Three great innovations make PV’s most
versatile mounting system better than ever.

SolarMount® Light
Less aluminum means lower cost — much lower.
SolarMount Light is more than a third lighter than
standard rail, yet its double hollow construction
delivers all the strength to meet code in ﬂush
mount applications. Use the same top mounting
clamps and footings that have always made
SolarMount so easy to install.

U.S. and other patents pending.

www.unirac.com
SolarMount® Ballast Frame

UniRac Grounding Clip

Secure a rooftop array with ballast. UniRac’s
full-system approach makes it possible. Our
applications engineers will design a system
based on your code requirements, site-speciﬁc
wind loads, and other factors, including
module angle. With SolarMount, a ballasted
array can tilt up to 30 degrees and be as secure
as one held down by costly attachments.

Save time on the roof. Meet NEC grounding
standards without running a wire to every
module. Clips align easily and stay in rail
slots hands-free. Create a grounding path
through the rail simply by securing
modules with familiar SolarMount
top mounting clamps. One wire
strung through a single lay-in lug
per module row completes the path.

These products are available now! Contact your PV distributor or UniRac for more information.

www.altenergystore.com

shop online 24/7 or call now toll-free:
1.877.878.4060 (m-f, 9am-7pm et)
use special code ‘HP115’ & get extra discount!

making

Sun-Mar 200 Garden
Composter
Compost your kitchen
and garden scraps
cleanly and efﬁciently
with our lovely garden
composters!

$264
Midnite Solar
E-Panels

renewable

Save time, money, and
space with this E-Panel.
Easily accommodates up to
four inverters with no
interconnecting conduit.

Lower your heating bill
by as much as a 1/3rd
with this solar air
heating system.

$1679
Sunlinq Foldable
12W Solar Panels

Lightweight, foldable, durable,
and mobile! Designed to
charge and maintain your
batteries and provide power
for your portable electronics
Made in USA.

$168

Shurﬂo 9325-043-011
Submersible Pump

Great solution for your remote
water pumping needs! This
pump is built to last with its
corrosion-proof housing and
the ability to run dry without
damage! Minimum 4” well.

$583

*Recently awarded one of
America’s top 500 growing
companies by Inc. Magazine!

Complete kits. Pays for itself
several times over its lifetime.
Start sav’n now!

starting at: $1,100

Natural Light 13”
Tubular Skylight
Use natural light to
brighten up the darkest
places in your home without
increasing your electrical bill.

starting at: $369

Solarsheat 1550G

do-able

Sav’n’Sun DX Drainback Solar
Water Heating System

$231
Solectria Renewables Pvi
1800W Gridtie Inverter
Includes FREE display &
PC port! Unlike other
inverters, power is not
derated at higher
temperatures.

$1,503

Blue Sky Energy SOLAR
BOOST 3024i

Increase charge current up
to 30% and more! Also, you
can improve performance
from your PV modules and
batteries with this
charge controller.

$257

12 & 24V DC Compact
Fluorescent Lamps
Run lights efﬁciently and
directly off your battery bank.
Warm and cool
colors available.

starting at: $13.15

We’re Hiring Sales People!
Would you like to work for a fun, growing,
renewable energy company?
Send your resume to careers@altenergystore.com

Conergy –

Giving you the power to grow your business

Conergy is constantly developing new products and services to support our
customers’ business growth. Our initiatives are generated by listening to our
customers about the challenges they face, then we harness our global resources
to create meaningful solutions. We work hard to be your trusted partner and ﬁrst
choice for all of your renewable energy needs.
DEALERNET – ONLINE TOOL

“I am amazed by how much time we save
utilizing DealerNet for inventory look-up,
tracking and order status. Please share our
thanks and Congratulations with your team.”

| 24 / 7 account and product information
| Streamlines order process and tracking
| User deﬁned security settings and
permissions to ensure account security

M. Coleman, CA

CONERGY COMMERCIAL FINANCE
PROGRAM

“The Conergy Commercial Finance Program
is not just a valuable service from Conergy:
it’s abslolutely essential to the growth or our

Traditional loan structures often prevent
commercial customers from taking advantage
of electricity savings from solar. Conergy’s
commercial ﬁnance program offers creative,

bisniess in the commercial sector.”

ﬂexible ﬁnancing products and removes the
ﬁnancing barrier to solar.

D. Wilson, NJ

For further information, to become a Conergy
Partner, or for referrals to qualiﬁed installers
in your area visit www.conergy.us or call
toll-free (888) 396-6611

PV PANELS FOR GRID-TIE AND OFF-GRID
PROJECTS
As one of the world’s largest renewable energy
companies, Conergy sources PV panels from
a large number of manufacturers across the
globe. Our premier line of PV panels include
Sanyo, GE, and SunTech Power.

O U R
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from us to you

Powering solutions
from 2 kW to 36 kW

THE
FREEDOM
OF ENERGY
INDEPENDENCE
Every day, renewable energy (RE) is freely and democratically delivered to each of us. We
just need the hardware—and the desire—to intercept it. Unlike centralized, nonrenewable,
fossil-fuel-based generation, renewable energy from the sun, water, and wind gives us an
amazing amount of freedom.

FLEXware 1000

Economic freedom. The up-front investment in a renewable energy system can be
substantial, but the payoff is even greater. With module life spans of 30 years or more,
PV systems will be producing pollution-free energy long after your initial investment has
been returned, liberating you from a lifetime of electric utility bills.
Freedom from utility outages. The sheer scale and centralization of the utility grid and
its massive transmission network make it vulnerable to disruptions. Choosing a batterybased RE system will protect you from power outages, and keep essential appliances
running, even if the grid isn’t. Although batteryless grid-tied systems are not designed to
provide electricity during a blackout, their growing presence will ultimately make the
grid more reliable by producing energy at the point of use, which lessens the need for
upgrading the transmission infrastructure, and by supplying surplus energy to the grid.

FLEXware 500

Freedom to live where you want. Have you found the perfect piece of property, but
without utility service? Often, the best real estate deals are beyond the reaches of the
utility grid. RE allows you to live where you want, with all of the modern conveniences.
Freedom from pollution. Of all the electrical energy sources, energy produced from
renewables has the lowest environmental impact. Modern PV systems typically offset the
energy it took to manufacture them in about three years, and operate without producing
any pollution from that point forward.
Freedom from resource-based wars. Unlike finite supplies of fossil fuels, the power and
wealth of RE are freely and equally offered to each of us—and they are inexhaustible. No
war has ever been, or will ever be, fought over sunshine.
A new year is upon us, and with it comes a fresh opportunity to move ourselves, our
families, and our homes in a more positive and sustainable direction. Here’s to a healthy,
happy, and freedom-filled new year. Best wishes from the Home Power crew.

FLEXware250

Home Power publisher Richard Perez originally presented these five freedoms
fifteen years ago in our April/May 1991 issue (HP22).

Think About It...
Powering the Planet

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

European Sales Ofﬁce
Barcelona, España
(+34) 600-843-845

www.outbackpower.com

“And as we let our own light shine, we unconsciously give other
people permission to do the same.”
—Marianne Williamson
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Solutions
Start Here...
The next-generation FLEXware 250
system is the best value in advanced
balance-of-system components.
Combining better integration, modular design,
and a great price, this system features:
• Direct mounting to FX inverter/charger
• Extremely compact design
• Wall or shelf mountable
• Suitable for DC, AC or both
• Mounting locations for AC GFCI outlet
and AC breakers
• Breaker spaces for battery, PV array or
PV GFP breakers
• Knock-out for MX60 charge controller
• Powder-coated aluminum with stainless
steel hardware

FLEXware 250 • FLEXware 500 • FLEXware 1000

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

Powering the Planet

www.outbackpower.com

European Sales Ofﬁce
Barcelona, España
(+34) 600-843-845
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Seven years makes a big difference.
Fronius knows you have more important things to focus on than whether or
not your inverter is working. To that end, we build our inverters to last, and
stand behind them with a seven-year warranty – standard.
And for only $69, you can extend your warranty to ten years.
Over 175,000 Fronius inverters have been installed worldwide, and all
inverters are manufactured in Fronius-owned and managed ISO 9001 facilities,
using the best components available. So you probably won’t have any
problems with your inverter. But if you do, Fronius will preship a replacement,
next day if required. No hassle, no fuss, just world class customer service.
Take a look at what 60 years of experience can do for you.
Fronius USA LLC
10421 Citation Drive, Ste 1100
Brighton, MI 48116

Tel: 810-220-4414
Email: pv-us@fronius.com
Web: www.fronius-usa.com

Ask the EXPERTS!
Pool Heater for Home?

Small Grid-Tie Inverters

I’m looking for a low-budget way to start
heating some of my domestic water with
the sun. Have you ever heard of someone
hooking up a swimming pool heater to an
extra hot water tank (in line with the regular
tank) to preheat water? It seems like it
would be simple to do, cheap, and safe.
Jack McKee • Bellingham, Washington

A few years ago, you ran an article on
a small inverter that plugs into the wall
for use with one solar-electric module. I
got in touch with the manufacturer, and
at the time, their units were only for 50hertz (Hz) systems; they said that 60 Hz
units would be available in about a year.
I need to find this article and get in touch
with them again. Can you help?
John W. Barlow III • Coolidge, Texas

Hi Jack, Solar swimming pool heaters can
be used to preheat domestic hot water, but
they will only be effective in heating water
to between 15°F and 20°F above ambient
temperature—less if a heat exchanger is used.
Plus, polypropylene (the material used in
most solar pool heaters) would be questioned
by many inspectors as a suitable material for
potable water. In addition, plastic collectors
might be questionable because of the pressure
of many domestic water systems. The tubes
in the pool collectors are the limiting factor
for pressure considerations.
Either the pressure or health aspects,
or both, might dictate a heat exchanger in
the system, and this would compromise
the efficiency and temperatures attained.
Copper pool collectors would work fine, but
they are expensive. You could attain higher
temperatures with a copper absorber plate
with a selective surface, but these are even
more expensive. That said, if you have a
low-pressure domestic water system, pool
collectors could be a good preheater in the
warmer months of the year, keeping the
above caveats in mind.
Chuck Marken • Home Power

Hi John. Right now there are no such inverters
on the market. Soladin makes low-power
50 Hz inverters, but I have not heard of any
plans to manufacture 60 Hz models for the
U.S. market.
You are probably thinking about the
OK4U inverters by OKE. They were selling
60 Hz models for a while. Trace Engineering
had them UL-listed for U.S. installations and
marketed them under the name MicroSine.
But those inverters went out of production
long ago.
As far as I know, the only one-module
inverters available now are old ones that
occasionally show up on eBay. Exeltech is
working on a module inverter, but they plan to
market it packaged with a PV module, not
separately.
Michael Welch • Home Power

Bad Modules or Bad
Design?
I have three, four-module strings feeding
a single charge controller. Two of the
strings are in full sun all day while the
third is partially shaded early in the
morning. The third string was installed
later and uses a different brand of module

Aquatherm Industries/DOE/NREL

Using solar pool collectors
to heat domestic hot water is
a minimally effective strategy.
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than the first two.
I have now had two of the modules in
the shaded string fail. Is it possible I have
a bad batch? I think it more likely that
my understanding is faulty in thinking
that modules are immune to damage
by shading, open or short circuits, and
reasonable external voltages.
Donald Wood • via e-mail
Hello Donald, Ordinary shading from trees
or buildings will not cause modules to fail.
You likely ran into a bad batch of modules.

Contact the manufacturer for warranty
replacement.
Modules are designed to spend a lot of their
time open circuit when systems are regulating,
and no damage will occur. Short-term short
circuits due to mis-wiring typically will not
damage modules either. That said, array short
circuits will not occur in properly installed
arrays and it’s a situation you definitely want
to avoid. Best,
Joe Schwartz • Home Power

Sparking Cables
When I connect the battery cables to my
inverter, I get sparks as the last cable
goes over the post of the inverter. I
make the last connection on the inverter
side because I’m worried about the
sparking near the batteries. What is the
proper procedure to connect the battery
to the inverter to avoid or minimize the
sparking? I also get the same problem
when I disconnect, though the sparking
is not nearly as bad. Thanks,
Tod Whitehurst • Newport, Virginia
Hello Tod, The sparking you’re experiencing
is likely due to the inverter’s capacitors
charging during the initial power-up, but
sparking is both undesirable and avoidable.
All battery-to-inverter cabling should
have either an appropriately sized DCrated breaker (most common) or a class-T
fuse used in conjunction with a DC-rated
disconnect switch in the circuit. Both of these
approaches provide overcurrent protection,
and a means to disconnect the inverter if
servicing is required. Set the breaker or
switch in the open position during your
cable installation, and no sparking will occur
when you make your final cable termination.
In systems with DC disconnect enclosures,
making final wiring connections at the
battery is often more convenient and poses
less risk of arcing during installation.
Joe Schwartz • Home Power

Finding True South
I have been reading Home Power for
several years and love it. We are getting
ready to build a new house in the country
and will have a grid-tied PV system
installed on the south-facing roof. My
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...Ask the EXPERTS!

Magnetic Declination
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question is how to find “true south.” The
magnetic declination at our location in
central North Carolina is 8 degrees west.
If I shoot an azimuth of 188 degrees and
EO RW 2800.qxp 9/28/2006 4:22 PM
orient the south roof facing that azimuth

4°E

2°E

0°

2°W

4°W

6°W

would I be close enough for decent solar
exposure? Is there a better way to find
true south without buying additional
equipment? Thanks in advance,
Page 1
Frank Stump • via e-mail

Hello Frank, You have it right. True south for
your location is at 188° magnetic. Magnetic
south differs from true south because
magnetic north—what compasses show—is
based on the large mass of magnetic material
in the northern part of the Earth. This mass
is not centered on the geographical pole, so
for each location, there is a correction (called
“declination”) to convert to true north from
compass/magnetic north.
I’m glad to see you’re thinking of the
sun when you orient your new home. Most
folks just think of the view from the living
room window and can wind up building
a home with poor solar exposure. In fact,
plus or minus 10° either way doesn’t cause
much loss in a fixed array (only about
2 percent).
In addition to solar-electricity, I hope
you’ll also consider passive solar design and
solar hot water for your new home. Both of
these are very effective solar technologies!
Thanks for reading Home Power!
Richard Perez • Home Power

Finally, Grid-tied Solar
with Battery Backup is EASY!
RW 2800SX Grid-tied Solar Electric System w/Battery Backup
The ReadyWatt® 2800SX combines power electronics, batteries,
switching, and monitoring into one clean, fully-assembled, compact
package – just add PV. All the power electronics are top-of-the-line,
field proven components from OutBack Power Systems® and
ReadyWatt®. All you have to do is wheel it into place, lock it down,
connect the AC and DC, and turn on the power.
• Preprogrammed for optimal operation in most applications
• Field programmable for custom situations

RW 2800SX

COMING SOON

• Easy access to most frequently used controls
Only ReadyWatt® makes battery backup this simple, clean, and easy!

from ReadyWatt®

Call for dealer referral. Dealer inquiries welcome.
800 GO SOLAR (800 467 6527) • www.energyoutfitters.com
Grants Pass, OR • Portland, OR • Bozeman, MT • Calgary, AB • Barrie, ON

www.homepower.com

ReadyWatt® is a registered trademark of Energy Outfitters, Ltd.
CCB Lic. #167167 • ©2006 Energy Outfitters, Ltd. All rights reserved.
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Solar Thermal Standoff?
I run the solar thermal department for
a company in Berkeley, California. We
are fully convinced that flat-plate solar
collectors are the way to go here where the
weather is mild. Have you ever published
an article comparing flat-plate solar
thermal collectors to evacuated tubes?
I am getting lots of conflicting
arguments from the different manufacturers. This conflicting information
makes my job difficult, because (unlike PV)
thermal systems are rarely metered. So a
salesman can throw almost any number
at the potential client and know that
they will not be held fully accountable.
And evacuated tubes look more high
tech and modern, which clients love. I’d
appreciate any comments or information
on comparison tests of the two products.
Justin Weil, Sun Light and Power •
Berkeley, California
Hi Justin, You are not alone with the confusion
over the endless duel between the collectors

as manufacturers fight for market share. Here
are a few thoughts. The opinions are mine,
but are backed up by independent test data.
“The evacuated tube is always
perpendicular to the sun and therefore the
SRCC is not a good guide.” Testing labs
include the incident angle modifier of all
collectors tested. The test data is apples
to apples, and I have never experienced it
being anything but fair.
“The evacuated tubes put out more per
square foot of roof space.” Generally, this is
not true except in extreme conditions—either
very high temperature inlet or in extremely
cold climates.
I believe that evacuated tube collectors can
be the best value for use in certain situations,
but those situations are scarce in the United
States. When it comes to pressurized domestic
hot water systems, I haven’t ever seen a case
where any evacuated tube collector (because
of their higher cost per square foot) can
compete on the basis of Btu produced per
year, per dollar, with a well-made flat-plate
collector in any state but Alaska.

Because of the never-ending rise in the
price of copper, evacuated tube collectors
may be more cost-competitive in the
future—they are typically made with less
copper. Meanwhile, look for a solar water
heating system sizing article in the near
future that will address interpreting SRCC
data to some extent. And we’re on the hunt
for an article comparing flat-plate and tube
collectors. Cheers,
Chuck Marken • Home Power

To submit a question to
Home Power’s Ask the Experts,
write to:
asktheexperts@homepower.com
or
Ask the Experts
Home Power
PO Box 520, Ashland, OR 97520
Published questions will be edited for
content and length. Due to mail volume,
we regret that unpublished questions may
not receive a reply.

