this was
partially due to our initial lack of time budgeting). Over
the average school week, the team probably spent
about three hours per person on the project. As time
started to run out later in the year, we each spent more
like ten hours a week on the car. We were all dedicated
and very involved in the project, which was a key factor
in how well our car turned out.

A lot of the trouble we had with budgeting time was
during the period of research and ordering parts for the

Number 70 awaits a driver.

The local utility helped finance the project—hint, hint...
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car. It was easy to let time slip by then because the
team members were unable to see what they were
making. On the other hand, once the parts for the car
arrived and construction began, everyone started
getting really excited about what we were doing, and
couldn’t wait to do more.

To me, one of the neatest aspects of the entire project
was seeing the car slowly coming together and become
something that we could actually drive. But this process
took a lot of work. There were a lot of different systems
to the car that made it complicated to build.

Construction
The first system we constructed was the frame—an
obvious place to start. The frame was built out of 2 inch
(5 cm) aircraft aluminum, and was approximately 8 feet,
6 inches (2.6 m) in length, and 2 feet (0.6 m) in height.
After the construction of the frame, we started
positioning all the components of the car.

This was actually a lot more difficult than you might
think, since there was a lot of engineering involved. Not
only did we have to position these components to fit
around our driver, we also had to position them to take
up as little room as possible (generally speaking, the
smaller the car is, the better). And we had to meet the
fairly strict rules put in place by the Iowa Electrathon
race committee.

After piecing together the basic elements of the car, we
started in on the electrical system. We had to put some
of it together after other things were installed, to see
where we would and would not have room.

When building this car, the team members have to
become experts in all of the systems of the vehicle. It is
not like the construction of a building, where you have
one group of people specializing in building the frame
and exterior, another group doing the electrical and
wiring job, and another group of people doing the
plumbing. We had to do everything involved in the
construction of the car. That’s why it’s good to have a
well-rounded team.

Electrical, Steering, & Brakes
As for the electrical system, there was a great deal of

wiring involved. Most of us started out knowing little
about wiring. Fortunately, we received a lot of help from
the community, and from our advisors. Good advisors
make a good Electrathon team, and we had very good
advisors helping us out.

The electrical system consisted of a 1 hp 24 V motor,
two 12 V batteries, controller, throttle, ammeter,
voltmeter, fuse, and two kill switches (for safety). After
all that equipment wiring was completed, most of the
team members could probably rewire the whole thing in
their sleep! We all learned a lot about basic electrical
concepts.

While the electrical components were being pieced
together, we also started working on the steering and
braking systems. These were by far the most expensive
group of parts on the vehicle.

The three wheels that we had on our car (two wheels in
front, and one drive wheel in back) were similar to
bicycle wheels, but were custom made to be much
stronger. We also had two disc brakes mounted on the
car—one on each front wheel. Setting up the steering
and braking on the two front wheels was probably one
of the most time consuming portions of the construction
of the car because it required precision work.

Our axles were set to swivel on an angled shaft to
make the steering more efficient and cause less friction
between the tires and the track. Setting up a
complicated steering system isn’t recommended for first
year Electrathon teams, unless you are fairly
knowledgeable on the subject to begin with.
Fortunately, our team had some help with the steering
setup from a fellow Iowa Electrathon team.

Muscatine High Electrathon Costs

Item Cost (US$)
Wheels, tires, & brakes $1,055
Motor, controller, & wire 600
Aluminum tubing 500
Batteries 480
Tools & miscellaneous 472
Body 450
Bearings & sprockets 400
Speedometer & miscellaneous 300
Decals 150
Helmet 120
Steering parts 120
Conduit 100
Ammeter 60

Total $4,807

Motor: 1 hp, 24 VDC

ControllerThrottle

Kill
Switches:
Interior &
exterior

Fuse

Ammeter

Battery:
Two 12 V lead-acid, 64 lbs

Voltmeter

Electrathon System Wiring
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Car Body
The next (and basically, the final)
section of the car was the outer
shell, or body. This was one of the
more technologically advanced
pieces of the car that we worked on,
though it doesn’t have to be. Our
body was designed by two of our
team members using computer
aided design (CAD). We then had
the help of a local company (Hon
Industries), which laser-cut the
separate pieces for the subframe of
the car.

This subframe was the basis of our
outer shell, and was all made of
aluminum—one of the lightest
weight metals available to us. We
were careful when we designed the
body to make sure that there were no sudden changes
in its curvature, since this would result in turbulence.

Aerodynamics does not play a major role in the race,
because the average speed is only about 30 mph (48
kph). But it is a factor that any team hoping to win has
to take into serious consideration. Fortunately for us,
our car body followed the basic rules of
aerodynamics—a pointed nose, smooth body, and
tapered end. But the body of an Electrathon vehicle
does not have to be anything complex. Many cars
simply have pieces of plastic glued onto the frame to
help deflect air, and some cars have no outer shell at
all.

Testing
After we had completed the body of our car, we were
ready for testing. We had two pairs of batteries, partially
to help us in testing, and also because we had to race
in two consecutive heats at the Electrathon race. We
could be running one set of batteries while we were
testing, and at the same time be charging the other set
of batteries. The batteries can run for over an hour in
our vehicle if the energy is somewhat conserved. The
time they take to charge depends on the charger and
amperage, but it’s usually around four to six hours.

Because it was our first year, we didn’t get into testing
too extensively. Mainly what we tested for were any
mechanical or electrical problems that the car might
have. We also tested to see what amperage would get
the most out of our batteries during the race. Ideally we
wanted to run out of battery power just after we crossed
the finish line, but this is very hard to do.

Unlike most auto races, the Electrathon isn’t all about
speed, it is about efficiency. The idea of the Electrathon

is to go as far as you can in one hour. Obviously, you
have to maintain a decent speed in order to win the
race, but the vehicle also must run efficiently enough to
go for the whole hour that the race lasts.

After completing the car body, we added the sponsor
and design logos. Most of our sponsors were happy to
supply us with sticker logos to put on the sides of the
car. But for those who didn’t have any available, we had
some made along with our own Muscatine High School
logo. They turned out looking great on the silvery
aluminum background.

Off to the Races
Not long after everything was completed on the car, it
was time to head to Hawkeye Downs in Cedar Rapids
for the race. When we got there, we found that the
conditions weren’t that great, but at least we knew
everyone had to deal with the same thing. It was cold
(which makes the batteries not perform at their best),
and it was windy (which makes handling more difficult).

Every car races in two out of the three heats at the
race, and our car was to race in the first two. The first
heat went well, and the car had no mechanical or
electrical difficulties at all. We ended up getting 59 laps,
which comes out to just under 30 mph!

In the second heat, we had several setbacks. Most of
these setbacks were simply from lack of testing. The
first problem we had in the second heat came at the
start of the race. The green flag was waved, and all of
the cars started rolling ahead—except ours. It turned
out we just had a loose connection in one of our wires.
We quickly fixed it and got ourselves back in the race.

Then about halfway through the race, our driver, Randy
Teed, told us over the radio that the car was getting

Author Dan Gruemmer, his dad Randy, and Mr. Rhoads at the starting line.
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really hard to control in the corners. He suspected it
might just be due to the fact that it was very windy
outside. After a few more minutes he came back on the
radio and said that he was beginning to think that it
wasn’t just the wind and thought he should stop in the
pits so we could check it out. Sure enough, the rear tire
had blown out. We were very fortunate that he didn’t
spin out, because that is a common problem of
Electrathon cars when they get a flat tire.

So the team had to take off the tire, remove the tread,
and take off the old tube before we could put on the
new tube and air it up. This process took up a lot of time
that we could have been out on the track racing.
Needless to say, we lost quite a few laps because of
this. After the second heat was over, we ended up
having about 15 fewer laps than we did in the previous
heat. But considering all of the problems we had in the
second heat, that wasn’t too bad.

Fine Finish
There are many teams in the Iowa Electrathon who
have had years of experience and have actually had
time to do all of the testing they want to. But our first
year Electrathon team ranked well among all of the
competitors. We finished in the top fifteen out of thirty-
something cars. And we managed to finish ahead of all
but one of the many first year teams racing that day.

The team is very confident that it will be able to do even
better at next year’s race. We now have the experience
and knowledge of what it takes to create a top-notch
Electrathon vehicle. We will be building at least one
brand new car to race (along with the original car) at
next year’s Iowa Electrathon.

The team’s popularity also looks very promising. There
was a lot of interest built up from the 2000 Electrathon.
Many of the students at Muscatine High School were
able to see the final product that our Electrathon team
was creating. It is much easier to gain people’s interest
when they can actually see what an Electrathon car is.

Being a member of my high school’s Electrathon team,
and especially being the first team at the high school,
was an excellent experience. I learned a great deal
about a broad range of subjects while building the
Electrathon car, not to mention all of the fun I had
working with my teammates.

Besides all of the positive educational aspects of the
Electrathon project, it is also helping to promote energy
efficiency and environmental awareness. I would highly
recommend this project to anyone who is interested in
trying new things and likes to put creativity and
ingenuity to excellent use.

Access
Dan Gruemmer,1918 Tucker Ave., Muscatine, IA 52761 
319-263-0389 • dan.82@usa.net
http://cpeconline.com/ecar

John R. Root, MHS Electrathon Advisor, Muscatine
Power & Water, Energy Services Advisor, 3205 Cedar
St., Muscatine, IA 52761 • 319-262-3354
Fax: 319-262-3345 • jroot@mpw.org
www.mpw.org/energy.htm

Mark Rhoads, MHS Electrathon Advisor, Muscatine
High School, 2705 Cedar St., Muscatine, IA 52761
319-263-6141, ext. 1189 • Fax: 319-264-1794
merhoads@muscatine.k12.ia.us

Phil “Fitz” Fitzgerald, Industrial Technology Department
Chairperson, Muscatine High School, 2705 Cedar St.,
Muscatine, IA 52761 • 319-263-6141
pefitzge@muscatine.k12.ia.us

Muscatine Power & Water, Gary Wieskamp, 3205
Cedar St., Muscatine, IA 52761 • 319-263-2631 • Fax:
319 262 3315 • gwskamp@mpw.org • www.mpw.org
Sponsor

HON Industries, Dave Strohl, Bill Juhl, Larry Gage, Jay
Machael, and Eric Steffensen, 414 E 3rd St.,
Muscatine, IA 52761 • 319-264-7400
morrisonp@honcompany.com • www.honi.com
Technical help, parts donation, and sponsorship

BT Prime-Mover Inc., 3305 N. Hwy 38, Muscatine, IA
52761 • 800-622-0014 or 319-262-7700
Fax: 319-262-7600 • terry.osborn@bt-prime-mover.com 
www.bt-industries.com • Technical help and parts
donation

Berry Bearing Co., 2011 Grandview Ave., Muscatine, IA
52761 • 319-263-3452 • Fax: 319-264-0907
bbc125@muscanet.com • Supplier

Charger /Booster

EPOWER
1346 W– 400S, Albion, IN 46701

Phone 219-636-2099
www.epowerchargerboosters.com

• 12V–50, 100, 200 Amp
• 24V–25, 50, 100 Amp
• 38–64 lbs.
• Overload Protection
• Regulated Output
• Safety On/Off Switch
• Extended run LP option

available–some models
• OHV engine option

available–some models
• We also make a high

quality OHV, all copper
winding, brushless, 
3KW AC generator, 
120V or 120/240VE

P
O

W
E

R®

Prices 
start at

$599.95
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Our website has free information on "Using a battery
monitor to help maintain your battery system, conserve
energy and troubleshoot problems."
For beginning or intermediate level, our website
explains the basics of "volts", "amps", and "amp-hours"
for people who are new to electricity. We have
information on maintaining your batteries and hints on
minimizing your generator usage. The website also
describes how the TriMetric measures the energy
content of your batteries. We list complete TriMetric
instructions, information on shunts, and trouble-
shooting meter installation problems. Some files are in
"Adobe Acrobat" format. Or mail us $1 for postage
and we'll send you (the old fashioned way!) the
information  on "Using a battery monitor...”

BOGART ENGINEERING
19020 Two Bar Road, Boulder Creek, CA 95006

(831) 338-0616
www.bogartengineering.com

Measures: battery volts, amps, % full (based on
amp-hours), battery lifetime total amp-hours,
highest and lowest battery voltage, days since
fully charged, and days since equalized. Mounts
in standard "double gang" box (optional).  

Under $200 including shunt.

The TriMetric TM-2020
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ast issue, I got you into your electric
car, and you turned the key and pulled

out of the driveway onto the
street. You learned when to shift gears,
and how to find the “sweet spot” for the
most efficient driving. I introduced the
idea that sometimes you make better
progress when you relax and don’t push
as hard, which is some of the Zen of EV
driving. Then I left you circling the block
for the past two months while you
waited for the next lesson.

Now that you’ve had lots of practice on the basics, let’s
move on to more advanced material.

Hills
Climbing hills in EVs is different from doing it in a gas
car, both going uphill and coming down. In a gas car, as
you start to climb a hill, you need to shift down to get
more power. The same thing happens in an EV, but you

need to shift down much sooner. This is something you
will learn by experience. After driving up a few hills, you
will get the feel for when to shift down to get the power
you need.

This is another place where automatic transmissions
fall short. They won’t shift down soon enough, and will
leave you laboring uphill with not enough power.

Then there’s the downhill. Since conversions don’t
usually have regenerative braking, the car freewheels
and gains speed going downhill. This can be both good
and bad.

One bad part is that the car can easily exceed redline
and destroy the motor by overspeeding it. Say you
climb up a hill in second gear, and then you start to
coast down the other side. Very soon, you’re doing 50
mph (80 kph) or more, which is too much for second
gear. In a gas car, you would shift down to slow the car
down. In an EV, that will only destroy the motor.
Instead, you need to shift up to protect the motor.

You control your downhill speed with your brakes. This
is why it’s a good idea to have power assisted brakes,
and to use the beefiest metallic shoes and pads you
can get for your car. For some models, there are fairly

Shari Prange
©2000 Shari Prange
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simple upgrades from drum to disk brakes, or to larger
disk brakes, and these are a good idea.

It’s also a good idea to brake with periodic pulses, not
steady braking. Continuous braking for several minutes
can overheat your brakes, especially since the
conversion is heavier than it was as a gas car. If you
have hills on your regular route, you need to approach
them cautiously the first few times, until you see how
the car handles them. With a little practice, you can
learn the most effective places to use your brakes for a
few seconds.

Incidentally, this can be a problem even for cars that do
have regenerative braking. Many people live high and
work low. Their big downhill comes when they first
leave home, with a fully charged battery pack. With no
place for the motor to put the electricity it can generate,
regen doesn’t work.

Now the good part about hills. When you top the crest
and start down, take your foot off the throttle. You don’t
need any juice. Coast, and let gravity do the work. If
you drive through hilly areas where traffic is light and
flows freely, you can learn to use your downhill
momentum from one hill to carry you up the next one.
You will be amazed at how far it can take you. I have a
stretch where I can coast for four miles without touching
the throttle, make a ninety degree turn, and coast
another several blocks, right into a parking space at the
post office.

Some drivers of factory EVs, such as the GM EV1 or
Honda EV Plus, regret the fact that they don’t have the
choice to freewheel. In those cars, regenerative braking
automatically kicks in when you lift your foot off the
throttle, just like engine braking in a gas car with a
manual transmission. This slows the car down, which
can be good if you want to control your downhill speed
without using the brakes. But it robs you of the choice
to take advantage of your downhill momentum.

Freewheeling and using the car’s momentum to coast
actually saves more energy than regenerative braking
recaptures, because there are slight inefficiencies and
losses in the regen system. For this reason, some
drivers of these cars put them into neutral on downhills,
to disable regen and opt for freewheel coasting instead.

Highways
Most conversions with at least 96 volt systems can
achieve highway speeds. This type of driving can
actually be very efficient if you find the “sweet spot” we
talked about last time and cruise steadily.

Third gear will generally handle speeds up to about 65
mph (105 kph), and fourth gear is probably good up to
about 85 mph (137 kph). As we talked about last time,

your best efficiency is at the top of the rpm band for a
particular gear. If you are cruising at 60 mph (97 kph),
you will be more efficient in third gear than in fourth.
Higher gears can give you more speed. Just be aware
that it is probably costing you amps, and therefore
range.

You may want to pass some of those pokey gas cars
that are slowing you down (even sometimes on an
uphill!). In a gas car, you may downshift for more power
for passing. In an EV, you have to be careful about this.
If you downshift at too high a speed, you will exceed the
rpm limit of the lower gear, and grenade your motor.
This is very embarrassing, and expensive. Learn the
speed ranges for each gear until they become second
nature to you, and stay within them.

The power band on the electric motor is different from
that of a gas engine. The best way to learn this is by
experimenting. Get on the highway where there isn’t
much traffic, and play with the gears. You’ll soon get the
feel for where to find your best acceleration for passing
at various speeds.

And Byways
We talked earlier about driving on hills. But what if
you’re not just tackling hills, but driving up gravelly,
unpaved hills, or even going cross-country? EVs aren’t
really meant for this type of driving, and it will reduce
your range quite a bit. Anything that reduces traction
interferes with efficiency.

That said, if you’re going to drive offroad, here are a few
things to think about. Experiment cautiously until you
know what your car can do. You don’t want the
embarrassment of having to be rescued.

Protect your components. A little road splash won’t hurt
things, but you don’t want major amounts of water or
mud in your motor or on your electrical connections.
And rocks can really spoil your fun. If you’re going to be
driving in these kinds of places, install some
bellypanning and terminal covers to protect the motor
and electrical connections.

Be sure that your protective measures still allow
necessary cooling airflow to your components. This
might mean carefully placed air intake and exhaust
openings. The outflow opening should be larger than
the intake, and should be placed at a natural negative
air pressure point. This is so that the normal flow of air
around the opening will draw the air inside out. You may
want to completely enclose the air intake end of your
motor and cool it with forced air through a filter.

Don’t ford streams. To paraphrase the old anti-war
poster, water is bad for motors and other electrical
things. In addition to protecting yourself and your car,
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protect the environment you drive through as well.
Some components are likely to get hotter than normal if
you are stressing them with heavy duty work. If these
components brush against tall dry grass, they can start
a fire, just as a gas car’s hot exhaust system might do.

Strategies
EVs typically get used for the same jobs over and over,
day after day. You probably drive to work and back, to
the grocery store, to the bank, etc. You have the
opportunity to plan which route to take for each of these
normal errands. Sometimes you can significantly
improve your performance with a slight change of route
to avoid a particularly bad hill, stop-and-go traffic, or
extra stop signs or lights.

Even if you can’t avoid some of these things, there are
different ways to deal with them. We’ve already talked
about hills. Stop-and-go traffic is also bad for range.
Every time you touch the brakes, you are wasting
momentum that you paid for with amps.

Heavy traffic frequently moves in pulses. You speed up
a little, catch up to the car in front of you, hit the brakes,
wait for the next guy to move, speed up again, etc. It
never actually stops, but it moves forward in spurts.
Often, if you watch the traffic several cars ahead of you,
you can find a steady pace that allows you to keep up
with the flow of traffic without touching your brakes.

The car ahead pulls away from you a length or two.
Don’t speed up; let him go. In a minute, he’ll tap his
brakes, and you’ll catch up to him. About the time you
catch up, he’ll speed up again. In the midst of everyone
else doing stop-and-go, you’re progressing smoothly
and steadily—and efficiently. More EV Zen.

Handling & Pedestrians
Drive cautiously until you get used to the car. It can be
deceptive if you are used to driving it in its gas form. It
feels like the same car when you sit in the driver’s seat.
But it is heavier than it was before, the balance may
have changed somewhat, and its power curve is
different. It will corner differently (sometimes better),
and it will accelerate and brake differently. If you try to
drive it with your old gas car reflexes, you could get into
trouble.

You will also need to be more aware of pedestrians,
bicycles, skateboarders, and animals. They won’t hear
you coming, and may move right in front of you, or wait
too long to get out of the way. This is especially true
when backing out of a space in a parking lot. For this
reason, some EV drivers install back-up warning
beepers and deer warning devices on their cars.

Stopping
Okay, you’ve been driving around for quite a while now.
Let’s learn about stopping. In a gas car, most people
stay on the throttle up to the moment they switch to the
brake. As soon as you lift off the throttle, the car will
start to slow down. This isn’t true in an EV.

If you see a light turning red a block away, lift off the
throttle now. The car will continue to keep up with traffic,
and will only gradually slow down. If you have low
rolling resistance tires, this process can be very
gradual. With a little practice, you can time it so that the
car has nearly stopped by the time you reach the light.
Use your accumulated momentum—don’t waste it.

When you do stop, you don’t need to put in the clutch
as you would with a gas car, since you can’t kill the
motor. You can simply depress the brake and stop, and
the motor stops, too. Unlike a gas engine, it doesn’t
need to keep idling at stop, so it isn’t wasting energy.

This is another problem with automatic transmissions.
They depend on an idling engine to keep the fluid
pressure up. Without it, there is a dangerous delay
between the time the light changes to green and you
step on the throttle and when the transmission actually
engages and moves the car forward. In the meantime,
the SUV behind you has rear-ended you, or the driver is
leaning on the horn.

If you do put the clutch in when you brake to a stop, you
need to keep it in until the motor stops spinning. The
motor can easily take a full minute to run down to a stop
if it is disengaged and freewheeling. If you let the clutch
out before the motor stops spinning, it will try to move
the car, causing an embarrassing lurch before it gives
up. This is unpleasant for both the driver and the motor.

Remember to use your parking brake! Leaving the car
in gear will not keep it from rolling away. I know of one
EV that had low rolling resistance tires and was so light
that a breeze would send it across a flat parking lot.

When Empty Isn’t Empty
Here’s the driving question everyone asks about EVs:
What happens when I run out of juice? If you do things
right, this shouldn’t happen. After you have driven it for
a little while, you’ll know just about what your range is.
These cars are typically driven on the same routes day
after day, so there shouldn’t be any surprises. The car
should have some kind of voltmeter or state-of-charge
gauge to let you monitor your battery pack status.

But let’s say the unthinkable occurs. You have to make
a surprise detour on the way home, or you have a slow
leak in a tire, which creates drag and reduces your
range. As you get to the bottom of the usable charge in
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the pack, the car will gradually lose speed, especially
on any upgrade. It doesn’t happen all at once like a gas
car running out of gas. You have some warning, and
can travel at a reduced speed to a safe place to pull
over.

Then some magic happens. If you park the car for ten
minutes and let the batteries rest, they will “recover”
some of their lost charge. This is also called “growing
amps.” You can watch your voltmeter needle climb. You
can then drive a little farther. If necessary, you can rest
the batteries several times to make it home. Stop,
meditate peacefully for a few minutes, and both you
and your batteries will be refreshed.

Bonus Miles
It really doesn’t take much effort to learn a few simple
tricks to maximize your EV’s performance. It can be a
game you play, where you try to find the most efficient
technique for each stretch of road, and keep the
ammeter needle as low as possible. The techniques
can quickly become habits that you don’t even think
about.

The bonus is that when you get into a gas car, your EV
driving habits will carry over. The same techniques that
make for great range in an EV will make for great gas
mileage in a gas car. There’s just one habit you don’t
want to carry over—passing by gas stations. The gas
car won’t magically refuel itself in the driveway
overnight, so you’ll have to remember to fill it up.
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Battery Box 
& Battery Box
Holddown
Design
Mike Brown ©2000 Mike Brown

Last issue we talked about the
design and fabrication of battery
racks and how to secure them to

the car. This issue we will talk about the
kinds of coatings used to protect the
racks from the elements and any stray
battery acid. Once we have that
covered, we’ll look at battery box
design, materials, construction, and
ventilation. Then we’ll wrap it all up with
a discussion of the battery box
holddowns. These are the parts that
hold the battery box, batteries, and
battery box lid to the battery rack, which
is attached to the chassis of the car or
truck.
Paint Your Wagon
So now you have your new battery racks fresh from the
welder, but they are bare metal. What do you do to
protect them from the elements and possible contact
with battery acid? First, have them sandblasted.
Sandblasting removes any surface rust that might have
started to form. It also removes the thin coat of mill
slag, which is a byproduct of the steel mill process that
forms the steel into the angle, flat, and channel stock
we used to build the racks.

Once the racks are cleaned down to real bare metal,
they should be washed with hot soapy water and
thoroughly dried. When they are dry, they should be
immediately sprayed with epoxy-based primer paint.
After the primer is dry, the epoxy-based topcoat paint in
the color of your choice can be applied. The reason for
the emphasis on epoxy primer and paint is that epoxy-
based paints are the most resistant to battery acid.

You can do all the painting yourself with rental
equipment, or have a local autobody shop do it. The
sandblasting should be left to a professional because of
the equipment involved and the mess it makes, which
leaves sand in everything, forever.

Another coating process that can be used is powder
coating. Like paints, powder coating comes in different
grades, and I again recommend the epoxy version. This
process also starts with sandblasting. Then the parts
are hung on racks and the dry epoxy-based powder is
applied by the electrostatic attraction process. In this
process, the part is given a negative charge and the
powder is given a positive charge. As the powder
leaves the compressed air powered gun, it is attracted
to the part and flows around it, inside corners, and into
hidden areas.

After the parts are coated, they and the rack holding
them are placed in an oven and baked at 375 to 400°F
(191–204°C) for a suitable amount of time to cure the
powder and fusion-bond it to the part. This process
results in a finish that is tougher, more durable, and
more chip resistant than conventional spraypaint. The
epoxy powder-coated part is resistant to battery acid,
and the coating acts as an electrical insulator, two
features that are helpful in an EV.

We have the battery racks for our Voltsrabbit and
Voltsporsche kits powder coated. In addition to the
above benefits, it also holds up better during shipping
and is cheaper than conventional painting. There is an
additional environmental benefit—the powder coating
process does not release any volatile solvents into the
atmosphere. If you can find a company in your area that
does powder coating, you should give serious thought
to having your racks powder coated.