Get Solar Access and Shading Data On-Site With the Touch of a Button!
The Solmetric SunEye™ is all you need.
• Integrated ﬁsh-eye lens and digital camera
• Displays sunpaths and detects shading percentages
• Simulates removal of shade-causing obstructions
• Stores site readings for transfer to computer
• Automatically generates reports and exports data
“...the on-site analysis tool that the solar industry
has been waiting for.”
—Steve Heckeroth
Solar installation and BIPV expert

To purchase a Solmetric SunEye,
please contact our national distributor,

DC Power Systems at 1-800-967-6917
or www.dcpower-systems.com

www.solmetric.com
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Solahart has been

designing and building
solar water
heaters since
1953. The Solahart
brand is backed by
Rheem, the largest
water heater
manufacturer
in the world.

Hot Water Free from the Sun

™

Buy Solahart systems
with confidence.
• Simple and reliable
passive thermosiphon
systems
• Open and closed loop
systems for installation
in almost any
environment
• 5 and 10 year warranty
options
For more information
on Solahart systems
and dealers, call
334-260-1525
or email us at
solar@rheem.com
Dealer inquiries
are welcomed!

Solar
Water Heaters
built by Solahart
and backed by
Rheem!

Hot Water Free from
the Sun™ is a trademark
of Solahart Industries
Pty Ltd

Solahart systems
OG-300 certified by SRCC

Rheem Water Heating

� 101 Bell Road � Montgomery, AL 36117-4305 � www.solahart.com

Mailbox
Need Nukes?

As a new subscriber, I’ve been
impressed with the overall quality of the
magazine, and the technical accuracy
and thoroughness of its authors and
editors. But I was stunned by Michael
Welch’s no-nuke piece (“Nuclear Energy
& Climate Change,” HP112).
Welch has his political position
with respect to nuclear power highly
entrenched, and appears only able to
quote antinuclear organizations in making
his arguments. The fact is, increasingly
we are seeing enlightened environmental
advocates coming around to the fact
that we will need nuclear energy to help
control global climate change. James
Lovelock, who gave us the Gaia theory of
a living Earth, Stuart Brand of the Whole
Earth Catalog, and Patrick Moore, who
helped found Greenpeace, now all support
expanded use of nuclear energy.
Certainly we need to increase energy
efficiency, we need to use renewable
energy sources where they make sense,
and we need to curb our appetite for
energy. But other than according to the
most fringe studies, none of that will be
adequate. The world will need substantial
new energy supplies, particularly ones
that can replace fossil fuel burning,
and nuclear energy has ended up on
everyone’s plate. The time for ideologues
like Welch has passed. What we need now
are practical solutions that do not have to
pass the politically correct litmus test.
Edwin A. Karlow •
Riverside, California
Hello Edwin, For 20 years, Home Power’s
mission has been to promote the expanded
use of both renewable energy and energy
efficiency to lessen our reliance on fossil and
nuclear generation sources. That’s our goal.
Renewables are superior to both of these
traditional fuels in terms of environmental
costs, and they offer us the opportunity to
create a forward-thinking energy plan that is
both safe and sustainable in the long term.
The Home Power community, our readers
and our staff, has always represented a
diverse and evolving voice exploring the
best ways to increase the use of renewables.
One extraordinary thing about renewables is
that they can work for everyone. It’s a case of
technology cutting through the usual barriers
(political, social, etc.) that tend to be divisive.
The bottom line of your letter serves as
a great reality check. According to the U.S.
Department of Energy, if we factor out largescale hydro-electricity (which accounts for
about 7 percent of U.S. electricity generation),
renewables, including solar, wind, and
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National Fuel Mix
Hydro
7%

Oil Other*
3%
2%

Natural Gas
19%

Coal
50%
Nuclear
19%
*”Other” includes generation by agricultural waste,
batteries, chemicals, geothermal, hydrogen, landfill
gas recovery, municipal solid waste, non-wood waste,
pitch, purchased steam, solar, sulfur, wind, and wood.
Source: U.S. Dept. of Energy, Energy Information
Administration (EIA), 2005 preliminary data

biomass, currently account for only 2 percent
of our electricity generation. In the United
States, coal dominates all other fuel sources
for electricity, representing 50 percent of
the energy mix. Nuclear and natural gas
both have a 19 percent share. Energy use
is expanding here in the United States, and
even more rapidly in countries like China
and India. In these terms, renewables are
currently small fish in a very big pond.
As both you and Michael Welch point
out, energy efficiency is the best option
to slow our need for increased generation
capacity. Compared to increased generation,
efficiency measures can be implemented
quickly.
Paul Robert’s excellent book, The End of
Oil, has a great chapter tracing humanity’s
large-scale energy shifts—from wood, to
coal, to oil. The fact that we’ve made these
shifts in the past leaves me confident that
we can successfully do it again. Just as
renewables currently make up a small
portion of our total energy mix, the same
could be said of coal at one point in our
energy history. While fossil fuels and nuclear
energy will undoubtedly continue to make
up the majority of our energy mix in the near
future, all of Home Power’s efforts are aimed
toward ensuring that the next major shift
is to renewables. Thanks for your thoughtprovoking letter. Best,
Joe Schwartz • Home Power
Hello Edwin, The idea that environmentalists
are moving toward embracing nuclear power
is pure fiction. You cite the same names
constantly circulated by the nuclear industry.
The reality is that Patrick Moore hasn’t been
an environmentalist for 20 years and is now
a paid consultant to the Nuclear Energy
Institute (and his Web site regularly attacks
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environmental leaders personally and groups
like Greenpeace generally). James Lovelock
has always been pro-nuclear, as any quick
reading of his early work will find. The
simple fact is that no environmental group
we can identify supports construction of
new atomic reactors. Last summer, in only
ten days, more than 300 national, regional,
and local groups signed a statement against
the use of nuclear power to address climate
change.
Environmentalists support renewable
energy and energy efficiency for good
reason. Not only are these technologies
more effective than nuclear power (the
nuclear fuel chain is not carbon emissionsfree) at reducing greenhouse gases, they
are also cheaper. As Amory Lovins has
pointed out, every dime spent on a nucleargenerated kilowatt-hour could buy 1.2 to
1.7 kilowatt-hours of wind electricity, and
up to 10 kilowatt-hours worth of energy
efficiency.
The world will need substantial
investment in new energy supply over the
next 50 years—by 2050 we’re likely to need
20 to 25 terawatts of capacity globally (the
equivalent of 20,000–25,000 large nuclear
reactors). Even one-tenth that many reactors,
which only the industry’s most ardent
supporters believe even remotely plausible
to build, would only reduce global carbon
emissions by about 20 percent. Plus, they
would cost several trillion dollars—money
that could, and must, be used to reduce
costs and embark on mass production of
carbon-free solar power capability. We can
either squander our limited resources on new
nuclear reactors or we can effectively address
climate change. We can’t do both. The choice
is stark, but fortunately it’s an easy one.
Michael Mariotte, Executive Director,
Nuclear Information and Resource Service •
Takoma Park, Maryland

All-In-One?

Hi Dario. It may be difficult to find that allin-one person. The various areas are usually
considered too specialized for one person
to cover it all. Occasionally you may find
renewable energy dealers/installers who
also work on home renovations for energy
efficiency, but they are uncommon.
I suggest starting by finding a renewable
energy (RE) dealer to consult with about
your electric and hot water systems, and
see if they know of any local architects
or designers who are experienced with
passive solar retrofits. Check out the RE
dealer directory at www.homepower.com
for starters.
Michael Welch • Home Power

Rating PVs

Dear Editor, I want to applaud Don
Loweburg for taking a stand on equitable
power ratings for PV modules (“Standards,
Knowledge & Integrity—A Basis for RE
System Performance,” HP114). OK, outof-the-box module power shortfalls aren’t
always the worst reason—and, as Don
notes, aren’t the only reason—that PV
system performance is chronically poorer
than expected. Nevertheless, module
power shortfalls are a long-standing
industry weakness, one that has growingly
disadvantaged two vital market sectors—
trusting customers and principled module
manufacturers. We may attribute this to
our fixation on dollars per peak watt.
It can be quite enlightening to compare
one company’s product offerings in the
United States to the same product sold
in Germany. Whether this discrepancy
is the result of different state-imposed
requirements or simply different market
demands, it’s pretty clear that products
being sold into the Euro/German market
are different than—read “superior to”—
what PV consumers in the United States
are offered.

We are in the process of converting a
large cabin in the forest of northeastern
Pennsylvania into a retirement home.
Coupling my years of environmentalism
with the increase in energy costs has
allowed me to convince my wife that we
must incorporate as many energy saving
and renewable energy-generating options
as possible into our house upgrade plans.
I am looking for one company that can
work with us to create a complete energy
generation and conservation system for
our Pennsylvania home. How can I find a
“complete source” energy contractor who
can help us make real-world decisions,
including solar heat, solar electricity,
geothermal, small hydro, super-insulation,
passive solar design, and all possible
options? Thank you for your assistance.
Darío Boronat •
Shohola, Pennsylvania
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What’s the Secret to High
Performance Solar Heating?
“Viessmann has been a leader in innovative hot
water heating technology since 1917, with over 30
years experience in solar heating. Their highquality, state-of-the-art solar collectors, like all their
products, provide you with some of the cleanest,
greenest, most reliable energy available.”
Innovative System Technology
• Viessmann provides solar collectors,
hot water tanks, controls – everything
you need to collect the clean, powerful
energy of the sun.
• All parts are designed and manufactured
by Viessmann to integrate perfectly,
ensuring maximum performance.
Quality and Reliability
• Premium-quality materials mean
Viessmann high-performance solar
systems are reliable and built to last.
• All solar system components are
designed for fast and easy installation
and maximum system performance.
Comprehensive Product Line
• Vacuum tube and flat plate solar
collectors are available individually or
as fully-integrated system packages,
including matching tanks and controls.
• Viessmann offers all the components
you need for solar hot water, pool or
supplemental space heating.
Easy Integration
• Viessmann solar systems integrate
easily with virtually any existing
heating system.
• Unique mounting hardware allows
easy freestanding installation or on
flat or sloped roofs.

For your FREE information kit, call today!
1-800-288-0667
www.viessmann-us.com
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Assuming no other changes to the
current manufacturing, testing, and
binning process (implementation of our
revised true module rating would require
only minor administrative costs), the price
of a properly rated module, its actual
output, and the amount of annual energy
produced by a system made up of these
modules would all remain unchanged.
The true rating, if lower, would cause the
dollar per peak watt amount to increase
proportionally.
This sounds like bad news or, at best,
no news, so why bother? A couple of
reasons. First, the likelihood that any
one consumer would get what they
paid for would improve from near-zero
to near-100 percent, a tactic far more
likely to build market confidence than the
occasional pleasant surprise that now
characterizes “the day after.” Second,
system designers could eliminate that
actual-versus-nameplate fudge factor
from their performance estimates. Finally,
installers would eliminate one more
asterisk: “Yeah, it says 150 watts on the
module, but you won’t actually see that
from your system...”
Managing expectations is much
easier when you start from a realistic
base. “Okay,” you say, “but if we go

to a performance-based (i.e., energybased) incentive, module power will be
irrelevant.” Baloney. You don’t get a
watt-hour until you have a watt. Every
conventional power plant, be it dieselbased distributed generation or natural
gas-fired central station, has a power
rating that is the basis for predicting
energy production.
One minor correction to the article.
The statement “...the PV module rating
method be changed to one that rates
PVs at their minimum output, rather
than at standard test conditions (STC)...”
is not quite accurate. Our proposal is
that the module nameplate should still
be measured at STC, and represent the
minimum of the manufacturer’s rating
tolerance. The 150 watt, plus or minus
10 percent module mentioned in the
example would instead be rated at 135
watts, -0 percent / +10 percent (or tighter,
+10% being the maximum allowed by UL
listing).
Whether modules should be rated at
STC, PTC, or some other conditions is a
separate, though important, discussion.
Several reports on our PIER project Web
site (www.pierminigrid.showdata.org)
discuss this topic in detail. By the way,
the subscript “p” in Wp stands for “peak”

and is conventionally used to represent
the STC DC rating of a module or a
system. Why anyone would rate an AC
power system in DC watts—which is sort
of like rating a portable AC generator in
horsepower—is fodder for yet another
article. Kind regards,
Chuck Whitaker, Behnke,
Erdman, and Whitaker Engineering, Inc. •
San Ramon, California
Thanks to you, Chuck, for providing
testimony to the California Energy
Commission concerning this issue. Without
you and your company stepping forward to
put this on the record, I would not have had
credibility on this subject. Best,
Don Loweburg •
Independent Power Providers

Internet RE Forums

Have you found any good online forums
for discussing renewable energy?
Bill Bar • via e-mail
Hi Bill, Here is one solar-electric
(photovoltaic; PV) systems listserv
that has lots of good people on it, but
very little traffic: http://listserv.repp.
org/mailman/listinfo/pvusers_listserv.
repp.org.

Winds Of Change
6 kW Eoltec Scirocco

USA
Pine Ridge Products LLC
www.pineridgeproducts.com
1 (406) 738-4283
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Canada
Solacity Inc.
www.solacity.com
1 (613) 686-4618

Energy (kWh/month)

•High efﬁciency / Low sound
•Variable pitch, low rpm, no furling
•MPPT grid-connect or charge controller
•European reliability, 5 year warranty
•5.6 meter rotor diameter
•Affordable
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Efficient.

Efﬁcient, Reliable, Rugged...

KACO Solar, Inc.
1002B O’Reilly Avenue
San Francisco, CA 94129
T: + 1 (866) KACO Solar
F: + 1 (415) 931 1688
info@kacosolar.com
www.kacosolar.com

KACO has been making power conversion
devices in Germany for over 60 years. Now the
KACO blue planet 1501 xi inverter is available
for sale in the United States. It is perfect for
outdoor or indoor installation and has the best DC
to AC energy conversion ratio of any inverter in it’s
class. Call us today to discuss how you can become a
KACO partner.

KACO blue planet 1501xi is the CEC’s “Best in Class”
in efficiency of inverters under 2 kW.
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This is pretty good for microhydro
systems: www.groups.yahoo.com/group/
microhydro. And these folks have a nice
wind energy systems list: www.groups.
yahoo.com/group/awea-wind-home.
Michael Welch • Home Power

Solar Hot Air

I am in the process of building a home
high in the Rockies. I would like to review
the options of using solar air heating.
Have you tested or reviewed any of the
products? I would like to compare as
many as possible, so anything you send
in getting me directed on this research
would be appreciated. Thanks,
James Pope • Fort Garland, Colorado
Hi James, To get started, check out HP98 and
HP99 for articles on air collectors and their
installation. Don’t have the back issues? Go
to our Web site, click on the “HP Archive”
and enter the issue number in the search
box. Digital back issues are $5. There is also a
free downloadable article about a homebuilt
solar hot air system—click on “Magazine,”
“Files & Downloads,” and then on “Solar
Hot Water & Space Heating.” Cheers,
Chuck Marken • Home Power

22

Zoning Woes

RE education is always needed. Eight
months ago, the Dubuque County,
Iowa, Board of Supervisors decided
they needed a zoning category for wind
turbine towers. The first question was
“Why?” after many years and many
towers already up and running. The
simple answers were “bird kill, looks,
liability for damage from falling towers,
and because small residential turbines
are starting to become very common in
parts of Iowa.”

After many monthly meetings
the zoning board suggested “an
environmental study for bird kill for each
tower permit, a 110 percent of tower
height setback, appearance and paint
color requirements, TV and microwave
interference studies, and a wind noise
study for each system.” The big problem
was that the zoning board got most
of their info piecemeal from many
different commercial wind generator
tower regulations across the country. I
supplied information from many past
studies on bird kill, noise, and setbacks
(drawing from Mick Sagrillo’s Web site,
federal and Iowa Department of Natural
Resources, and the American Wind
Energy Association), showing these nonissues were already studied to death.
The tower owner in this case did an
excellent job of education by inviting the
Board of Supervisors to his future site
in the country (8 acres), and two of the
three supervisors toured the site twice.
The owner received letters from state
senators and representatives in support of
his project and read them at the meetings.
I wrote editorials for eastern Iowa and local
papers comparing this problem to Don
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Not all of life’s decisions are easy.
We make this one simple.
The MS4024 Pure Sine Wave Inverter/Charger
When deciding on the right inverter/charger for your system — ease-of-installation,
ease-of-use, durability and price are key. Magnum Energy has you covered.
Easy installation:
A light-weight body makes the
MS4024 easy to lift into place and the
simple-to-reach connectors allow the
MS4024 to install in four easy steps.
Easy-to-use:
An on/off inverter-mounted switch,
easy-to-read LED indicators, and
an available remote control — for
convenient operation, including the
unique one-knob™ programming —
makes the MS4024 a breeze to operate.

Durable:
With over 20 years of renewable
energy experience backing Magnum
Energy inverter/chargers, the
MS4024 is designed with real
world use in mind. ETL listed to
UL1741/458 standard, Magnum
has over 18,000 units in the field
going strong.

The MS4024: 4000 watt
inverter with power
factor corrected charger

Economical:
Simply said — the MS4024 won’t
break the bank.

Available Accessories:

Remote control

AGS module - auto generator start

Stacking cable - series stackable

Also available:

www.magnumenergy.com

MS2012 and MS2812 pure sine wave inverter/chargers
Modified sine wave models RD1824, RD2824, RD3924,
and the NEW MM612AE and MM1212AE inverter/chargers

Phone:

425-353-8833

Dealer and distributor inquiries welcome
Distributors:

Carmanah Technologies
800-667-6527

New MM-AE Inverter/Charger

Energy Outfitters, LTD
800-467-6527

Solatron Technologies
888-647-6527

Wholesale Solar
800-472-1142

The Powerful Difference
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Quixote’s fighting mythical windmills. All
this education paid off—sort of. The bird
kill issue was temporarily dropped until
it could be studied further. The setback
was reduced to 100 percent of tower plus
turbine height, but the request for all future
towers and turbines in Dubuque county
must still go before the county board of
adjustment, where public input could very
easily stop any residential wind project.
As to humor and education, years
ago the same county tried to stop a big
solar heating project by requiring all solar
collectors to be under a roof and inside a
building because “it is a boiler system”
and could explode. Education is a big part
of getting RE mainstreamed!
Tom Snyder • Dyersville, Iowa

Masonry Heaters

Dear Home Power, I read the article
on rocket mass heaters in HP115 and
noted that you mentioned that this type
of unit is not commercially available
and that the experimenters should take
caution. I agree with this statement
100 percent. People should not take
chances when their homes and lives
could be put in danger by uninformed
experimenters.

From the article, I noted many
similarities between rocket heaters and
commercially available masonry heaters.
A masonry heater uses a wood charge,
plenty of air, a huge amount of thermal
mass, and an extended chimney structure
to extract heat from a high-intensity fire.
Masonry heaters are site built, but the
internal components can be purchased
from reputable manufacturers to create
a stable heating platform. They can also
be built with glass doors so that you can
watch the 1,500°F fire. If HP readers want
a similar product, with similar features,
built by a professional, they can contact the
Masonry Heaters Association (http://mhanet.org). For a manufacturer of internal
components, they can contact companies
like Temp Cast (www.tempcast.com).
Others are available. Masonry heaters
are also recognized as being incredibly
efficient, just as the rocket mass heater
claims to be.
Larry Tabor • Palisades, New York

Errata
The diagram presented in “Big Heat from
a Small Stove,” in HP115 was intended as a
conceptual drawing to convey the general
components and workings of a rocket mass

heater stove. As such, it should not be used
as a construction drawing. For step-bystep instructions, read Rocket Mass Heaters:
Superefficient Woodstoves You Can Build
(and Snuggle Up To) by Ianto Evans and
Leslie Jackson, available for order online at
www.rocketstoves.com.
In “Biofuels: Revolution or Ruse?”
(HP115) by David Max and Richard Engel,
the text on page 49, first column, second
paragraph, should have read: “Converting
every acre of land in the United States to
soybean production would replace barely
half of our current gasoline and diesel fuel
consumption.”

To send a letter to
Home Power’s Mailbox,
write to:
mailbox@homepower.com
or
Mailbox, c/o Home Power
PO Box 520, Ashland, OR 97520
Published letters will be edited for content
and length. Due to mail volume, we regret
that unpublished letters may not receive
a reply.

Formerly Global Resource Options

What the World Needs
...NOW
Finally, the service and quality your business needs

We are expanding our Distribution & Value-added
Services to meet the needs of the entire United States.
For professional sales, contact:
Western US: 800-977-2071
west_sales@groSolar.com
Eastern US: 800-374-4494
east_sales@groSolar.com

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

THE POWER TO CHOOSE.

www.skystreamenergy.com

United Bicycle Institute (UBI) owner
Ron Sutphin’s reason for going
solar was simple on the surface:
“UBI supports sustainable
transportation through our
educational efforts in the
bicycle industry. Now, we’re
supporting sustainable energy
too.” But when the rubber met
the road, Ron’s decision to go
solar had as much to do with
greenbacks as it did his with his
green ethics.

Small
Business,
Solar
Success
ALL THE INCENTIVES YOU’LL NEED
Joe Schwartz

Ron Sutphin, owner of United Bicycle Institute.

©2006 Joe Schwartz

From Solar to Cycling
Ron took an interest in solar energy technology in the mid1980s, and had seriously considered a career developing
communities with energy efficient buildings powered by
renewables. But these plans took another turn in 1986 when
he was presented with the opportunity to buy the United
Bicycle Institute in Ashland, Oregon, and administer its
business and educational programs. So Ron sidelined his
interest in renewable energy (RE) and turned his attention
toward sustainable transportation, focusing on cycling
education, training bike mechanics, and successfully
building a small business. This past year, UBI certified
more than 500 mechanics and frame builders, and currently
has more graduates working in the field than any other
bike mechanic school in the United States.
A few years ago, UBI’s profitability put Ron in a position
to invest some additional capital into his business. Their
building had been renovated and upgraded for energy
efficiency, student workbenches were outfitted with the latest
bike tools, and the shop was well supplied with equipment.
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commercial solar

UBI’s solar-electric system provides 50 percent
of the electricity used in the building, and the remainder is
purchased from the local utility’s green energy program.

UBI program administrator John Baxter, who had been a
frequent participant in Ashland’s annual solar home tour,
suggested that they investigate the cost-effectiveness of a
solar-electric system to power the Institute. That suggestion
was all the motivation that Ron needed to rekindle his interest
in solar energy.

Smart Business Decisions
The City of Ashland operates its own municipal electric utility,
and has always been a friendly environment for grid-tied solarelectric systems. In 1996, Ashland implemented a citywide net
metering policy. This voluntary action occurred three years
before the rest of Oregon’s investor-owned utilities were
required to participate in a mandatory net metering program
passed unanimously by both Oregon’s House and Senate. Net
metering allows both homeowners and businesses to offset
monthly or annual electricity use with site-generated renewable
energy, with the utility paying the participating customer the
retail rate per kilowatt-hour (KWH) for RE generated.
www.homepower.com
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commercial solar
Tech Specs
Overview

System type: Batteryless, grid-tie PV
Location: Ashland, Oregon
Solar resource: 4.9 average daily peak sun-hours
Production: 990 AC KWH per month average
Utility electricity offset: 50 percent

Photovoltaics

Modules: 48 Sharp NT-175U1, 175 W STC, 35.4 Vmp
Array: Six, eight-module series strings (two per inverter),
1,050 W STC each, 283.2 Vmp, 8,400 W STC total
Array installation: Direct Power & Water RGM mounts
installed on south-facing roof, elevated 30-degree tilt angle
DC array disconnects: Three, Square D H361NRB
AC disconnects: 20 A, 2-pole breakers

Balance of System

Inverters: Three, PV Powered PVP2800-XV, 2,800 Wp,
170 to 450 VDC operating range, 500 VDC maximum,
240 VAC output
System performance metering: Built-in inverter displays;
utility KWH meter

Top: Installer Eric Grisen wraps up the inverter,
disconnect, and wire raceway mounting.
Bottom: The completed power wall—ready to go.

Ron’s first call was to Larry Giardina, a conservation
analyst for the City. Ashland currently offers a cash incentive
of $2.25 per installed watt for grid-tied solar-electric systems,
with a maximum incentive of $10,000 per site. To receive
incentive money, the City requires that the proposed PV array
location is unshaded between 10 AM and 2 PM. The site must
also receive 75 percent of the total solar resource available
when compared to a completely unshaded, south-facing
array on a year-round basis. UBI’s large south-facing roof has
no shading, even in the winter, when the sun’s path is at its
lowest point in the sky—making it a perfect place for a highperformance PV system.
Ron’s next call was to his accountant. Federal business tax
codes allow for a five-year accelerated depreciation schedule for
PV equipment. At the time, a 10 percent
federal tax credit also was available for
commercial PV systems. Now, business
owners can take a federal tax credit equal
to 30 percent of their solar equipment
and installation costs for systems brought
online in 2006 and 2007.
In addition to the corporate
depreciation benefit and the federal tax
credit, Oregon’s Department of Energy
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provides a business energy tax credit of 35 percent taken over
five years for commercial PV systems. When Ron and his
accountant considered the incentive available from the city, the
state and federal tax credits, and the accelerated depreciation
schedule, investing in PV seemed like a no-brainer. “Our
business makes enough money to pay a pretty big tax bill, and
the tax credit from the state of Oregon is the same as cash back,”
says Ron. “It’s the only way I get to vote with my tax dollar, so
I decided to go for it.”
Mounted on the roof, the array is completely unshaded
throughout the year—optimal for solar energy production.
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UBI Batteryless Grid-Tie Photovoltaic (PV) System
Photovoltaics: Forty-eight Sharp NT-175U1, 175 W each at 35.4 Vmp,
wired in six, eight-module series strings for 8,400 W total at 283.2 Vmp
DC Disconnects: Three, Square D H361NRB
Inverters: Three PV Powered PVP2800-XV, 2,800 Wp, 500 VDC
maximum input, 240 VAC output

PVPowered

PVPowered

H1 H2 G

H1 H2 G

PVPowered

H1 H2 G

120/240 VAC to Utility Grid

Utility KWH
Meter

Note: All numbers are rated, manufacturers’ specifications,
or nominal unless otherwise specified.

Racking and stacking the solar-electric modules.

Dedicated AC
inverter
disconnects
(additional to
service entrance
breakers) were
not required by
the city in this
installation.

100 KWH

AC Service
Entrance:
To 120/240
VAC loads,
20 A
inverter
breakers

Sizing the System
For years, Ron had read in Home Power about RE systems
designed and installed by local, long-time installer Bob-O
Schultze of Electron Connection. After evaluating the solar
exposure at the site and examining the structural details
of the building, he and Bob-O pored over a few years of
electrical bills to get a good idea of how much electricity the
Institute was using, and talked about Ron’s expectations for
the system. The previous year, UBI had consumed close to
24,000 kilowatt-hours (KWH) of electricity. Ron decided that
offsetting half of the Institute’s grid-electricity use with solar
was a good initial goal.

www.homepower.com
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commercial solar
Small Business
Solar—Step by Step
With the bevy of incentives available, like tax credits and
rebates, investing in a solar-electric system for your business
is a smart financial strategy. Here’s how to get started.
Find a qualified local installer. While an experienced
installer is essential for high-performance commercial
PV system design and installation, most PV installation
companies also have substantial experience in handling
the logistics of applying for and maximizing a system’s
financial incentives. An experienced installer will likely be
your primary guide through the list of financial incentives
that are available to you.
Check out the Installers Directory in each issue of Home
Power magazine or on the Web at: www.homepower.com,
www.renewableenergyaccess.com, www.nabcep.org,
and www.findsolar.com. When selecting an installation
company, follow the same steps you would with any
other building contractor—get more than one bid for your
project, and get references from past clients.
Seek out incentives. Find comprehensive and current
information on federal, state, and utility rebate and tax
incentives for both commercial and residential renewable
energy and energy efficiency projects at the Database of
State Incentives for Renewable Energy (DSIRE) Web site
(www.dsireusa.org).
•

Many states offer tax credits for business PV
systems. Contact your state energy office for more
information. If your company does not have enough
of a tax liability to maximize state tax credits, check
into pass-through options, which may allow you to
partner with another business to maximize the tax
incentive for your PV investment.

•

New federal tax credits have been implemented
for both residential and commercial solar-electric
systems commissioned in 2006 and 2007, and
legislative work is currently underway to extend the
tax credits beyond 2007. Residential PV tax credits
max out at $2,000 per system, but incentives for
businesses are even more attractive—30 percent of
the installed system cost with no cap.

•

Even some electric utilities offer financial rebates
for commercial PV system installations. Check the
DSIRE Web site, or contact your local utility and state
energy office for PV incentive program details. And
don’t forget to keep an eye out for weatherization
and appliance upgrade incentives as well. It’s far
more cost effective to save energy than to generate it,
and every dollar you spend on upgrading the energy
efficiency of your business can save you roughly $3
to $5 in PV system component costs.

Make an appointment with your accountant. Your
business accountant can help you determine how your
company’s tax status will influence taking advantage
of incentives and accelerated depreciation schedules.
Many states have property tax exemptions for renewable
energy equipment as well. Getting your accountant
involved in your project from the beginning will help
greatly with your system’s financial planning.
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During that time, Ashland’s solar incentive was $3.50
per installed watt, with a cap of $10,500. A 3-kilowatt
(KW) PV system would max out the rebate. With UBI’s
annual electricity usage in mind, Bob-O ran some preliminary
numbers and it became apparent that a 3 KW system would
generate approximately 350 AC KWH per month at the site,
falling far short of Ron’s goal of offsetting 50 percent of UBI’s
annual electricity use.
“When I looked at the numbers, 3 KW wasn’t going to
make a big enough dent in our electrical usage. So I was like,
OK, what’s it going to take to get this over 50 percent?” says
Ron. After running some more numbers, it became clear that
if Ron wanted to hit the 50 percent mark, an 8 KW PV array
would need to be installed, and that any PV installed over 3
KW would not receive an incentive from the city.
“It made me swallow kind of hard at first because it was a
huge outlay of cash,” says Ron, who has a reputation around
town as being a pragmatic guy who doesn’t do something
unless it makes sound economic sense. As he gathered more
financial details on the proposed system, the benefits—both
ecological and economic—made it an easy decision to move
forward with the system. At the time of writing, UBI’s
PV system has produced more than 20,000 AC KWH and
has offset 40,160 pounds of carbon dioxide, a notorious
contributor to global warming.

Solar Savings
Electron Connection’s final system design specified a 48module, 8.4 KW solar-electric array feeding three PV Powered
2,800-watt inverters. The inverters were chosen in part
because they are manufactured in Oregon, and their selection
helps support RE equipment manufacturing in the state. The
installation was straightforward for Bob-O and apprentice
Eric Grisen. Direct Power & Water mounts were set at a tilt
angle of 30 degrees to maximize summer energy harvest.
Because Ashland has very infrequent utility interruptions, a
batteryless system with no provision for backup was installed.
Batteryless PV systems require no ongoing maintenance,
which was a plus for the busy UBI staff.
UBI’s PV system came online on April 29, 2005, and has
been offsetting 50 percent of the Institute’s annual electrical
use—just what Ron had expected. During the summer months,
electric bills have been as low as $28, down from $200 to $250
a month before the system was installed.
“If you have a business and you’re at all profitable—and
you own the building—investing in PV makes good financial
sense,” says Ron. “The only way it couldn’t be an absolute
winner is if I wasn’t operating profitably, and in that case
what would I be doing investing in something like PV
anyway?”
Besides supplying their building with clean, renewable
energy, another benefit for Ron and his business is the
positive PR the system generates. “There’s a bike component
manufacturer down in Redding, California, I called with a
bike tech question. Halfway through the conversation he
interrupted and said, ‘You guys just did that solar thing
up there, didn’t ya? I’m thinking of doing the same thing
too.’”
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PV System Payback Analysis
First
Year

Second
Year

Third
Year

Fourth
Year

Fifth
Year

Sixth
Year

Totals

Installed system cost

$52,080

–

–

–

–

–

$52,080

City of Ashland PV rebate

-10,500

Costs

Initial Cash Expenditure

-10,500

$41,580

Tax Benefits & Energy Savings
Oregon tax credit1

$5,208

credit2

5,208

Federal tax

Federal depreciation3 (estimated)

–

$2,604
–

$2,604
–

$2,604
–

–
–

$18,228
5,208

2,686

4,298

2,579

1,547

1,547

774

13,431

831

831

831

831

831

831

4,986

$27,647

$17,310

$11,296

$6,314

$1,332

-$273

Energy savings4 (estimated)
Running Net Cost

$5,208

1 If

2 10%

system cost is greater than $20,000,
35% credit must be taken over five years
(10%,10%,5%,5% & 5%)

of system cost (now 30%)
34% federal tax bracket
4 Calculated at $0.07 per KWH
Table data courtesy of Electron Connection
3 Assumes

“I think, if anything, I underestimated how much goodwill
there was coming from our students and incidental sources,”
says Ron. “The students seem to really dig it. Some of them are
so excited it’s hard to get them to focus back on the bikes.”

Bob-O Schultze, Electron Connection, PO Box 203,
Hornbrook, CA 96044 • 800-945-7587 or 530-475-3402 •
• bob-o@electronconnection.com •
www.electronconnection.com

Access

Direct Power & Water • 800-260-3792 •
www.directpower.com • PV racks

Joe Schwartz • joe.schwartz@homepower.com •
www.homepower.com
Ron Sutphin, United Bicycle Institute, 401 Williamson Way,
Ashland, OR 97520 • 541-488-1121 • ask@bikeschool.com •
www.bikeschool.com

PV Powered • 541-312-3832 • www.pvpowered.com •
Inverters
Sharp Solar • 800-237-4277 • www.sharp-usa.com/solar •
PV modules
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Pure Sine Wave Inverter
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• 300 Watts continuous; 12 Volt DC input
• Ideal for small off-grid PV: solar homes,

telecom, caravans and boats

• High reliability and efficiency
• Outstanding surge capability
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Phone: +1-215-321-4457
Fax: +1-215-321-4458
info@morningstarcorp.com
www.morningstarcorp.com

In celebration of our
25th year anniversary,
we are now offering a

�����������������

Shocking
www.sma-america.com

Sunny Boy 2100U

Donʼt let our incredibly low prices shock you!
In celebration of the 25th Anniversary of SMA and Sunny
Boy inverters, we are now offering twice the warranty
for free! Your Sunny Boy is now guaranteed to be trouble
free for an entire 10 years. Due to improved inverter
design and enhanced quality control measures, we are
very excited to announce that SMA America is now
offering a 10 year warranty upgrade on all new Sunny
Boy inverters! The upgrade is free to our Solar Pro members and offered at a discounted rate to all other customers. Our research has shown that a quality installation is
key to ensuring a reliable, trouble free PV system. Our
Solar Pros are the best trained solar & wind installers in
America. So, when youʼre looking for quality products
and installers, ask for the best renewable energy system
by name: Sunny Boy and Solar Pro; they go together.