Thinking Inside The Box
Now let’s take a look at battery boxes. The main
purpose of the battery box is protection. It contains the
batteries in one place and protects us from the
batteries’ chemical and electrical dangers. The battery
box also protects the batteries from the elements and
accidental short circuits caused by mishap or
carelessness.

A sealed and ventilated battery box is required any time
batteries are placed in the passenger compartment of
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the car. This applies to batteries placed in the trunk if
the box is not separated from the passenger area by a
steel firewall. In fact, the only place it is permissible to
put batteries in open racks with holddowns is in the
former engine compartment, which the factory takes
great pains to seal off from the passenger
compartment. Even in a pickup truck conversion, where
some of the batteries are placed under the bed, these
batteries should be in boxes for protection against dirt
and possible damage by road debris.

So, given their heavy responsibility, some careful
thought should be devoted to battery box design, the
material used, and how the boxes are constructed.

A lot of the design work on the battery boxes has
already been done when the racks were designed. The
size and shape of the box was determined when we did
the original battery layouts. The choice of material was
made because the thickness of the box walls
determined the dimensions of the rack that holds the
box.

Cable Ready
One of the design tasks remaining is deciding where
the cables that connect the batteries to each other, and
to the other drive components, are going to enter and
exit the boxes. The goal here is to connect the batteries
in each box in series, connect the boxes into a series
string, and finally connect the most positive and most
negative terminals of the battery pack to the controller,
all with the shortest possible lengths of cable.

This is accomplished by orienting the batteries in the
box so that the positive post of one battery can be
easily connected to the negative post of the next battery
in the series. Depending on where in the box you start
the string, you will end up with one battery with a bare
positive terminal and one battery with a bare negative
terminal. The trick is to arrange the batteries in the box
in such a way that bare terminals are on the side of the
box that you want the cables to enter.

I have a sheet of scale drawings of the batteries we use
that can be cut out and used to help you lay out your
battery pack. Copies are available for the asking. Once
you’ve found the arrangement you want, mark the
location of the cable holes on your battery box plans.

Good Air In, Bad Air Out
The passenger compartment battery boxes have to be
ventilated to the outside of the car. So part of the
battery box design is the location of the air inlet and
exhaust ports, and the location of the fan that provides
air flow to the system.

Before we get into the nuts and bolts of battery box
ventilation, let’s discuss the reason for it. Lead-acid

batteries give off hydrogen gas when being charged
and discharged. More hydrogen is given off during
charging because the batteries are intentionally gassed.
This is done to equalize the charges of the individual
batteries at the end of the charging cycle.

During discharge, much less hydrogen is given off, and
then only when heavy demand is placed on the
batteries when they are already almost fully discharged.
When four percent of the atmosphere in a closed space
is hydrogen, you have an explosive mixture. The
mission of the battery box ventilation system is to
prevent that much hydrogen from gathering in a sealed
battery box, or leaking into the passenger space of the
car.

There are two types of battery box ventilation systems:
the sealed box/pressure fan system, and the unsealed
box/suction fan system. The sealed box/pressure fan
system is the system used when there is a battery box
in the passenger compartment, or where the trunk is
not sealed off from the passenger compartment by a
steel firewall. The battery box is airtight except for an
inlet port with a fan in it that draws air from the outside
of the car, and an exhaust port that is connected by a
duct hose to an exhaust vent that is open to the outside
of the car.

When the battery charger is plugged in, the fan comes
on and blows fresh air across the tops of the batteries
and out through the exhaust system to the outside of
the car. Since the fan comes on at the very start of
charging, it blows away any hydrogen produced while
sitting after driving. The constant flow of air across the
batteries does not allow any buildup during charging. If
the exhaust vent outlet is placed in the airflow under the
car and perpendicular to the airflow, suction called
“road draft” will build up in the exhaust port, and will pull

Grey PVC pipe provides fittings for forced air ventilation 
of boxes during charging.
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any hydrogen produced during driving out of the battery
box.

The unsealed box/suction fan system is used on battery
boxes that are under the hood, under the bed of a
pickup truck, or in a sealed trunk. With this system,
when the fan in the exhaust port comes on with the
charger, outside air is drawn through several small inlet
ports on the opposite side of the battery box, across the
batteries, into the exhaust port, through the fan, and out
into the outside air. Any hydrogen produced during
driving exits through the inlet holes.

If this system is used in a sealed trunk, air should be
allowed into the trunk in some way that doesn’t allow
dirt or water in. This is especially true if the battery
charger is in the trunk, and is also drawing its cooling
air from the inside of the trunk. The exhaust outlet
should be positioned in a place where it can take
advantage of the road draft effect.

We use both brushless DC and AC fans depending on
the type of ventilation system and the number of fans
needed. Underground sprinkler supply stores, with their
large stock of PVC pipe and fittings, are a good source
of supply for the inlet and exhaust parts needed.
Specialty hose shops can supply the hoses you might
need to hook things together. Marine supply stores are
another good source for these kinds of parts.

The location of the intake and exhaust ports and fans
on the battery boxes, as well as any fresh air intakes
and exhaust outlets on the car’s body, should be
determined at this time.

The Hole Thing
Getting back to battery box design, let’s discuss the
size and shape of the ventilation ports that have to be
cut in the side of the battery box. Since space
considerations always seem to dictate the shortest
possible battery boxes, the distance between the top of
the battery and the battery box lid averages about 1-3/4
inches (4.4 cm). Cut a rectangular port in the side of the
box, using as much of the space above the batteries as
you can for the height of the port. Use the diameter of
the fan blade as the length of the port.

When mounting the fan, do not just bolt it to the side of
the box with part of the fan covered by the box and part
blowing through the port. The differences in the airflow
between covered and open sides of the fan blades
would put excessive strain on the fan bearings, and
cause early failure.

If you can’t get a wide enough hole in the box, you can
get around this problem by mounting the fan on a one
inch (25 mm) spacer tube big enough to match the
diameter of the fan blades. You can then mount this

assembly to the box. The spacer tube provides a space
that allows the airflow to smooth out before it enters the
port in the side of the box.

If the fan has to be connected by a hose to a fitting that
goes to the outside of the passenger compartment,
build a housing that has this smoothing space on one
side of the fan and a flange to attach the hose to on the
other side. The locations of the ports and any mounting
holes for fans or hose flanges should be drawn on your
battery box plans.

Wooden You Know
In the first part of this series of articles, I suggested that
you start your battery rack design with the thickest
battery box material. This gives you the worst case
largest dimensions for your proposed battery
box/battery rack assembly. If you do that and find that
using a thinner material will allow you to install the
required number of batteries in the desired location, you
have that option.

Now we’ll take a look at some popular battery box
materials and the methods used to construct battery
boxes from them.

Following the advice given above, let’s start with the
thickest material that has been used for battery boxes,
which is plywood. Plywood has the advantages of being
cheap, widely available, and easy to work with, using a
minimum of special tools. Its disadvantages are the
thickness necessary to provide the required strength for
a safe battery box, the weight that comes with the
thickness, and the need for reinforcement of the box to
further strengthen it. A minor disadvantage is lack of
acid resistance, which can be eliminated with the
application of our old friend, epoxy paint.

The plywood to be used should be “good-on-one-side”
grade 5/8 inch (16 mm) thick. If you have a space
problem, 1/2 inch (13 mm) is the absolute minimum.
Care should be taken to make all cuts straight and all
angles true for ease of assembly. A well set up table
saw with a plywood cutting blade is helpful here.

All ventilation holes should be cut into the sides of the
box as necessary before the box is assembled. The
boxes are assembled using a combination of stainless
steel grabber screws for corrosion resistance, and
structural adhesive for added strength. Box construction
is speeded up if you use one electric drill for pilot holes
and another drill to install the screws.

If the box is to be used in a suspension rack, no
additional reinforcement is needed. However, if it is
being used in a bridge or floor rack, the box should be
reinforced. If the box is a rectangle, a good way to do
that is to have a local moving and shipping company
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apply steel banding at two levels around the sides of
the box.

If the box has an irregular shape, you should reinforce
the corners, which are the weakest part of the box, with
aluminum angle stock or steel angle brackets. When it
is all finished, paint it inside and out with epoxy paint. A
box I made this way served as a battery box for ten
years before the car was scrapped, and is now in use
as a lockbox for UPS deliveries.

Fun With Fiberglass
Battery boxes have been made of fiberglass cloth and
epoxy resin, which is somewhat lighter and stronger
than plywood. The problem with this method is the
necessity to build a mold to lay up the cloth and resin
on or in. This is a lot of work for a one-off piece. If you
are experienced in fiberglass work and comfortable with
the amount of work involved, it is a good material to
use, and makes attractive boxes.

One Word: Plastics
The next material is 1/4 inch (6 mm) polypropylene
sheet, which is thin, lightweight, not harmed by battery
acid, and doesn’t need painting. However, like a
plywood box, it needs a rack to reinforce it. If it will be
used with a bridge or floor, this will have to be taken
into consideration in the rack design.

A polypropylene box is constructed by clamping the
pieces of the box in place and then welding the seams
together with a hot air welding gun and polypropylene
rod. The special tools involved and the skill level
required to achieve good results make the job of
fabricating polypropylene battery boxes one best left to
a professional.

I feel that, despite the need for a more complex rack
and professional fabrication, the welded polypropylene
battery box still has advantages. It is acid resistant and

attractive, like the fiberglass box. But there is no need
to build a mold in order to fabricate it. A polypropylene
box is thinner, lighter, and stronger than a plywood box,
and doesn’t need to be painted to protect it from battery
acid.

If a polypropylene battery box appeals to you, look in
the Yellow Pages under the “Plastic Fabricators”
heading to see if there is somebody in your area who
does polypropylene fabricating.

Full Metal Jacket
The last box material we are going to talk about is
metal, specifically, aluminum or steel. A metal box is the
most expensive type of box to have fabricated. The
reasons are the number of special tools required, such
as sheetmetal breaks, cutting shears, and welders, and
the skilled workers necessary to operate them.

The metal box offers the strongest box for the least
weight and thickness of any material. One of the other
advantages of the steel box is that it can be used like a
suspension rack and welded into the hole in the body,
eliminating the battery rack itself. An aluminum battery
box would have to be bolted to the chassis but could
use a simpler, lighter version of a bridge or floor rack
system.

Randy Holmquist of Canadian EVs uses metal boxes
on his Metro and Chevy S-10 kits, and is very happy
with them. Metal boxes are very susceptible to
corrosion so they should be painted inside and out with
epoxy paint. Randy uses spray-in truck bed liner on the
insides of his boxes and reports good results. If space
considerations force you to use a thin battery box, and
the fabrication expense is not prohibitive, a metal box is
a good way to go.

Know When To Hold ‘Em
So far in this series of articles, we have built battery
racks and secured them to the chassis, built battery
boxes and installed them in their racks. The last item to
consider is how to hold these boxes filled with batteries
in place. Since the batteries are held in place by the
sides and floor of the box, the only movement left to
consider is the slight up and down movement caused
by bumps in the road, and the catastrophic movement
caused by a crash or in the worst case, a rollover.

The place to start talking about battery box holddowns
is the battery box lid. On plywood and metal boxes, the
lid is made of the same thickness material as the sides
of the box. The lid of a polypropylene box is made of
1/2 inch (13 mm) material. Provision should be made in
the lids for a weatherstrip-type seal between the lid and
the top of the box.

Polypropylene boxes look attractive.
Steel straps secure the boxes to the racks below.
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To make the lid part of the holddown system, spacers
sized to fit between the battery tops and the lid bottom
should be fastened to the lid. These spacers should be
made of the same material as the lid and should be
screwed or welded to the lid. Place the spacers where
they can contact as many corners of the batteries as
possible without interfering with the battery
interconnects or other cables.

The job of holding the battery box, batteries, and lid to
the battery rack is done with 2 inch wide by 1/8 inch

thick (50 x 3 mm) straps positioned over the rows of
spacers on top of the lid. They can be oriented front-to-
rear or side-to-side, whichever is most convenient. Use
as many straps as you have rows of spacers.

The straps can be fastened to the lids with screws or
double-backed tape if desired. The important thing is
that they are fastened to the rack below. We weld
Grade 8, 3/8 inch (9 mm) bolts to the racks and use
matching wing nuts and washers to hold the straps to
the racks.

To Make A Long Story Short
As long as this series has been, I have only skimmed
the surface of the subject. If you have any specific
questions about battery containment systems, write or
email me and I’ll try to help.

Access
Mike Brown, Electro Automotive, PO Box 1113-HP,
Felton, CA 95018 • 831-429-1989 • Fax: 831-429-1907 
mike.brown@homepower.com • www.electroauto.com

Randy Holmquist, Canadian Electric Vehicles Ltd., 
PO Box 616, Errington, BC V0R 1V0 Canada
250-954-2230 • Fax 250-954-2235 • sales@canev.com 
www.canev.com

The tubes on the lid of this box press down 
to hold the batteries firmly in place.

Extend the 
life of your
batteries!

Accept no substitutes; the cost effective 
PowerPulse® units are patented, approved by 

the U.S. Military, and have a 10-year limited warranty.
*Manufacturer’s suggested retail price. Other voltage units available.

■ Free delivery to 50 States. ■ Major credit cards OK.
■ Bulk/Dealer inquiries invited.

“I consider (the PowerPulse® devices) to be
standard equipment for a lead-acid battery system…”

Richard Perez, Home Power magazine

Abraham Solar Equipment
800-222-7242 ■ 970-731-4675

124 Creekside Place ■ Pagosa Springs, CO 81147
©1999 Abraham Solar Equipment. All rights reserved.

THE POWER BROKERS!TM

12 Volt
$69.95*

24 Volt
$119.95*

Eight ounces of prevention!

BLACK GREY
BADGER SQUIRREL

• 12 VDC at 50 amp or 24 VDC at 25 amp generators

• Complete portable system with 12 amp-hour battery 
and 300 watt inverter

• Multi-fuel do-it-yourself alcohol or propane 
conversion kits available

• 45–58 lbs.

• Generators start at $285, 
portable power systems start at $425

WILDERNESS ENERGY Research Systems

P.O. Box 481, American Fork, UT 84003
toll free phone/fax: 877-221-8103
or visit us on the web at www.wildernessenergy.com
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NEW ENGLAND
SOLAR ELECTRIC, INC.

401 Huntington Road, PO Box 435
Worthington, MA 01098

1-800-914-4131
This is the most popular book for PV remote
homes. It is written and published by
New England Solar Electric Inc.

“Best all around book on wiring your PV
system.”

Real Goods Sourcebook

“Our favorite book for Do-It-Yourselfers.”
Windy Dankoff, Dankoff Solar Products

“This should become the bible for alternative
energy users.”

Ken Cox, Trace Inverters

Send $3 for our 80 page catalog and product guide
Servel/Dometic Gas Refrigerators. Trace Inverters. Trojan Batteries.

Siemens & Solarex PV modules, Osram Bulbs. Thinlite Fixtures
Aquastar Hot Water Heaters. AIR 403 Wind Generators

Best book, most user friendly catalog,
& best kits in the business.

$16.95 plus $3 PPS
(includes our $3 catalog)

HITNEY SOLAR PRODUCTS, INC.
Harmony with Nature

Office (520) 636-1001
Fax (520) 636-1664
P.O. Box 365, 2655 N. Hwy 89
Chino Valley AZ 86323

MEMBER

FORUM 2001
Solar Energy:  The Power to Choose

April 21-25, 2001
Washington, DC Renaissance Hotel

Once every four years, we come together IN WASHINGTON

Participating organizations:
American Institute of Architects • American Society of Heating Refrigerating and Air Conditioning Engineers 

American Society of Mechanical Engineers •  American Solar Energy Society 
Interstate Renewable Energy Council • National Association of Home Builders 

Solar Energy Industries Association • Sustainable Buildings Industry Council • Utility PhotoVoltaics Group

For more information contact:
American Solar Energy Society
2400 Central Avenue, Suite G-1

Boulder, CO 80301
Phone: 303-443-3130, Fax: 303-443-3212

E-mail: ases@ases.org,Web site: www.ases.org
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Renewable
Not “Alternative,” and Certainly Not “Alternate”

Ian Woofenden ©2000 Ian Woofenden

Derivation: RE- Middle English from Old French
from Latin: again, anew. NEW Middle English
“newe” from Old English “niwe” or “neowe”: recent,
fresh, rejuvenated, additional. -ABLE Middle
English from Old French from Latin “-abilus”:
susceptible, capable, or worthy of a specified
action.

When I was younger and saucier, I teased my now co-
worker Michael Welch about his use of the term
“renewable.” “Coal and nuclear power are renewable,” I
said, “they just take longer to renew!”

Well, with that sort of logic, I suppose I could have gone
into politics. But the key thing is that solar, wind, and
hydroelectric energy are immediately renewable, while
coal, oil, and uranium take millions of years to develop.

Most energy forms find their origins in the sun. The sun
drives the hydrological cycle, evaporating water from
the oceans and dumping it in the mountains so it can
flow down to the sea again, driving our hydro turbines
on the way. The sun’s heat also makes the wind,
heating some areas more than others and making high
and low pressure areas that create winds.

For years, the technologies that attempt to capture this
natural energy have been called “alternative energy.”
But hanging onto this label hobbles our renewable
horse before it leaves the gate. “Alternative” means
something abnormal—something outside existing
institutions or systems. That’s not what we want for
renewables, so why use this label? We want renewable
energy to be the norm, not something outside the norm.
Besides, human use of wind and solar energy pre-dates

the use of fossil fuels by many thousands of years. In
the perspective of human life on our planet, fossil fuels
are a less conventional alternative.

By using a positive and descriptive label—renewable
energy—we tell people why we are excited about these
technologies. We also raise a not so subtle question—
are other technologies not renewable? When you
harvest some sunshine with your PVs, or some wind
energy with your turbine, more sunshine and wind will
follow it the next day. When you mine coal, oil, or
uranium, you use something that is, for all practical
purposes, irreplaceable.

Some people have been known to use the phrase
“alternate energy” to describe solar technologies. Some
even use it as part of their business names. This is
unfortunate, since it’s not the proper use of the word.

“Alternate” means changing back and forth, taking
turns, or every other one. It also means a stand-in or
substitute. We see it used to describe “alternating
current,” among other things. But I now hear it used as
a synonym for “alternative” quite often. At some point,
word purists have to let go and let the language
change, even through misuse. But it still makes me
wince to hear it.

The phrase “renewable energy” is becoming more
common, and that’s all for the good. It is a positive and
clear statement of what we are working toward. It
means energy that comes not from finite resources that
can be exhausted, but from sources that continue to
provide clean energy day after day and year after year.

Access
Ian Woofenden, PO Box 1001, Anacortes, WA 98221
Fax: 360-293-7034 • ian.woofenden@homepower.com

Renewable Energy Terms

Wedgewire Screens 
for Hydro Diversions

10 gpm to 250 cfs • Patented Aqua-Shear Process
Testimonials...

"I have eliminated 
downtime & diversion
problems"

"Best thing since 
sliced bread"

"Technological marvel"
"Now I stay in bed 
during storms"

AQUADYNE
www.hydroscreen.com

303-333-6071 or 707-433-3813 • rkweir@aol.com

see HP71,
pg 64
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STRENGTHEN
Your Weakest Link

It is often thought that batteries are the weakest 
component in a home power system. Our experts
are changing that way of thinking. IES�s proven
DeSulfator® sulfation removal systems are 
extending the life of lead acid batteries worldwide.

Get the most out of your investment. . .

INSIST ON THE ORIGINAL. 

9351-J Philadelphia Rd., P.O. Box 70060, Balto., MD 21237
www.innovativeenergy.com
410.686.3120  �  FAX 410.686.4271

INNOVATIVE ENERGY SYSTEMS, INC.

RENEWABLE ENERGY SOLUTIONS!

WIND POWER
PHOTOVOLTAIC 

MICROHYDRO

WINDSTREAM POWER SYSTEMS INC.
PO Box 1604 HP, Burlington, VT  05402 Tel 802-658-0075 Fax 802-658-1098

info@windstreampower.com • www.windstreampower.com
Independent Power Systems Throughout the World – Our 25th Year

HUMAN POWER
GENERATOR

CA Lic. #661052
Our 17th Year Offgrid!

We provide excellent service 
and technical support.

Residential Power • Water Systems • Communications
Wind • PV • Hydro • Custom Design • Installation • Mail Order

All Major Brands

California Rebates!

(559) 877-7080
e-mail: ofln@aol.com

http://www.psnw.com/~ofln
located in the central Sierra, near Yosemite

OFFLINE
P.O. Box 231

North Fork, CA
93643

SIEMENS SunFrost

MEMBER

CATALOG

AVAILABLE

B. Z. Products, Inc.
7614 Marion Ct., St. Louis, MO 63143, USA
tel: 314-644-2490 • fax: 314-644-6121 • email: bzp@inlink.com

� Digital metering
� Internal fuses
� 1/2" conduit ready
� 12 amp capacity
� Temp compensation
� Equalization switch
� Adjustable float voltage
� For 12 or 24 volts
� Lightning protection
� 5 year warranty
� Available world wide

Model 12 PWM Charge Controller

*Radiator Cooled

2301 E. Independence, Tulsa, OK  74110
(918) 583-5711 • 1-800-331-3662

Fax (918) 592-1481 • U.S. and Canada Fax 1-800-266-1481
 Copyright © October 2000 Arrow Specialty Company

www.arrowspecialty.com    e-mail mail@arrowspecialty.com

Factory Direct  CLOSE OUT SALE
WD-14RC* Engines

ARROW SPECIALTY COMPANY is discontinuing
the Single Cylinder Slow Speed Diesel Engine

(formerly Witte CD-14RC)

U.S. closeout price   $4750.00
FOB Tulsa, OK

(limited availability to quantity on hand)

For details
Contact our Customer Service Department

@ 1-800-331-3662
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Power Politics

Skyrocketing
Energy
Prices
Michael Welch ©2000 Michael Welch

Are you feeling like you’re being
taken to the cleaners by high
energy prices? Hey, it’s not just a

feeling, you definitely are being ripped off.

This year has seen the some of the highest prices ever
for fuel and electricity. What’s behind it? Both greed and
corporate manipulation. But some folks think that high
prices are good because it will help foment revolution to
regain control of our government and society.

Electricity Prices Double & Triple
I live in California, one of the hardest hit states in this
energy crisis. California went through util ity
“restructuring” a few years ago. As reported in past
Power Politics columns, what was supposed to have
been “deregulation” ended up lining the pockets of the
utilities, large power consumers, and power producers
in the state.

San Diego, California was in the news a lot this past
summer. Everyone was hearing about the huge price
increases that consumers had to pay. The average
electric bill from San Diego Gas & Electric (SDG&E)
increased to over US$100 per month during June and
July of 2000. At the same time, the media was reporting
possibilities of widespread forced outages hitting the
state.

The rest of California was not hit by rate increases, but
only because under restructuring, Pacific Gas & Electric
(PG&E) and Southern California Edison (SCE) had their
rates frozen at an artificially high level so that they could
be assured profits on their previous unprofitable

investments. Many utility customers outside SDG&E’s
territory did see rate increases, but they were directly
offset by an increased “competitive transition charge”
(CTC) credit. This shows up as a separate item on the
consumer’s bill that covers power transmission costs.

But the rate freeze and offsetting CTC will soon be
fazed out for the rest of California, as it was with
SDG&E. Then the rest of us can also expect a
significant rate increase during times of high usage. In
fact, the utility watchdog group The Utility Reform
Network (TURN) thinks that electricity bills may
increase even more than they did last summer in
SDG&E territory.

Fighting for the Consumer
TURN is calling for a cap to be put on electricity prices
so that this won’t happen again. The cap would be
temporary, giving the California legislature enough time
to come up with long-term solutions to the outrageous
prices.

According to TURN Executive Director Nettie Hoge,
“Instead of the lower rates we were promised with
deregulation, rates are skyrocketing in San Diego. They
will do the same in the rest of the state if legislators and
regulators don’t act responsibly. If rates can be frozen in
order to fatten utility company wallets, as they were in
order to assure the utilities of CTC collection, they can
be frozen to protect consumers, who should not be
forced to pay excess profits to greedy generators who
are exploiting the current shortages.”

There is little doubt that high demand and a finite
energy supply is the main cause of the increasing rates.
For the last fifteen years, very few homes have been
sold without air conditioners, which are installed to
make up for lack of energy-efficient design. Poor
design, coupled with an increased number of homes,
small businesses, and more large manufacturing
facilities in California, is responsible for the huge
demand we saw this summer. On top of this, there’s a
lack of new power production facilities being built, and
the state is dragging its feet on utility-scale renewables.
So you have demand outstripping supply—the perfect
formula for rate increases.

Another cause of the high rates has been the ability of
power producers and sellers to lock in high bids for
power by withholding their supply until demand
increases. They are able to keep those bids in effect
even after the supply/demand crunch has ended. That
is a simplification of the way the power market can work
in California, but suffice it to say that the power
providers and wholesalers have learned how to work
the system to get the most money out of the bidding
process, even if it means withholding available power.

Power
Politics
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Nearly all agree that something must be done, but not
all are pleased with the idea of freezing rates. The folks
who are producing and wholesaling the power want to
continue making a kil l ing on the backs of the
consumers. In order to avoid rate freezes, they are
spreading the fear that they will sell outside of California
rather than putting up with a rate freeze. That, they say,
could make power shortages inside California even
worse. Sounds like extortion to me.

Coming Soon to a State Near You
California is an early example of utility “deregulation.”
Other states are looking forward to their own forms, and
may find themselves in similar situations of exploding
rates. There is still a strong movement in California to
repeal the deregulation law to make it more consumer
friendly.

So, what does this mean for RE and the environment?
One would think that increasing prices would make
solar and wind look more attractive. But the fallacy here
is that while the payback for these more expensive
production methods is shortened by high rates, the
motivating factor for building new production facilities is
profit, not payback. A profit can be made with wind and
maybe solar under the higher rates, but the profit is
even better with the building of new fossil-fuel fired
turbines.