Phone 530 -273- 4895
Toll Free 888 - 4SMAUSA
info@sma- america.com

Solar Today ... Energy Tomorrow

Solar-Electric Modules

Courtesy BP Solar, www.bp.com

Clean Energy from Cradle to Cradle
Scott Sklar

©2006 Scott Sklar

P

hotovoltaic (PV) technology has the reputation of being a pollution-free
energy source that can provide clean electricity for decades. With no
emissions, no noise, and no moving parts to maintain, PV technology
appears to be a dream come true. But skeptics point out that the manufacture
of this sunlight-harvesting equipment is an energy-intensive, polluting
process, and that the solar industry couldn’t survive without subsidies.
Renewable energy analyst Scott Sklar sheds a little light on the subject.

PV Energy Payback
One of the biggest questions people ask about solar-electric
systems has to do with energy payback: Does it take more
energy to make a PV module than the PV will actually produce
in its lifetime? In 2005, the National Renewable Energy
Laboratory completed an analysis that compared the amount
of energy required to manufacture PV modules to their
energy output. After the first 18 to 36 months (depending on
the type of PV technology and the site), PVs have produced as
much energy as was used in their manufacture, and thereafter
all the energy generated is “net positive.” Fossil-fuel-based
energy sources like coal or natural gas require the ongoing
use of finite resources. These energy generation approaches
will never achieve “net positive” energy production.
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Polycrystalline
silicon sliced into a
wafer—next, adding
electrical traces will make it a
functional photovoltaic cell.

PV life cycle
Manufacturing & Recycling

Courtesy REC Group, www.recgroup.com

Producing the materials that comprise PV cells and modules
(silicon, aluminum, glass, and plastic polymers) is a very
energy intensive process, and cell and module manufacturing
require the use of a variety of hazardous chemicals. (The
computer chip and circuit board industries use many of the
same chemicals.)
The majority of the newer PV manufacturing facilities
are among the most efficient, modern, high-tech plants in the
world. Most of them comply with the globally approved ISO
(International Organization for Standardization) 9000\9001
standard, which addresses facilities’ health technology,
environment, wastes, and safety, among other issues.

A nugget of metallurgical-grade silicon,
the “active ingredient” in a photovoltaic module.

Module
Manufacturing
Polysilicon solar cells make up the lion’s share of PV
production. The life cycle of a silicon solar cell starts with
silicon dioxide (SiO2), which is reduced in an electric
furnace to produce metallurgical-grade silicon that’s
99% pure. It is then further purified to obtain electronicgrade polysilicon (>99.99999% purity), which is used as a
“feedstock” for making the solar silicon wafer.

Environmental Effects
What about the overall environmental impact of photovoltaics
compared to other energy technologies? The most recent
analysis was completed by Associate Professor David
Bainbridge at the U.S. College of International Business in San
Diego. In the October 2004 issue of Solar Today, Bainbridge
compared renewable technologies with conventional energy
technologies—coal, natural gas, nuclear, and petroleum—
looking at their respective impacts, like emissions produced
(including global warming gases), air and water pollution,
habitat loss, and effects on human and animal health.
Bainbridge’s conclusion: “With assumed [PV] life
expectancies of 30 years, and taking into account the fossilfuel-based energy used in [their] manufacture, 87 to 97 percent
of the energy that PV systems generate won’t be plagued by
pollution, greenhouse gases, and depletion of resources.”

Wafering. After casting, ingots are sawn into thin
slices (called wafers) by state-of-the-art wire saws.
Most manufacturers produce wafers approximately
250 microns thick. Wafers are then cleaned in industrial
soap and other chemical solutions to remove any defects
introduced during the sawing process.

Energy Payback
of PV Systems

Cell Production. Since wafers are pre-doped with boron
(p-type), an n-type material (usually phosphorus) is
diffused into the wafer to achieve the p–n junction. Then
a very thin antireflective coating is applied to the surface,
which makes the cell appear dark. Next, the conductors
are deposited on the surfaces to complete the electrical
circuit. Silver and aluminum are the most widely used
metals for contact formation.

Casting. The feedstock is melted in a crucible, and pulled
or grown as a cylinder (monocrystalline), or directionally
solidified (polycrystalline). During the melting process,
in most methods, a small quantity of boron is mixed to
make the silicon p-type. The ingots that result are cut to
the needed dimensions.

Multicrystalline
Current
Thin Film
Current

Courtesy NREL

Multicrystalline
Anticipated
Thin film
Anticipated
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

Module Assembly. The cells are laid out on a substrate
and interconnected. Then glass or plastic is placed on
top of the cells. Finally, the edges are protected with
frames and sealed to the rest of the module. Under
sunlight, each cell produces a low voltage (typically
about 0.5 volts) and a relatively high amperage (5 to 8
amps). Cells are generally connected in series, which
increases the module’s voltage. Most PV modules are
built using a strong tempered-glass cover, and the cells
are laminated between sheets of a protective polymer
and a strong back-sheet to avoid environmental damage.
All top manufacturers’ modules carry 20- to 25-year
warranties.

Years
Modules

Frame

—Courtesy of Jean Posbic • BP Solar

Balance of System

www.homepower.com
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PV life cycle
does not even count the military requirements to protect oil
and natural gas production and shipping, or nuclear waste
storage.
All energy technologies are subsidized to some degree.
Could photovoltaics compete today if all the subsidies for
conventional energy technologies were done away with? Yes.
But will our political system ever stop subsidizing mature
energy companies with mature energy technologies in mature
markets? That’s not likely.
So how do we compensate for the bias that favors
conventional energy technologies? By providing tax incentives,
procurement and portfolio standards, emissions allowances,
and demonstration grants—all common tools of federal, state,
and local governments. Rather than being a reflection on the
viability of solar technology, these incentives are simply a
reflection of our political system and how it works.

More PV, Less Pollution
These 23-year-old ARCO modules still make useful energy.
Modern PV modules are manufactured to resist the
discoloration show here.

Manufacturing plants must reclaim effluents they produce,
and either recycle them under standard practices or dispose
of them under strict international standards.
After a PV system is manufactured, assembled, and
installed, at what point do the modules and components
become waste products—and what happens to them? Because
PV modules can last for 50 years or more, very few have hit
the waste stream so far. But a study presented at a June 2005
conference in Barcelona, Spain, predicts that in 2040, Europe
will have 33,500 tons of waste PV modules to deal with.
Several companies have plans or technology in place
for recycling PV modules. For instance, in 2003, Sharp Solar
developed recycling technology that melts and processes the
silicon cell material from used PV modules into new cells for
new modules. Deutsche Solar has a pilot plant that recovers
used silicon wafers for remanufacture. Their process produces
wafers with one-third of the embodied energy of wafers made
from virgin materials, further reducing the energy payback
time for PV modules. Glass and metals from used modules
are also readily recyclable, though recycling them has a less
dramatic impact on the energy and cost payback.

Comparing Costs
What is the “real” delivered cost of photovoltaics versus
conventional energy technologies? Does the use of
photovoltaics and the subsidies supporting them just distort
the energy market and create a chronic dependency of the
solar energy industry on subsidies?
First of all, the energy market is not a free market. Our
taxes subsidize nonrenewable energy by tens of billions of
dollars per year, including well-drilling costs, oil and gas
depletion allowances, special treatment for coal royalties,
liability limits for nuclear energy (the Price-Anderson Act),
and R&D on coal, oil, and nuclear energy resources. And this
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A typical U.S. household consumes about 900 kilowatt-hours
(KWH) of electricity per month. Compared to coal-generated
electricity, a PV system designed to generate 1,000 KWH
per month will reduce carbon dioxide emissions (a major
contributor to global warming) by about 1,400 pounds, and
keep 8 pounds of sulfur dioxide and 5 pounds of nitrogen
oxides out of the atmosphere—every month.
Because PV modules are net-positive energy sources, after
they recoup the energy consumed during their manufacture,
they generate pollution-free electricity over the rest over
their operational lifetimes. They do all this right on your
rooftop. And that payback—emissions-free electricity, energy
independence, cleaner air—is priceless.

Access
Scott Sklar, The Stella Group Ltd., 1616 H St. NW, 10th Fl.,
Washington, DC 20006 • 202-347-2214 • solarsklar@aol.com •
www.thestellagroupltd.com
“PV Payback,” Karl Knapp & Theresa Jester in HP80

ELECTRIC
BIKES
“No better quality at no better price”
800-806-7109
www.iloveebikes.com
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7-Year Limited Warranty
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Butler Sun Solutions
"Dedicated to conserving the
earth's energy and water resources."

Since 2003

Patents
& Pending

www.butlersunsolutions.com
“Sun Blocks”
Hot Water

Modular
Sun

(858) 259-8895

TM

Solar Wand

Collectors

TM

Come in and visit us
at our NEW Store Location
4091 E. Huntington Drive
Flagstaff, Arizona

Specializing in
Solar Electric Utility Tie
Remote Homes, Water Pumping, RVs
and Telecommunication Systems.
Call one of our
Solar Design Technicians to
help design the right system for you.

Electricity From the Sun

800-383-0195
www.solar-electric.com

Protecting our environment since 1979
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Concentrator Solar
Modules are avaliable NOW

Tel: 510-979-0112
Sales@PacificSolarTech.com
www.PacificSolarTech.com
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MSRP

Carmanah
Remote Power Inc.

MSRP

SunWize

Inter-Island

Solar Supply

PORTABLE POWER
GET IN GEAR & GO

Erin Moore Bean
©2006 Erin Moore Bean

Cell phones, PDAs, MP3 players, digital cameras, GPS equipment—if you‘re like most of us,
you probably own at least two or three portable
electronic devices. They allow you to take your
world with you anywhere. But whether you‘re
spending a day at the beach or trekking in the
Himalayas, when the battery of your handheld
gear is fully discharged, you‘re stuck searching
for an electrical outlet.
Luckily, the explosion of portable gadgets on the market has
been matched by an increase in portable and renewable ways
to recharge them. The two most common sources of portable
electricity are solar-electric (photovoltaic; PV) modules and
hand-crank generators. And just as cell phones have shrunk from
analog bricks to slim digital powerhouses, mobile energy sources
are smaller, lighter, and better designed than ever before.
Portable energy sources are convenient for experienced
renewable energy (RE) users, but they‘re also a great way to

introduce RE-skeptical family members and friends to some
of the benefits of solar energy. The first time your cell phone
works—and theirs doesn’t—the practicality of portable solar
electricity will quickly get their attention.
Mobile charging devices are cool, but in addition to
being fun to use, they can also reduce the use and waste
associated with disposable batteries. Rather than carrying
an extra set of alkaline batteries—adding not only additional
waste but additional weight to your load—with portable
solar electricity, you can carry just one set of rechargeables,
or charge many other devices, like cell phones or MP3
players, directly.
Before you spend your hard-earned cash on a portable
charging source, consider several factors. First, decide what
devices you‘ll be charging. Most small gear, like cell phones
and MP3 players, need a charger that produces at least 4
watts. Larger devices, like laptop computers, have higher
energy needs—12 watts or more. The higher the wattage of
your portable energy source, the shorter your charge times
will be.

Solar Options
BRUNTON SOLARPORT 4.4
(www.brunton.com, $119)
A great introduction to portable solar electricity, the SolarPort‘s hard
plastic shell opens like a book to reveal two polycrystalline solarelectric modules. It’s 9 inches tall, 6 inches wide, and only 1.5 inches
thick—as big as your favorite field guide, and just as useful. Its 4.4-watt
maximum output makes it a perfect pairing with MP3 players, cell
phones, and other small electronics. It also comes equipped with
adapters for charging via a USB cable (for portable MP3 players). A
battery charger for AA and AAA batteries is included. At just under
1 pound, it‘s a no-brainer to toss this charger into your pack. Amount of
time to charge a cell phone: 2 to 4 hours.
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portable power
POWERFILM F-SERIES FOLDABLE SOLAR
CHARGERS
(www.powerfilmsolar.com, $150–$450)
The next step up in portable solar electricity, PowerFilm‘s foldable solarelectric chargers unfold like photovoltaic picnic blankets. PowerFilm offers
several sizes; the larger the array, the greater its output, and the more
quickly it will charge your electronics. At the low end, the F15-300 offers
11 by 25.5 inches of 5-watt solar real estate, which can effectively
charge small handheld devices, as well as provide a “trickle charge”
for your car battery. Unfold it on the dash and plug it into your cigarette
lighter receptacle when ditching your car for extended periods, and it‘ll
maintain a minimum charge until you return.

Next, decide how you‘ll be using your portable solar or
wind-up charger. If you plan to use it frequently, the PV
units are a good choice, as long as you remember to plug
them in and set them in the sun a few hours before your
equipment’s battery is fully discharged! If emergency backup
is what you‘re after, consider wind-up devices—their charge
times are limited only to the amount of elbow grease you can
provide.
Be sure to check out how you‘ll connect your electronics
to your charger. Some portable chargers come with cigarette
lighter-type receptacles, and you may have to buy additional
adapters. Before you leave the comforts of home (and its ACcharging capabilities), test your new portable charger with
each device so there will be no surprises when you‘re in the
field.
When you‘re trying out your new equipment, be sure to
note the conditions and the amount of time needed to fully
recharge your electronics. Your cell phone may take an hour
to charge when plugged into a wall socket, but depending
on the charger’s output, two to four hours with a portable

PV. And keep your eye on the sun when you’re charging—
the angle of the sun‘s rays also affects charging times, so be
sure to take the sun‘s position into account.
Check the device‘s voltage requirements: Some portable
chargers automatically regulate their output to match the
requirements of the device they‘re charging, but others may
need additional regulation. Most portable charging devices
output only one nominal voltage, but some can be set to
charge at more than one voltage. When considering charge
voltages, a few tenths of a volt won‘t matter—from 4.3 to 5,
for example—but charging a 4.3-volt digital camera using a
7-volt power source may damage the camera.
Finally, make sure to guard against reverse current. In
low- or no-light conditions, devices with built-in blocking
diodes prevent the backflow of energy from your battery into
your portable PV charger, which in low-light conditions will
have a lower voltage than a fully charged battery. Diodes
are built into most PVs used for portable charging, but you
should always check your charger’s documentation before
leaving your electronics plugged in for an extended period.

SOLARIS FOLDABLE SOLAR CHARGERS
(www.brunton.com, $129–$359)
If you‘re itching to power larger devices, go for the Solaris 12 or 26,
which offers 12- and 26-watt outputs, respectively. Like their smaller
counterpart, these larger arrays can charge small handheld devices, but
they can also recharge 12-volt laptop computer batteries in a matter of
hours, or even charge a discharged car battery after two to four
days of full sun.
Each model is water resistant and can be interconnected with
identical PV modules to increase total output. You‘ll need vehicle
adapters for charging handheld devices; optional adapters are
available for charging AA, AAA, and car batteries. All models
include a reverse-flow blocking diode, so you don‘t have to worry
about draining your battery after the sun goes down. Amount of time to
charge a cell phone: Solaris 6, 1 to 3 hours; the Solaris 12 and Solaris
26, 1 hour or less.

www.homepower.com
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BRUNTON SOLARROLL (www.brunton.com, $279–$399)
POWERFILM R-SERIES ROLLABLE
SOLAR-ELECTRIC ARRAYS
(www.powerfilmsolar.com, $109–$379)
These waterproof, roll-up PVs are ideal for sea kayakers, river rafters,
and techno-heads who can’t leave their work behind. They are available
in several sizes: Brunton offers 9- and 14-watt models; PowerFilm
produces rollables in 5-, 10- and 20-watt sizes. PowerFilm‘s 5-watt
model, the smallest, weighs just under 10 ounces. Brunton‘s 14-watt
unit weighs just 17 ounces and can be rolled into a 3.5-inch-diameter
cylinder. The smaller rolls can power handheld devices; the larger ones
can charge laptops in a few hours.
As with folding PVs, rollable models can be combined with other units
of the same type for higher output—Brunton‘s SolarRolls come with
a cable to daisy-chain multiple modules into arrays; PowerFilm offers
the cable as an optional accessory. All of the rollable models include
reverse-current protection, as well as adapter cords. Amount of time to
charge a cell phone: PowerFilm R15-300 (5 watt) and SolarRoll 9, 1
to 2 hours; PowerFilm R15-1200 (20 watt) and SolarRoll 14, 1 hour
or less.

VOLTAIC SOLAR BAGS
(www.voltaicsystems.com, $239)

REWARE JUICE BAGS
(www.rewarestore.com $210–$275)

BACKPACK OR MESSENGER BAGS
WITH PV MODULES
Voltaic and Reware both manufacture backpacks with built-in PVs, and
each brand has its advantages. Both models provide only enough
energy for small devices—they‘re not powerful enough to recharge
your laptop while you‘re toting it around town. The Voltaic solar bag,
available as a backpack or shoulder bag, generates 4 watts with
its three interconnected solar-electric modules. A built-in battery pack
(2,000 milliamp-hours at 7.2 VDC) stores energy generated while
you’re in the sun. Both models use a standard DC adapter socket, but
the Voltaic model also comes with adapters for ten popular cell phone
models, as well as a USB adapter.
Although Reware’s Juice bags don‘t come with battery packs or multiple
adapters, you can buy these accessories separately. Reware designs
offer a few different features. Their solar-electric modules are removable
for remote use, and the higher wattage array recharges electronics
faster. The Voltaic bag will charge a cell phone in 4 to 6 hours, while
the Reware bags will charge it in 2 to 4. An additional eco-friendly
bonus: The Juice bags are manufactured from recycled plastic bottles.
According to the manufacturer, each bag saves eight 2-liter bottles from
ending up in landfills.
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portable power
SOLIO HANDHELD PV CHARGER WITH
BATTERY PACK (www.solio.com, $99.95)
Here‘s how to win over teens whose MP3 player headphones are
permanently implanted in their ears: hand them a Solio. It‘s the size of a
cell phone, fits in your pocket, and its three sections fan out to reveal three
PV modules. The Solio‘s average output is 5.5 watts in full sun, enough for
small devices. Solio includes an onboard 3.6-volt, 1,600 milliamp-hour
lithium ion rechargeable battery pack. This battery type allows the device
to maintain its charge for up to a year, so once it‘s fully charged, it‘s ready
for use when needed. The Solio can be used to either recharge or directly
power your portable devices. The suction cup provided can be threaded
through the Solio‘s axis, which allows you to stick it to a sunny window—
and charge on the go. Several types of adapters are available to match
your specific electronics. The optional 12-volt car adapter ($11.95) is your
best bet, especially if you already own car chargers for your electronic
gear. Amount of time to charge a cell phone: 2 hours.

SOLLIGHT LIGHTCAP PV LANTERN/
WATER BOTTLE
(www.sollight.com, $24.95)
Backpackers will delight in this brilliant concept: A water bottle that
doubles as a lantern. It looks like any other wide-mouth polycarbonate
bottle, but a PV module in its cap charges batteries for two selectable
LED bulbs: white for bright light, and red for low light (and minimal
energy use). The lightbulb, batteries, and PV module are all molded into
the cap, so there‘s no need to worry about battery electrolyte mingling
with your spring water! Four hours of sunshine provide several hours of
light; or switch to the red LED and leave it on all night long.

Human-Powered
Options
When the only available fuel is elbow grease, human-powered devices offer convenient energy on
the go. Using a wind-up or stepping motion, these devices convert muscle action into electricity, which
is then stored in a rechargeable battery for later use. Traditionally, human-powered electricity has
been used in emergency situations, but its convenience makes it attractive for everyday use: It makes
recharging batteries a quick process and human power is readily available at the moment you need it.
The only limit is your own stamina!

FREEPLAY XRAY CRANK-OPERATED LED
FLASHLIGHT
(www.freeplayenergy.com, $34.99)
The quintessential entry point for portable, sustainable, and pollutionfree energy—your own. This model, with its efficient LED bulb, gives
20 minutes of light after a 30-second crank.

www.homepower.com
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FOREVER FLASHLIGHT III
(www.foreverflashlights.com, $29.95)
The Forever Flashlight is a great lesson in the magic of physics: Shake it
vigorously to make the copper-wire coil inside shift back and forth along
the column of the flashlight’s body. After 10 to 15 seconds, your effort
will be rewarded with 5 minutes of light from a bright LED. The secret
is Faraday’s theory of electromagnetic induction: A magnet passing the
copper coil generates an electrical current to power the LED.

FREECHARGE WEZA STEP-ACTION PORTABLE
ENERGY SOURCE
(www.freeplayenergy.com, $269.99)
Originally designed for recharging dead boat batteries, the step-action
Weza—which means “power” in Swahili—is now used to charge
everything from cell phones to car batteries. It’s especially popular in
Africa, where grid power is spotty, or often nonexistent.
Pumping the Weza’s treadle charges its lead-acid gel-cell battery, and
produces between 25 and 40 watts, depending on how vigorously you
step! The Weza recharges small electronics through a 12-volt cigarette
lighter adapter, and comes with jumper cables for car batteries. A cell
phone can be recharged with 5 minutes of step action. It’s good for
emergency situations of all types—but at nearly 18 pounds, it’s not a
viable solution for backpackers, hikers, and others who are trying to pack
lightly. The downside? Step action is not an effective way to recharge a
laptop—5 minutes of stepping (which is quite a workout), equals about
2.5 minutes of run time—not a great payoff for your sweat equity.

ETON FR300 CELL PHONE CHARGER/RADIO
(www.etoncorp.com, $50)
Although it may look like a humble analog radio, Eton’s FR300 is
actually a high-tech multitasker. Its wind-up energy powers an AM/FM/
shortwave radio, a bright white LED flashlight or blinking red signal LED,
and best of all, most cell phones (check their list of supported phones
before buying). The FR300 comes with an adapter cable and several
cell phone adapters, so you can charge your phone’s battery anytime
and anywhere.

FREEPLAY SUMMIT WINDUP/PV/DC RADIO
(www.freeplayenergy.com, $89.99)
Disasters do happen, so whether you’re into RE or not, think about
owning one of these, because crank-operated radios are perfect for
getting news when the power’s out. A world-band radio allows you to
monitor goings-on around the globe. Thirty seconds of winding provides
30 minutes of radio play, and PV modules on the back of the radio
allow for solar (and pollution-free) charging. And if you’re impatient, or if
30 seconds of cranking is just too much effort, you can also plug it into
a wall socket. But where’s the fun—or sun—in that?

Access

Erin Moore Bean • erinmoorebean@gmail.com
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Prepaid
Power
Putting Renewables
to Work for You
Dan Casale
©2006 Dan Casale
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or most of us, like death and taxes, purchasing electricity
for the rest of our years is an inescapable consequence of
powering our modern lives. But what if you could lock
in your rate—and eventually produce your home’s energy
for free? You also may be able to increase your home’s value,
and take advantage of utility rebates, tax incentives, and
the immeasurably good feeling of investing in clean, green
energy for this and future generations.
All this can come from installing a renewable energy (RE)
system at your home. Here’s how you can make the best
choices to put renewable energy to work for you.

Meeting Your Needs
The average American household uses about 900 kilowatthours (KWH) of electricity each month. But basing system
costs solely on that number would most likely give you an
inaccurate and unhelpful result. Your electrical use may vary
wildly, depending on your habits, what kind of appliances
you have, and the time of year.
So how can you gauge your electrical appetite? For a
quick snapshot of your electrical usage, check out your
monthly electricity bill. Most bills include KWH usage figures
for the last twelve months; this will give you a good idea of
how much electricity your home uses each year.
Next, take steps to improve your home’s efficiency. Every
dollar you spend on making your home more efficient can
decrease the cost of a solar-electric system by approximately $3
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to $5. For example, just replacing an older model refrigerator
with a modern, more efficient one could reduce your electrical
usage by 50 KWH per month—shrinking the size of the
RE system you’ll need. Combine efficiency measures with
household-wide conservation strategies and you can make a
pretty sizeable dent in your system costs.

Your Options
For electricity generation, your most viable, affordable
options for renewable energy include tapping the water,
sun, and wind. Microhydro is considered by many to be the
holy grail of renewable energy sources. While solar- and
wind-electric systems produce variable amounts of energy
depending on whether the sun is shining or the wind is
blowing, microhydro turbines generate electricity as long as
the water is running.
If your site has a creek that drops along its course,
microhydro can be one of the most cost-effective options. The
first step in assessing the feasibility of any microhydro-electric
system is to measure stream flow and head (vertical drop).
The water pressure created by the difference in elevation
along your pipeline spins your water turbine and generates
electricity. Once you’ve assessed your site’s potential, you’ll
have enough information to begin the next step—talking
with turbine suppliers about design strategies. (For details on
microhydro systems, including how to measure flow and head,
see “Intro to Hydropower, Part 1 & 2” in HP103 & HP104.)
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But most of us aren’t lucky enough to have a stream
running through our property and can rule out using
microhydro systems. So that leaves wind and solar electricity
(photovoltaics; PV)—is one better than the other? As with
everything, that depends on your location and resources.

Who’s Right for Wind?
The economics of a wind system rely largely on a location’s
average wind speed and the local cost of electricity.
According to the American Wind Energy Association, those
contemplating wind energy should have at least a 10 mph
average wind speed at their sites and pay at least $0.10 per
KWH for electricity. If your place is off-grid, a wind turbine
can make sense even in areas with low average wind speeds.
Solar and wind energy nicely complement one another, since
storm fronts that obscure the sun typically have strong winds
attached, making a hybrid PV–wind system a great approach
for year-round energy production.
Wind behavior varies radically depending on the location.
Just because your neighbor may live on a windy site does not
guarantee that your site will have that same resource. Wind
data maps can help you identify the general wind speeds and
overall patterns in your region, but will not tell you much
about a specific site. In most cases, you’ll need to rely on an
experienced installer to evaluate your particular site’s wind
potential.
Residential-scale wind turbines measure 8 to 30 feet (or
more) in rotor diameter, and should be mounted on 60 to
160 foot towers. Wind-electric systems are difficult to install
on city lots or small lots in the suburbs, largely because of
space limitations and tower height regulations. Wherever you
install a wind turbine, to maximize your system’s effectiveness,
site it on a tower well above all nearby obstructions.

Instead of grumbling about the wind,
make electricity every time it blows.

With their many moving parts, wind generators require
routine maintenance—at least annually. This requires
climbing or lowering the tower to service the turbine. Windelectric systems will always be less reliable and require more
maintenance than solar-electric systems. They are not for the
fainthearted!
Several states offer rebates to help offset the up-front cost
of a wind-energy system. Presently, these cash-back incentives
reward system owners by reimbursing them for up to 60 percent
of system costs.

Off Grid…Or On?
You may fantasize about going off the grid—disconnecting
from the electrical utility completely and asserting your energy
independence. And while thumbing your nose at the utility
monopolies may have great appeal, if you’re planning to
install an RE system, and if you already have utility electricity
at your site, it makes sense to tie your system to the grid,
rather than cutting the cord. The primary reason for this has
to do with energy production losses when off-grid systems
are regulating. In off-grid systems, once the batteries are full,
a controller throttles back the output of the RE sources to
keep the batteries from being overcharged. Additionally, the
battery charge–discharge cycle can consume up to 20 percent
of your energy. If the same system is grid-tied, any excess
energy gets exported back to the grid, which significantly
increases the annual production of your system and puts
those otherwise uncaptured electrons to use.
Off-grid systems are usually cost effective compared to a
utility line extension of 1/4 mile or more. While living offgrid might be the biggest statement you can make when it
comes to being independent, it also requires homeowners to

actively manage their energy use to avoid overly depleting
(and damaging) their batteries. The most commonly used
batteries (flooded, lead-acid) require routine maintenance.
During inclement weather, many off-grid systems also need an
occasional boost of energy from fossil-fuel engine generators,
which can be noisy and polluting nuisances.
On-grid batteryless systems have the advantage of being
easily scalable to fit your budget—you can offset as little or
as much of your household energy use as you can afford.
Plus, these systems are virtually maintenance free and won’t
suffer from the energy-unwise choices of unwitting household
members—Pat can still run the electric hair dryer and blast
the boom box, while Marti tinkers in the woodshop, Shawn
bakes a turkey in the electric convection oven, and Chris plays
video poker on the computer. The downside? If your system is
batteryless, when the grid goes down, so does your system. If
you have frequent utility outages at your location, consider a
grid-tied system with battery backup. These systems will allow
you to power priority loads like lighting, communications,
refrigeration, and water pumping when the grid goes down.
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and produce electricity in all areas of the country—from the
northern reaches of Washington State to the Sun Belt.
But even the sunniest regions won’t guarantee you good
system performance unless you have unobstructed solar
access at your site. This daily access to the sun is called your
“solar window.” You’ll need a location on your rooftop or
elsewhere on your property that:
• Ideally faces south, though east- or west-facing arrays can
be surprisingly productive, so don’t rule them out if they
are your only options.
• Provides enough space for the number of PV modules
needed, possibly including room for future expansion.
• Enables the entire array of modules to have unshaded
exposure to the sun during peak sun-hours.

dirkr

If you want to assess your site’s resource yourself,
consider using the Solar Pathfinder to help you determine the
best place to site your system (see Access).
One of the best features of solar electricity is its scalability.
With a little foresight, you can start small and build your
system gradually if that better suits your budget. A starter
system can be designed to meet any portion of your home’s
daily electricity needs. This is one great benefit of a grid-tied
system—the remainder of your electricity can be purchased
from your electric utility, just as before. And, if you plan your
system for future expansion, adding more modules to your
array as your pocketbook allows is relatively simple.
To maximize the energy produced by your investment
and to minimize PV system costs, always look for the sunniest
location on your property to install your array. Don’t assume
that the roof is your only option: Pole mounts, wall mounts,
and ground mounts are worth considering too.
While it is common practice to mount PV arrays on a
home’s roof, assess your roof’s condition—and remaining life
span—before doing so. Putting a new array on an old roof

A solar-electric system can turn your home’s rooftop
into a power plant—no noise, no worries.

Using the Sun
With no moving parts, solar-electric (photovoltaic; PV)
systems are durable, quiet, reliable, and virtually maintenance
free. Several Internet sites can provide accurate estimates of
the amount of sunshine (peak sun-hours) you can expect to
harvest on a daily, monthly, and yearly basis (see Access).
Less sunny locales call for larger systems to generate the same
amount of electricity that a smaller system in a sunnier spot can
produce. Knowing the seasonal minimums and maximums for
your area can help you understand the potential for PV at
your site. Successful solar-electric systems have been installed

Finding Your Renewable Energy Path
START

no

Do I have a
hydro resource?

I think I want a
renewable energy system
to provide my electricity

yes

Do I have a good
solar site?

yes

Size and spec a microhydroelectric system
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no

Do I have a good
wind site?

Am I willing to do
necessary maintenance?

Size and spec
a photovoltaic system

Size and spec
a wind-electric system

What financial incentives
do I qualify for?

Determine final
system cost

no

yes

yes

consider hybrid system

reconsider

Reduce my home’s
electrical energy usage
through efficiency
and conservation measures

Do I have a
wind resource?
yes

yes

good

too
much

no

yes

Cheer wildly!

Evaluate my electrical
energy use

Do I have a
solar resource?

FINISH
I can
swing this

frighteningly expensive

home power 116 / december 2006 & january 2007

Install system,
live happily ever after

no

prepaid power

Going Solar—The Author’s Solution
After implementing many common energy efficiency measures like
swapping out incandescent lightbulbs for compact fluorescents,
installing an automatic setback thermostat, and purchasing more
energy efficient appliances, I deemed my household ready for
renewables. My wife Capa and I live in the Nevada desert, where
few flowing streams exist to make microhydro viable, and the
valley bottom where we live barely qualifies as a Class 2 (average
wind speed of 10 mph) wind zone. But, with almost 300 sunny
days each year, PV is a perfect match. Since PV array output
increases as temperature decreases, our cold, sunny winters also
boost our PV system’s annual production by about 10 percent.
A quick check of a year’s worth of electricity bills showed that our
household consumed about 600 KWH per month. With more than
5 average daily peak sun-hours at our site, we needed at least a
5 KW PV system to meet these needs. Most grid-tied inverter
manufacturers have a sizing tool that will assist you in sizing
your system—or if you don’t want to or are unqualified to do it
yourself, hire a PV pro to size, design, and install your system.
Our system finally came online at the end of June 2005. Toward
the end of July, the first electricity bill arrived—with a charge
of only $4.12, the utility connection fee. Three months later,
we had accumulated an excess of 1,500 KWH. A quick trip to a
hardware store netted three electric heaters and a plan to offset
some of our natural gas usage with solar-produced electric heat.
After two months of assisting the gas-fueled furnace with electric
heat, we had consumed about half of the excess KWH and made a
noticeable dent in our natural gas consumption.
At our present electricity rate, without factoring in any federal or
utility incentives, our solar-electric system will have recovered its
initial cost in 33 years. However, if we account for the available

For author Dan Casale and his wife Capa
solar energy was the most abundant renewable resource
at their site, and photovoltaics were the solution.

incentives, the payback time shrinks to about 18 years, well
inside the PV modules’ warranty period. If installed as part of
a business venture, business tax incentives further reduce the
payback time to about eight years. Federal and, in some cases,
state tax credits are also available for homeowners who have PV
systems installed.
Since we’ve installed the system, local utility rates have gone
up twice, the utility PV rebate has gone down twice, and both
the federal personal and business rebates look great. So don’t
delay—get your plan together to “prepay” your electricity bill.

Tech Specs
Overview
System type: Batteryless, grid-tie PV
Location: Sparks, Nevada
Solar resource: 5.8 average daily peak sun-hours
Production: 1,055 AC KWH per month (average)
Utility electricity offset: 100 percent

Photovoltaics
Modules: 32, Kyocera KC187G, 187 W STC, 26.1 Vmp
Array: Two 16-module series strings, 2,992 W STC each,
418 Vmp, 5,984 W STC total
Array installation: Adjustable UniRac mounts with highprofile legs, ground-mounted on a concrete slab, 30- to
60-degree tilt angle

Balance of System
Inverters: Two Xantrex GT3.0, 3,000 Wp, 195–550 VDC
MPPT range, 240 VAC output
System performance metering: Built-in inverter displays
and utility-supplied KWH meter

System Economics
Item

Cost

Initial cost

$52,689

Green energy credits sold

-25,000

Tax credits & deductions (over 5 yrs.)

-16,000

Total Cost

$11,689

Payback Period (Yrs.)