In California, that seems to be the direction that
government influence is taking. The governor has
promised to do what he can to fast-track new power
plants in order to meet new demand. Turnkey natural
gas turbines are available and can be constructed
quickly. That means more fossil fuel being burned and
less attention being paid to the environment in this
“crisis.”

So what happened to energy efficiency and
conservation? Those items were pretty much thrown
out of the mix during deregulation and the years leading
up to it. It is no longer a priority in California to try to
save electricity, though Governor Davis did recently
announce some minor cash incentives for solar energy
and energy efficiency.

Guzzoline
Another area where we are getting screwed is with
gasoline prices. Collusion and price fixing have become
the norm in this industry. Now don’t get me wrong—I
don’t mind paying what a gallon of gasoline is worth,
especially if the price reflects the social and
environmental costs of driving. What I do object to is
the high price of gasoline becoming excess profits for
the fuel industry.

Here’s what’s happening in my neck of the woods. A 10
percent increase (for example) in crude oil cost is
becoming a 10 percent increase in retail gasoline costs,
and it is being reflected before that more expensive
crude oil even gets distilled into gasoline and hits the
pumps.

Crude oil is only a portion of the cost of gasoline. There
are also the costs of additives, equipment, labor, and
transportation that usually do not proportionately follow
the cost of crude oil. If crude oil goes up 10 percent,
and the other costs remain fixed, why does the price of
gasoline have to go up 10 percent as a result?

The oil industry swears up and down that this is
completely market driven. I say baloney—the prices are
going up due to price fixing among the companies
producing and even distributing the fuel. Want proof?
Take a look at when pump prices fluctuate. It doesn’t
happen when the gasoline is delivered, it happens
when the station owners get the call from their
distributors telling them to increase the price.

In other words, a gas station can take a delivery that
completely fills up its tanks at one price, and the fuel
can go up again well before the next load comes in.
Some state and local governments have begun
investigations into how wholesale and at-the-pump
pricing is set.

Further proof is that the prices traditionally have
increased due to end-user demand during the summer
vacation peak-driving periods. That means that fuel
costs should have started declining again in September.
But here it is the beginning of October (at the time of
this writing) and fuel prices actually went up again this
month in my area.

Heating Cost Predictions
It isn’t enough that summertime electricity and gasoline
costs have skyrocketed. Now the industry is predicting
fuel shortages during critical winter months. Heating oil
is predicted to cost one third to one half more than last
year, according to industry and government sources.
Hey, they are just prepping you now so that you won’t
scream too much when you get porked this winter. The
oil companies don’t like the backlash that can come
with sticker shock when you get your first bill and aren’t
expecting the high prices.

Once again, it is the environment and the consumer
pocketbook that suffers. The Clinton/Gore answer to
this problem is to increase crude oil supply by making
fuel from U.S. emergency stockpiles available to fuel oil
companies during the “crisis.” Then at some point in
time, assumed to be when the demand has decreased,
the companies are to purchase their own supplies to
give back to the citizen-owned stockpiles.
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This plan became a significant issue in the Gore and
Bush presidential campaigns. But when did we hear
about energy conservation, energy efficiency, and
increased availability of renewables? Shoot, you’d think
these guys were on the side of oil industry profits rather
than what’s good for the environment and the people.
Wait just a minute—they are!

Revolting Development
So what do we want to do about this latest energy
crisis? Should we hope and pray that energy prices
keep going up so that soon the masses of people will
rise in revolt and take back the government from the
energy industries? Some would have it this way, and it
would be great if it worked. Personally, I think that most
Americans are too complacent and soft to take part in a
radical revolution.

So that leaves working from within the system. The one
thing that we have not successfully tried is massive
democratic resistance. We need to continue to try to
take political power away from the corporations by
supporting candidates and issues who will hopefully
clean them up. And I don’t mean the lip service that was
paid the subject during the 2000 Presidential
campaigns.

We need real reform, and the only way we are going to
get it is to put public pressure on our elected leaders.
Only then will fuel and electricity prices become truly
deregulated. Only then will they begin to reflect the
societal costs of energy instead of their environmental
and social aspects being borne by taxpayers. And only
then will renewable energy and energy efficiency get
the attention they deserve.

Access
Michael Welch, c/o Redwood Alliance, PO Box 293,
Arcata, CA 95518 • 707-822-7884
michael.welch@homepower.com
www.igc.org/redwood

The Utility Reform Network (TURN), 711 Van Ness Ave.
#350, San Francisco, CA 94102 • 415-929-8876
Fax: 415-929-1132 • turn@turn.org • www.turn.org 

Solar Works, Inc.

Change the World
Become a solar-powered family today!

* Complete, UL-listed grid-tied 
PV systems

* Solar thermal systems  
for hot water and heat

* Architectural design services

* Offices in VT, NH, ME, CT,
   RI, NY, MD, & MA

 
Since 1980, Solar Works, Inc., has been designing and installing 
renewable energy systems around the world. Call us at 802-223-
7804, fax 802-223-8980, or visit us at www.solar-works.com

64 Main Street, Montpelier, VT 05602

Check out our

other alternative

energy products!

ALSO—THE WORLD’S BEST SELLING WIND TURBINE
Air 403 $449, With roof mount kit $499!

CALL TOLL FREE 888-305-0278
www.cetsolar.com

Your Complete System Specialists
Creative Energy Technologies 10 Main St., Summit, NY 12175

SPECIAL BLOW OUT SALE!
Solarex MSX 120

$549 each
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New $3 a Watt PV
HIGH-DENISITY, SINGLE CRYSTAL

GLASS / EVA MODULES
FOR THE SERIOUS GUERRILLA

Shipping and tax not included.

Solar Electrical Systems
(805) 373-9433 • Fax: (805) 497-7121

solarelectricalsystems.com

$450
each

Dimensions:
35.25” by 52”

Performance at STC:
Max Power 150W
Max Voltage 57 Voc
Peak Volts 46 Vpk
Max Amps 3.5 Isc
Peak amps 3.2 Ipk

5 Year Power Warranty

SOLAR COOLING
WITH

ULTRA LOW ENERGY – 25 TO 80 WATTS!
The most efficient coolers on the planet.

12 & 24 Volt DC Evaporative Coolers
For Your Home or Vehicle (KAR KOOL)

Call SOUTHWEST SOLAR
(520) 885-7925 Tuscon, Arizona, USA

southwest-solar.com1-800-553-0219
8180 W. 10th St. Dept.YQ1      
Indianapolis, IN 46214

LT15G13 
Personal 
Sawmill

In-stock for immediate delivery!* *LT15G15 electric start

Wood-Mizer ®

Number One in Worldwide Sawmill Sales
www.woodmizer.com

$4995

Call for the location
nearest you!

Make Money— saw for others.
•Cut logs up to 28" D.x 11' L.
•Extra bed sections permit longer lengths.
•Easily transportable.

Save Money–
saw your own lumber

AC / DC / Oil / Propane
8.5 cu ft freezer
FP300

AC / DC / Propane  
7.8 cu ft Refrigerator
GRQ8: $850.00

Tel: (858) 587-9766 • Fax: (858) 587-9865
e-mail: sales@explorerfridges.com

www.explorerfridges.com
7010 Carroll Rd., San Diego, CA 92121

Charge batteries faster & with half the fuel

GennyDeeCee
see TtW!:

HP68, pg78

Dealer
Inquiries

Invited

Feather River
Solar Electric
5575 Genesee Rd.
Taylorsville, CA 95983
toll free: 888-840-0788
web: www.gennydeecee.com
email: info@gennydeecee.com

12, 24, or 48 volt 
DC generator

Powered by

E N G I N E S
Authorized O.E.M.

Options: Propane,
Electric Start 
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Independent Power Providers

Don Loweburg ©2000 Don Loweburg

New IPP 
Web Site

IPP has a new Web address—
www.i2p.org. Along with this new
domain, the site has been revamped

and updated. The site also has a new
feature—IPP will host a national list of
dealer-installers.
In addition to dealer location and contact information,
there will be a listing of qualifications. IPP dealer-
installers belong to a network of “wrenches” established
during the last year for the purpose of exchanging
technical and product information. This email network is
hosted by Home Power, and is strictly for installing RE
dealers. You can read the archives and get more
information by going to www.topica.com/lists/RE-
wrenches.

The IPP referral service is an idea initially developed by
the wrenches as a service between members. We will
offer the service to the public so that potential
customers can find a local dealer-installer, and so that
self-installers who get into trouble can get help.

All dealer-installers prefer to do “whole systems,”
meaning that they are responsible for the design,
installation, and sale of the equipment. Having done the
whole job, a full system warranty can be offered. But
sometimes it doesn’t work out this way. By offering
installation and repair service, dealer-installers have the
opportunity to establish goodwill, and to support quality
system installs. Customers should realize that the

whole system approach will yield the best value, and
cost less than buying discounted cartons of product and
paying for an installation or repair service.

IPP does not endorse the installers listed, but does
invite customer feedback, both positive and negative.
Listings with multiple complaints will be removed. See
our display ad in this issue of Home Power (page 127).

Corporate Watch
For some years, this column has kept tabs on the
corporate acquisition of independent PV companies.
Several years ago, BP-Amoco bought Solarex. More
recently, the utility company, Idaho Power, purchased
Applied Power and a significant majority of their West
Coast competitors (SES and AEE). Idaho Power also
bought Ascension Technologies on the East Coast. Last
year, Kyocera purchased the distribution company,
Golden Genesis (previously Photocomm).

This year, a little known company, Xantrex, made a
clean sweep of the major West Coast (of North
America) inverter manufacturers. In rapid succession,
they purchased Statpower, Trace Engineering and
Trace Technologies, Heart Interface, and meter
manufacturer Cruising Equipment. In just a few months,
Xantrex became the world leader in advanced power
electronics.

These acquisitions are interesting because they are
strategic. They represent significant signals that
renewables and distributed generation are moving
towards economic significance. I find the Xantrex story
particularly intriguing because the main players seem to
be coming from outside the renewable energy industry.

The key to the Xantrex story is understanding what took
place about one year prior to the acquisitions. In 1998,
the vice president of Ballard Power Systems (of
Vancouver BC, a prime developer of fuel cell
technology), a Mr. Umedaly, joined the Xantrex board.
In March 1999, he was elected board chairman.
Xantrex at that time manufactured high quality power
electronics, primarily for industrial and commercial
customers. Though a very sound company, Xantrex did
not have the financial resources to pull off the
acquisitions on its own.

I believe that Mr. Umedaly brought considerable
resources to Xantrex. Under his leadership, 50 million
dollars in capital was secured, primarily from banks and
the Ontario Municipal Employees Retirement System.
At about the same time, Mr. Umedaly was named CEO.
Then Statpower was purchased in October, 1999. In
March, 2000, Xantrex secured another 33 million
dollars in financing and bought Trace Engineering and
Trace Technologies. One week later, Heart Interface
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was purchased. To read the complete sequence of
press releases, see the Xantrex Web site.

Connecting the Dots
Fuel cells produce direct current. A fuel cell appliance
serving households and businesses must contain
inverter technology in order to provide 120 VAC. I
suspect Ballard will soon be offering a fuel cell
alternating current appliance to compete with the GE-
Plug Power product now coming to market. Xantrex
may well be their supplier of inverter technology.

Utility Disconnect
The ultimate measure of electric competition will be
when customers have a choice to take utility service or
not. Of course, we are not there yet. But twice now, I
have had customers that chose to have the utility
disconnected. I also take several calls a week asking
about the possibility.

I believe that the utility disconnect market is potentially
much bigger than many can imagine. The availability of
appliance-sized fuel cells producing both heat and
electric power in structures designed for efficiency will
forward this possibility.

Marketing Changes at Trace
Some immediate changes in the Xantrex Trace
marketing policy seem to be happening. Trace
distributors have received a revised policy statement
regarding advertising and use of the Trace logo. The
new policy essentially prohibits the use of the Trace
logo in low-ball ads.

Quoting Salient Sections
“Trace products are technologically complex and
therefore require resellers and distributors who have
competent, trained service and support personnel to
assist purchasers in the installation process and to
provide ongoing support in response to user questions
relating to product operation and maintenance. Trace
therefore regards product sales by organizations that
cannot offer this level of product support as potentially
misleading.”

“It is also Trace’s policy that advertising Trace products
at cut-rate or bargain prices conflicts with the image
that we wish to project for our products, since it places
an undue emphasis on price considerations alone at
the expense of promoting the service element of our
product sales, which we regard as critical in providing
long-term satisfaction to the customers of Trace
products.”

We will see if this policy has any teeth. If it does,
Xantrex Trace should be applauded as the first
manufacturer (as far as I know) in the RE business to
really support the dealer-installer infrastructure.

PVUSA Good News
Two issues ago (IPP, HP78), we reported the closure of
PVUSA in Davis, California. Originally a utility-owned
research facility, it had been operated during the last
several years as a test and training facil ity for
distributed rooftop PV systems. The current owner, the
California Energy Commission (CEC), lacking operating
funds, chose to close the facility last spring.

The good news is that on September 13, 2000, the City
of Davis entered into negotiations with the CEC to
transfer ownership of the facility to the city. The
transaction must take place within six months. Since it
is to the advantage of both parties for this transaction to
occur, we can hope that a favorable outcome will result.
There is one bogeyman in the background, the local
utility, PG&E. Unfortunately they could be the deal
breaker.

Last issue (IPP, HP79), we detailed testimony of the
Photovoltaic Distributed Power Coalition presented
before the California Public Utility Commission. Briefly,
the recommendations included prohibition of utility
standby charges levied on PV sites up to one
megawatt, and the establishment of fair power transport
(wheeling) fees.

Since the State of California has not acted on
establishing these or any other policies regarding
distributed generation, the Davis-PVUSA deal could be
jeopardized by the local utility, PG&E. They may, just as
they have already done with other PV projects in
California, levy standby charges and prohibit retail
wheeling. Optimistically, I want to be wrong, but the
pattern of utility behavior is strongly established.

What Is SMUD Doing?
The Sacramento Municipal Utility District’s Pioneer 1
and Pioneer 2 programs have been the most successful
utility PV programs in the country. As a municipal utility,
SMUD is exempt from regulation by the CPUC.

Though IPP has strongly opposed the installation of
rooftop PV systems by investor owned utilities, IPP has
not been critical of SMUD for two reasons. First, there
is nothing legally we can do about their activities.
Second, SMUD’s behavior reflects the democratic
wishes of a majority of the citizens of Sacramento. As
long as SMUD’s activities remained inside the district
boundaries, we have respected the will of the people.
However, SMUD’s PV and solar programs have harmed
independent solar companies in the Sacramento area.
Now with deregulation, SMUD is pushing the envelope.

Under deregulation, SMUD is allowed to sell and install
rooftop PV systems outside their service territory. On
the surface, this might be understood as a good thing
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for the public. SMUD prides itself on lowering the cost
of PV. They have achieved these price advantages with
high volume purchase contracts and by attracting
manufacturing plants to the city with subsidized tax
rates. Another advantage realized by SMUD is that the
program costs are rate based.

None of this is a problem as long as SMUD acts inside
its territory. Outside SMUD’s territory, low prices based
on municipal tax subsidization and customer rate
basing look like unfair business practices. These
concerns about SMUD are no longer l imited to
independent dealer-installers in the Sacramento area.
Several major module manufacturers have indicated
that they understand the problem too.

Los Angeles Water and Power (also a municipal utility)
may dwarf SMUD’s activities as they replicate SMUD’s
program. There will be much more heard about these
programs. The argument that being green and
protecting the environment justifies the adoption of
unfair business practices can not prevail. Following that
path, both business and the environment will be
harmed.

California Legislative Update
California Governor Davis has signed three bills
favorable to the solar industry. This is a big deal! AB
918 contains important changes in the way net-metered
electricity is valued when excess generation is fed back
to the grid. Under the language in the old bill, utilities
generally chose to use the average retail value of
excess power when figuring the carry forward credit on
a monthly bill. Now, that value will be based on the
particular retail value prevailing at the time the power is
generated.

For instance, if a customer pays on a tiered basis
(many customers have a baseline and an over baseline
rate) and generates excess power when they are over
baseline, they would be credited for the excess power
at the over baseline rate.

As another example, some customers have a “time of
use” billing. Under this plan, a peak rate is charged
during certain times of the day with the intention of
discouraging electricity use. In this case, any excess
electricity generated during peak rate hours would be
credited at the peak rate. If customers managed loads
effectively, they would be charged a much lower rate for
power consumption taking place at the off-peak rate.
The differential would represent a bonus in recognition
of the higher value of PV power delivered during peak
rate periods. This bonus would be credited to the
customer’s bill.

Keep in mind that the utility will not be writing any
checks. Any credits not used by the end of a one year
“true up” period will evaporate. AB 918 represents a
significant improvement of the California net metering
law. However, net metering is not the best deal for PV. If
PV power received its true peak value (at times over
one dollar per KWH during this last summer), PV
systems would be cost effective today. For more on real
time pricing, see Beyond Net Metering, HP65, page 76.

California Senate Bill 1345 provides modest support for
several distributed generation technologies. The
provisions of interest to the PV and solar industry
provide a US$750 grant for solar thermal (hot water)
systems and battery storage systems used in grid-
connected PV systems. By providing assistance for
battery storage, the reliability of electric service is
enhanced.

With SB 1345, Californians who benefited from the
Emerging Renewables buydown can add batteries as
an upgrade. Batteries were not eligible as part of the
buydown program. SB 1345 should allow a California
resident to save about 25 percent on the cost of a solar
hot water system or a battery upgrade for their PV
system.

A third bill signed by the Governor, Assembly Bill 995,
extends the Emerging Renewables program in
California for another ten years. By extending this
program, a consumer base for customer-owned
renewable energy systems can be developed.
Additional provisions may allow for low interest loans.
Taken collectively, these bills create a real opportunity
for sustained growth. Both the PV industry and the
energy-using public will benefit directly from these laws.

Access
Don Loweburg, IPP, PO Box 231, North Fork, CA 93643 
559-877-7080 • Fax: 559-877-2980
don.loweburg@homepower.com • www.i2p.org

Xantrex Technology, Inc., 7725 Lougheed Hwy.,
Burnaby, BC V5A 4V8 Canada • 604-420-1585
Fax: 800-994-7828 or 604-420-1591
info@xantrex.com • www.xantrex.com

Ballard Power Systems, 9000 Glenlyon Parkway,
Burnaby, BC V5J 5J9 Canada • 604-454-0900
Fax: 604-412-4700 • investors@ballard.com
www.ballard.com

Trace Engineering, 5916 195th St. NE, Arlington, WA
98223 • 360-435-8826 • Fax: 360-435-2229
inverters@traceengineering.com
www.traceengineering.com



Harris Hydroelectric
Hydro-Power for Home Use

"The best Alternator-based MicroHydro generator I've ever seen."
Bob-O Schultze, Hydroelectric Editor, Home Power Magazine

632 Swanton Road
Davenport, CA 95017
831-425-7652

Works with heads as low as 10 feet • Price starts at $750
New Features:

17 bucket reshaped Pelton wheel
Powder coated castings

More efficient stator in high output models
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Sacramento Municipal Utility District (SMUD), Vince
Schwent, Mail Stop A401, PO Box 15830, Sacramento,
CA 95852 • 916-732-6344 • Fax: 916-732-6423
vschwen@smud.org • www.smud.org

PVUSA, Chuck Whitaker, VP Engineering, Endecon
Engineering, 347 Norris Ct., San Ramon, CA 94583
925-552-1330 • Fax: 925-552-1333
chuckw@endecon.com • www.endecon.com

Emerging Renewables Buydown, California Energy
Commission, 1516 9th St., MS 45, Sacramento, CA
95814 • 916-653-2834 • Fax: 916-653-2543
smiller@energy.state.ca.us
www.energy.ca.gov/greengrid/index.html
Buydown Information: 800-555-7794

www.solar4power.com
Call 936-264-4873

Maximum Flexibility
Water Pumping
Maximum Flexibility
Water Pumping
• Solar powered

12v motor

• Hand pumps
below 400 feet

• 100% CNC
machined

Distributor
opportunities
available

Call 936-264-4873
www.solar4power.com

12v/60W pumps
240' deep with
one solar panel

Fits inside with
your submersible

(or stand alone)

Mention This Ad & Receive A Free 100 Page Catalog
2120 W Mission Rd (# L), Escondido, CA 92029

(760) 480-0403
www.horizonsolar.com
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Voltage
Drop 
after NEC
Requirements
John Wiles

Sponsored by the Photovoltaic Systems Assistance Center, 
Sandia National Laboratories

After the National Electrical Code
(NEC) requirements for conductor
size (based on ampacity) have

been met, the performance question
(not a code requirement) of voltage drop
should be addressed. In this Code
Corner, I will show how voltage drops
are calculated (no fancy tables), and
then I’ll cover some typical module
wiring installations in the next issue of
Home Power.
Voltage Drop
First of all, it should be made clear that voltage drop is
not a code issue per se. It is a performance issue, not a
safety issue in most cases. The code addresses
voltage drop only in “Fine Print Notes” that are not part
of the code, and are to be used only for added
information.

I frequently get calls asking why articles published in
Home Power and elsewhere on conductor voltage drop
do not agree. Each of these articles is based on a set of
assumptions that may or may not be consistent from
article to article. And a few of the articles have had
corrections printed in subsequent issues that may have
been missed by the reader. I’ll be presenting a method
for calculating voltage drop that does not use short-cut
tables, just plain old math.

Voltage drop is somewhat critical in PV systems
operating at low voltages (12 and 24 volt systems). This
is because at night under discharge, batteries have a
low terminal voltage, and excessive voltage drop in the
circuits causes the loads (including inverters) to operate
poorly or not at all. In the PV charging circuits,

excessive voltage drops cause wasted power and
energy, and require longer battery charging times. In
utility-interactive systems, voltage drops and the
resultant power losses represent expensive energy that
doesn’t make it to the load or to the grid.

Current through conductors that have resistance to that
current results in a voltage drop developing in a length
of the conductor. The relationship is:

V = I x R

V (in volts) is the voltage drop in a conductor that has a
resistance R (in ohms) and has a current of I amperes
(amps). In any circuit, there are two conductors, and
there is a voltage drop in each conductor. Since the two
conductors are usually equal in length, the distance
from source to load (as the conductors are routed) is
usually doubled to get a total length that is used for
determining the resistance to be used in the calculation.

Conductor resistance decreases as conductor size
increases, and resistance increases as conductor
temperature increases. Since we are dealing with
electrical power circuits, I have selected conductor
resistance values from Table 8, Chapter 9 of the 1999
NEC.

These DC resistance values, presented below, are for
stranded, uncoated copper conductors (no tin or other
coatings on the actual copper) at a temperature of 75°C
(167°F). This temperature is typical of operating power
circuits designed to NEC requirements and will not, of
course, match similar conductor resistance values at

Resistance of Copper Wire
Metric Size Ohms /

Size (mm2) 1,000 ft.
14* 2.08 3.1400
12* 3.31 1.9800
10* 5.26 1.2400

8* 8.37 0.7780
6* 13.29 0.4910
4* 21.15 0.3080
3* 26.67 0.2450
2* 33.62 0.1940
1* 42.41 0.1540

1/0* 53.48 0.1220
2/0* 67.43 0.0967
3/0* 85.01 0.0766
4/0* 107.22 0.0608

250** 167.70 0.0515
300** 201.30 0.0429

* AWG
** kcmils
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other temperatures. AC resistance and impedance
values may be significantly different, and are beyond
the scope of this article. DC values may be used only
as a very rough estimate for AC circuits.

To get the resistance R for the voltage drop calculation,
double the one-way length of the circuit from source to
load. If the circuit (source to load) length of the
conductors is 40 feet (for example), the total resistance
would be based on a length of 80 feet (2 x 40). If 10
AWG (5 mm2) conductors were being used with a
resistance of 1.24 ohms per 1,000 feet, then the
resistance R for the voltage drop calculation would be:

R = 1.24 x 80 ÷ 1,000 = 0.0992 ohms

Now we have to consider what current to use in the
equation. As current increases, the voltage drop also
increases. In utility-interactive PV source circuits, I tend
to use the rated peak-power current of the module
(marked on the back of the module) or group of
modules connected in parallel.

In a battery-charging system, the peak-power current
might also be used, but some consideration should be
given to using the short-circuit current from the modules
or the PV array. This higher current might be used,
since at low battery states of charge, the module
currents tend toward this value due to the low battery
voltages.

For example, a PV module might have a short-circuit
current of 3.5 amps and a peak-power operating current
of 3.0 amps. For a system with ten modules or strings
of modules connected in parallel, I might use 35 amps
as the current in a battery charging system, and 30
amps as the current in a utility-interactive PV system.

In DC load circuits, I use the maximum steady-state
currents for the DC loads or the inverter. If there are
high motor starting surges on the inverter, they might
cause the inverter to shut down as the surge causes
the voltage at the inverter input terminals to drop to the
low voltage disconnect point. I would at least calculate
the voltage drop at these high surge currents.

In a battery-to-inverter circuit, the maximum steady-
state DC current into the inverter might be 100 amps
(for example) and I would use that current in the
calculation. However, if there were well pumps or
sewerage lift pumps operating at night that had peak
currents of 300 amps, I would see what effect this
higher current, and the resulting voltage drop, would
have on the inverter operation.

With the resistance established and the current
estimated, the voltage drop can be calculated.

For example, an inverter is located 20 feet (circuit
length) from the batteries and is connected to a
resistive load (no surges) that causes the inverter to
draw 100 amps on a 24 volt system. Yes, this is a
heavy AC load at about 2,200 watts. The low voltage
disconnect is set at 22 volts. 4/0 AWG (107 mm2)
conductors are being considered.

The resistance R is calculated as:

R = 0.0608 x 40 ÷ 1,000 = 0.00243 ohms

The voltage drop is 0.00243 x 100 = 0.243 volts.

The operating voltage of the inverter is 24 - 0.243 =
23.76 volts when the batteries are at the nominal
system voltage of 24 volts.