7.2

Annual Electricity Savings

$1,519

Annual Gas Savings (Electric Heating)

$105

www.homepower.com
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will inevitably result in the added expense of dismantling
and moving the array when you have to replace the roof. If
a new roof is already in the plan, you may want to consider
building-integrated PV (BIPV) materials, like PV laminates,
which adhere to standing-seam metal roofs, or solar-electric
shingles, tiles, or other roof-integrated systems (see “Install a
Solar-Electric Roof, “ in HP114). A potential drawback of thinfilm BIPV technologies is that they are about half as efficient
as crystalline modules. Since the fuel (sunshine) is free, the
bottom line is simply that this material requires more roof
space, so make sure you have it.
If your roof is not ideal for PV, consider a pole- or groundmounted array. They can offer the benefit of being easier to
adjust seasonally for maximal production (no climbing on
roofs!), and they are easier to clean if dust or snow builds up.
Pole-mounted arrays can be fitted with a tracker that keeps
the modules facing the sun throughout the day, increasing the
annual output of the system up to about 30 percent.
Currently, most financial incentives for grid-tied PV
systems are based on installed watts—and that makes adding
panels more cost effective than installing trackers. But in
places where incentives are based on power production rather
than installed watts, the benefits of increased PV production
may outweigh the cost of purchasing tracking mounts.

availability of generous financial incentives—including
federal and state tax credits, and cash-back rebates. For tax
years 2006 and 2007, you can deduct up to 30 percent ($2,000
maximum) of your home’s solar-electric system costs from
the bottom line of your federal tax return, and carry any
excess credit to the next tax year.
In some states, rebate programs refund as much as
60 percent of a solar-electric system’s installed cost to the
homeowner. Add to that tax credits and exemptions, and
low-interest state loans, and the picture gets brighter still. You
can get up-to-date information on financial incentives at the
Database of State Incentives for Renewable Energy Web site
(see Access). Check it out and get started. The decisions you
make today can turn into energy tomorrow.

Free Money

Solar Pathfinder • 317-501-2529 • www.solarpathfinder.com •
Solar site assessment tool

Perhaps the most powerful impetus behind the exploding
popularity of residential-scale grid-tied RE systems is the

Access
Dan Casale • www.groups.yahoo.com/group/alternatepower/ •
dan_casale@nshe.nevada.edu
Renewable Resources Data Center • http://rredc.nrel.gov/
solar/pubs/redbook • Maps, charts, etc.
Residential RE Rebate and Incentives Information •
www.dsireusa.org
PV System Sizing (Solar) Estimator • www.findsolar.com

Use ALL the power from PV Arrays, ALL day, at ALL temperatures

T80 TurboCharger

TM

MPPT Charge Controller
80 Amp output at up to 40oC ambient
Built-in TriMetrictm Energy Monitor
Wireless Remote Readout option

Wireless Remote Readout

Optimum MPPT Energy Harvest

Available in Wired, Wireless and
Wireless PC Link versions.

Data Logging with Computer Display
Runs cool – quiet variable speed fan

Shows Battery State of Charge,
Amp-Hours, charge/discharge
current plus energy history.

Large wiring box and connectors

POLLO

OLAR

Wireless Link to PC displays all
the data plus graphs.

23 F. J. Clarke Circle
Bethel, CT 06801
(203) 790-6400
www.Apollo-Solar.net
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QUALITY HARDWARE FOR THE PV INDUSTRY

Designed for the Professional...

Top-of-Pole Mounts
Power-Rail Mounting System
Side-of-Pole Mounts
Power Tube Commercial Racking System
Power-Grid Racking System
Roof-Ground Mounts
Battery Boxes, Racks and Cabinets
Equipment Enclosures
Preferred by Experienced Installers
Our 21st Year Offgrid!
We provide excellent service & technical support.
Residential Power • Water Systems • Communications
Wind • PV • Hydro • Custom Design • Installation
All Major Brands

Don Loweburg
NABCEP Certified Installer

California
Rebates!

OFF LINE

DIRECT POWER AND WATER CORP.
ALBUQUERQUE, NM USA
800-260-3792 or 505-889-3585
FAX: 505-889-3548
www.power-fab.com
info@power-fab.com

Located in the central Sierra, near Yosemite

e-mail: ofln@aol.com
www.psnw.com/~ofln
P.O. Box 231, North Fork, CA 93643

(559) 877-7080
CA Lic. #661052

MEMBER
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For thousands of years, people have been harnessing the energy of the wind.
A fascination for wind energy has driven both of us to build, buy, install, and
maintain our own machines for the last three decades. Chances are that the first
wind-energy users were driven by the same maniacal glee that we experience
when we grab energy out of thin air.
The design of home-scale wind-electric generators has been through many
permutations and variations, with lots of circles and dead ends. But most of
today’s modern wind-electric generators are surprisingly similar. This article
will help you understand each part of a typical wind generator, and how it
functions in the overall design.

Tail Boom & Vane
Turns wind turbine
to face the wind

R T R (Blades & Hub)

“Rotor” is just a fancy word for a wind turbine’s blade assembly—the part that
rotates. (There are actually two rotors—the blade rotor, and the magnet rotor
in the alternator or generator, which is driven by the blade rotor.) The wind
generator’s blades are the energy collectors. After the wind itself, the circular
area that the rotor sweeps is the most important factor in determining how much
power the machine can generate. The swept area of the rotor depends on the
square of the diameter. Compared to a 5-foot-diameter rotor, a 10-foot one will be
twice as wide, and twice as high. Doubling the diameter gives access to four times
as much wind, and usually results in four times as much power.
Most modern wind turbines have three blades. Blades are usually made of
plastic, often in a composite with fiberglass, or sometimes out of wood. Rotors
with more than three blades have more start-up torque, but actually produce
less power at high speeds. Two-bladed rotors can work at even higher speeds
than their three-bladed counterparts, but can be noisy and also vibrate when
the wind changes.

Swept Area,
113 ft.2
Blade Radius, 6 ft.

Rotor Diameter, 12 ft.
A cross-section of an extruded carbon-fiber
blade shows the airfoil shape.

For home-scale wind generators, the blade rotor drives the magnet rotor
directly. This design is the simplest and most efficient way to collect the wind’s
energy. Adding belts, pulleys, gearing, or any other indirect transmission will
incur losses, as well as require more maintenance.
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Courtesy www.bergey.com

Mechanical power is a combination of speed and torque. Wind-electric
generators need to spin at relatively high rpm and at low torque, unlike waterpumping wind machines, which need low rpm and high torque.

Courtesy www.bergey.com

Rotor, stator, diode rectifier,
slip rings, and bearings
exposed on a Bergey XL.1
1 KW generator.

Governing System

Offset mounting of turbine on its yaw
bearing causes turbine to yaw
out of the wind rather than overspeed
Alternator Stator:
Electrical current is induced
in the copper windings by the
electromagnetic field from
the rotating magnets

Blades:
Blade airfoil needs to have good
lift/drag ratio to rotate at speeds
faster than the wind

Alternator
Alternator Bearings and
Front Plate not shown
Shaft

Nose Cone:
Provides visual appeal
and some protection
for alternator

Alternator Rotor:
Permanent magnets rotate past
stationary windings in the stator,
inducing electrical current

Yaw
Bearing
Permits the
turbine to
rotate to face
the wind

Brushes
& Slip Rings

Transmit electricity through the
rotating yaw bearing

Stub Tower:
Attaches
turbine
assembly
to tower top

Courtesy www.bergey.com

Transmission
Wires

Rotor

ALTERNAT R

Most modern small-scale wind turbines employ permanent magnet
alternators (PMAs). Electricity is generated when a magnetic field
passes a wire. In a PMA, magnets move relative to coils of wire
(windings). In one popular configuration (as
shown in the diagram above), the magnet
rotor is a rotating “can” that spins outside the
coils. The magnets are on the inside (facing
the coils) and the blades attach directly to the
front of the can. These PMAs usually generate
wild three-phase AC, which is not usable by
appliances directly. Instead, this energy is
rectified (converted to DC electricity). After
that, it can be used as DC or inverted to AC
electricity for AC appliances. Traditionally, the
energy has been stored in batteries, but in
many modern wind-electric systems, it is fed
straight into the household grid supply.
The stator from a 10 KW Bergey Excel showing
multiple windings. A bearing in the center supports
the rotor.

www.homepower.com
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wind anatomy
The tail of a wind generator orients the turbine into the wind.
When the wind changes direction, it pushes on one side of the tail,
swinging the turbine around to face and collect wind energy. In tailfurling designs, the tail is also involved in protecting the turbine from
high winds (see Governing Systems), and tail and boom length are
designed carefully for weight and area. Changing these parameters
can change the way the machine operates—so don’t do it.

SHAFT & BEARINGS

The shaft of a wind turbine carries both rotors—the
blades and the rotating part of the alternator. The
shaft is suspended in bearings, which are usually
sealed permanently. They need to be designed
to withstand all the stresses of supporting the
blade hub and any vibration from the alternator.
Bearings typically last five to ten years.

YAW
BEARING

SLIP RINGS
& BRUSHES

A wind turbine needs to be able
to follow the wind, changing
orientation each time the wind
changes direction. The sealed
bearing that supports the wind
turbine as it swivels on its tower
is called the yaw bearing, and
the swiveling motion is called
yawing.

Wind generators yaw to face the wind, but the
transmission wiring is fixed to the ground. This
can be a recipe for twisted wires, especially at
turbulent sites where the yaw bearing is very
free-moving. Most modern turbines use copper
alloy slip rings to connect the turbine wiring to the
fixed wiring. The slip rings are usually mounted
in the part of the turbine that is fixed to the tower
top. A set of graphite brushes is mounted on
the yawing part of the turbine. The brushes ride
on the rings as the turbine yaws, and serve to
connect the alternator to the fixed wiring.

BRAKING SYSTEM

Braking, as distinct from governing, is the ability to stop
the turbine when you choose to. This can be useful when
there is a problem with the machine, when you need to
work on it, or when you simply don’t need the energy.
Manual braking is ideal, since it allows you to stop the
machine in all conditions. Drum and disc brakes have
been used in a few turbine designs, but most turbines
use dynamic, or electrical, braking, where a big switch
opens the connection to the grid or batteries, and shorts
the three phases of the wind turbine together, making it
very stiff to turn. Many wind turbines cannot be slowed by
a short circuit once they are already running fast in highwind conditions. Another method of control is manual
furling—the ability to manually crank the tail over to furl
the machine out of the wind.

Hot 2

ENERGY TRANSMISSI N

Wiring routed down the tower carries the electricity
generated by the turbine to the control room, usually as
wild (varying voltage) three-phase AC. A few turbines rectify
the output at the tower top, and transmit it as DC. Using
thick copper wire reduces the risk of fire and limits power
lost as heat. Where the wire run is very long, high-voltage
AC transmission to a step-down transformer at the control
room can be used to save on wire cost and energy losses.
Batteryless grid-tied inverters work with higher voltages
than most batterybased systems, so
they lose less energy
in transmission.

One feature of
Southwest Windpower’s
controller is to rectify
the turbine’s AC output
to DC for battery
charging.

To Wind Turbine

Hot 1

Slip rings and brushes,
and yaw bearing assembly
from an ARE wind turbine.

Hot 3
Triple-Pole,
Single-Throw
Switch
Short
Circuit

NACELLE

Some wind turbines use a plastic cover (cowling) spaced
away from the alternator, which protects it from rain
but allows airflow over the alternator for cooling. Many
turbines have a separate nose cone, which serves an
aesthetic purpose, as well as streamlines the turbine.

To Rectifiers
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Courtesy www.w
indenergy.com

TAIL B M & VANE

wind anatomy
To a novice, high winds seem like a bonus. But to seasoned wind-energy users and turbine
designers, once the wind turbine is already going flat out, stronger winds become a cause
for concern. Doubling the wind speed makes eight times as much power available, and also
increases the thrust force on the turbine and tower by a factor of four.
A turbine should be able
to shed excess force, or it
will overspeed, burn out, or
self-destruct in some way.
Protection from strong
winds, called governing,
can be accomplished either by furling or by blade pitch-control.
The most common governing system is a furling tail that steers
the rotor out of the wind. Some machines twist the angle (pitch)
of their blades toward stalling, which decreases their efficiency
and prevents overload. Both of these systems are passive, in
the sense that they are driven by the force of the wind, or by the
speed of the blade rotor. Very recently, electrical braking also
has been introduced to automatically control a turbine’s speed.

Courtesy www.windenergy.com

Courtesy www.windenergy.com

G VERNING SYSTEMS

As the wind approaches this turbine’s rated speed
for maximum power, the rotor begins to swivel
out of the wind to prevent overspeed.

Putting It All Together
In an effective wind generator design, all of these systems and
components are carefully matched to each other. For example,
the alternator must produce power at the best rotational
speed (rpm) to get the most power from the blade rotor. Too
slow and the rotor will stall; too fast and the machine will be
noisy and ineffectual in low-speed winds.
Of course, a complete wind-electric system is much
more than just the turbine. Other major components are the
tower, rectifier, charge controller and dump load, battery
bank (if needed), inverter, and metering. Several of these
components can be more expensive than the turbine, and
all of them need to be considered as you design a complete
system.
The bottom line is to buy a turbine that is robust, simple,
low speed, and reliable. Talk with experienced wind-energy
users to find out which turbines stand the test of time.
Heavier wind turbines with larger swept areas are usually
more expensive, but more durable.
Focus on the energy the turbine makes, not its peak
power. The energy will depend on the swept area and the
average wind speed at the tower top. A small rotor on a short
tower will not generate much energy. Remember that low and
medium wind speeds are the most frequent, and therefore
the most important. Do it right and you can share our glee in
wind energy.

Access
Ian Woofenden, PO Box 1001, Anacortes, WA 98221 •
ian.woofenden@homepower.com
Hugh Piggott, Scoraig Wind Electric, Dundonnell, Ross
Shire, Scotland, IV23 2RE • 44-018-54-633-286 •

Fax: 44-018-54-633-233 • hugh@scoraigwind.co.uk •
www.scoraigwind.com
Major U.S. Turbine Manufacturers/Importers:
Abundant Renewable Energy • 503-538-8298 •
www.abundantre.com
Bergey WindPower Co. • 405-364-4212 • www.bergey.com
DC Power Systems • 800-967-6917 •
www.dcpower-systems.com
Pine Ridge Products LLC • 406-738-4283 •
www.pineridgeproducts.com
Southwest Windpower • 866-807-9463 •
www.windenergy.com
Wind Turbine Industries Corp. • 952-447-6064 •
www.windturbine.net
Additional Reading:
“Apples & Oranges: Choosing a Home-Sized Wind
Generator,” by Mick Sagrillo in HP90
“Wind Generator Tower Basics,” by Ian Woofenden in
HP105
“Wind-Electric Systems, Simplified,” by Ian Woofenden in
HP110
Wind Power: Renewable Energy for Home, Farm, and Business,
by Paul Gipe, 2004, Paperback, 496 pages, ISBN 1-931498-141, $50 from Chelsea Green Publishing Co. • 800-639-4099 or
802-295-6300 • www.chelseagreen.com

www.homepower.com
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For an earth restored and a world at peace.

Solar • Wind • Hydro

Specializing in Independent Electric Power for the Remote Home where utility power is not available.
For 30 years, your questions have been personally answered by the good folks at Backwoods Solar that
use these products everyday. Our catalog / planning guide teaches the basics of installing solar, wind and
hydro electric residential power and we offer free system design service either by telephone, email, or
your visit to Backwoods. We can also refer you to solar helpers around the country.
Visit us or write:
Backwoods Solar Electric Systems,
185 PAGE
1589-HP Rapid Lightning Creek Rd,
CATALOG / PLANNING GUIDE
Sandpoint, Idaho 83864 USA
Free to Home Power readers
in the U.S.A.
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Phone: (208) 263-4290 • Fax only (208) 265-4788
Website: www.backwoodssolar.com • Email: info@backwoodssolar.com

BZ Products Model MPPT500
500 watt 45 amp Maximum Power Point Solar Control

•
•
•
•
•
•
•
•
•
•
•
•

Boost charge current up to 30%
Up to 45 amp output current
Microprocessor control
95 % efficacy
500 watt PV input
Universal PV input 12 to 48 volts
12, 24 or 48 volt output
Digital metering
PWM float control
Battery temperature sensor standard
Five year warranty
Made in U.S.A.

•
•
•
•
•

Precision Wedge Wire
Coanda Screens

Self Cleaning
Easy Installation
High Capacity
No moving parts
Pipe, ramp and
box mountings

for Hydro, Agricultural, and
Domestic Diversions from
10 gpm to 500 cfs

– We specialize in creatively engineering solutions
for your unique hydro diversion screening needs.
– Our solutions are cost effective with numerous
screen mounting options; we also have
durable 304 SS mounting boxes.

BZ Products, Inc.
314-644-2490 • www.bzproducts.net • bzp@bzproducts.net
7614 Marion Ct., St. Louis, MO 63143, USA

Visit us at www.hydroscreen.com
or call (303) 333-6071
e-mail: RKWEIR@AOL.COM
We don’t just sell screens,
we engineer solutions!

Harris
Hydroelectric

NEW
!

Hydro-Power for Home Use

•
•
•
•

Introducing a new adjustable
Permanent Magnetic Brushless Alternator
25 - 30% more efficient than Hi Output Alternator
Marine Grade Construction throughout
Re-connectable Stator
Retrofittable on existing turbine

Manufactured by Lo Power Engineering
P.O. Box 1567
Redway, CA 95560
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Denis Ledbetter
707-986-7771
delejo@humboldt.net
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No Power? No Problem!
There is more to a working renewable
energy system than a cheap deal on a
pile of hardware.

We Provide:
Complete service. We do solar, wind, microhydro and
pumping systems. Load analysis, site survey, system
design, sales, installation, user training, and tech
support long after the warranties expire. We live on
renewable energy, have 20 years of experience, and
have established over 500 systems. We specialize in
NEC ® compliant, safe systems that will make your
Electrical Inspector smile!
Equipment for DIY. We offer reasonable deals and
technical reality checks. Why settle for a packaged
system when you can have yours custom designed by
an expert?
Your best resource is a local pro. Tap into our network
of qualified, competent Electron Connection associates
across the country.
Going into the Biz? Why talk to a "sales technician"
when you can talk to an electrician? We KNOW what
works and how it works. We offer technical support,
system design help, prompt shipment, fair pricing
and NO BULL. Local referrals always. Electrical
competence required.

Electron
Connection
Bob-O Schultze
CA Electrical Lic #613554
OR CCB Lic #149724

800-945-7587
www.electronconnection.com
toll free

Authorized Distributor

Authorized Distributor

online catalog

PO Box 203, Hornbrook, CA 96044 USA
Voice / Fax: 530-475-3401 • E-mail: bob-o@electronconnection.com

Energy Needs with Renewable
Energy Resources
Moving forward, renewable energy (RE)
resources could provide most of the energy
America needs while being cleaner, safer,
healthier, and cheaper than coal or nuclear
energy.
It’s important to have a clear picture of
both our nation’s complex energy needs and
what resources are available to make intelligent
choices for the future. The maps on these
pages show the various climatic regions of

the United States, locations that have similar
cooling and heating requirements, and the
wide range of renewable resources available to
satisfy our energy needs, whether it’s for cooling,
space or water heating, or electricity. At home,
use the maps shown here to plan your own
big picture renewable energy strategy. Then
conduct a specific survey of your site to identify
what renewable energy options will be most
productive for you.

Climate Zones
This map divides the United States into four basic
climate zones, based on average yearly temperatures
and relative humidity. The extra heat stored in moisture
in the air means that homes in the Southeast may rely
more on air conditioning to keep cool, while homes
in the hot, arid Southwest may be able to use thermal
mass and good ventilation to combat excess heat
gain. Individual sites vary widely, with microclimates
even within one town or county. Getting to know your
property’s climatic conditions is a first step to designing
an energy efficient home that makes the best use of RE
resources.

Climate
Zones
Cool
Temperate
Hot Arid
Hot Humid

Cooling Degree Days

Cooling
Degree Days
500
1,000
1,500
2,000
2,500
3,000
3,500
4,000
4,500
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This map shows cooling degree days, which reflect how
hot a climate is and how much energy may be needed for
cooling buildings. If you live in the purple zone, your home
may not need mechanical cooling, and natural ventilation
strategies may be sufficient. If you live in the Southeast’s
orange or red zones, your air conditioner may be running
all day in the summer, and is costing you plenty. Planning
your home to include passive cooling strategies can reduce
or eliminate the need for energy-intensive air conditioning.
Design roof overhangs properly, use porches to keep
the sun off the house, incorporate natural ventilation
strategies, and plan your landscaping with cooling in mind.
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renewable resources
Heating Degree Days
Heating degree days gauge the amount of heating
needed for a building, using 65°F as a baseline. If you live
in the blue or purple zones, you’re probably spending a
sizeable chunk of change each year to heat your home.
If you live in the orange or red zones, your home rarely
needs auxiliary heating and may not even have a heater.
In the moderate zone between these extremes, you’ll
need to heat your house in the colder winter months—
and the cost of heating fuels and electricity is going up.
The good news? Passive solar design and active solar
heating systems can supply some or all of your heating
needs in most places in the United States.

Heating
Degree
Days

10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000
500
<500

Average Daily Solar Availability

Average
Daily
Sun-Hours
3 hours
4 hours
5 hours
6 hours

This map shows the average number of peak sun-hours
per day on an annual basis, and is useful for considering
where solar electricity and solar water heating are most
effective. The minimum value of 3 hours per day makes
using solar energy feasible anywhere in the United
States. Knowing your area’s average number of sunhours is a necessity for designing a solar-electric or
solar thermal system that will give you the performance
you want.

Average Daily Winter Solar Availability
Here you can see the average number of peak sun-hours per
day in winter, which will help you determine where active
and passive solar home heating are feasible. It will take
longer to realize a return on your investment in regions that
have only 2 sun-hours per day, and careful design will be
necessary to ensure an effective system. The areas with only
1 sun-hour per day (purple) are not as practical for solar
heating. All other regions are great candidates for active
(with pumps or fans) and passive solar heating systems.

Average
Daily
Sun-Hours
1 hour
2 hours
3 hours
4 hours
5 hours

Annual Average Ground Temperature

Annual Average
Ground Temp.

www.homepower.com

A heat pump can allow a homeowner to
access geothermal energy—the heat stored
year-round in the ground. Heat pumps use
electricity, but cost about half as much to
operate as a natural gas furnace and about
a third as much as a propane furnace. Heat
pumps are feasible almost anywhere on this
map. Colder regions may require burying
heat exchanger pipes deeper in the ground or
vertically to reach a consistent, warm earth
layer. Heat pumps can both heat and cool
your home using geothermal heat transfer.
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renewable resources
U.S. Hydro-Electric Use

Million
Gallons
Per Day
>300,000
>100,000
>50,000
>10,000
<10,000

The map shows the use of large-scale hydro-electric
resources, and generally indicates the availability
of hydro potential by region. Large dams like those
found in the Northwest have nearly destroyed some
fisheries. We need better ways of implementing
large-scale hydro-electric systems to minimize
ecological impacts, and well-planned installations of
residential-scale microhydro-electric systems. Hydro
is one of the most cost-effective ways to generate
large amounts of electricity.

Deep Geothermal Resources
Deep geothermal resources are primarily of interest
to utilities. The purple areas have temperatures above
boiling (greater than 212°F). These are the favored deep
geothermal regions because they make extracting energy
so easy—insert water and get back high-pressure steam
to turn turbines and generate electricity. It is feasible to
extract energy in the yellow regions, which generally
have geothermal resources with temperatures below the
boiling point, but it’s less effective and more expensive.
The West has far more deep geothermal resources than
the East.

Geothermal
Well Temp.
Above Boiling
Below Boiling

Biomass Potential
Most areas of the country are capable of growing and
harvesting vegetation to create fuels such as biodiesel and
ethanol. Harvesting from Midwest and California farmlands
will yield a better return on investment, but we need the
majority of these lands for food production. Biodiesel and E85
(85% ethanol fuel) have the potential to be part of the solution
to the problems of petroleum availability, global warming, and
ozone layer depletion. And switching from petro- to biofuels
will also help cut down on inner city pollution. Efforts to
research and develop biofuel resources in the United States
have begun, and both biodiesel and E85 retail fueling stations
are popping up across the country.

Biomass Potential
Excellent
Good
Moderate

Wind Energy Potential
Many regions of the country have excellent wind energy
potential. Last year, utility-scale wind power was the
second fastest-growing electricity source in the United
States. For those who want to tap wind energy on their
property, using local wind data and anemometry are
recommended, if available. Knowing the average wind
speed at your site will allow you to make a reasonable
prediction of wind energy production. A wind-energy
expert will be able to provide a more thorough site
assessment for your home or business.
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Wind Energy
Potential
Marginal
Fair
Good
Excellent
Outstanding
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AAA Solar Supply Inc.
Serving the Solar Industry Since 1979

FEATURING:

Also Featuring:

SUN AIRE

Air Collectors
for Home Heating

Liquid Collectors
for Solar Hot Water
& Radiant Floor Systems

Mounts

Air
Collector

Backdraft
Damper Blower

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

Hot Air

Control
System

Cold Air

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

(800) 245-0311 • www.aaasolar.com • solarstuff@aaasolar.com
2021 Zearing NW, Albuquerque, NM 87014

2 Year Warranty
< 3% THD
150 to 3000 Watts
Consumer and Commercial Models
Pure Sine Wave Technology

Off-Grid Pure Sine Wave Invert

www.altenergystore.com

www.kyocerasolar.com

www.powerupco.com

www.aeesolar.com

www.solarpioneers.com

www.samlexamerica.com/solar
Toll Free 1-800-561-5885 E-mail: sales@samlexamerica.com

www.homepower.com
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Take advantage of the sun to maximize your home’s comfort,
and reduce your heating & cooling bills.
Debra Rucker Coleman

©2006 Debra Rucker Coleman

Site Right
In the winter, the sun rises in the
southeast, is low in the south sky at
midday, and sets in the southwest in
the middle latitudes in North America.
In the summer, the sun rises in the
northeast, is high in the south sky at
midday, and sets in the northwest.
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Altitude Angle

assive solar design can make a home more comfortable
In all areas except the southern tip of Florida, choose a
in every season. The winter sun can warm a home’s
home site that receives full southern sun in winter and is
interior, while simple shading and thermal mass
unobstructed by trees, other buildings, or hillsides. Besides
strategies can prevent summer overheating.
your own observations about shading during the seasons, site
The home designs on the following pages balance four
analysis tools can provide a quick, accurate assessment of your
primary building elements—orientation, windows, overhangs,
proposed building site (see Access). You can also use a compass
and thermal mass—to optimize use of the sun’s energy. While
to help find true north and south, but keep in mind that a
these elements are found in most conventional homes, the
compass points to magnetic north, which can vary by as much
designs included here put the right amount in the right places
as 25 degrees from true north. This difference is called magnetic
for maximal efficiency and performance. Most of them also
declination. You can find the declination of your location by
provide ample south-facing roof space to accommodate the
visiting www.ngdc.noaa.gov/seg/geomag/jsp/Declination.jsp.
addition of solar hot water collectors
and solar-electric arrays—part of a
whole-house plan for energy efficiency
Sun Path for 40° North Latitude
and independence.
Whether you’re having a builder
90°
Solar Noon
construct your own home from these
June 21
75°
plans or building for a client, consider
11 AM
1 PM
May & July
these best design bets.
2 PM
10 AM
60°

Apr. & Aug.

9 AM
45°
30°
15°

3 PM

Mar. & Sept.

8 AM

4 PM

Feb. & Oct.
Jan. & Nov.

7 AM

5 PM

December 21

6 AM

6 PM
7 PM

5 AM

0°

East
120° 105° 90°

75°

60°

45°

30°

15°

South
0°
15°

Azimuth Angle
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30°

45°

60°

75°

West
90° 105° 120°

passive design
To maximize winter sun and summer shade, orient the
home’s south face to within 10 degrees of true south. Even
though orienting the house 30 degrees from true south reduces
winter solar gain by only 13 percent, the cooling penalty can
be greater. Homes facing from 30 to 45 degrees east or west
of south may need longer overhangs. This is especially true
if the home’s orientation favors the west, because overhangs
quickly become much less effective as the hot western sun,
low in the sky, strikes the house. In most locations, a slight
orientation to the east is desirable to increase winter morning
sun and decrease summer afternoon sun.

Proper Window Placement
Heat from the sun entering south-facing windows and doors
with glass can provide between 20 and 80 percent of the
heat required to keep a house warm in winter. The highest
percentages are possible in homes in mild climates and those
that are well insulated.
South-facing glass should be at least 5 percent and usually
no greater than 12 percent of the conditioned square footage
of the house. (For example, a 1,000-square-foot house would
have between 50 and 120 square feet of south-facing glazing.)
Ideally this should apply separately to each floor of the house.
Include only the glazing square footage—do not include
window or door frames. For instance, a 30- by 60-inch window
(12.5 square feet) might only have 10 square feet of glazing.
Homes with south glass area between 5 and 7 percent are
commonly referred to as sun-tempered, and are appropriate for
very hot climates such as the southernmost areas of the United
States (as a rule, below 35 degrees north latitude, although
there are many exceptions based on local climate conditions). If
south glass exceeds 7 percent of the floor area, install materials
with high thermal mass inside the house, such as concrete or
masonry, to moderate interior temperature swings.
Place just enough windows on the north, east, and west
walls to balance interior light levels, capture any views,
create an attractive house, and allow for natural cooling. But
be sparing, because windows placed in these orientations
are energy drains in cold months and, in the summer,
eastern and western windows let in unwanted hot morning
or afternoon sun, unless they are shaded. For balanced
lighting and ventilation, place windows on opposite or at
least two sides of each room. Limit the use of skylights,
which admit too much sun in the summer and are difficult
to shade. Instead, install sun tubes (also known as tubular
skylights) in interior rooms without windows, which let in
some light, but less heat.
Window manufacturers often use “solar” to describe
glazing, but usually this is an indication that the glass blocks
the sun (has a low solar heat gain coefficient; SHGC) and can
be very misleading. For passive solar space heating, southfacing windows should have a high SHGC (at least 0.52) to
maximize the amount of the sun’s heat that passes through
the glass. A window with a SHGC of 0.33 lets in only 33
percent of the sun’s heat energy. If you can’t find high SHGC
windows, a reasonable option is to install clear (uncoated)
double-paned glass and use insulated blinds or shutters at
night to minimize heat loss. Alternatively, triple-paned clear

The right amount of glazing, facing the right direction, is only
one element of a successful passive solar home design.

glass will let in a large amount of sun while limiting heat
loss. Some building codes stipulate a maximum SHGC of
0.4, but then allow you to average all of the SHGCs so that
windows with higher SHGCs can be used on the home’s
south face.

Seek Summertime Shade
Overhangs, awnings, and porches can shade windows in
certain seasons and prevent the home from overheating. For
cold climates, design overhangs for a long season of full sun
striking the south glass. Overhangs should fully shade southfacing windows during the summer months, and allow full
sun on windows during the wintertime. For hot climates,
design overhangs for a long season of full shade on the south
glass. It is fairly simple to achieve full shade on June 21, the
summer solstice, when the sun is high. Shading in August
becomes more difficult, since increasing the overhang depth
will also shade the window in April, when more solar gain
may be desirable for heating. This is where a slight easterly
rotation of the house can help.

Roof Overhang
for 40° North Latitude
Overhang

June 21:
73° at noon

Window

March &
September 21:
50° at noon

No Sun
Infiltration

SOUTH

www.homepower.com

Wall
Height
December 21:
27° at noon

Partial Sun

Full Sun

Thermal Mass Floor:
Heated by sun
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passive design
South window overhangs should be sized for the height
of the windows, wall height, and the construction detail
of where the roof meets the wall. West and east windows
require much longer overhangs, and these windows are best
shaded by other methods, such as porches or trees. Computer
simulation software, such as the shareware at Sustainable
by Design (www.susdesign.com), and especially the online
Overhang Design Tool, can make sizing overhangs a snap if
you, your builder, or design professional understand roof/
wall construction details.
During the late summer and early fall months, it may be
necessary to close blinds or curtains, and pay more attention
to passive cooling strategies like opening windows when the
temperature drops below 70°F, and closing up the house in
the morning, before the day begins to warm. Likewise, in
late spring, there may be a few cool days where more heat is
desired than is entering the partially shaded south windows.
Conserving the heat that does enter by using insulated
curtains on the windows can be highly effective.

Make It Massive
Materials with high thermal mass, such as brick, stone, ceramic
tile, and concrete, absorb direct solar gain in the winter and
indirect heat during the summer. Although it is best to locate
thermal mass in the path of direct sunlight, other mass in
contact with the material that receives direct solar gain can
serve the same function. Including thermal mass is especially
important for homes with glass above 7 percent of the home’s
square footage. Locate the mass as close to south-facing
windows as possible. For each square foot of glass above
7 percent, add:
• 5.5 sq. ft. of mass in floors that receive direct sunlight
• 8.3 sq. ft. of mass in walls and ceilings in the same room
• 40 sq. ft. of mass in floors that don’t receive direct solar gain

Courtesy Gordon Plumblee

Strive for a minimum of 2 inches (and a maximum of 4
inches) of thermal mass. Less than 2 inches does not store
sufficient heat and more than 4 inches (unless it is an 8-inch
wall with both sides exposed) can absorb so much heat that
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Thermal mass,
like this brick
wall and floor,
stores solar heat
and releases it
slowly.

Passive Solar
House Plans
Although the house plans on following pages were
originally designed for clients in specific climates, they
are adaptable to other situations. In hot climates, the
south glass can be reduced to 7 percent. Occasionally
south overhang lengths may need to be slightly
shortened or lengthened. Specifications that accompany
the blueprint and CAD drawings recommend appropriate
insulation values for the slab, basement, walls, roof, and
windows, as well as the SHGC for south windows for the
climate in which the house is to be constructed.

it will be too slowly released. The maximum amount of floor
mass area that should be used is 1.5 times the south-facing
window area, since the sun cannot hit large areas all at once.
For cost effectiveness, use concrete, concrete masonry, and
earthen plasters as thermal mass. Slab-on-grade construction,
where a concrete floor is poured over insulation, can
economically combine the foundation with a heat-absorbing
floor. ICF (insulating concrete form) foundations, which
sandwich concrete between expanded polystyrene foam
panels, are very compatible with cold climate slabs, even when
the upper part of the house is framed with studs. ICFs are an
excellent option for the main house walls also. Studies have
shown that their combination of mass and insulation helps
temper interior temperature swings, even though the foam
somewhat isolates the concrete (mass) from the living areas.
Interior heat-absorbing walls, made of concrete block, stone,
or brick, can also serve to absorb solar heat. Masonry walls
are commonly incorporated into fireplace or wood heater
surrounds. With the creative use of decorative concrete block, or
coverings (veneers) of stone, brick, stucco, plaster, or tile, heatstoring walls can become effective passive heating elements, as
well as beautiful accent walls and focal points in a home.