Now let’s see what happens when there is a well pump
on the inverter output that causes the inverter to require
a surge current of 300 amps from the batteries. The
conductor resistance will cause the voltage drop to
increase to 0.729 volts. This drop alone would cause
the inverter terminal voltage to drop to 23.27 volts in a
good battery bank.

However, the internal resistance of the batteries and
other resistances in the circuit will also cause a voltage
drop. The total voltage drop may cause the low voltage
disconnect point of 22 volts to be reached, shutting
down the inverter.

Finer Points
Ah yes, batteries have an internal resistance that varies
all over the place depending on the type of battery and
the state of charge. These are very hard numbers to pin
down and verify. For golf cart batteries and L-16 style
batteries, I use 0.00075 ohms per 6 volt battery. I just
add the number of 6 volt batteries in series and use that
number times 0.00075 and add this to the conductor
resistance. That comes out to 0.0015 for a 12 volt
system, 0.003 for a 24 volt system, and 0.006 ohms for
a 48 volt system. Remember that these are just ballpark
numbers—your mileage will vary.

Contacts in connectors and switchgear also have
resistances. I use 0.0002 ohms for each good battery
terminal, power block terminal, split-bolt, or twist-on
wire connection. I use a resistance of 0.002 ohms for
each circuit breaker pole and a resistance of 0.006 for
each fused disconnect switch pole (this accounts for the
resistance of two terminals, the switch blade, the
moving contact, the fuse element, and the two fuse
blades).

Again, these are very rough estimates for well-made
connections and devices, and the actual numbers will
vary widely. High-current devices will usually have lower
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resistances than low-current devices. The resistances
for each circuit are composed of the conductor
resistance plus the battery internal resistances, plus all
contact and switchgear resistances.

In the preceding inverter example, let us assume that
the 4/0 AWG (107 mm2) cables are routed through a
single 250 amp circuit breaker. The circuit resistances
are now as shown in the table above.

At 100 amps, the voltage drop is 0.94 volts. During a
300 amp surge, the voltage drop is 2.82 volts, which
might just cause problems. Some of this voltage drop,
but not all of it, can be reduced by using larger
conductors. This is one of the reasons that getting
good, tight, quality connections is necessary in a PV
system. Every milliohm counts.

Percentage voltage drop may be expressed as the
voltage drop divided by the nominal system voltage and
then multiplied by 100. In this example, the voltage drop
is 0.94 ÷ 24 x 100 = 3.9 percent for the 100 amp load,
and three times that for the 300 amp surge.

I try to keep the voltage drop below 2 percent for 12
and 24 volt systems and below 3 percent for 48 volt
systems. Higher voltage systems can sometimes carry
higher voltage drops. But the operating points and
losses of power should be compared with the costs of
increasing the conductor sizes to reduce those losses.

In many cases, the resistance of switchgear, poor
connections, and aging batteries may cause far more
voltage drop than the conductors alone do. Increasing
conductors above the code ampacity requirements
won’t help much, but may be necessary.

In many cases, long distances between the PV array
and the batteries might indicate that the conductors
may require oversizing to lower the voltage drop. If the
circuit conductors are increased above minimum
ampacity requirements, the equipment-grounding
conductor for these circuits may also have to be
increased. See previous Code Corners and NEC
Section 250-122 for details.

Summary
After the code-required ampacity calculations are made
to determine the size of the conductors, additional
calculations should be made for the voltage drops in the
system. If these voltage drops are excessive,
increasing the conductor size may help to reduce them.

If you have questions about the NEC or the
implementation of PV systems following the
requirements of the NEC, feel free to call, fax, email, or
write me. Sandia National Laboratories sponsors my
activities in this area as a support function to the PV
Industry. This work was supported by the United States
Department of Energy under Contract DE-FC04-
00AL66794. Sandia is a multi-program laboratory
operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy.

Access
John C. Wiles • Southwest Technology Development
Institute, New Mexico State University, Box 30,001/
MSC 3 SOLAR, Las Cruces, NM 88003 • 505-646-6105 
Fax: 505-646-3841 • jwiles@nmsu.edu
www.nmsu.edu/~tdi

Sponsor: Sandia National Laboratories, Ward Bower,
Department 6218, PO Box 5800 MS 0753,
Albuquerque, NM 87185 • 505-844-5206
Fax: 505-844-6541 • wibower@sandia.gov
www.sandia.gov/pv

National Electrical Code® and NEC® are registered
trademarks of the National Fire Protection Association.
The 1999 NEC and the NEC Handbook are available
from the NFPA, 11 Tracy Dr., Avon, MA 02322
800-344-3555 or 508-895-8300 • Fax: 800-593-6372 or
508-895-8301 • custserv@nfpa.org • www.nfpa.org

National Renewable Energy Laboratory solar radiation
and weather database: http://rredc.nrel.gov/solar/
old_data/nsrdb/redbook/sum^2

Example Circuit Resistances
Type of Resistance Ohms*

Battery internal resistance 0.0030
Battery contacts (8) 0.0016
Inverter contacts (2) 0.0004
Circuit breaker 0.0020
Conductors 0.0024

Total 0.0094
* Very rough estimates.

SolarRoofs.com
Complete Solar Water Heaters starting at $895!

Check out these Architecturally Attractive,
Very Easy to Install, & Affordable Systems!

We are Web based: www.solarroofs.com
SolarRoofs.com, Carmichael, CA • (916) 481-7200

FIREBALL
2001

PV Options

Color Options

Patented Design

Dealer Inquiries
Welcome



Adopt a Library!
When Karen and I were living with kerosene lamps, we went to our local
public library to find out if there was a better way to light up our nights.
We found nothing about small scale renewable energy.

One of the first things we did when we started publishing this magazine
twelve years ago was to give a subscription to our local public library.

You may want to do the same for your local public library.We’ll split the
cost (50/50) of the sub with you if you do.You pay $11.25 and Home
Power will pay the rest. If your public library is outside of the USA, then
we’ll split the sub to your location so call for rates.

Please check with your public library before sending them a sub. Some
rural libraries may not have space, so check with your librarian before
adopting your local public library. Sorry, but libraries which restrict access
are not eligible for this Adopt a Library deal—the library must give free
public access. — Richard Perez
To Adopt a Library write or call

Home Power®

PO Box 520,Ashland, OR 97520 USA
1-800-707-6585 or 541-512-0201 or FAX 541-512-0343

hp@homepower.com  •  www.homepower.com
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“STATE OF THE ART“
Brushless DC Motor

• 3/4+ hp weight 2.8 lb
• 89% efficency
• 24 VDC
• 3200 rpm
• 60 amps peak
• 33 mgoe rare earth magnets
• Shaft 1” long x 8mm diameter
• Size 4.2” dia x 2.2” long
• 2.8 lb 
• Peak torque: 3.8 ft lbs 

Samples $300.- oem costs as low as $55. ea.

Contact Transmagnetics Inc at www.transmag.com 
email: transmag1@juno.com • phone: 707-794-8205

Solar PathfinderSolar Pathfinder
The Best Tool For Solar Site Analysis

✷ Easy to Use
✷ Fast & Accurate
✷ Diagrams from 0–66° N & 0–49° S
✷ Pathfinder with metal case & tripod 

$245, Handheld $165 (+ shipping)

3680 Hwy 438, Dept HP
Pleasantville,TN 37147
Phone & Fax 931-593-3552

FREE CATALOG
800-522-8863 • ccrane.com

THE WORLD’S BEST
ALTERNATIVE
POWER RADIO!

✔ Self-Powered by Windup Baylis
Generator, Solar Panel, or Internal
Rechargeable Battery Pack

Was $14995

Shipping Incl

™

On Sale

$9995

✔ AM/FM/ SW–
3.0-18.1 MHz

✔ Super Bright White LED
Light w/6 ft. reel-up cord

Discount Electric Scooters & E-Bike Motor Kits
www.powerassist.com

151 Osigian  Blvd 
Warner Robins, GA 31088
912-971-4624
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Home & Heart

After retiring from Home Power
over a year ago, I had visions of
pursuing my own interests. I

wanted to devote more time to my bees.
I had been saving and reading material
on soapmaking, both the lye/fat kind
and the glycerine kind. And I fully
expected to be writing more.
Garlic Queen
Before Home Power and Hornbrook, I grew and sold
garlic. I raised only one kind of garlic. It was a soft-neck
variety that could be braided easily. I grew many kinds
of everlasting flowers that could be dried and braided
into the garlic braids and wreaths. I didn’t make a lot of
money at this. But it was satisfying work, and it could be
done at Starveout, the old mining claim where we lived
at the time.

When we moved here, I began growing garlic because
it seemed strange and wasteful not to. I acquired a
wonderful array of garlic varieties from Filaree Farm in
Okanogan, Washington. I started growing the local
garlic started here by the early homesteaders on Agate
Flat. By the time we really got settled in at our place on
Camp Creek, I was growing twenty-five types of garlic.

Two years ago, I lost all of the year’s garlic crop. At a
critical time of harvesting the current crop and planting
the next year’s crop, my mother became tragically ill
and passed away. My time spent with her then was
priceless and I am without regrets. So last year I began
acquiring varieties again. I am building up seed stock
for a mid-sized garlic production. I am growing hard-
neck and soft-neck varieties now. By next year, I hope
to have some to sell.

The Bee Codger
Last year I started keeping bees. I got two hives and
lost one. This spring I got four more hives. I had a
disappointing harvest, although the bees seem to be
doing okay getting themselves stocked for winter.

This spring I set up a hive for my 83 year old Dad down
in Paradise, California. We started late for his area. I
had a little trouble finding someone to sell me a
package of bees to get him started. So his hive was set
in place the last week of April.

In the last week of July, I took my extractor down and
we got four gallons of honey from Dad’s supers. My
brother and his girls helped Dad extract another four
gallons at the end of August. My sister got a few more
gallons in the final extracting in September before
starting the fall medicating of the bees. We figure Dad
got about 100 pounds of honey from his one hive. Now
we call him the Bee Codger.

Of course he just spoils his bees. He hung a shirt he
had recently worn on a pole by the entrance of the hive.
Pretty soon he was able to work the hive without a veil
or gloves. He would go out four or five times a day to
check on his bees.

He made them a self-maintaining watering pan with
rocks in it so the bees wouldn’t drown. He covered the
hive stand legs with a coating of used motor oil to keep
the ants from bothering the bees. Then he carefully
made covers for the oily legs with cereal box cardboard
so the bees wouldn’t get caught. When the summer sun
heated the hive, Dad made a little shade roof so the
bees wouldn’t have to work too hard ventilating their
hive.

I don’t begrudge Dad his amazing success with his
hive. I am a little jealous though. And he does give me
something to strive for.

HP, Then EC
Once again I am doing office work from my home. Now
I work for Electron Connection. My status as a non-
techie is in jeopardy. After living with renewable energy
for sixteen years, I am now learning the basics of RE
system components and their usage.

Home
Heart

Kathleen Jarschke-Schultze
©2000 Kathleen Jarschke-Schultze

&

The Bee Codger.
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It is amazing how little I knew. With Bob-O knowing
everything, I just didn’t have to. I guess my brain is on a
need-to-know basis. Well, now I need to know. I like
working with Bob-O. I’ve always considered our union a
partnership, and this is just one more facet of our
marriage.

I fill, place, and ship orders, send out bills, and track
shipments. I function as a live person answering the
phone when Bob-O is gone on an installation. My time
at Home Power has helped, since most people in the
industry know me already, even if I didn’t know them.

Since his office is in what we laughingly call “the dining
room,” I can get other things done around the house
while I’m working. I got a snap-on belt and pouch so I
can even work in the garden and still answer the
cordless phone. I have to catch myself occasionally
since I have a tendency to answer “Home Power”
instead of “Electron Connection.”

Renewable Vows
We went to a wedding recently. Some dear friends of
ours got married. As part of the ceremony, Bob-O and I
renewed our vows after fifteen years. The reason most
of the people at the wedding knew each other and had
become friends was their mutual RE lifestyles. The
conversations at the reception included a lot of talk of
systems, their components, and the future course of the
industry.

The wedding was held at Lake Tahoe’s North Shore.
Bob-O was appalled at the resort’s lack of knowledge or
usage of compact fluorescent lighting. For all the lights
that are left on 24/7, the power consumption could be
cut considerably.

Nevada seems to be trying pretty hard to be aware of
renewables. We picked up a newspaper in Reno and it
had a twelve page insert called The Nevada Renewable
Energy Guide 2000. It was filled with articles on how
Nevada could take advantage of deregulation of the
power industry.

With articles explaining wind power, solar power, and
geothermal power for the layman, and ads for local
dealer/installers and component manufacturers, this
insert was great. More states should be following
Nevada’s lead in informing their people about
renewable opportunities.

Nevada’s governor, Bob Miller, has proclaimed that
their state is one of the few in the nation with the
potential to become totally energy independent through
investment in energy efficiency and the development of
renewable, indigenous resources such as solar,
geothermal, wind, and biomass.

Nevada is striving for 10,000 solar roofs as part of
President Clinton’s million solar roofs challenge. If you
go to the Million Solar Roofs Web site, you can
download a booklet called The Borrower’s Guide to
financing Solar Energy Systems.

Access
Author: Kathleen Jarschke-Schultze is starting her
soapmaking adventure at her home in northernmost
California, c/o Home Power, PO Box 520, Ashland, OR
97520 • kathleen.jarschke-schultze@homepower.com

Filaree Farm,182 Conconully Hwy., Okanogan, WA
98840 • 509-422-6940 • filaree@northcascades.net
www.filareefarm.com

Electron Connection, PO Box 203, Hornbrook, CA
96044 • 800-945-7587 • Fax: 530-475-3401
econnect@snowcrest.net
www.electronconnection.com

Million Solar Roofs, Peter Dreyfuss, Deputy Chief of
Staff, Office of Energy Efficiency & Renewable Energy
Network, DOE • 202-586-9220
www.eren.doe.gov/millionroofs

CHEAPESTSOLAR
.COM

Toll Free: 877-701-7252

Energy online!!
solarsolutions.com

Solar, wind, gensets & components
Major credit cards accepted
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Book Review

By Daniel Yergin
Reviewed by Chris Greacen

©2000 Chris Greacen

Many of us are interested in
effective ways to spread
renewables in an attempt to

avoid the environmental impacts of
fossil fuels. Or we turn to renewables for
reliable power independent of giant
energy corporations like oil companies
or utilities. Either way, as energy
activists and clean-energy pioneers, we
should know the relevant history.
The Prize, by Daniel Yergin, is a history of oil. This 928
page book begins with the early development of the oil
industry for kerosene as lighting fuel in the 1860s. It
then follows the enormous growth of the oil industry
until the events leading up to the US/Iraq war. Through

anecdotes and analysis, The Prize traces oil’s powerful
influence in the world economy through two world wars,
the rise of OPEC, and subsequent price shocks.

The book follows three broad themes. The first is the
role of oil in the rise and development of capitalism and
modern corporations. Oil is the world’s biggest
business. Of the top twenty companies in the Fortune
500, seven are oil companies. How did they get this
big? What do oil companies want? What do they do to
get it?

The second theme is the crucial role of oil in national
strategies, global politics, and power. Oil (or the lack of
it) had a lot to do with Japan’s attack on Pearl Harbor.
Yergin makes a compelling argument that Japan and
Germany lost World War II in large part because their
fuel tanks were empty.

Oil subsequently played a large role in the Cold War
years. Developing countries battled each other and
fought international oil corporations for control of oil,
while the USA and USSR supplied weapons and
support as they saw fit. Two of many indications that oil
remains a central strategic resource in a post-Cold War
world are “Operation Desert Storm” and now oil man
George W. Bush as Republican presidential candidate.

The third theme is the emergence of “Hydrocarbon
Man.” We have become a species dependent on oil for
nearly everything: transport, heat for our houses and
industrial processes, energy and ferti l izers for
agriculture, and the plastics and chemicals that
surround us. Yergin details how our consumption and
reliance on oil have grown, and how it has changed the
way we live, work, play, eat, and breed. But he falls
short in exploring the implications these changes hold
for the environment and for society.

This brings me to my main criticism of the book. The
Prize ignores the stories of the communities (human
and other critters) that were poisoned, polluted, or
displaced by the impacts of oil production and
processing. But that’s another 900+ page story…. The
Prize provides important background for understanding
and telling these and other tales.

Access
The Prize: The Epic Quest for Oil, Money and Power, 
by Daniel Yergin. ISBN 0-671-79932-0. 928 pages, 16
pages of photos. US$18 from Touchstone Books,
Simon & Schuster, 100 Front St., Riverside, NJ 08075
800-223-2336 or 856-461-6500 • Fax: 800-943-9831
Consumer.CustomerService@simonandschuster.com
www.simonsays.com

Reviewer: Chris Greacen, 315/247 Sathupradit Soi 19,
Bangkok, Thailand 10120 • +662 674-2533
cgreacen@socrates.berkeley.edu
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www.electroauto.com

One year/six issues $18.97.
Two years $34.97. Sample issue $4.00

For information contact BACKHOME Magazine,
www.BackHomeMagazine.com

P.O. Box 70-HP, Hendersonville, NC 28793, or call

800-992-2546

Tired of city living, retired to
the country, or just searching
for a better way of life . . .
thousands of eager readers are
moving in the right direction—
BACKHOME. It’s the magazine of
sustainable, self-reliant living,
each issue jam-packed with
information chosen to guide
you toward a more satisfying,
more productive life on your own terms.

Take control of your life and try BACKHOME—
we’re sure you won’t be disappointed.
Each issue is filled with detailed articles on:

• Owner-built and mortgage-free homes
• Alternative and renewable energy
• Small and rare-breed livestock for food & profit
• Successful home business
• Do-it-Yourself auto and workshop projects
• Alternative and home education

P.O. BOX 5633   BERKELEY,  CA   94705-0633
(800) 720-3907 (510) 436-3962 FAX  (510) 533-5605

rparts@rparts.com    www.rparts.com

RPARTS
REFRIGERATION PARTS SOLUTION

Call 800-720-3907 for a brochure

Now! RParts carries
Planet DC refrigerators
and freezers. We have
everything to meet all your
refrigeration needs at RPrices.
Guaranteed lowest.

THREE SMALL BUSINESSES
WITH BIG HEARTS

Support your local solar, wind and hydro electric 
dealer & installer in your area.

★ THE SOLAR GUYS ★
1-800-614-1484 • www.solarguys.com

NC and bordering states

★ ECO-DEPOT ★
1-800-YY-GREEN (99-47336) • www.ecodepot.com

CO and bordering states

★ MERIDIAN ENERGY SYSTEMS ★
1-512-477-3050 • www.meridiansolar.com

TX and bordering states
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INTERNATIONAL
Free instructions, photos, drawings, &
specs to build solar cookers & water
systems with local materials purchased
with local currency. SUNSTOVE
www.sungravity.com

AUSTRIA
Feb. 28–Mar. 3, 2001. World
Sustainable Energy Day 2001 will
showcase the globe’s outstanding
sustainable energy projects & initiatives
& will provide information on major
European & international policy
development. . O. Ö.
Energiesparverband, Landstraße 45, A-
4020 Linz, Austria
Fax: +43-732-6584-4383
office@esv.or.at • www.esv.or.at

CANADA
Alberta Sustainable House: open house
3rd & 4th Saturdays, 1–4 PM. Cold-
climate features & products re: health,
environment, conservation, RE,
recycling, low energy, self-sufficiency,
appropriate technology, autonomous &
sustainable housing. Free. 9211
Scurfield Dr. NW, Calgary, AB T3L 1V9
Canada • 403-239-1882
Fax: 403-547-2671 • jdo@ucalgary.ca
www.ucalgary.ca/~jdo

The Institute for Bioregional Studies
demonstrates & teaches ecologically-
oriented, scientific, social, &
technological achievements. IBS, 393
University Ave., Charlottetown, PEI C1A
4N4 Canada • 902-892-9578

Vancouver Electric Vehicle Association.
Call for meeting info. PO Box 3456, 349
West Georgia, Vancouver, BC V6B 3Y4
Canada • 604-878-9500
info@veva.bc.ca • www.veva.bc.ca

NICARAGUA
January 2001. Short course on solar
energy in Nicaragua. Offer your hands,
heart, & a unique gift: Electricity!
Introduction to PV for developing
countries, a combination of lectures,
field experience, & tourism. In English,
by Richard Komp & Susan Kinne.
US$850, plus airfare. Barbara Atkinson, 
215-942-0184 • lightstream@igc.org

SWITZERLAND
May 28–30, ‘01, Montreux Energy
Roundtable XII, Montreux, Switzerland.
Info: Montreux Energy Limited, 100

New Kings Rd., London SW6 4LX, U.K. 
(44-20) 7348 6083
Fax: (44-20) 7348-6080
www.MontreuxEnergy.com

NATIONAL U.S.
May 19–26, ‘01, American Tour de Sol,
solar race: Waterbury, CT to Pittsfield,
MA to Albany, NY for mid-day festivals.
Then east to Greenfield, then festivals at
Worcester & Boston, MA. NESEA, 50
Miles St., Greenfield, MA 01031
413-774-6051 • Fax: 413-774-6053

Pollution Prevention Video Series.
Appalachia Science in the Public
Interest offers 42 videos, incl. Solar Dry
Composting Toilets, Solar Hot Water
Systems, PV, Solar Space Heating,
Solar Powered Automobile, Quilted
Insulated Window Shades, & more.
US$25 + S&H, broadcast-quality tapes
available. ASPI Publications, 50 Lair St.,
Mt. Vernon, KY 40456 • 606-256-0077
Fax: 606-256-2779 • aspi@kih.net
www.kih.net/aspi

American Wind Energy Association. Info
about U.S. wind industry, membership,
small turbine use, & more.
www.awea.org

State financial & regulatory incentives
for RE: reports. North Carolina Solar
Center, Box 7401 NCSU, Raleigh, NC
27695 • 919-515-3480
Fax: 919-515-5778
www.ncsc.ncsu.edu/dsire.htm

Energy Efficiency & Renewable Energy
Clearinghouse (EREC): Insulation
Basics (FS142), New Earth-Sheltered
Houses (FS120), PV: Basic Design
Principles & Components (FS231),
Cooling Your Home Naturally (FS186),
Automatic & Programmable
Thermostats (FS215), & Small Wind
Energy Systems for the Homeowner
(FS135). EREC, PO Box 3048,
Merrifield, VA 22116 • 800-363-3732
TTY: 800-273-2957
energyinfo@delphi.com
www.eren.doe.gov

Energy Efficiency & Renewable Energy
Network (EREN): links to gov. & private
internet sites & offers “Ask an Energy
Expert” online questions to specialists.
800-363-3732 • www.eren.doe.gov

Green Power Web site: deregulation,
green electricity, technology, marketing,

standards, environmental claims, &
national & state policies. Global
Environmental Options & CREST,
www.green-power.com

National Wind Technology Center.
Assisting wind turbine designers &
manufacturers with development & fine
tuning. Golden, CO • 303-384-6900
Fax: 303-384-6901

Tesla Engine Builders Association: info
& networking. Send SASE to TEBA,
5464 N Port Washington Rd. #293,
Milwaukee, WI 53217
teba@execpc.com
www.execpc.com/~teba

Sandia’s Stand-Alone Photovoltaic
Systems Web site: recommended
design practices, PV safety, balance-of-
system technical briefs, & battery &
inverter testing. www.sandia.gov/pv

Solar Energy & Systems. Fundamentals
of Small RE: Internet college course.
Weekly assignments reviewing texts,
videos, WWW pages, & email Q&A.
Mojave Community College 800-678-
3992 • lizcaw@et.mohave.cc.az.us
www.solarnmc.mohave.cc.az.us

Federal Trade Commission (free
pamphlets): Buying An Energy-Smart
Appliance, Energy Guide to Major
Home Appliances, & Energy Guide to
Home Heating & Cooling. Energy
Guide, FTC, Rm 130, 6th St. &
Pennsylvania Ave. NW, Washington, DC
20580 • 202-326-2222
TTY: 202-9326-2502 • www.ftc.gov

Solar Curriculum for upper elementary
& intermediate grades. Six week
science curriculum or individual
sessions—free! Over 30 classroom
presentations & demos using free or
low-cost materials. Susan Schleith,
Florida Solar Energy Center
321-638-1017 • www.fsec.ucf.edu

ALABAMA
Centre, AL. The Self-Reliance Institute
of NE Alabama seeks people interested
in RE, earth-sheltered construction, &
other self-reliant topics. SINA, 6585 Co
Rd. 22, Centre, AL 35960

ARIZONA
Mar. 5–10, ‘01: “PV for Park Services”
workshop, Phoenix. Basic PV for off-grid
applications. Special focus on national
park/public land applications: water
pumping, gate entry systems,
restrooms, etc. Lectures, labs, & hands-
on components. Workshop to be held at
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the Goldfield Administration Site, Tonto
National Forest. Tuition: $550 (includes
SEI membership & one year
subscription to Home Power magazine).
Camping available. Co-sponsored by
the Arizona Dept. of Commerce Energy
Office & Tonto National Forest Mesa
Ranger District. Solar Energy
International (SEI), PO Box 715,
Carbondale, CO 81623 • 970-963-8855 
Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org

Glendale & Scottsdale, AZ. Living with
the Sun: Lecture series by AZ Solar
Energy Assoc. How to save money &
the environment. History & current
overview of concepts, design,
applications, & technologies on solar
heating/cooling, architecture,
landscaping, PV, & cooking. 7–9 PM,
first Wed. of every month at Glendale
Foothills Branch Library, & third
Tuesday of every month at Scottsdale
Redevelopment & Urban Design Studio.
Jim Miller • 480-592-5416

Tax credits for solar in AZ. A technician
certified by the AZ Department of
Commerce must be on the job site. ARI
SEIA 602-258-3422

ARKANSAS
Mt. Ida, AR. Sun Life Construction by
Design: Seminars 3rd Sunday of each
month on our passive solar earth-
sheltered project. Hands-on seminars
incl. ferro-cement, building dwellings for
minimal materials expense. US$40 per
day (includes construction manual).
Loren Impson, 71 Holistic Hollow, Mt.
Ida, AR 71957 • 870-867-4777
loren@ipa.net • www.Sun4Life.com

CALIFORNIA
Feb. 12–17, ‘01: “Line-Ties and More”
workshop, Sacramento. Basic PV for
off-grid applications & utility line-ties.
Lectures, labs, tours & hands-on
installation. Co-sponsored by Northern
California Solar Energy Association
(NCSEA) & Sacramento Municipal
Utility District (SMUD). Workshop to be
held at SMUD’s training facility,
Sacramento. Tuition: $550 (includes
SEI membership with one year
subscription to Home Power magazine).
Solar Energy International (SEI), PO
Box 715, Carbondale, CO 81623
970-963-8855 • Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org

Arcata, CA. Campus Center for
Appropriate Technology, Humboldt State
University. Ongoing workshops &
presentations on alternative, renewable,
& sustainable living. CCAT, HSU, Arcata,
CA 95521 • 707-826-3551
ccat@axe.humboldt.edu
www.humboldt.edu/~ccat

Energy Efficiency Building Standards for
CA. CA Energy Commission 
800-772-3300
www.energy.ca.gov/title24

COLORADO
Carbondale, CO. Solar Energy
International: hands-on workshops. 1 &
2 week sessions. PV design &
installation, advanced PV, wind power,
microhydro, solar cooking,
environmental building technologies,
solar home design, & straw bale
construction. Experienced instructors &
industry reps. For owner-builders,
industry technicians, business owners,
career seekers, & international
development workers. US$500/week.
SEI, PO Box 715, Carbondale, CO
81623 • 970-963-8855
Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org

GEORGIA
Mar. 14–16, ‘01: Greenprints 2001,
Sustainable Communities by Design
Conference & Green Trade Show on
building solutions, high performance
building design, clean energy, &
sustainable community development.
Westin Peachtree Plaza &
AmericasMart, downtown Atlanta. Co-
hosted by Southface Energy Institute &
Georgia Environmental Facilities
Authority in collaboration with Rebuild
America. Info: www.greenprints.org
Sponsorship: marci@southface.org
Exhibitor: mstar@greeprints.org,
404-325-1007 • Rebuild America:
rebuildamerica@drintl.com

IOWA
July 1–Sept. 31, ‘01: Iowa Electrathon
season. Reg. $44 incl. fees for all
events, event insurance, rulebook,
manual, & newsletter subscription. Iowa
ELECTRATHON, attn. Nora Johnson,
CEEE, Univ. of Northern Iowa, Cedar
Falls, IA 50614 • 319-273-7575
electrathon@uni.edu

Prariewoods & Cedar Rapids, IA. Iowa
Renewable Energy Association meets
2nd Sat. every month at 9 AM. All

welcome. Call for schedule changes.
IRENEW, PO Box 466, North Liberty, IA
52317 • 319-875-8772
irenew@irenew.org • www.irenew.org

KENTUCKY
Livingston, KY. Appalachia—Science in
the Public Interest. Projects & demos in
gardening, solar, sustainable forestry,
more. ASPI, Rt 5 Box 423, Livingston,
KY 40445 • Phone/Fax: 606-453-2105
aspi@kih.net • www.kih.net/aspi

MASSACHUSETTS
Greenfield Energy Park needs help
preserving historic past, using today’s
energy & ideas, creating a sustainable
future. Greenfield Energy Park, NESEA,
50 Miles St., Greenfield, MA 01301
413-774-6051 • Fax: 413-774-6053

MICHIGAN
Tillers International, classes in draft
animal power, small farming,
blacksmithing, woodworking. 5239 S
24th St., Kalamazoo, MI 49002
616-344-3233 • Fax: 616-344-3238
TillersOx@aol.com
www.wmich.edu/tillers

MONTANA
Whitehall, MT. Sage Mountain Center:
seminars & workshops, one day,
inexpensive sustainable home building,
straw bale const., log furniture,
cordwood const., PV, more. SMC, 79
Sage Mountain Trail, Whitehall, MT
59759 • Phone/Fax: 406-494-9875
cborton@sagemountain.org

NEW MEXICO
Moriarty, NM. Workshops on RE, energy
conservation, sustainable living, &
energy independence. Profit From The
Sun • 505-281-1300 days
505-832-1575 eves & weekends
proffit@flash.net
www.proffitfromthesun.com

NORTH CAROLINA
Saxapahaw, NC. How to Get Your
Solar-Powered Home: Seminars 1st
Sat. of each month. Solar Village
Institute, PO Box 14, Saxapahaw, NC
27340 • 336-376-9530
Fax: 336-376-1809
solarvil@netpath.net

OHIO
Perrysville, OH. RE classes: 2nd Sat.
each month, 10–2 PM. Tech info,
system design, NEC compliance,
efficient appliances, hands-on straw
bale post & beam building. US$70, or
US$90 w/spouse, in advance. Solar
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Creations, 2189 SR 511 S., Perrysville,
OH 44864 • 419-368-4252
www.bright.net/~solarcre

OREGON
John Day, OR. EORenew Workshops.
Spring ‘01 (date TBD): Simple Solar
Water Heater Installation (hands-on) by
Anthony & Victoria Stoppiello. Labor
Day weekend: Hands-on installation, 1
KW wind genny & 100-foot tilt-up tower,
in a hybrid system at Morning Hill
Forest Farm; followed by 1-day
workshop, “Monitoring & Metering of RE
Systems with Data Logging.”
EORenew, PO Box 485, Canyon City,
OR 97820 • 541-575-3633
info@solwest.org • www.solwest.org

July 28–29 ‘01, John Day, OR. SolWest
Renewable Energy Fair, EORenew, PO
Box 485, Canyon City, OR 97820
541-575-3633 • info@solwest.org
www.solwest.org

Cottage Grove, OR. Advanced Studies
in Appropriate Technology, 8 wk
internship at Aprovecho Research
Center, 4 students per quarter. 80574
Haxelton Rd., Cottage Grove, OR
97424 • 541-942-0302 • dstill@epud.org 
www.efn.org/~apro

Dec. ‘00–July ‘01: Energy Education
Training. Locations in OR & WA.
Classes: Addressing Residential
Customer High Bill Complaints, Energy
Auditor Training, Non-Intrusive HVAC
Testing, Sizing Residential HVAC
Equipment & Duct, Residential Water
Conservation, Commercial Building
Data Logging, Energy Management
Certificate, Building Operator
Certification, EZ Sim-Billing Analysis
Software, Electricity from the Sun. Info,
locations, times, & costs: Northwest
Energy Efficiency Alliance, Lane
Community College, 4000 E. 30th Ave.,
Eugene, OR 97405 • 800-769-9687
541-988-4729 • Fax: 541-988-4723
neei@lanecc.edu • www.nweei.org

TENNESSEE
Summertown, TN. Kids to the Country:
a nature study program for at-risk urban
Tennessee children. Sponsorships &
volunteers welcome. 51 The Farm,
Summertown, TN 38483
931-964-4391 • Fax: 931-964-4394
ktcfarm@usit.net

Apr. 23–28, ‘01: “PV for Ecovillages”
workshop. Basic PV for the off-grid
home. Special segment on Renewable

Energies for Eco Villages. Lectures, labs
& two days of hands-on instruction.
Workshop to be held at the Eco Village
Training Center at The Farm in
Summertown. Tuition: $550 (includes
SEI membership & one year
subscription to Home Power magazine).
Camping & lodging available. Solar
Energy International (SEI), PO Box 715,
Carbondale, CO 81623 • 970-963-8855
Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org

TEXAS
El Paso Solar Energy Association
bilingual Web page. Info in Spanish on
energy & energy saving. www.epsea.org

El Paso, TX. El Paso Solar Energy
Association: meetings normally held 1st
Thurs. of each month. EPSEA, PO Box
26384, El Paso, TX 79926
915-772-solr • epsea@txses.org
www.epsea.org

Houston, TX. Houston Renewable
Energy Group: meetings last Sunday of
odd-numbered months at TSU
Engineering Building, 2 PM. HREG, PO
Box 580469, Houston, TX 77258
jferrill@ev1.net
www.txses.org/hreg/HREGhome.htm

Mar. 19–24, ‘01: “Women’s PV Design
and Installation” workshop, Austin.
Geared towards & taught by women!
Learn how to produce electricity from
the sun through practical design &
installation of PV systems. Lectures,
labs, & two days of hands-on installation
time. Workshop to be held at the
Hornsby Bend/Eco Resources
Treatment Plant. Tuition: $550 (includes
SEI membership & one year
subscription to Home Power magazine).
Camping available. Co-sponsored by
Meridian Energy Systems, Hornsby
Bend/Eco Resources. Solar Energy
International (SEI), PO Box 715,
Carbondale, CO 81623 • 970-963-8855 
Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org or Meridian Energy
Systems, Austin, TX • 512-477-3050
www.meridiansolar.com

Mar. 26–31, ‘01: “PV for Home Systems”
workshop, Austin. Basics of PV for off-
grid living & line-tie applications.
Lectures, labs & two days of hands-on
instruction. Workshop to be held at the
Hornsby Bend/Eco Resources
Treatment Plant. Tuition: $550 (includes

SEI membership & one year
subscription to Home Power magazine).
Camping available. Co-sponsored by
Meridian Energy Systems, Hornsby
Bend/Eco Resources. Solar Energy
International (SEI), PO Box 715,
Carbondale, CO 81623 • 970-963-8855 
Fax: 970-963-8866
sei@solarenergy.org
www.solarenergy.org or Meridian
Energy Systems, Austin, TX
512-477-3050 • www.meridiansolar.com

WASHINGTON STATE
Energy Education Training, locations in
WA & OR. See OR entry for more info.

WISCONSIN
Amherst, WI. Midwest Renewable
Energy Association (MREA) Workshops.
See ad. Call for cost, locations,
instructors, & further workshop
descriptions. MREA membership &
participation: all welcome. Significant
others half price. MREA, PO Box 249,
Amherst, WI 54406 • 715-824-5166
Fax: 715-824-5399
mreainfo@wi-net.com

• Modular, pre-assembled solar-electric
systems from 150 watts

• From Alaska to Antarctica
Installations for any environment

• Professional design services 
(P.E. on staff)

• Licensed electrical contractors 
(NM Lic. #80715)

• Grid-tied systems from 1kW to 10kW
• Water pumping & wind systems too
• Dealer inquiries welcome

451 W. Meadowlark Lane
Corrales, New Mexico 87048

Toll free: 877-890-1534
e-mail: ronorozco@energiatotal.com

www.energiatotal.com

• Modular, pre-assembled solar-electric
systems from 150 watts

• From Alaska to Antarctica
Installations for any environment

• Professional design services 
(P.E. on staff)

• Licensed electrical contractors 
(NM Lic. #80715)

• Grid-tied systems from 1kW to 10kW
• Water pumping & wind systems too
• Dealer inquiries welcome

451 W. Meadowlark Lane
Corrales, New Mexico 87048

Toll free: 877-890-1534
e-mail: ronorozco@energiatotal.com

www.energiatotal.com

Energía Total, Ltd.Energía Total, Ltd.
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NEED A WRENCH?
(your local solar expert)

Go to IPP'S national
list of qualified

installing dealers.  

WWW.I2P.ORG

Pony Enterprises 
Offering affordable custom services 

to small businesses for single projects 
or recurring needs.

Design & Production Services Include:
• Mechanical Design
• CAD Drafting
• Machining & Prototyping
• DC Wiring
• Short Run Assembly & Production

Documentation & Marketing Services Include:
• Technical Writing
• Article Writing
• Web Site Design & Maintenance 

We provide “a little extra horsepower” 
to take your project to completion.

Pony Enterprises
POB 1113, Felton, CA 95018

phone: 831-429-1994 • email: electro@cruzio.com
web site: www.cruzio.com/~ponyent/

EORenew invites workshop
proposals for SolWest RE Fair, 
July 28-29, 2001. Topics in all
renewable energy, energy efficiency,
and independent living skills are
welcomed. For a questionnaire,
contact: 

EORenew
PO Box 485, Canyon City, OR 97820 

541-575-3633 • info@solwest.org
www.solwest.org
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The Wizard Speaks

Solar Now

During the past few decades, much
time and money has gone into
solar research and development.

It is now time to put these resources into
the installation of solar arrays. The state
of the environment demands it, and the
present economic situation allows it.

the Wizard

speaks…

Calculations indicate that, with ten percent efficient
solar arrays, it would take an area of about ten
thousand square miles to supply present U.S. electrical
needs. The world’s needs could be supplied by an area
of just over one percent of the surface area of the
continental U.S. These needs are projected to rise
about thirty-two percent in the U.S. and seventy-five
percent worldwide by the year 2020.

Since the sun shines only during the day, some type of
storage will be necessary. This and other factors could
double or even triple the area needed. Increased
efficiency, however, could offset some of this increase.
By the year 2020, It should take no more than forty
thousand square miles to supply U.S. electrical needs.
This is an area less than forty-two percent the size of
the state of Oregon. The government already owns
available land resources that are much greater.

We have the technology to accomplish this. It is only a
matter of having the will to implement that technology.
The choice is yours.

Back Issues 
of Home Power !
Check out our Web site: www.homepower.com
It contains an index of all articles back to issue #1.

You can buy back issues individually:
• $3.25 each for 13 and 17 through 20
• $4.75 each for 21 through 45 (except for 35, 36, 38, 40, 41)

• $5.75 each for 46 through present (except for 57, 59–61, 63–67)

- OR -
Deal #1: All available back issues for $100

Deal #2: 6 or more issues (of 21 through present) for $4.00 each (sent bound printed matter).

For U.S. ZIP codes only. See page 81 for international back issues.

Check with your local library—through interlibrary loan you can get back issues.
The Jackson County Library in Oregon and the Alfred Mann Library at Cornell University have all issues.

Or, get the CD-ROMs—Solar2 (HP1–HP42), Solar3 (43–60), Solar4 (61–70), and Solar5 (71–76).

Home Power, PO Box 520, Ashland, OR 97520 • 800-707-6585 • 541-512-0201

in USA

800-707-6585 

Good Info!

Good Deal!
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Errata
In HP79, I stated that a PV
module displaces one metric ton of
CO2 annually. Would that it were true.
Actually, a one kilowatt PV array displaces one
metric ton of CO2 annually. Richard Perez 

Skimpy CDs?
Hi Folks, I see on my mailing label that it’s time to renew, so enclosed
is the renewal form and a check. I’ve been with you guys since HP3
and I always look forward to the arrival of the next issue.

That said, I do have one concern that I feel I must bring up. It’s about
Home Power CDs and the dwindling number of issues on each one.
Even though I have all the paper issues of Home Power, I’ve been
very enthusiastic about the CD-ROM versions. This is especially true
since I work on a ship and can bring them along for reference while
I’m at work. The first few CDs were really killer deals, but I have
noticed that each subsequent one has had fewer issues on it than the
one before. Solar5, with only six issues on it, makes it more
expensive than a subscription to the paper version. What’s up? It
can’t possibly cost more to produce than the magazine, does it?

I know that you throw in a lot of other stuff. Since I haven’t seen
Solar5, I won’t make any judgement on the value of guerrilla solar
video, audio lectures, etc., but I will say that as a customer, my main
reason for buying the CD is for the electronic version of Home Power.
I may still buy Solar5 since I would like a complete set, but I’ll have to
give it some thought. I hope you will reconsider the direction you want
future CDs to be going before Solar6 comes out.

I don’t mean to be too hard on you guys. I really do appreciate all the
hard work you’ve put into making Home Power a top notch magazine.
I know the type of world you are advocating will be a much better one
than the alternative path would be. Thanks for your efforts, Mark
Keen, Appleton, Washington
markbert@gorge.net

Hello Mark, We had a tremendous backlog of issues to put on the
early CDs. Also, those early issues contained no digital photography,
so their byte count was small. Since we are issuing the CDs yearly,
we now have only six issues to place on a CD. But each CD is chock
full, with no wasted space. We’re filling the later CDs with working RE
software, databases, audio lectures, and even guerrilla solar video on
Solar5. Solar6 will be a two-CD set, with the second CD devoted
entirely to educational RE videos. In my opinion, the working
electronic indices on the CDs makes them far superior to the paper
editions, and more than worth the price of admission. Richard Perez

Hi Mark, In producing the Solar CDs, we try to deliver as much useful
information as possible. Going into this, we knew the day would come
when the CD would contain the issues from only the past year. So we
started looking into delivering information we can’t bring you in print,
such as audio, video, database, and program files. Based on the
responses we’ve had to date, this has been very popular. While I
don’t have more issues to put on the CD, we’ll do our best to keep
packing them with useful information. Don Kulha

One More Time & HP 12 V Schematic Errata
Dear Richard, I have been a subscriber for about three years. I am
renewing one more time. But I have come to the point that the
expense of renewable energy and the grid do not add up. What I
mean is, buying PVs and the equipment is not cost efficient. I have
studied the idea of the Trace plug in the wall inverter and a couple of
solar panels. What little the panels would put out to supplement the
grid usage did not come out as a savings at all. I realize this could be
debated, but I look at my pocketbook.

Also from what I have read in past issues, I find it amazing that
people want to be independent, but rely on government to help
supplement the purchase of PV power for “The Million Solar Homes.”
I went to the Florida Solar Web site and found that they have way too
many strings attached to receive federal grants. So are we really
independent? Looks to me like the companies themselves and the
technology that exists could make a real difference in how much PV
power costs and be totally independent from the government’s help.

Lastly, I was disappointed in the Home Power’s 12 Volt System article
schematic (HP78, page 44). The one in particular was the PV Sub-
Array #2. The other two arrays showed how the PVs were wired. I am
not an electronics genius, but I can follow a schematic. This one
picture of how to wire different sizes and watts together is what
interested me the most, but alas, no wiring. So, where can I get a
wiring diagram of #2 array?

The most I will do and can afford will be small PV projects that make
outside lights work at night or charge a battery. But I am not holding
out that prices will fall dramatically to make the most of renewable
energy. Sincerely, Glenn Polsey, New Orleans, Louisiana

Hello Glenn. Space didn’t permit us to show all the wiring on Sub-
Array #2 of our 12 volt system. All the modules are wired in parallel—
plus to plus and minus to minus. Richard Perez

Hi Glenn, After reading your letter where you mention PV Sub-Array
#2, I went to go look at the schematic. I opened up the issue and my
eye zoomed in on the wiring for PV Sub-Array #1. We didn’t catch this
mistake before it went to print—the wiring is wrong on the eight
Kyocera J-51s.

Sub-Array #2 may look complicated, but actually it’s pretty simple.
Check out PV Sub-Array #3 in the schematic. All the positive leads
are hooked up together, and all the negative leads are together. All
three arrays, including the Democracy Rack (Sub-Array #2), should
be wired just like Sub-Array #3—in parallel.

The reason these panels are all wired in parallel is because they are
all 12 volt panels in a 12 volt system—each panel is already at the
nominal voltage of the system. When we hook up these 12 volt panels
together in arrays, we don’t want to increase the voltage. Remember
the basics—wiring in parallel increases the current, while wiring in
series increases the voltage.

When hooking up an array with modules wired in series (in a 24 volt
system with 12 volt panels, for example), current does become a
factor. With series wiring, Kirchhoff’s law comes into play. Kirchhoff’s
law states that the amperage in a series circuit is the same
throughout the entire circuit. Because the PV panel is a constant
current device, the panel with the lowest amperage rating will
determine the amperage of the whole series string. Basically, the
weakest link in the chain determines the strength of the chain. So in
the case of an array hooked up in series, you want all your panels to
be the same (same make, model, rated wattage, etc.), so you won’t
be limited by the lowest current.

Off the paper and into the multi-dimensional world of Funky Mountain
Institute, all three 12 volt sub-arrays are really wired in parallel, as
shown in Sub-Array #3 on the schematic. Joy Anderson.

Hello Glenn. Sorry to hear of your disappointments.Yes, PV is more
expensive than the grid in most cases. And yes, the user subsidies for

Ashland, OR 97520

Home Power LettersP.O. Box 520

Pow R. MakerSunnyville, Earth
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PV power usually come with some kind of strings attached. But in
most states those strings are not detrimental to the use of the system.
They usually involve the criteria for how a system is installed
(according to the NEC), and how it is metered. Most net billing states
give your excess power back to the utility for free.

Last I looked, Florida did not have a net metering law, which means
that your utility is only required to give you “avoided cost” for your
power, and not offset your utility bill.You cannot just run your meter
backwards, unless you can get the utility to agree to that on a case-
by-case basis. Many states without net metering laws also require
inconvenient and unreasonable connection requirements, including
double meters, extra meter reading fees, and sometimes even a
multi-million dollar insurance policy to protect them.

Maybe it is time for you and others in your situation to get active in
your state to pass a decent net metering law, which would allow you
to run your meter backwards to offset your home’s usage.

The subsidies question is a whole can of worms. Many don’t believe
the government should be supplying any kind of financial incentive to
develop or install PV. We all wish that there was an even playing field
for the different kinds of energy. But, the sad fact is that the powerful
oil, coal, and nuclear lobbies have gained untold billions for their
particular types of energy.

The only recourse is for the public, which likes RE, to try to get their
own subsidies to try to offset the deadly utility-oriented technologies.
Our lobbies are not nearly as powerful, so what we get in subsidy is a
drop in the bucket compared to the polluting technologies. We need to
take advantage of everything we can get, only to increase the height
of our end of the playing field as much as possible. But, once a PV
owner has taken advantage of those subsidies, the system is theirs,
and they do certainly enjoy the independence of that ownership.
Michael Welch

Hi Glenn, I’m one of the people Michael refers to above. I am not at
all in favor of government subsidies for renewables. I think it’s a very
ugly system that we should not get wrapped up in. It’s based on
taking money from people, siphoning a large portion of it off for
bureaucracy, and then giving the grants or subsidies to the folks with
the most power and influence. It’s a dishonest and inefficient way to
get what we want.You only need to look at how entrenched and
powerful the utilities are to see the corrupting influence of political
funding. Why we would want to put renewables into this ugly system is
beyond me. We saw what it did to the quality of products (particularly
wind generators and solar hot water panels) in the past.

Instead, I believe that we should continue to speak out strongly
against all subsidies for dirty energy. If renewables were in a free
market, with non-renewable energy generators held responsible for
the full cost and effect of their systems, renewables would come out
looking great—both for the environment and for our pocketbooks.

And perhaps the most powerful thing we can do is to make changes
in our own energy use to lighten our load, and work towards using
renewable sources in our own lives. Ian Woofenden 

Sine Wave Inverters
Dear Richard, I’ve enjoyed the recent discussion about the inner
workings of the Trace SW series inverters. Attached is a drawing of a
simplified Trace SW series schematic I made for a presentation on
inverters that I gave at U.C. Berkeley last year. I came to the same
conclusions as Alastair Couper (Letters, HP78). The Trace SW uses
three transformers with different turns ratios. The transformers are
driven by 24 VDC pulses from the primary side. Their secondaries are
added or “subtracted” (added with reverse polarities) in series to
create 27 different voltage combinations that are sequenced to make
the sine wave. As the battery voltage changes, a microchip in the
inverter has to choose different sequences in order to keep the sine
wave voltage in the right range. The pulses used to make the sine
wave can have different durations, thus there are 34 to 52 steps per
60 Hz cycle.

Alastair notes that for making a sine wave inverter like this, “There
are, of course, a number of other methods. A transformerless inverter
could produce a digitized sine wave in a similar fashion. An array of
ten independent, high frequency, DC to DC up-converters would step
up the battery voltage in a series of increasing voltages from close to
zero on up to the 170 volt peak of the sine wave.” I think Alastair is
right. But such a design wouldn’t allow the inverter to have the cool bi-
directional power flow capability of the Trace SW, which is made
possible by the use of transformers. When the Trace SW wants to
pump power onto the grid, it simply generates a waveform with
slightly higher voltages than the grid. When it is in battery-charging
mode (pulling electricity from the grid or a generator), it generates a
waveform with lower voltages than the AC charging source. Hats off
to the engineers at Trace!

I disagree with Alastair on how the Statpower (as well as Exeltech
and other transformerless sine wave inverters) probably works.
Instead of many DC to DC converters linked up in series, I think they
just use one DC to DC converter to step up the voltage to 165 VDC or
so. Then it uses a high voltage FET pulse width modulator or “sine
wave synthesizer” to break up the 165 VDC into lots of current pulses
of varying durations (see illustration below). There are hundreds of
these current pulses per cycle, half with positive and half with
negative polarities. With a load or a little capacitance across the
output, the result is a pretty nice sine wave. Chris Greacen
cgreacen@socrates.berkeley.edu
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Gas-Fired Utility Backup
Dear Mr. Perez, Sometime recently I saw some surprisingly positive
statements made about Wisconsin Electric Power Co. (WEPCO) in
Home Power. I think it was related to their “alternative energy
program.” Frankly, I shudder to think what they will be able to do with
any form of energy. They ran up a record number of safety violations
at the Point Beach nuclear plant.

But the main point of my letter concerns the enclosed materials [ed.
note: John sent us some info and brochures on Wisconsin Gas grid
backup generators]. WEPCO is so unreliable at delivering electricity
that the local gas company, WICOR (which, unfortunately, owns
Shurflo, maker of DC water pumps) is now offering gas-fired power
plants for the homeowner in the Milwaukee area. (Ironically, there has
been talk about the two companies merging. Hmm.) I’ll bet they don’t
put WICOR through the same hurdles that they put us through when
we want to install an “individual power plant.” Yours, John R. Surber
surber@csd.uwm.edu

Insurance Fears
Richard, I have been getting HP at the newsstand for the last three
years, but just now got a subscription. I have my ham radio station
solar powered now. My wife and I are expanding and building a home
with an RE system, with about 1 KW solar and 1.5 KW wind in the
plan. Here’s the big question: Who insures RE homes or their
systems? I have my home now and the house we are building insured
with our local American Family rep and have had great service
forever (no claims yet) from him. However I am unsure that I want to
bring the issue of RE generation up to him for fear he will cancel my
plans or my policy.

Can I insure the house for “normal stuff” with them and insure the
power system with a second party? I would hate to have a major
claim denied because of a loophole. Should I consider it all personal
property, or get a special rider on it? I am sure I am not the first lost
sheep that has asked this question. I just don’t want to spend big
bucks on an off-grid system only to be at a total loss if there’s a fire or
tornado. This is very important to me because I will do my own install
in a rural area that requires no permits or inspections.

Any advice you can give would put my mind at ease and our family
one step closer to being off-grid. Thank you so much for your time!
Jeremy Engbrock N0NZG & Sandra Engbrock KB0YXI
N0NZG@aol.com

Hello Jeremy and Sandra, Most folks have the RE systems as part of
their standard homeowner’s insurance. I’ll print your letter and we’ll
get some feedback from our readers. I don’t think that having an RE
system on the policy is any big deal. I do know that the insurance
people like power sheds. Having the battery outside of the house is a
plus for them. Richard Perez

Jeremy and Sandra, The bottom line in insurance policies is the fine
print. Review your policy carefully, and if it appears to exclude
anything that might have to do with your RE system, you’re out of
luck. If you find some things you are not sure of, run them by a local
attorney. They are trained in deciphering the legalese in your policy. If
you are not sure, but feel that your policy might exclude an RE
system, ask your insurance agent to get a written interpretation from
the insurance company that will allow your RE system. If that fails,
find a new insurer. Whatever you do, it is unwise to just take their
word for it without something in writing. No matter what he tells you,
your agent’s spoken word is superceded by the fine print on the
policy. Michael Welch

Flight Fright; Renewable Fright
Dear Richard, I read all the gory details of your flight to MREF this
year. Yes, sometimes the airways are very muddy. I wish it weren’t so.
Some of us spend our entire week there, so we always pack an
umbrella.

Your route was Medford to Portland, to Denver, to Madison, I believe,
before rerouting through Chicago. That’s three airplanes, two
connections, for a weekend trip across the country during
thunderstorm season, right after school let out. When your first two
hour delay in Portland forced a missed connection in Denver, you
said the dinner was impossible to make. It sounds like your military
precision plan didn’t leave room for a single contingency.

Most of the frequent travelers I talk to have plenty of war stories to
tell. But if they are going to an important meeting, they never make
plans to catch the last connection. You may have tightened the
screws on that thin case a bit tight, so I’m not surprised that when
somebody dropped it, it developed more than a hairline crack. I’m
very sorry you missed the dinner this year—I know Friday night at the
fair is a great time. Me? I missed the entire fair—I had to work. You
didn’t mention how Ian, Don, and Michael fared, except that they had
to cover for you at dinner. I assume they had better luck then. And
you are correct in not beating up on the service agents. Their job is
the worst in the business, and like you, they are along for the ride.
They can be your best friend on a rainy day like yours. Your
experience going to New Orleans rerouting through Cincinatti (Delta?)
has served you well. Now let me tell you my war story.

We have a small place with good wind and sun and existing utilities,
but decided that renewables made sense. We started with an AIR 303
wind plant, Solarex VLX-53 panel, some batteries and tools. For two
years we made small inroads into energy production. After four blown
wind plant regulators, one tower fall that put my brother in the hospital
briefly, a few shorts and dead batteries, and other surprises, we
moved on. Now we have a professionally installed Rohn tower with a
Whisper H-40 wind plant on top, L-16 batteries and an SW4024
inverter, plus some extras in the garage.

We were fortunate to receive a small state grant to help with the
expenses. This puts your name up for grabs by any would-be sales
rep that wants to bother reading the books. There are two installers in
our area, both experienced, reputable people. I later learned that legal
actions occurred between these two installers over access to my and
others’ names on that state list. Both installers have known each
other for years, so I can only imagine what was happening behind the
scenes.

Our first inverter came damaged in the box, and had to be sent back,
costing us several weeks delay. Once the second was wired in,
everything worked, and we passed the wiring inspection two days
later. About nine days later, the inverter died while I was away one
night. We sent it back for warranty work, and were advised that it
would cost US$575. We were told it had been struck by lightning. This
was very hard to swallow since we got just a few days use from it,
and there is no mention of lightning damage in the Trace warranty—
you can look yourself. After long discussions with our installer and
Trace, Steve Higgins of Trace Warranty stepped up and covered the
cost, partly because our first unit came damaged, and partly because
we have a very well built system. I have over US$10,000 in parts in
my garage, Richard, and that’s before the solar panels. We didn’t cut
any corners.

Now I’ve learned that my existing lines from the garage to the house
panel are undersized for the inverter to carry all the loads, so the
project will run more money over budget and further behind schedule.
But I’ll tell you what—we’re going to go through with it. It’s important
to us, and to the 5th grade science class kids who will visit it regularly.

I learned plenty in 1998 at MREF, the last year we were able to
attend. We attended several workshops, including yours on inverters
and batteries. Your stories about batteries blowing up, towers falling,
and other unexpected tragedies were inspiring to us, mainly because
in the face of the unknown, you persisted. That was during a time
when the renewable business was busy getting black eyes from fly-
by-night installers selling anything to the homeowner for a tax writeoff.
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Without any good help or information in the area, you stood up and
made it work.

Well the airlines are clearly getting black eyes today, and going
through a time of unprecedented change. In the last decade, multiple
bankruptcies, mergers, buyouts, employee ownership, foreign
ownership and partnership schemes have laid to waste all that the
business knew about itself. Add to it record demand and growth, job
training and equipment replacements, and the particularly bad
weather we have had the last two summers, and you have quite a
mess.

The difference is that there is no shortage of information about it.
Every day there are headlines about what airline stranded the most
people on which runway, while congress mulls over the latest
amendment to the passenger bills of rights that still have not been
passed. Even the individual airlines have Web sites that can tell you
how a particular flight has fared the last month or so in on-time
arrivals. It isn’t hard to plan ahead for this type of problem—practically
everyone else has been there.

What surprised me, Richard, is that you gave up on air travel so
quickly. I’ve done a little flying myself, and I just want to say that if you
find yourself in a bind one day trying to decide if you want to try flying
one last time, call me—I’d be happy to offer my advice. Sincerely,
Rudy Ruterbusch, First Officer, United Airlines, Elberta, Michigan

Thanks, Rudy. We’re still flying and have only been slightly hosed on
our last two journeys. I think that part of our problem with air travel is
that we are country folks who are used to relying on ourselves. Once
we get sealed into that aluminium sausage, we are totally out of
control—we have to rely on the airlines to do their job, and become
miffed when they don’t. I understand the innate vagaries of air travel.
You are correct, we should allow extra time for delays and not
schedule things too closely. We’re doing that now and on future flights.
I’ve probably flown several hundred thousand miles in my life, and I’m
still alive. So I’d have to say that, overall, the airlines haven’t really let
me down too hard. Having said that, I’d still rather drive if at all
possible.

Your RE experiences are shared by others. The Air 303s had chronic
regulator problems as you discovered. The new 403s have solved this
problem, and several other problems as well. It must have been
someone else who told you of the tower problems because I’ve never
had one come down. I hope your brother was not seriously injured.
Towers are no place to fool around—everything must be perfect or
there will be problems. I’m glad to hear that Trace was reasonable
with your warranty problems. I’m surprised to hear that your installing
dealers are making legal war on each other. Once the lawyers get
involved, nobody seems to win. I salute you for sticking with RE after
all those problems. I’ll make you a deal—if you stick with RE, I’ll keep
on flying! Richard Perez

Two-Phase AC Outdated
In case you didn’t already catch it… A few notes on Electric Bills…
Gone with the Wind, by Tim and Corinne McCorkendale, from HP75.

In the electrical diagram they refer to a synchronous inverter that
creates two-phase, 240 VAC. I think what they mean is two-leg single-
phase AC, for a few reasons. Two-phase is a little-used form of power
only offered to grandfathered factories in Philadelphia and maybe
Detroit or New York City. It is never in residences, predates three-
phase, requires five wires and ground most of the time, and was only
used for a short time before three-phase was invented. It actually
gives you 120 V or 208 V and you would have to use an
autotransformer to get 240 V.

It is difficult to get a power company to give you two-phase, and it is
incredibly powerful. I have only worked on a few two-phase systems,
and I lived in Philadelphia my entire adult life. The smallest two-phase
system I have seen is a 200 amp service, which is the equivalent to

an 800 amp single-phase service. I think your readers might be
interested. Turtle, Eastsound, Washington

Wanted: DC Clothes Washer
Dear Home Power people, I recently spoke with some of your staff
about running a washing machine on DC power, and came away with
dreams of inverters and Staber 2000s. This was a nice dream, but not
very realistic for a DIY family of five on a tight budget.

Meanwhile, back at the farm, we continue to haul our laundry tonnage
to the local rent-a-washer to the tune of about US$20 per week (not
very financially or environmentally sustainable, in my mind).

After calling all of the appliance technicians in our area and only
coming up with one who’s mind could bridge the AC-DC chasm, I
figured that the time had come again to beg info from the RE
community. I have heard the “why don’t you just use a generator or
inverter” “solution” more times than I can count, but I can’t bring
myself to give up on this quest, knowing that its been done before
(HP25, Things that Work!).

So, if anyone out there has info or possible leads to info on how to
convert an AC washer to run off of DC power (homebrew style) or if
you know the whereabouts of the guzzle buster guy, could you please
send word. Joi Bailey-Saucy, PO Box 1124, Willamina, OR 97936

Hi Joi, Jim Forgette of Wattever Works, famous in the early days of
Home Power for his DC washing machine conversion kits, seems to
have disappeared from our radar screen. How about it, readers, any
ideas on DC conversion of AC washers? Michael Welch

Hi Joi, I understand your dilemma. Our large family also went through
years of hauling laundry to town. Then we stepped up (?) to an AC
washer that we could only run when the generator was running. Later,
I did convert a White-Westinghouse front loader to 24 VDC. By that
time we had an inverter, so we could run the machine’s AC controls
through it. Converting to a DC motor used much less energy, but in
retrospect, I’m not sure it was worth all the trouble of converting the
machine. But then, I didn’t pick the best machine to convert.

It’s not a simple process, and I’d suggest that you think long and hard
about other options. If you’re sure that converting a machine to DC is
the way to go for your family, start looking for an older but serviceable
machine.You’ll want something with a simple belt drive and a
standard motor mount. Replace the AC motor with a good quality DC
motor. Then find the control circuit that runs the motor, and wire in a
relay to start the DC motor whenever the machine’s controls call for
motor action.You’ll still need to have a small inverter to run the
machine’s AC controls.

Sound like a lot of trouble? It is! We’ve long since invested in a larger
power system, and a Maytag Neptune washing machine. This
machine is of much better quality than the Staber, and uses less
energy per load (about 105 WH, after the inverter). Another option
would be to look for a human-powered washer. I’ve seen some in
catalogs from Lehman’s and Cumberland General Store over the
years. Best of luck with your problem, and do let us know how you
solve it in the end. That US$20 a week, plus the cost of transportation
and your time at the laundromat, could buy you a much more
sustainable and convenient laundry system. Ian Woofenden

Solar Cooking Rah Rah
Dear Home Power staff, I have seen you folks for eleven years in
Amherst and Madison, Wisconsin, and have subscribed for a decade
and advertised for a few years. I had a great opinion of your work, but
am now overwhelmed by your service to solar cooking on the Home
Power Web site.

I am teaching an experimental course for three hours per week at the
Fennville School District alternative ed school. I ordered ten copies of
Heaven’s Flame. The original copy with the red Chinese characters
has been a prized possession that does not leave my home.
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I will be using Heaven’s Flame as a textbook, along with the Web. I
never knew until now what an incredible resource you are providing.
It’s astounding! I will be using your Web links to show to the small
number of staff, who are already intrigued. We have one south-facing
window in the old red brick building. After we build Joe’s SunStar, I
want to order the plans for the Kerr Cole “through the wall” solar oven.
The building has a small kitchen. I printed the page off the solar
cooking archive plans page and will give it to the principal to see if he
will consider it for a “capital improvement” for the building. If it ever
happens, maybe I’ll write a short article a year from now for the
archives, or even for HP.

My appreciation of your work just got a lot deeper. I don’t know how
else to say… Thank you and don’t ever let up! Richard Orawiec,
Fennville, Michigan • btf@datawise.net

Hello Richard, The SunStar is a fun project. When I was proofing
Heaven’s Flame, I became so intrigued that I had to build one. This
project was right up my alley—I’ve been creating things out of
recycled materials for as long as I can remember. This cardboard,
tinfoil, and glass cooker was easy to make, and I finished it just in
time to take it to MREF ‘98.

I followed the SunStar design in the book, but I wanted my solar
cooker to be portable. So I made some flat “buttons” (beer bottle caps
hammered flat with two holes punched through), and sewed them to
the bottom flaps of the cardboard boxes with heavy-duty upholstery
thread. To set up the cooker, I close the boxflaps and wind a string
around the two buttons in a figure eight. When I want to fold the boxes
flat for easy transport, I just unwind the thread from around the
buttons.

The first thing I cooked in my SunStar was a vegetarian zucchini
lasagna. It makes my mouth water just thinking about it—that dish
turned out great. When it was done cooking, a neighbor came over,
wondering what I was doing with “that cardboard thing” on the porch. I
explained to her what the cooker was and offered her some lunch.
She couldn’t believe that I had just cooked lasagna in a cardboard
box, but was really excited by the wackiness of the idea, and was
more than willing to sample some.

After I explained about the cooker, I told her the solar cooking noodle
secret—don’t cook the noodles first, just layer them in the pan with
the rest of the layers, uncooked. She left with a full stomach and
some new ideas to digest. I went to wash the empty pan, thinking that
I was glad it was easy to wash solar-cooked dishes, because nothing
is ever cooked so hot that it burns on the pan.

Education can really be fun. Sounds like you’ve got some great things
lined up for your class. We’d love to hear from you and your class on
any solar cooking projects you attempt. And of course, we’d love to
see your article…. Joy Anderson 

Global Warming Skeptics—a Finer Point
I take issue with one part of Richard Engel’s otherwise excellent
review of Ross Gelbspan’s book, The Heat Is On, HP78, page 112.
He calls those who doubt the emergence of global warming
“skeptics.” They are not, and the reason they are not is subtle but
important.

Burning fossil fuels removes carbon from a reasonably secure source
and dumps it into the atmosphere. There it enters a carbon cycle
running in a time scale enormous compared to that for human culture.
We thus transform our world. A set of transformations, rather than the
world itself, becomes the abstract space for scientific endeavor.

Global warming detractors casually assume trivial consequences
from our very non-trivial alterations. This assumption is without
foundation. And for skeptics, in the traditional sense of that term, it is
an assumption we cannot abide. I am grateful for your consideration
of my thoughts. Henry Bruse, Wisconsin Rapids, Wisconsin

Out in Left Field
I have been a long time subscriber and booster of HP. But so much of
your publication is such weird “Rheen” (old line red, now Green)
politics that although I have loaned issues, and recommended your
pub to many online, I don’t think it has meant many if any
subscriptions for you.

Problem is, as a sail enthusiast, and currently bus converter, most of
my associates either work for a company or own the company. All are
shocked by the anti-corporate rants and views on socialized power.
Unfortunately, they are willing to throw out the grain because the chaff
is so childish, to their eyes.

I am further saddened to see that you are beginning to review fiction.
The Heat is On makes very sharp criticism of doubting scientists. As
NASA is the prime debunker, merely by recording the global climate
for two and a half decades, and posting the results, your view that
“scientists” agree is crap.

Before your time, the bug doctor Paul Erdman (club of Rome) claimed
in 1969 that by 1982 we would all be freezing in the dark. Still an
expert to you folks although, the freezing winter con is now the global
warming con! I know that you folks are wedded to a political view,
rather than reality, but I have enclosed a reprint of an article for you to
read and hate. [Ed. note: the article enclosed was “Some Like It Hot”
from the April 2000 issue of The American Spectator].

Please keep up the good work in the things you do, but be advised
your political views are costing you dearly with the 95 percent of
Americans not waayyy out in left field. Fred Church, Middletown,
Connecticut

Thanks for your letter, Fred. First, a couple of questions:

1. Where do you get the “h” in “Rheen”?

2. Assuming Home Power does represent the leftmost 5 percent of
Americans, doesn’t being an American Spectator reader put you in
the equally alienated rightmost 5 percent? (The American Spectator’s
1998 circulation revenue was $6,065,764.80, which is probably more
than Home Power rakes in, but at $12.95 a pop, that makes 468,398
Spectator readers, or about two-tenths of one percent of the U.S.
population. I’d say we’re both pretty severely in the minority, Fred.)

Kidding aside, I think the continuing departure of major oil and car
companies from the global warming-denying Global Climate Coalition
speaks louder than any statistics we can wave around. Since I
reviewed Gelbspan’s book, Daimler-Chrysler, Texaco, and General
Motors have followed Shell, BP, and Ford in the rush for the exit.
According to Worldwatch Institute’s Lester R. Brown in his recent
paper, The Rise and Fall of the Global Climate Coalition
(www.worldwatch.org/chairman/issue/000725.html), some of these
companies have since joined the Business Environmental Leadership
Council, which has issued a statement saying “We accept the views
of most scientists that enough is known about the science and
environmental impacts of climate change for us to take actions to
address its consequences.” Fred, these are not leftist nuts saying
these things.

For my part, I can’t say whether global warming really is happening or
not. I think that ultimately, it doesn’t matter, because the kinds of
actions we should be taking to address this alleged phenomenon are
things we should be doing anyway: using less energy, polluting less,
shifting to renewables, and protecting and restoring our forests.
Amory Lovins of the Rocky Mountain Institute calls these “no regrets
policies.” Let’s knock off the quibbling and get back to work. Richard
Engel • chard_e@yahoo.com

Hello Fred, thanks for your comments. I set up the folks at Home
Power to do important work. Well, important in the short term for the
critters that currently inhabit your planet. The reality is, I have all the
time in the Universe. Earth may very well kill itself off due to the greed
and incompetence of human life. But I will still be around, and Earth
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will once again become a thriving planet a hundred or two millennia
after you guys off each other. Or at least it will until Ol’ Sol goes
supernova—I haven’t made up my mind on that one yet.

In the meantime, do me a favor and help my short term goals by
knocking off the baloney you are laying on my helpers. And by all
means, please lay off the ultra right wing reading. It will only poison
your mind and help set up Earth for certain doom (short-term, of
course). Give the kind hippies at HP a break—they are only doing my
bidding. Jah (a.k.a. God, Buddha, Rah, etc.)

Greetings, Fred, My view is a little different than my co-director at
Universe Management & Support UnLtd. I think He was a bit hasty in
chastising you for your views. But He has a history of throwing
lightning bolts around willy-nilly, and even flooding people out. Please
cut Him a little slack—running the universe is a tough job, and you
can’t bat 1,000 all the time.

The folks at Home Power do have their own viewpoints, just as you
do. I suggest that you give them room to hold their views, just as you
want them to respect yours. A lot of folks on your planet seem to get
stuck on a particular brand of religion, philosophy, or politics. This
often becomes so prominent in their minds that they often lose sight
of the larger goal. I think your letter makes a good point. If HP wants
to appeal to the largest possible audience for renewable energy, they
should tone down their particular reasons for promoting it. Using
renewable energy is a great idea, no matter why folks do it. After all,
we gave you only a limited amount of fossil fuels and uranium, while
we set up the sun to keep going forever (at least in your terms).

But it’s also OK for people to come to renewables from different
viewpoints. The goal is not for everyone down there to think the same
way—that would be dreadfully boring, not to mention very
unproductive. The goal is to figure out how to get along and make a
harmonious and productive world. I suggest that you and the folks at
HP strike a deal: you both try to respect the other’s viewpoint, and
support everyone’s right to express them. Gaia (a.k.a. Goddess, Hera,
Earth Mother, etc.)

Small Is Beautiful
I just loved “The Nerds Behind the Words” in HP76. I also appreciate
the large page numbers and that they are on every page. I love the
magazine, but seek more simple solutions to self-sufficiency. I’m
looking for low cost, low tech systems that a novice can grow with.
Some of us live contented lives of conservation instead of
conspicuous consumption—reusing, repairing, recycling instead of
replacing—doing without fancy elitist gadgetry.

E.F. Shumacher’s “small is beautiful” philosophy of appropriate
technology seems so sensible in a world run amok with greed and
waste. Super products like the Ecofan (reviewed in HP76) seem few
and far between. We need to hear more about products along this line
to aid in simple living for those not interested in the stockmarket or
wasting their meager retirement funds. Keep up the good work!
Sandy Davis, Grand Rapids, Michigan

Hello, Sandy. I guess simplicity is relative. The main thrust of Home
Power is energy generated from renewable resources. To me, it
doesn’t get much simpler than solar electricity. To be sure, it requires
high technology and money to make solar electricity a working reality.
The journey of a thousand miles begins with a single step. We began
our system here with a single PV module. Our system grew over the
years as we could afford it.

I can think of nothing I’ve bought in my life that delivers more
satisfaction and value than a PV module. We have no money in the
stock market and virtually no money set aside for retirement. We are
perhaps as simple folks as you are. What you see is what you get. All
of our energies go into this magazine. Our mission? Spread the word
that the only energy source we need is the Big Nuke 93 million miles
from here. I’ll make a personal mission to include lower tech and less
expensive energy products in these pages. Richard Perez 

More Alternative Fuels Articles, Please
Your reader survey neglected to mention biodiesel! Michael Welch
moderates a discussion list on biodiesel that got me to resubscribe to
HP. I let my subscription lapse several years ago. Although interested
in solar, I am very interested in methane, biomass, and biodiesel
energy. So now you know why I am back. I look forward to receiving
my new issue! Mark Richardson

Hello Mark, Home Power is a hands-on users technical journal. We
don’t employ professional writers to deliver the information you see in
these pages. The information we publish comes from our readers—it
comes from hard-won personal experience. So how about it readers?
I know some of you out there are working with alternative fuels. How
about writing up your experiences and sharing the information with
others? Richard Perez

To take part in the biodiesel discussion list, send an email message to
biodiesel-discussion-subscribe@topica.com. Michael Welch

Making 220 V KWH Meters Work On 115 V
Dear Richard, In HP77, on page 149, Jonny Klein (K7JK) asked
about using 220 V KWH meters on 115 V. They will not run just using
one 115 V leg of the meter. 220 V is required to make the clockwork
tick. Fortunately, it only requires a couple of watts at 220 V to drive
the meter mechanism. This is easily obtained using a 115 V isolation
transformer to put a total of 220 V across the meter. The hookup is
drawn below:

Rather than go out and buy an isolation transformer, a couple of
filament transformers back to back will work fine if you have some
lying around. ALL Electronics in Los Angeles (800-826-5432) has
some 23 volt 1 amp transformers (Cat#TX-2312) for US$2 each, and
two of those back to back will work fine. Just make sure the
transformer output is phased so it’s additive and you have a total of
220 V across the KWH meter. If you get it backwards, it won’t hurt
anything, the meter just won’t run. Bob Grater K6SUB, Powell,
Wyoming

Hello Bob, Thanks for sharing this fix with our readers. For another
method of rewiring these KWH meters without using a transformer,
see David Doty’s article in HP17, page 50. Richard Perez 

Code vs. Wrenches
Great magazine! We look forward to and enjoy every issue. Our 320
foot well is solar powered using a Dankoff pump. The house system
components are being purchased. Much of the inspiration and design
ideas have come from Home Power. Thanks!

Every time I read Code Corner, I see red (yep, just like the
Communist color). Mr. Wiles and his ilk have taken on the task of
protecting us and making us “safe.” They do this by setting
“standards,” using selected testing laboratories (effective monopolies)
to confirm component conformance to their standard. Then they wait
while big government enforces their “rules”—all, of course, for our
own good. This scheme seems to fit nicely with our society’s lack of
acceptance of responsibility. I do miss Wrench Realities. Those folks
live in the real world as opposed to the bureaucratic world of big
government with unlimited tax money to spend.

120 VAC120 VAC 23 VAC

Neutral

Hot 1

Hot 2

 To 120 VAC
Loads

120 VAC
Supply

 Not used
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I would skip Mr. Wiles’ writing altogether, except occasionally he has
useful information (which makes him especially dangerous). I also
believe that you should know your enemy, so I always read Code
Corner.

I enjoyed the latest column, PV Modules, Conductors & the Code. I
had a couple of observations concerning his analysis of a 24 volt PV
system where he belittled the use of Square D QO circuit breakers.
His logic being that, with “safety” factors, two typical PV panels
exceed the Square D QO circuit breaker’s 48 VDC rating. These
breakers have a 240 VAC rating. Now I know what those bureaucrats
would say—AC loads are easier to switch than DC loads, thus the
different ratings. The key seems to me to be the word “load.” If the PV
panels are under load, even a small load, the voltage drops quickly.
That is why the voltage used by Mr. Wiles is called “open circuit.” No
current is flowing and the breaker does not have to interrupt any load.

Shouldn’t this be part of any “analysis”? After all, Mr. Wiles is funded
by big government. If the circuit breaker does have to interrupt load,
the voltage from the PV panels will be much less than Mr. Wiles
would have you believe (more like 45 VDC). In fact, these breakers
have a long history of success, even by Mr. Wiles standards, working
in 24 VDC PV systems. And as Mr. Wiles indicated (in a demeaning
manner), they are “inexpensive.”

Finally, I wonder what the actual DC tolerance for the Square D
breakers is? They were probably rated at 48 VDC because that has
been an industry standard DC voltage. I suspect that in fact they
could handle the 15 percent increase in nonsensical voltage
proposed by Mr. Wiles, even if there were some current to interrupt. I
worry that this kind of “analysis” and regulation runs up end-user
costs with little or no impact on safety. I also worry about regulating
based on transient weather (cloud cover, once a decade temperature
or snow, etc.). Mr. Wiles and his group seem to want rules that cover
every possibility, with the goal of fifty year faultless “safety,” no matter
what the cost. They ignore proving the need for regulation as shown
by either a cost/benefit analysis or by review of field experience.

I sure wish you would reinstitute the original Wrench Realities format.
Allow the writers to be anonymous so our big government could not
retaliate against them. The old column format provided your readers a
clear picture of the real world, just as Code Corner illustrates the big
government approach.

Thanks again for a great magazine and for being brave enough to
support independent “energy” action. Sincerely Walt Coffman,
Muskogee, Oklahoma, khenderson@oknet1.net

Hello Walt. Most RE installers have a love/hate relationship with the
NEC and its requirements. On the one hand, we want our systems to
be safe and able to be financed and insured; on the other hand, we
want them simple and affordable. My guess is that the answer lies
somewhere between totally covered and totally free. We’d love to
have more Wrench Realities columns—you’ll find one in this issue
(page 84). As with all our editorial content, we are at the mercy of
what our readers send us. How about it, wrenches, care to share your
experiences? Richard Perez

Federal Net Metering Bill
Dear Home Power, While searching the Web for information on net
metering, I came across a bill (HR 2947, the Home Energy
Generation Act) that was sponsored by Representative Jay Inslee.
Basically it says “To amend the Federal Power Act to promote energy
independence and self sufficiency by providing for the use of net
metering by certain small electric energy generation systems, and for
other purposes.” According to the Thomas Web page there are 44 co-
sponsors, and the last major action was that it was referred to the
House Subcommittee on Energy and Power back in October of 1999.
It seems that the federal government is trying to get involved in net
metering.

Maybe it is time for readers of Home Power to take action and write to
their representatives. I would hope that this bill would help pressure
the utilities into cooperating with small energy producers and break
the monopoly mentality.

The text of the bill is available for download on the Thomas Web site
at http://thomas.loc.gov/cgi-bin/query/z?c106:H.R.2947, or on the
downloads page of www.homepower.com.

This bill seems to be a step in the right direction. I’m curious to know
Home Power’s opinion on this bill. Does it have everything that is
needed for net metering? Who will people go to if they still have
trouble with the utilities? Thanks, Greg Thornwall, KD3SU
thornwal@ncifcrf.gov

Hello Greg. The Inslee bill is a great start at standardizing net
metering law nationwide. The terms are far better than most state net
metering laws now in force. If this bill is reintroduced into next year’s
federal legislature, then it deserves our support. Getting this bill
through Congress will take at least fifty times the effort we’ve
expended on any state bill to date. This bill never made it out of
committee during the 2000 congressional session. Hopefully it will be
reintroduced during the 2001 session.

As you note, having such a law doesn’t necessarily mean that utilities
will comply with it. In Oregon, we’ve seen utilities refuse to comply
with our state net metering law. See the article in this issue on page
58. First we must pass the law, then we must force utilties to comply
with it on a case-by-case basis. This whole procedure is obviously
going to take a very long time and require much effort from activists.
Meanwhile, don’t ask, don’t tell, just push sell.... Richard Perez

Statement of Ownership, Management, and Circulation (Required by 39 U.S.C.
3685). 1. Publication Title: HOME POWER 2. Publication #00-8699. 3. Filing Date:
September 24, 1999. 4. Issue Frequency: Bi-Monthly. 5. Number of issues published
annually: 6. 6. Annual Subscription Price: $22.50. 7. Mailing address of known office
of publication: P O Box 520 (10,000 Copco Rd.), Ashland, OR 97520. 8.
Headquarters of general business office of the publisher: P O Box 275 (10,000
Copco Rd.), Ashland, OR 97520. 9. Names and addresses of Publisher, Editor, and
Managing Editor: Publisher and Editor-in Chief, Richard A. Perez, P O Box 520
(10,000 Copco Rd.), Ashland, OR 97520; Publisher and Managing Editor, Karen L.
Perez, P O Box 275 (10,000 Copco Rd.), Ashland, OR 97520. 10. Owner (if owned
by a corporation its name and address must be stated immediately there under the
names and addresses of stockholders owning 1% or more of the total amount of
stock: Home Power Inc., P O Box 275, Ashland, OR 97520. Richard and Karen
Perez, PO Box 931, Ashland, OR 97520, Dale and Marilyn Hodges, 1525 S Ivy,
Medford, OR 97501, Scott and Stephanie Sayles, 163 Kingswood Dr, McMinnville,
OR 97128, Virginia Deano, 713 Halvorsen, Medford, OR 97501. 11. Known
bondholders, mortgagees, and other security holders owning or holding 1% or more
of total amount of bonds, mortgages or other securities: None. 13. Publication Name:
Home Power. 14. Issue date for circulation data: Issues 74–79. 15. Average no. of
copies each issue during preceding 12 months — a. Total no. copies (net press run)
27,098. b. Paid and/or Requested Mail Circulation; (1) paid/ requested outside-
county mail subscriptions (include advertisers’ proof copies/exchange copies):
6,6,565 (2) Paid In-County Subscriptions: 46 (3) Sales Through Dealers and
Carriers, Street Vendors, Counter Sales, and other non-USPS Paid Distribution:
14,733 (4) Other Classes Mailed Through the USPS: 2,831 c. Total Paid and/or
requester circulation: 24,175. d. Free distribution by mail (samples, complimentary,
and other free) (1) Outside-County: 112 (2) In-County: 5 (3) Other Classes Mailed
Through USPS: 727. e. Free distribution outside the mail: 89. f. Total free distribution
(sum of 15d and 15e): 933. g. Total distribution (sum of 15c. and 15f.): 25,108. h.
copies not distributed: 1990. i. Total (sum of 15g. and h): 27,098. j. Percent Paid
and/or Requested Circulation: 96.3%. No. of Copies of Single Issue nearest to filling
date — a. Total no. copies (net press run) 26,000. b.(1) Paid/Requested Outside-
County Mail Subscriptions (include advertiser’s copies and exchange copies): 6,257.
(2) Paid In-County Subscriptions: 40 (3) Sales Through Dealers and Carriers, Street
Vendors, Counter Sales, and other Non-USPS Paid Distribution: 14,540. c. Total
Paid and/or requester circulation: 22,834. d. Free distribution by mail (samples,
complimentary, and other free): (1) Outside County: 81. (2) In-County: 8. (3) Other
Classes Mailed Through the USPS: 725. e. Free distribution outside the mail
(carriers and other means: 120. f. Total free distribution: 934. g. Total distribution:
23,768. h. copies not distributed: 2,232. i. Total (sum of 15g. and h.): 26,000.
Percentage of paid and/or requested circulation: 96.1%. 16. This statement of
ownership will be printed in the December 2000/January 2001 issue of this
publication. 17. I certify that the statements made by me above are true and
complete. Karen L. Perez, Publisher and Business Manager 9/23/00.



136 Home Power #80  •  December 2000 / January 2001

Ozonal Notes

Good Manners
Richard Perez ©2000 Richard Perez

Ilearned manners from my parents.
High on their list of good manners are
consideration of others and

responsibility for your actions. Good
manners allow us to coexist and
cooperate with others. In all our
relationships with people, critters, and
our planet, good manners benefit us all.
Cleaning Up Our Mess
Burning dead dinosaurs has gotten us into big
environmental troubles. We have made a global mess.
We are sloppy energy eaters with very bad ecological
table manners. Good manners dictate that we consider
all that lives on our planet and stop making a mess.
Then we must clean up after our century-long, fossil-
fuel feeding frenzy.

Renewable energy sources do not have the pollution of
combustion, or the deadly legacy of nuclear waste.
Nature freely provides us with abundant energy in the
form of sunshine, wind, and falling water. We must
change our concept of fuel. Instead of waiting for our
power to moulder underground for eons, we can
graciously accept Nature’s gifts as and when she offers
them. To refuse these energies is the height of bad
manners.

Our environment is dependent on the good manners of
everyone living here. We have been unspeakably rude
and crude to our planet and all lifeforms on her. We
owe our world an apology. We must change our bad
energy manners. Using renewable energy sources is no
longer a matter of technology and money. It is a matter
of changing attitudes and entrenched interests.

Instead of Fighting Over the Mess
Burning dead dinosaurs has gotten us into big political
troubles. There’s something about concentrated wealth
that brings out the worst manners in humans. Contrast
the concentrated ownership of fossil and nuclear fuels
with sunshine, wind, and water. It is difficult to imagine
“cornering the market” on sunlight or going to war over
the wind.

Renewable energy sources are free and democratic. If
we use these natural power sources, we have one less
reason to make war on each other. War is the worst of
all possible manners. War denies all consideration of
others and refuses responsibility for despicable actions.

We Can Be Responsible for Ourselves!
Living beyond the power lines is what got most of us
started with renewable energy. It wasn’t until we lived
with RE systems that we appreciated the freedoms
associated with good manners. Good manners allowed
us to live and work where we wanted, even if the
location was impossibly distant from the power grid.

A renewable energy system now costs less than the
price of one-quarter mile of new utility power service.
Land without utility service is still less expensive than
land that is grid connected. For thousands of renewable
energy users, having the good manners to accept
Nature’s gift has allowed us to afford our homesteads.
Many systems also electrify home-based businesses.
The type of business, its size and profitability, is like any
American business. All these home businesses lack is
the power bill, the commute bill, and the office rent.
Everything from magazines to turbines to soap to flutes
are being made with renewable energy systems. It is
very good manners to support yourself without harming
others.

What we have learned from using these systems
makes renewable energy applicable and effective
anywhere. Even if you now rent your energy from a
utility, you can practice good manners by using power
wisely. Efficient appliances like compact fluorescents,
efficient refrigerators, and solar hot water heaters give
their users lower power bills. They also lessen the
pollution produced by nonrenewable energy sources.

Some of the energy wasters we’ve uncovered are so
simple as to be comical, and so thoughtless as to be
disgusting. Consider the case of phantom loads.
Phantom loads are appliances that appear to be off, but
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instead are still alive and sucking up electricity 24 hours
a day. Check out the clock in the microwave, the
instant-on, remote-controlled TV, and the clock in the
VCR. Good energy manners mean not wasting
electricity on trivial and useless applications. I can wait
15 seconds for the TV to warm up—how about you?

Want a statistic to show you the insult of phantom
loads? Consider that the average American household
supports 1.45 KWH of phantom loads per day.
America’s phantom loads waste enough electricity to
completely power the countries of Greece and Vietnam,
with enough left over for Peru. Such is the depth of our
insult to others. Good manners at our table are to take
all you need, but please don’t waste any.

From Responsibility Comes Dependability
Independent renewable energy systems are self-
contained, naturally-sourced energy cells. Each
supplies and is cared for by its users. Natural power
sources are harnessed locally. The energy is both site-
produced and site-consumed. Renewable energy
sources, particularly photovoltaics, are magnitudes
more dependable than centralized power generation
followed by wide area distribution. Here is, indeed, a
formula for responsibility and dependability—both very
good manners.

From Dependability Comes Self-Sufficiency
Making your own power is the energy equivalent of
growing your own food. Life is an inherently vague
process. Today one may be in good health and
employed. Tomorrow one may be sick and broke. A
renewable energy source offers freedom from rising
power costs and monthly power bills. Make your own
power, become energy independent, and use free,
nonpolluting, sustainable, peaceful, and dependable
energy sources all at the same time. Good manners
include each of us bringing our share to the table.

Good Manners Allow Us Freedom
Those with good manners are welcomed and at home
anywhere. If we were to improve our manners, we
would find a very different world welcoming us. We
would find a world that is cleaner, more peaceful, more
free, more dependable, and more self-sufficient. Such a
world is a fitting home for generations of well-mannered
children to share with multitudes of critters and plants.

Renewable energy people are not rocket scientists or
millionaires or Zen masters. If we can practice good
manners, anyone can. Nature is asking us, “Please?”
It’s good manners for us to reply, “Thank you!”

Access
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Running DC Loads From Your Computer’s Battery
Hi Richard, I just came across an oddball problem with
12 volt power systems that your readers might like to
know about.

Meg and I each have a Macintosh PowerBook, which
we keep connected to our 12 volt house circuit through
12 volt adapters, one made by Lind Electronic Design,
Inc and the other by Empire Engineering.

Neither of these adapters have blocking diodes to
prevent reverse current flow. As I found out recently
when working on a junction box, if you disconnect the
circuit from the main battery while the computer
adapters are still attached and there is another load on
the same circuit, the computer batteries will discharge
(fast) into the load.

Best wishes to all on the Flat. Ed Lachapelle
Edlach@aol.com

Hello Ed, Yipes, and look out! This means that everyone
with those two types of “power adapters” in automobiles
is also using their PowerBook to start their cars! While
this won’t damage the computer, I imagine that it’s hard
on the computer’s expensive battery. Richard Perez 

Electronic Desulfators
Dear Mr. Perez, Please explain when to use an
electronic desulfator in a lead-acid battery system.
Home Power runs an advertisement that quotes you as
follows, “‘I consider (the PowerPulse devices) to be
standard equipment for a lead-acid battery system...’
Richard Perez, Home Power magazine” (HP77, page
107 and HP78, page 104).

But when I read about the new 24 V and 12 V systems
that you designed for Home Power, I found no mention
of a desulfator in pictures, diagrams, or text. Please
clarify your present opinion on the appropriate use of
this type of unit. Thanks, Richard Arena, Kensington,
Maryland

Hello Richard.Yes, I consider electronic desulfators to
be standard equipment for lead-acid batteries. There
are currently three commercial manufacturers of these
units and they all work. There is also a homebrew unit
that works, and you can access data on this at
www.shaka.com/~kalepa/desulf.htm

There are desulfators in both systems here. They just
didn’t make it into the schematic because they were
installed after it was drawn. We originally had them in

the 12 VDC system we had at the house for years, but
it took a while to get them installed after the systems
moved to the new power room.

These units operate by shattering the large sulfate
crystals. Exactly how they accomplish this is still a
matter of debate. The fact that they work is not. There
have been extensive tests made by the U.S. Air Force
and Hunt Foods (forklifts) demonstrating that
desulfators work. Our experience here confirms this.
Richard Perez 

Rebuildable Batteries?
Dear Mr. Perez, I have 24 batteries made by C&D
Battery Co., type KCT, 270 AH at the 8 hour rate,
#1176J. These batteries will charge up to 2.2 volts or a
little higher, but the specific gravity will only be 1125 or
1200. At that specific gravity, they will freeze in cold
weather.

I have done mechanic work all my life, and probably
have at least a basic knowledge of electricity. We as a
family live without a lot of the conveniences that most
people would consider necessities, and use these
batteries as standby power for small jobs like typing this
letter. I am usually able to do my own repairs, and want
to know if there is something I can do for these
batteries.

I charge these batteries with a small diesel engine that
powers my shop tools and runs a Delco 90 amp
alternator. I understand that these batteries are
rebuildable. I would like any information you can give
me. What happens when a battery won’t take a charge
anymore? What is repairable and what is not? Where
can I get parts for my batteries? I hope to hear from you
soon. Sincerely, Eli Mast, Pleasantville, Tennessee

Hello Eli, Consider giving those batteries a series of
equalizing charges and installing an electronic
desulfator. If they don’t come back from the dead, then
recycle them. Battery rebuilding is not for do-it-
yourselfers. It’s best left to the pros—it’s dangerous and
also extremely unlikely that a homebrewer can do an
effective job. Richard Perez

Funky Batteries
I recently discovered a low battery voltage problem with
my off-grid solar home. Even after a full day of charging
(and lots of generator charging over the weekend), my
battery voltage yesterday evening was down to about
12.0 volts. I have pretty much disconnected all phantom
loads, so I don’t think the house is the problem. The
batteries are about 5 to 8 years old, so I am suspecting
them at this point. Is it possible that one or more of
them have gone bad, and is draining the system? If that
is the case, how can I test to determine which ones are
bad? Would a simple voltage check on each individual

Q&A
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battery answer that question, or do I have to put them
under a load somehow? Any advice would be much
appreciated. Roy D Surovec, Edwards AFB, California
roy.surovec@edwards.af.mil

Hello Roy. Get a hydrometer and check the specific
gravity of each cell after giving the pack another
rigorous recharge. Full charge is SG 1.260. Anything
less than 1.17 indicates a bad cell. It only takes one
bad cell to render the whole battery bank ineffective.
Richard Perez

Hydronic Loop Battery Cozy
Richard, HP77 describes the hydronic loop driven by
the 0.5 amp, 120 VAC Taco pump. Do you turn on the
pump manually when the temperatures get cold, or is it
controlled by a thermostat? Are there any other
components in the loop like a check valve or expansion
tank or pressure relief valve? Temperatures are getting
lower in northern New Mexico so I want to build a
battery warmer like yours. George Salvo
gpsalvo@nnmt.net

Hello George, The pump is controlled by a conventional
bi-metallic thermostat (made by Honeywell, and less
than US$25 at any hardware store). There is no
expansion tank, since the battery hydronic loop is part
of our domestic hot water system.

The primary loops on this system are glycol/water with
a heat exchanger to the 50 gallon tanks. The primary
loops have an overtemp pressure valve, a pump, and
an expansion tank. We have two of these systems each
with its own collector, heat exchanger, and tank. Total
capacity is 100 gallons.

The battery box is fed with the same potable water as
the shower and the washing machine. It’s about 140 to
180°F. Battery temperature stays at 74°F, ±2°F. Richard
Perez

Oh, So That’s How They Do It!
I have been told that the propane runs the motor in a
propane refrigerator. The flame flows into a 1 inch hole
in a box under the refrigerator. How does this run a
motor? I was told propane ran a refrigerator much like
propane runs a generator. A generator has a spark
plug, so I don’t understand.

I really, really would appreciate a somewhat detailed
explanation, since this has puzzled me for years. I have
a Servel that was produced in the 1950s. Thanks,
Donald Orr • Don_Orr@jdedwards.com

Hello Don, There is no motor in a gas (propane)
refrigerator. The refrigeration cycle in this type of unit
uses heat to take the place of a motor. Omitting some
of the minor details, here’s how the freezer (or
refrigerator) works:

1. The gas burner heats a solution of ammonia and
water. The ammonia vapor is expelled from the solution,
and then flows to the condenser (the cooling surface
outside on the back of the fridge).

2. In the condenser, the ammonia is cooled to room
temperature, where it becomes a liquid.

3. The cooled ammonia flows to the evaporator (the
cooling surface inside the fridge and freezer).
Hydrogen, from another vessel, is let into the
evaporator. Since the hydrogen takes up some of the
volume of the evaporator, the ammonia evaporates at a
lower (partial) pressure. (This is an effect described by
Dalton’s Law.) The evaporation of the ammonia creates
the cooling effect.

4. The combined hydrogen and ammonia vapors leave
the evaporator and pass to the absorber. The ammonia
is absorbed by the water. Hydrogen, which is basically
insoluable, is released back to the evaporator again.
Excess is stored in a reservoir at the top of the fridge.
The heat of absorption is released through another
heat exchanger.

5. The solution (ammonia and water) returns to the
generator for reheating, to repeat the cycle. All steps
are occuring simultaneously, whenever heat is applied
to the unit.

6. An electric element can replace the propane flame,
but it takes quite a bit of heat to operate. (A rough
estimate is 200 BTU per hour per cubic foot of interior
space. So a 7 cubic foot Servel takes 1,400 BTU per
hour, or 33,600 BTU per day, or 10 KWH per day.) All
this depends upon refrigerator construction and
temperature settings, and ambient temperture.

There are many smaller steps in the process, and it is
quite a marvel that refrigeration takes place! More
detailed information is available in ASHRAE (American
Society of Heating, Refrigeration and Air Conditioning
Engineers) Handbooks. Jeffrey Wolfe, P.E., Global
Resource Options, LLP • global@sover.net
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WE WROTE THE BOOK ON
ELECTRIC CAR CONVERSIONS

CONVERT IT How-To Manual
by Michael Brown with Shari Prange

Expanded & Updated 3rd Edition
$30.00 tax & postage included

“We built Mr. Brown’s car,
and we won.” Bruce Burk,
St. Johnsbury Academy,
1991 American Tour de Sol
Open Class Winner.

ELECTRO AUTOMOTIVE
POB 1113-HP, FELTON, CA 95018

www.electroauto.com

Amazon
Power Company

Photovoltaic Systems 

for Home, Water pumping, & RVs

System Design, Sales, 

& Installation

Donna Fischer
Amazon Power Company
RR 1, Box 1, Embudo, NM 87531

505-770-0498
Colorado Electrical Contractor Lic. # 025230

New Mexico Electrical Contractor Lic. # 80290

Waking Up
the Northland to

Renewable Energy &
Sustainable Living!

Bringing the finest in technology, equipment, and
knowledge to the northern midwest.

Solarex & Kyocera photovoltaic modules
Trace & Heart inverters

controllers, meters & more!

Great Northern Solar

77450 Evergreen Road, Suite #1, Port Wing, WI 54865
(715) 774-3374 • gosolar@win.bright.net

MEMBER

www.homepower.com
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PURE CASTILE & VEGETARIAN SOAPS. Handmade in an AE
environment. We also have hard to find natural bath & body care products.
FREE catalog: SIMMONS HANDCRAFTS 42295 AE, Hwy 36, Bridgeville,
CA 95526

HYDROELECTRIC SYSTEMS: Pelton and Crossflow designs, either
complete turbines or complete systems. Assistance in site evaluation and
equipment selection. Sizes from 100 watts to 5 megawatts. Manufacturing
home and commercial size turbines since 1976. Send for a free brochure.
Canyon Industries Inc., P.O. Box 574 HP, Deming, WA 98244, 360-592-
5552.

XXXXXXXXX USED SOLAR MODULES XXXXXXXXX
XXXXXXXXXXXXX 64 Watts $319 XXXXXXXXXXXXX
Used MSX60s $295, BZ 8 amp pwm controller $49, Ex 2KW inverter SB,
110 amp charger New $850, 3000+ watt resistors $35, new 75 Watt
modules $375. Buy, sell New/Used, Trace, NiCds, refrigerator. Try to
match anyone’s prices. Call or send S.A.S.E. to Craig Eversole, 10192
Choiceana, Hesperia CA 92345 for free flyer. M/C VISA Discover 760-949-
0505

The big-box Solar Mart may talk a good game from behind the order desk,
but are they actually out there doin’ it? VERMONT SOLAR
ENGINEERING takes pride in being a reality-based
dealer/designer/installer. We know the products because we work with
them every day—PV, hydro, wind & domestic hot water, from components
to complete systems. So reject the romantic salesspeak offered by the
volume dealers and give us a call. Thanks! 800-286-1252, 802-863-1202,
863-7908(fax). PO Box 697, Burlington, VT 05402. Our Website contains
our installation portfolio and attractive sale pricing—www.vtsolar.com-
Visa/MC

SOLAR POWERED BED & BREAKFAST. Experience an off grid, stand
alone PV system, while enjoying the rocky mountains of SE Idaho, Log
Home w/4 bedrooms & private baths. Smithland B & B, Swanlake, ID
83281, www.Smithland.cc, 1-208-897-5148

START YOUR OWN TECHNICAL VENTURE! Don Lancaster’s newly
updated INCREDIBLE SECRET MONEY MACHINE II tells how. We now
have autographed copies of the Guru’s underground classic for $18.50,
Synergetics Press, Box 809-HP, Thatcher, AZ 85552. (520) 428-4073,
VISA/MC.

COMPUTER NERD WANTED: Work/study trade opportunity, 6–12
months “Hands-On” workshop attendance in exchange for “net savvy”
multi-media skills in IBM PC environment. Solar Energy International, 970-
963-8855 • sei@solarenergy.org (For SEI info see HP ad)

VERY LOW PRICES Solar Electric & Thermal Equip. Panels-Inverters,
Charge regulators, wind generators-pumps-controls Please Call (888)
817-1737 or write to 6 Cresta Cir. #7, San Rafael, CA 94903

INTERESTED IN INTENTIONAL COMMUNITY? Communities magazine
offers complete, updated listings of intentional communities not found in
the Communities Directory. Practical information about forming/joining
community—alternative buildings & structures; getting off the grid, legal,
financial, & land options. Plus Eco-villages, Cohousing, decision-making,
conflict resolution, successful communities, children in community,
research findings on community living. Quarterly. $18/yr, $5/sample. 138-
HP Twin Oaks Rd, Louisa, VA 23093. (540) 894-5798.

YOUR ALASKAN SOLAR EXPERTS! Complete source for Alaskan
alternative power. ABS Alaskan, 2130 Van Horn Road, Fairbanks, AK
99701 907/452-2002, AK 800/478-7145

EARTH-SHELTERED HOMES This definitive manual by noted authority
Loren Impson features detailed building instructions for the amazingly
affordable and practical Ferro-Cement Dome Home. Only $15 from Sun
Life, 71 Holistic Hollow, Mount Ida AR 71957 www.sun4life.com

OVER 23 YEARS IN SOLAR Business. Talmage Solar Engineering, Inc.
has served customers from the islands off the coast of Maine to Honduras.
We take time to figure out the exact needs of each customer, design and
engineer systems that will work and give the best possible price on
equipment. Give us a chance to show that our experience will help you
build a solar power system that will work. We are always here to give
backup support. 18 Stone Rd. Kennebunkport, ME 04046 207-967-5945
E-mail tse@talmagesolar.com website www.talmagesolar.com

FOR SALE: Photocopied reprints of Home Power issues 1–10 available.
All proceeds will be donated to IRENEW. Call 815-469-5334 or email
Jeff_Green@msn.com. Sold only in sets of 1 thru 10 for US$30 which
includes shipping in most cases.

BATTERIES: TROJAN L-16 & Hup Solar-One. High quality, low prices,
delivered anywhere. MAPLE STATE BATTERY (802)467-3662 Jesus said
“I am the way, the truth, and the life...” John 14:6

STEAM ENGINE KIT, all materials with machining drawings or fully
assembled. Power small boat, generator, or machinery. Information; $1.00
stamp to Pearl Engine Co, RR1 Box 45H Sutton VT 05867 • 802-467-3205
http://homepages.together.net/~pearleng

EDTA RESTORES SULFATED Batteries. EDTA tetrasodium salt, info,
catalog, $12/lb plus $3.50 ship & handle. Trailhead Supply 325 E. 1165 N.
Orem, UT 84057, (801) 225-3931 or (801) 226-6630 email:
trailheadsupply@webtv.net
http://www.webspawner.com/users/trailheadsupply

WANTED: The Midwest Renewable Energy Association is in need of two
wind generator towers. We’d like Rohn SSV towers, one at 90’ to 100’,
and the other at 110’ to 120’. Donations always accepted. Please call Mick
at 920-837-7523 or Katy at 715-592-6595.

VERMONT PV DEALER. David Palumbo/Independent Power & Light has
been installing off-grid systems, and helping do-it-yourselfers (who buy
their equipment from him) with free professional design advice for over 10
yrs. Trojan and Surrette batteries. FREE with battery purchase IP&L deep
cycle battery instructions. Trace, Solarex, Siemens, and BP at fair prices.
Large supply of wire and cable. Beware of “fast buck artist,” slick talking,
“lowest price anywhere” mail order companies who don’t take the time to
find out what you really need and can’t spend the time on personal
support and service. Buy from an honest dealer who knows the products
and cares about your success in using them. David’s installations are
innovative, simple to live with, and successful. And our long following of
do-it-yourself customers always come back for more because they can
rely on getting straight talk, no BS, and the best service possible. “David is
one of the original RE pioneers... he knows how to really squeeze all the
energy out of a KWH!” Richard Perez (HP60). I P & L, 462 Solar Way
Drive, Hyde Park, Vermont 05655. Call David Palumbo 802-888-7194.
Email: indeppower@aol.com. Web site: INDEPENDENT-POWER.COM.
No catalog requests please. Please call for appointment before visiting.

AE DEALERS LIVING WITH systems they sell. Experienced design,
supply & installation PV, Wind & Heating. SASK Solar Box 444 Air Ronge,
S0J 3G0 Canada Ph/Fax 306-425-3930

TWO DR3624 INVERTERS with stacker cable and accessories for sale.
Almost new (less than two months use) and in great condition. Please call
for details. Asking $1900 for complete package or $975 each. (360) 376-
4215 ask for Mark

INTERNS WANTED at SOLAR ENERGY INTERNATIONAL! Work/study
trade opportunities, 6–12 months “Hands-On” workshop attendance in
exchange for multi-faceted office work, beginning ASAP. SEI, Carbondale,
CO. sei@solarenergy.org • (970) 963-8855 (For SEI info see HP ad)

Home Power MicroAds
Rates: 10¢ per CHARACTER, include spaces & punctuation. $15
minimum per insertion. Please send check with ad. Your cancelled
check is your receipt.

Help us prevent fraud! Home Power MicroAds from individuals must
supply serial number(s) for equipment being sold. Businesses must
supply a published phone number(s) and a physical address. If at all
possible, please pay for your ad via personal or business check or
credit card.

While Home Power is doing everything we can to prevent fraud, we
can assume no responsibility for items being sold.
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RADIO/TELEPHONES FOR Remote Home or Business: Commercial
quality, up to 20+ mi, Best Prices. (208-263-9755 PST) Send $1 cash:
KRES, Box 215-HP, Kootenai, ID 83840

CHINESE DIESEL GENERATORS. 10KW 115/230 volt, 60 Hz@1800
RPM, Water cooled, electric start, old style heavy, brush alternators, 3
hours per gallon, average home use. Tool kit, overhaul parts, $3095.00 +
freight. Other sizes available. Voice 315-628-0601, Fax 315-628-5797,
Email ellison@gisco.net

ELECTRIC POWER YOUR BICYCLE. Henthorn Regenerative Electric
Auto. Simple Homemade Hydrogen. Plans catalog $1. DWFrench, POB
2010(AEHP), Sparks, NV 89432

DC GENERATORS gasoline, propane, diesel. Custom built to your needs.
Alternative Power & Machine, 4040 Highland Ave., Grants Pass, OR
97526, 541-476-8916 E mail: altpower@grantspass.com

BUILD YOUR OWN FERRO-Cement Water Tank. $14. Precious
Mountain, 601 Mitoma Way, Cazadero, CA 95421.
www.preciousmountain.com

HOW TO SAVE HUNDREDS on your solar electric installation. Send
$5.00 for info. Charles Lee, 425 Wells Av. N., Renton, WA 98055 425-204-
8812

USED TRACE INVERTERS for sale. Scratched. U1112SB, U2512SB,
DR1524, (one of each). DR1512 (two). Solarex Cells 4 X 4 and 2 X 2
(Huge Qty.’s) Danby propane refrigerators $849, Air 403-12 & 24V wind
gen. Clearance $410 (10 each), Tripp Lite inverter/charger 500 watts
$219, Photowatt 100 watt modules (25 yr. Warranty) $359, 75 watt (25 yr.
Warranty) $279, Must order Photowatt in multiples of two, Kubota super
silent diesel 6.5KW generators $6,490, Honda whisper quiet gas 1000
watt generators $740, Honda whisper quiet 3000 watt generators $1875,
11 watt super efficient compact flourescent lights $10, Refrigerator/freezer
21 cu.ft. 1.4 KwHr consumption per day $795. (305) 536-9917. Over 25
years in solar energy business. Sun Electronics. We ship worldwide next
day.

E. OK SELF-SUFFICIENT mini farm. 15 acres. 5KW solar. Three deep
wells—one solar. 2800 sq ft energy-efficient. modern house. Barn,
orchard, pond. Vineyard. Large shop. Much more. $215,000.00
garland@c/nk.com, 918-649-0431, 918-658-5192

TRACE MODEL 2024 inverter $800 OBO (309-342-5660)

SUN TRACKERS: 30 electric motors w/double gear reducers & shadow
band sensor all mounted into one unit. Will support large panel or small.
Used Excell condition $850.00 each fob Farmington, NM Ed Mann 505-
325-4045. Fax 325-4150

TELLURIDE COLORADO: Off the Grid Properties! Hot Springs, Riverside,
solar powered homes, large and small ranches. Find your own place in the
sun with the only solar powered real estate office in Colorado. T.R.I. (970)
728-3205 1-800-571-6518

SOUTH TEXAS REGION - SBT Designs, sells and installs renewable
energy products and systems in a six county region. Toll free: 877-613-
9192. Alternative Energy catalog $4.00 plus postage. Visit us on the
Internet at www.sbtdesigns.com.

JACOBS wind turbines from 2 to 20 kW, completely rebuilt. Repair and
rebuild services, replacement parts, governors and blades. Rebuilt
Enertec 4 kW turbine, with or without tower. Rebuilt 65 kW 3 phase
turbines. Used towers, both freestanding and guyed tilt up. Tilt up towers
are suitable for Jacobs long case or Bergey Excel. Free standing tower
models are available for the same size turbines and for larger turbines.
Also parts and blades for other wind turbines. Robert W. Preus at
Abundant Renewable Energy, 22700 NE Mountain Top Rd., Newburg, OR
97132 Phone (503) 538-8292. Email rwpreus@yahoo.com

BUILD YOUR PHOTOVOLTAIC panels for as low as a $1.00 per watt for
cells.We @ The solar cell company buy and sell new solar cells @ low
prices.We also carry small panels, thin film modules, staber washers,
compact fluorescent lights, L.E.D. flashlights and light bars. Check out our
low prices on our WEB site @ www.solarcell.net or e-mail us @
highgfm@mint.net The solar cell co., p.o. box 275, Lincoln, Maine 04457

ENVIROTECH RADIANT Fireplace (Masonry Stove) kit with bake oven
#1050, $3,300. Sun Mar Centrex Plus A/F NE Used 6 months $150. Will
consider trade for Kohler or Onan 5–8.5 kw propane generator.
nmm@brier.net

NEEDED FOR ENVIRONMENTAL youth camp, 4—12” x 48” Arco solar
panels, Carrizo Solar Corp. mud module quad rating 83W, e-mail:
cerbatnp@ctaz.com or (520) 757-4202 Contributions welcomed

WINCHARGER 200 on 80’ Rohn guyed tower. You take down. Asking
$1500.00 716-589-5371 Albion, N.Y. Call after 5 p.m. E.S.T.

SIX RIVERFRONT ACRES on the Shasta River near Yreka, CA - 1997
3bdrm 2ba 1650 sf home w/state of the art solar-electric system. Pictures
and info @www.fsbo-ca.net/north/siskiyou/list1.htm $159,000 530/841-
0864

Secluded private mountain land, 29 Ac, bordering state forest and wildlife
preserve, 2300 ft creek frontage, only 15 minutes from downtown
Chattanooga $115,300. (423) 886-5467, Ann-Stapleton@utc.edu 

USED SOLAR PANELS For Sale. 4 Siemens SP-75 watts $325 each. 9
Solarex MSX-60 watts $225 each. 3 Solar Power Corp 50 watts—$190
each. (541) 582-8113

SEATTLE—AREA: Off-grid solar cedar home on 31 acres, privacy and
mountain views. Visit at www.halcyon.com/alancrab/re.htm
(alancrab@halcyon.com or POB 314, Arlington, WA 98223)

APT SF400 - T “Big Red Switch” with 2 fuses — $120. 2 Trace DR2424—
$600 each, free stacking interface if buy both. Old Whisper 1000 carbon
fiberglass 3 blade unit, windings/magnets shot—$300. (719) 683-6177
Email Andrew.Bean@cisf.af.mil

WELL ESTABLISHED ALTERNATE energy/infloor heating business
located in NW Wisconsin. Excellent customer base, consistently
increasing local and national/international sales. Inventory, equipment,
contracts, Blue Sky. 715-967-2730 skrug@win.bright.net

SOLAR RECHARGED White LED lighting—lamps & flashlight using NiMH
battery. 6 volt solar charging package or 12 volt lamp only. Hand
assembled by cottage industry with long term commitment in RE.
Domestic & International shipping. BTF Ltd. POB 409 Fennville MI 49408
Fax 616-236-6186 email: sales@photonlamp.com web:
www.photonlamp.com

BERGEY WIND Generators 1.5 kW (new, spare), 70 foot lattice tower,
cables, electronics. FOB Pennsylvania. Info: danchurch@aol.com or
610.360.8996

INTERNATIONAL FUEL Cell Electric Power Association. Join us and help
us lobby for this exciting industry at all levels of government. Membership
dues are $144 per year. Visit our Web Site at http://www.fuelcellspwr.com
or call 918-762-2961 for an application.

HOUSE—SILVER CITY, NM—$270,000, 20 acres w/ water rights,
adjoining the Gila Nat. Forest. 6,000 ft. elev., 28 mi. fm. town, well w/ good
water & pressure, separate 15,000 gal. water tank w/ pump (for fire
protection). 3 br.(mas.br. has French doors & views of AZ), 2 full ba., huge
liv. rm./ kit combo w/ vaulted ceiling & French drs (opening to a lg. covered
patio w/ views of AZ.) 3 veh. covered carport, garage, barn, lg. horse
corral, dog run, new cattle fences.12 new solar panels, new Kohler 10,000
watt generator w/ weather & soundproof enclosure w/ programmable
Trace inverter (all up and running). 4 zone, gas-hot water baseboard
heating, wood burning stove, 1-$2,000 Sun Frost refig., 2-Servel gas
refig’s. New tile flooring, utility room w/ new Maytag Neptune w/d & lots of
storage thruout. Contact: Tobie Bowen 800-716-3847
www.southwesternrealestate.com

FOR SALE HELIOTROPE CC-120E PWM PV Charge Controller. 120
amps 12/24 volts. Five years old, works great. $250 + shipping call
Washington 425-888-4434

TM 11.5 SDMO DIESEL water cooled, 1800 rpm 10.6 KW monophase
generator. Parts and service manuals, extra glow plugs, extra oil, air and
fuel filters, manual transfer switch. $5780 Only 17 hours run time (ice
storm) 864-292-5198.
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BUSTED TRACE SW or PS INVERTER? I’m interested in buying. Blown
FETs OK, but display or comm must work. Prefer 2512 and looking good
outside. Randy@RightHandEng.com or (425) 844-1291.

BACKUP PROPANE SPACE HEATER, no electric required, flameless
catalytic—warms like the sun, 10,000 btu, wall mount, vent free,
thermostat control, piezo igniter, ODS & thermocouple safety controls.
$199 including domestic shipping Call for literature 314-631-1094, Solar 1

WHIRLWIND MDL. 3036 (3Kw, 36 Volt) windmill. New composite blades,
new control box $1950 715-967-2730 skrug@win.bright.net

UPS’S FOR SALE—You add new batteries. 1250 & 1400 VA for 24V
batteries. (APC). 1250 VA for 48V batteries (Minuteman). All units $0.10
per VA plus shipping. (503) 648-6750 or westlake@aracnet.com

SUSTAINABLE ECOVILLAGE Community—Build Your Own Solar Home
on a 3 acres Homestead with a 2 acre farmsite in Mendocino—
www.edenproject.homestead.com

TRACE POWER PANEL #PP-SW4024/S with DC load controller and
digital meter New in box $3485 Serial#W10159, 864-292-5198.

INDEPENDENCE WITH A VIEW! Lake home with 5000 sq/ft produces
own electricity and heat with wind and solar. Greenhouse, garden spaces,
fruit trees, root cellar, summer kitchen, sauna, heated workshop, horse
barn and lots of bedrooms. Share with your friends or have a retreat/B&B.
One acre on spring fed lake in NW Wisconsin. $280,000 715-967-2730
skrug@win.bright.net

MADRID, NM – Off-The-Grid Living on 40 ac. Charming straw bale solar
powered home with studio/garage. Fabulous views of 4 mtn ranges. 11
solar panels & dbl. tracker system. $172,900. Colleen Lopez, Santa Fe
Executive Realtors 505-424-4320 or e-mail: colleenlopez@earthlink.net
for pictures & more infor.

RADIO TELEPHONE for sale. Telemobile, 10 watt. Up to 50 mile line of
sight range, voice or fax. 2 yrs old, $1,500. 520-536-5527
info@rubbermonger.com

STABER WASHERS—great for renewable systems. 110–150 wh/cycle,
12–16 gal./cycle, less detergent, easy maintenance/repair by owner,
operates on sine or mod-sine inverters without voiding warranty. Efficiency
pays! $1150 + shipping. Aurora Power & Design, 3412 N 36th, Boise ID
83703. 877.337.2490.

8 KILOWATT DIESEL generator-towable $4500 Trace inverter model 2524
$750 26 kw industrial battery bank $1800 Energy Monitor $150 SunFrost
Refrig/Freezer (RF-16) $1700 541-592-3495

FOR SALE TOTALLY Automated 4 yr old solar home. Open floor, cedar
ceilings & trim House is 2,200sqft, 2 car attached, 30x50 shop, 1,000sqft.
Bunk house, old 2 stall horse barn and tack, great well, 1,000 gal. holding
tank, wood and propane heat, state of the art Solar and Wind equipment
(see web site for details). All day sun, wonderful sunrises and sunsets, end
of the road privacy, (7/10th mi. off a county maintained road). Fantastic
horse and hunting area, 10ac.w/meadow and trees, 40 min. to beautiful
Lake Coeur d’Alene, N. Idaho, and 1 1/2 hrs. to Spokane Airport. Price
$190,000.00 cost to build $235,000.00. House design and solar system
work great. You only need 3–4 cords of wood per winter (w/out using the
propane), 9 1/2 inch walls and full basement keep it warmer in winter and
cooler in summer, Relocation Forces Sale. Kevin VeVang (208) 245-7725
email kev-vevang@skybiz.com or for more information and pictures
www.Skyfamily.com/solarhome-kev-vevang

DON’T BUY NEW Batteries Yet! EDTA (Tetrasodium salt of
ethylenediaminetetraacetic acid tetrahydrate)—Used to dissolve sulfate
deposits from lead acid batteries, recovering otherwise unuseable ones
thus preventing the purchase of new batteries. 1–2 Tablespoons per cell
(instructions included) for up to 3 treatments. 2 lbs. for $19.95 + $5 s&h.
Visa & MC accepted 877-337-2490 Aurora Power & Design, 3412 N 36th,
Boise ID 83703

KOENDERS POND AERATION WINDMILL 12 ft. Tower, 100 ft. Air Line,
Aeration Stone: $585. Electric Aerator System $465. Air Powered Water
Pump $180. Info on innovative Green Windmill | We can ship worldwide |
Malibu Water Resources | 800 470-4602 | www.MalibuWater.com

MAINE SOLAR DEALER/Installer: Don’t want to go it alone? We
specialize in service and installations. Let us help you design and install a
solar power system that best meets your needs. If you would just like to
buy equipment—give us a call—we can help you with that too. Owned and
operated by a master electrician with over 20 years experience. Alternative
Power Solutions, Greene, ME 207-946-4444.
www.alternativepowersolutions.com

28VDC generator, 1.5 kw military 2cyl 4stroke gas engine, volt and amp
meters, dial adjustable voltage, minimum range 23–35V, minimum output
2.1kw, only a few @$350ea plus shipping from RI (401-683-1583)

EARTH-BERMED SOLAR Home-Solar electric and heat. Kachelofen
ponds, garden, 80 fenced acres, Jacksonville, OR. $275,000
http://home.cdsnet.net/~jamz 541-899-8182

TRACE U2512SB INVERTER with RC2000 remote control option, 4/0 batt
cables & class T fuse, $850. AURANTHETIC 24 volt electric motorcycle,
$900. Dave @ 253-851-2208 or kb7sfv@aol.com

NITE LITE, 3 d cells last more than a year! $.001 per hour! Bright enough
to read by, rugged and reliable. $25 includes US shipping
pzeller@springlakemi.com, 616-844-0807

PROPERTY CARETAKERS/Housesitters enjoy rentfree living, worldwide
700+ opportunities available! The Caretakers Gazette (480) 488-1970.
www.caretaker.org

HELLO HP READERS! For 50 years I have been building large 3 wheel
bicycles, Motor or pedal, battery powered, long range, with hand tools, for
shopping & fun. If HP readers show enough interest, it’s up to you, I will be
selling plans, or will consider building to your specifications. Raymond
Patton, c/o Ilez Patton, 2752 State Rd 1668, Marion, KY 42064

JACOBS wind turbines from 2 to 20 kW, completely rebuilt. Repair and
rebuild services, replacement parts, governors and blades. Rebuilt
Enertec 4 kW turbine, with or without tower. Rebuilt 65 kW 3 phase
turbines. Used towers, both freestanding and guyed tilt up. Tilt up towers
are suitable for Jacobs long case or Bergey Excel. Free standing tower
models are available for the same size turbines and for larger turbines.
Also parts and blades for other wind turbines. Robert W. Preus at
Abundant Renewable Energy, 22700 NE Mountain Top Rd., Newburg, OR
97132 Phone (503) 538-8292. Email rwpreus@yahoo.com

Y2K STOCKPILE LIQUIDATION SALE! Inventory includes a large quantity
of Trojan L-16 batteries at $50, 48V Trace SW Inverters, SunFrost
120VAC RF-16 refrigerator/freezers at $1500, 12Kw Isuzu industrial diesel
gensets with auto-start boxes at $4000, 200A manual transfer switches at
$400, 1500W/24VDC military surplus gensets at $200 and many, many
items too numerous to mention. All items are new and unused. Call
Energy Outfitters, PO Box 1888, Cave Junction, OR 97523 at 1 800 GO-
SOLAR (800/467-6527) for specific details and shipping quote.

New and slightly used top quality solar modules for sale 80 and 150 watt
sizes $3 per watt and up. Top grade single crystal modules, low iron glass
front plate with EVA backsheets and junction boxes. Five year power
warranty. Fax info requests to (805) 497-7121 phone (805) 373-9433
So.Cal.

I AM A SOLAR WHOLESALER looking for retailers to carry my solar
electronic and hobby goods. Phone # (916) 486-4373. Please leave
message.

WIND GENERATOR WHISPER 3000 HVLV/48 volt system w/transformer
to 240 volts. Made for long distance runs. Still in crate, never used. Also
includes heat box for excess charging. $1600 O.B.O. 734-699-2440

4X4 VAN—RE Installer’s PERFECT rig. 1979 Dodge 1 ton van with RARE
factory (Pathfinder) full-time four-wheel-drive conversion. Less than 75K
original miles. 360 V-8 motor. Low range and locking transfer case WILL
GO ANYWHERE! Comes with: new winter tires (studded 33X10.5 Super
Swampers on wheels), custom front bumper w/ BRAND NEW Warn 9,000
lb winch, custom rear ladder with jerry can, 4-bar roof rack (will hold
second spare tire), stereo with good speakers, new CB radio, removable
bed/rear seat,  disco ball. Great for remote installs or camping trips.
$8,000 or OBO. Call Ben at 541-488-4517 or email for photos:
ben.root@homepower.com
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DEALERS WANTED TO JOIN OUR TEAM
Looking for dealers to join the new team of Applied Power (formerly Alternative 
Energy Engineering, Solar Electric Specialties, Ascension Technologies). We offer:

Free tech support Custom design guides & catalogs
75 years combined experience Same day shipping
Huge in-stock product line Training seminars

We’re Your Resource for Home Power Equipment.
P.O. Box 339, Redway, CA 95560  • Call: 800-777-6609 or 800-344-2003

www.appliedpower.com

APPLIED POWER 
CORPORATION

▼
▼

▼

▼
▼

▼

plug into

FROM THE SUN, WIND and WATER





NOW: I use renewable
energy for (check ones
that best describe your
situation)

❏ All electricity

❏ Most electricity

❏ Some electricity

❏ Backup electricity

❏ Recreational electricity
(RVs, boats, camping)

❏ Vacation or second
home electricity

❏ Transportation power
(electric vehicles)

❏ Water heating

❏ Space heating

❏ Business electricity

In The FUTURE: I plan to
use renewable energy for
(check ones that best
describe your situation)

❏ All electricity

❏ Most electricity

❏ Some electricity

❏ Backup electricity

❏ Recreational electricity
(RVs, boats, camping)

❏ Vacation or second
home electricity

❏ Transportation power
(electric vehicles)

❏ Water heating

❏ Space heating

❏ Business electricity

RESOURCES: My site(s)
have the following
renewable energy
resources 
(check all that apply)

❏ Solar power

❏ Wind power

❏ Hydro power

❏ Biomass

❏ Geothermal power

❏ Tidal power

❏ Other renewable
energy resource
(explain)

The GRID: (check all that
apply)

❏ I have the utility grid at
my location.

I pay ______¢ for grid
electricity (cents per
kilowatt-hour).

____% of my total
electricity is purchased
from the grid.

❏ I sell my excess
electricity to the grid.

The grid pays me _____¢
for electricity (cents
per kilowatt-hour).

(continued on reverse)

Home Power Subscription
$22.50 per year (6 issues) to U.S. Zip Codes via 2nd Class U.S. Mail
$36.00 per year (6 issues) to U.S. Zip Codes via 1st Class U.S. Mail
$30.00 (U.S. drawn on U.S. Bank) International Surface Mail, see pg. 81 for Air Rates
Home Power magazine, PO Box 520, Ashland, OR 97520
Subscribe online at: www.homepower.com
Subscriptions: 800-707-6585 (inside USA) or 541-512-0201 or Fax 541-512-0343
Editorial: 530-475-3179 or Fax 530-475-0836

To subscribe to Home Power, please fill out the sub form below, enclose payment as a check, money order, or
Visa/MasterCard, and mail this form. Tape the form well or use an envelope so your check doesn't fall out.  Your sub or
renewal will start with HP's next regularly scheduled issue. Please allow up to ten weeks for the start of your 2nd class sub.
For those wishing International Subscriptions or Back Issues of Home Power, please see page 81.

New 2nd Class Sub-$22.50
to USA Zip Codes

New 1st Class Sub-$36
to USA Zip Codes

Sub Renewal
Specify 1st or 2nd Class

Change of Address
(include old address)

Gift Subscription
From (give your name and address here)

DO YOU WANT US TO SEND YOU A SUBSCRIPTION RENEWAL NOTICE?
The number of the last issue in your subscription is printed on your mailing label.

❏ Yes, remind me by mail when my subscription runs out. ❏ No, I’ll check my mailing label so we can save energy & paper.

PLEASE CLEARLY PRINT THE COMPLETE NAME AND ADDRESS FOR THIS SUBSCRIPTION:

NAME

STREET

CITY STATE ZIP 

PHONE EMAIL

The following information about your renewable energy usage helps us produce a magazine to better serve your interests.
This information will be held confidential. We do not sell our mailing list. Completion of the rest of this form is not necessary to
receive a subscription, but we would greatly appreciate your input.

Credit Card Orders: please check the type of card you have and fill in the information below.

Signature (as shown on card) _________________________________ Exp. Date ___________

Credit Card Number ________________________________________ Amount $ ____________
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☛ FOLD HERE AND TAPE EDGES ➠

☛ FOLD HERE AND TAPE EDGES ➠

NOW FUTURE

❏ ❏ Photovoltaic modules

❏ ❏ Wind generator

❏ ❏ Hydroelectric generator

❏ ❏ Battery charger

❏ ❏ Instrumentation

❏ ❏ Batteries

❏ ❏ Inverter

❏ ❏ Controls

❏ ❏ PV tracker

❏ ❏ Engine/generator

I now use, or plan to use in the future, the following renewable energy equipment (check all that apply):

NOW FUTURE

❏ ❏ Methane digester

❏ ❏ Thermoelectric generator

❏ ❏ Solar oven or cooker

❏ ❏ Solar water heater

❏ ❏ Wood-fired water heater

❏ ❏ Solar space heating system

❏ ❏ Hydrogen cells (electrolyzers)

❏ ❏ Fuel cells

❏ ❏ RE-powered water pump

❏ ❏ Electric vehicle

Please write to us here.  Tell us what you like and don't like about Home Power. Tell us what you would like to read about in
future issues.  Thanks for your attention and support.

Check here ❏ if it is OK to print your comments as a letter to Home Power.

Return Address
PLACE

33¢

STAMP

HERE

Home Power magazine
Post Office Box 520
Ashland, OR  97520
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