Going Solar
Saving up to 80 percent on heating and cooling costs is
possible when passive solar design techniques are combined
with careful attention to insulation, caulking, and efficient
supplemental heating and cooling equipment. The initial
downside is that passive solar and energy-efficient design
elements typically increase the cost of building a home by
10 to 15 percent over average construction costs. Alternative
construction methods, green building materials, and active
solar (solar hot water and solar-electric systems) will also add
to these initial costs.
But the payback—reduced energy bills, better energy
efficiency, and improved home comfort—are all part of the
benefits of a well-designed home. Typically, energy savings
will be greater than the increase in any mortgage payment—
which makes the improvements pay for themselves from the
start. Some lenders now offer energy efficiency and Energy Star
mortgages, which allow increased loan amounts by factoring in
a home’s estimated monthly utility savings (see Access).
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passive design

Katrina Cottage
Size: 1,236 square feet
South-Facing Glazing: 10 percent
Number of Bedrooms: 3
Number of Bathrooms: 1.5
Plan Complexity: Simple

SOUTH

Floor Plan

©Sun Plans Inc.

South (Back) Elevation
his three-bedroom home has a lot to offer in
a modest foundation footprint. The southeast
porch is a gathering area and is shaded from
the hot western sun. It welcomes the morning rays
and wraps around to the south patio for cookouts
and winter lounging. The vaulted ceilings and
unique walls add openness and character with little
wasted square footage. The dining area will feel like
a sunroom with its wraparound corner windows.
The kitchen will be cool but sunny in the morning
with the east-facing window box. The wood heater,
surrounding hearth, and adjacent entertainment
center are the focal point of the home. The stone,
brick, or tile adds visual warmth to the interior while
simultaneously providing thermal mass to absorb
the heater and sun’s heat in winter. A proper south
orientation and overhang prevents the space from
receiving too much sun in summer.

Sunshine 4

Size: 1,486 square feet
South-facing Glazing: 11 percent
Number of Bedrooms: 2
Number of Bathrooms: 1.5
Plan Complexity: Simple
Floor Plan

©Sun Plans Inc.

South (Back) Elevation

SOUTH

www.homepower.com

he Sunshine 4’s relatively small building
footprint lends to this home’s potential for
having a lower environmental impact than
most conventional homes of its size. The side
porch faces east for sunny mornings, and provides
a cool place to relax on hot afternoons. The light
in the great room and passive cooling of the entire
house is aided with the daylight cooling chimney.
With the addition of PV modules and a solar hot
water system, efficient appliances and lighting,
and a tendency toward thoughtful resource
consumption, it would be easy to make this house
a zero energy home.
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passive design

Cottage Atrium
Size: 1,741 square feet (1.5 stories)
South-Facing Glazing: 10 percent
Number of Bedrooms: 2
Number of Bathrooms: 1.5–2.5
Plan Complexity: Complex

U
SO

Second Floor
Plan

TH

Southeast (Back) Elevation

©Sun Plans Inc.

he Cottage Atrium offers the benefit of a
modest foundation footprint, but with the
grandeur of a large central atrium. The central
staircase is full of light, and also aids in natural
cooling. A small second-floor loft accommodates
additional family members in this two-bedroom
home. The house is full of Sarah Susanka’s Not-SoBig-House concepts: A corner of the house faces
south, which maximizes the number of rooms that
receive sun. The back corner sunroom is designed
to face due south with the front of the house facing
northwest.

Main Floor Plan

Sunset Bungalow
Size: 2,481 square feet
South-Facing Glazing: 10 percent
Number of Bedrooms: 3
Number of Bathrooms: 2
Plan Complexity: Simple

West (Front) Elevation

South (Side) Elevation
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passive design

Fernwood

Size: 2,093 square feet (including 609 sq. ft. basement)
South-Facing Glazing: 9 percent
Number of Bedrooms: 4
Number of Bathrooms: 3
Plan Complexity: Simple

South (Side) Elevation

©Sun Plans Inc.

SOUTH
Daylight Basement Floor Plan

he Sunset Bungalow can make its home in
a traditional neighborhood with narrow lots
or in the middle of the woods. Several sun
tubes (aka tubular skylights) throughout bring
light into the middle of the house. The long south
wall allows for an abundance of solar gain in
winter, yet the overhang will keep out the direct
sun in summer. The slab-on-grade construction,
resulting in a concrete floor that can be covered
with tile, offers an economical way to add thermal
mass to the structure. Since the sunroom is not
tucked within the main house, its temperatures
will swing a little more in the seasonal extremes,
but the glass on east and west will allow for
great views year-round and cross-ventilation in
summer, just like a screened porch.

Floor Plan

SOUTH

©Sun Plans Inc.

Main Floor Plan

he Fernwood is designed to be
constructed with a trussed roof, 6inch-thick exterior walls, and an ICF
foundation. The main floor has 8-foottall ceilings with the south rooms vaulted
to the center. The north rooms could be
vaulted too, but the flat ceiling allows
for some attic storage above the north
rooms. Thermal mass walls around the
kitchen temper the strong winter heat
gain if finished in tile, stone, or stucco.
The daylight basement is designed with
flexibility for one or two sunny bedrooms,
as well as a sunroom or greenhouse. Root
storage and mechanical rooms are on
the cool, bermed north and west ends.
A one-vehicle garage has been tucked
into the east end of the basement, taking
advantage of the excavated area and
keeping the building footprint smaller.

www.homepower.com
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passive design

Midnight Sun

Second Floor Plan

Size: 2,742 square feet (two-story, plus daylight basement)
South-Facing Glazing: 10 percent
Number of Bedrooms: 5
Number of Bathrooms: 3.75
Plan Complexity: Simple

Main Floor Plan

he Midnight Sun’s design—building up rather
than out—offers lots of living space, with a
building footprint that is ideal for small lots.
The first floor and basement have 8-foot-tall walls,
but since there is plenty of south glass, the rooms will
not feel small. The second floor ceilings are sloped
with no attic space. High shelves and exposed rafter
ties add character. The foundation is ICF, upper
floors use 2 by 6 construction, and rafter sizes vary
with insulation requirements. Customized energy
recommendations that accompany the blueprints
contain other energy-related suggestions, such as
how much rigid insulation to use in addition to the
stud wall, and the type of glass that’s best suited for
your climate. The thermal mass is in the basement
floor, stone-covered hearth, and tile floors over
gypsum cement in the upper levels.

Access
Debra Rucker Coleman, Architect, AIA, Sun Plans Inc., PO
Box 85, Citronelle, AL 36522 • info@sunplans.com •
www.sunplans.com
Information and plans adapted from sunplans.com and The
Sun-Inspired House: House Designs Warmed & Brightened by the
Sun, by Debra Rucker Coleman, 2005, Paperback, 248 pages,
ISBN 0976731800, $29.95, distributed by Chelsea Green
Publishing • 800-639-4099 • www.chelseagreen.com or
online from Sun Plans Inc. • www.sunplans.com
Energy Star mortgages • www.hud.gov/energystar/
lendersbrokers.cfm
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©Sun Plans Inc.

South Elevation

SOUTH
Daylight Basement Floor Plan

Solar Site Analysis Tools:
Solar Pathfinder • 317-501-2529 • www.solarpathfinder.com
Solmetric SunEye • 877-263-5026 • www.solmetric.com
Wiley Electronics Acme Solar Site Evaluation Tool •
845-247-2875 • www.we-llc.com/ASSET.html
The designs in this article are copyrighted by Sun Plans Inc. Use of
these designs, in whole or part, for any reason is prohibited, except by
permission of a written agreement from Sun Plans Inc. One-time copyright
releases to allow design modifications by other design professionals
for a single project are available for sale with orders such as blueprints,
erasable vellums, and CAD (computer-aided design) files for many of Sun
Plan’s designs.
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7317 JACK NEWELL BLVD. NORTH,
FORT WORTH, TEXAS 76118-7100
TOLL FREE: 800.886.4683
VOICE: 817.595.4969 FAX: 817.595.1290
WEBSITE: WWW.EXELTECH.COM
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SunWize – We’ve
Got More Products
& More Variety . . .
INVERTERS, CONTROLLERS, METERS, BATTERIES,
ENCLOSURES, RACKS, CHARGERS, SWITCHGEAR,
INTERCONNECTS, MODULE MOUNTS, WIRE & CABLE,
HARDWARE . . . We can supply everything you’ll need
to complete your solar project!
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SunWize is YOUR balance of system product supplier. We offer
a large variety of components so you can choose the product
that’s right for the job. Our fully stocked warehouses on the
East Coast and West Coast are ready to ship your order. Call us
today for unmatched customer service at 800-817-6527 or
visit www.sunwize.com. Be successful, choose SunWize!
www.sunwize.com

Reliable People . . . Reliable Products . . . Reliable Power!
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Wind Power
Do you want to learn more about
wind-electric system siting, design,
and installation? Wind energy is not
the easiest resource to tap, and history
is littered with examples of failures
in design and implementation. The
resources listed here will steer you in
the right direction, so your experience
with wind energy can be enjoyable and
successful!
If you only purchase one resource
for your wind energy education, Paul
Gipe’s Wind Power: Renewable Energy
for Home, Farm, and Business, should
be it. At 512 pages, this comprehensive
book covers much of what you need
to know to successfully capture wind
energy, including wind generator theory,
practical system design information, and
real-world examples of successes and
failures. This book is the best value going
if you’re serious about understanding
wind-electric systems. $50 from Chelsea
Green Publishing Co. • 800-639-4099 or
802-295-6300 • www.chelseagreen.com.
For additional studies on wind energy
topics, see also Paul’s archive of small
wind articles at www.wind-works.org/
articles/small_turbines.html

Wind Energy Association. To subscribe,
send a message to: awea-wind-homesubscribe@yahoogroups.com. To read
the archives, see www.groups.yahoo.
com/group/awea-wind-home.
A great resource for wind generator
builders and renewable energy
homebrewers, www.otherpower.com
includes a discussion board, and lots of
free resources and links. Subtitled “The
Cutting Edge of Low Technology,” this
site is hosted by Forcefield, importers of
neodymium magnets for wind turbines
and fun.
Folks in Denmark are wild about
wind energy, and the Danish Wind
Industry Association Web site at www.
windpower.org/en/core.htm is chock full
of information. The Danes know how to
do wind—big and small.

Hugh at www.scoraigwind.com). And
while you’re at it, check out Hugh’s Web
site, which is full of good information on
homebuilt wind generators, including
step-by-step plans for his axial field
design.
For solid research on wind energy
topics, take a good look at the “Small
Wind Toolbox” at www.renewwisconsin.
org/wind/windtoolbox.html. Papers on a
wide variety of subjects, from permitting,
zoning, and other legal issues, to birds,
aesthetics, and sound will help you
educate yourself and your neighbors
about the issues you may face when
planning a small wind-electric system.

If you want to understand wind
generator design, and get a handle on
what it might take to design or build
your own machine, pick up a copy of
Hugh Piggott’s fine book, Windpower
Workshop (from New Society Publishers,
www.newsociety.com, or directly from
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Wind Energy & Wind Turbines by
Vaughn Nelson is a comprehensive
introduction to wind energy on CD-ROM.
Based on a college curriculum, it includes
sections on energy, wind characteristics,
instrumentation and measurement, wind
turbine design, system performance,
siting, the wind industry, institutional
issues, and wind economics. See
www.windenergy.org for more
information and for online resources. $25
from University Bookstore • 806-651-2744
• www.wtbookstore.com
For networking with and perspectives
from wind energy users, installers,
consultants, and dreamers, there’s
nothing like the awea-wind-home
e-mail list, hosted by the American

Claus Nybroe at Windmission has
compiled a comprehensive list of wind
turbine manufacturers at
www.windmission.dk/workshop/
wind%20sites.html. The page includes
links to manufacturers of production
turbines from all over the globe. While I
suggest that you look carefully at whether
these turbines are supported in your part
of the world, the links on this site may help
you when it’s time to choose your turbine.
If you’re a teacher, a homeschooler,
or someone else interested in education,
check out the educational kits from
Kidwind Project. Founder and director
Michael Arquin is on fire to help kids
understand wind energy, and he’s for
hire to teach your school’s teachers how
to do it well. Contact Michael at 781-3542452 • www.kidwind.org
If you want to install your own windelectric system or prepare yourself to
work in the industry, consider attending
hands-on workshops. Look at turbine
manufacturers’ Web sites, and at
www.solarenergy.org, www.the-mrea.
org, and www.wind.appstate.edu
Thanks to my friends and colleagues Paul
Gipe, Mick Sagrillo, Hugh Piggott, and
Dan Bartmann for their recommendations
for these listings.
©2006, Ian Woofenden •
ian.woofenden@homepower.com
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Residential Wind & Hybrid Systems with SMA Inverters from

Abundant Renewable Energy
Introducing the ARE110 (2.5 kW) and ARE442 (10 kW) wind generators
See our website for specs, photos, prices, and a list of ARE dealers
ARE Wind Energy Systems
•
•
•
•

Maximize energy production by maximizing efficiency
Available in direct grid-connect systems without batteries
Coming soon—battery-charging systems
The most powerful blades, the most efficient alternators,
& the most sophisticated controls in the field today
• Quiet, consistent, powerful, reliable
• Voltage Clamps™ (grid-tie controllers)—standard & custom available
(see Home Power article: “Direct Grid Tie” #100, pg. 22)

SMA Inverters
•
•
•
•

Windy Boy grid-connect inverters (WB 1800U, 2500U, 6000U)
Sunny Boy grid-connect inverters (SB 700U thru 6000U)
Sunny Island SI 4248U off-grid inverters
Data collection and monitoring with Sunny Boy Control Plus,
Sunny Beam, & Sunny WebBox
• All inverters UL listed for US & Canada
• Inverter peak (rebate) efficiencies 93–95%

Web Site: www.AbundantRE.com • Phone: (503) 538-8298 • Email: info@AbundantRE.com

RUGGED-DEPENDABLE
HIGHER AMP HOUR
SEALED MAINTENANCE
FREE DESIGN

- Never add water - maintenance free design
- Sealed liquid free design - you can mount
uprite or on either side
- Eliminate noxious smells and gassing
- Designed for off grid and grid tied renewable
energy systems
- Eliminates corrosion
- ISO 9001, UL, IATA, DOT approved
- Environmentally friendly

Just what you would expect
from Discover Battery
We are the leader in sealed deep cycle AGM/Gel
batteries for the renewable energy industry.
Industry leading sizes in 2v, 6v, 8v, and 12v from
30 amp hour to 4000 amp hour.

Sealed
Maintenance
Free L16

- Sealed Advanced AGM & Gel
- Sealed Tubular Gel
- 2 Volt, 6 volt, 8 volt and 12 volt sizes available
AGM/Gel Batteries - Power Supplies
discoversolar@centricpowergroup.com
www.centricpowergroup.com/solar
solar-ad2.indd 1

850 E. Parkridge Ave. #114 • Corona, CA 92879
951-808-4736 phone • 951-808-4738 fax
4/4/06 1:08:44 AM
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It’s so easy …

To love Conergy SunTop

INTRODUCING CONERGY SUNTOP – THE INNOVATIVE MOUNTING SYSTEM WITH
10+ YEARS OF GERMAN ENGINEERING, RESULTING IN SIGNIFICANT SAVINGS
FOR YOU AND YOUR CUSTOMERS

Signiﬁcant Savings

–

Conergy SunTop’s

unique engineering and high level of preassembly enables you to substantially reduce
your installation time. The only assembly tool
you’ll ever need is a simple allen hex key.

For further information, to become a Conergy
Partner, or for referrals to qualiﬁed installers
in your area visit www.conergy.us or call
toll-free (888) 396-6611.

Innovative Technology – Five rail lengths and
an adjustable telescoping end-piece are the
only rail parts needed for any job. The patented
telescope technology eliminates the need for
cutting or trimming the rail to size.
Design Ready – No need for detailed,
manual calculations. Our Certiﬁed Sizing Tool
accounts for applicable wind and snow load
combinations, making it easy to comply with
UBC/CBC and IBC building codes.

Conergy SunTop telescopic end-piece

O U R
P H O T O V O LTA I C S

|

SOLAR THERMAL

|

W O R L D

I S

F U L L

S O L A R WAT E R P U M P S

O F
|

E N E R GY
SMALL WIND POWER

|

BAL ANCE OF SYSTEM

Home Power Magazine’s

2 for 1

Winter
Subscription
Special

Subscribe or renew now and get a one-year
gift subscription FREE! Save $24.95.
There’s never been a better time to introduce
a friend or relative to Home Power.
Seasons greetings from the HP crew!
Our order
form makes
it easy

To order, use our postage-paid order form to the left, visit www.homepower.com/giftspecial
or call 800-707-6585 or 541-512-0201
Offer expires January 31, 2007.

Courtesy Midwest Renewable Energy Association (2)

Classroom and hands-on experience is invaluable if you want to join the ranks of renewable energy professionals.

Get Your
RE Start

COURSES, CLASSES & TRAINING OPPORTUNITIES
Laurie Stone
©2006 Laurie Stone

he renewable energy (RE) industry is growing rapidly, and a wide variety of employment opportunities—from system design and installation
to hardware development and engineering—are opening up on a regular basis. The first step in finding a career in RE is to assess what skills you
have, what skills you’d like to learn, and what type of position would be most
satisfying. But no matter what your chosen career path, a solid foundation in
RE system design, component specification, and installation basics will make
you a more attractive candidate to potential employers.
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Courtesy Humboldt State University

learn RE

Courtesy Appalachian State University

Many university degree programs include laboratory
components, allowing students the ability to experiment with
and test various renewable technologies.

This Appalachian State University student puts his RE skills
to work on a wind generator tower.

Get Your RE Degree
If you’re serious about an accredited renewable energy
education, a handful of programs offered through universities
provide degrees in renewable energy technologies.
Two-Year Degrees & Certificates. Lane Community
College in Eugene, Oregon, offers a two-year associate of
applied science degree in renewable energy technology,
under their Energy Management Technician program.
Lane’s program prepares students for careers in the energy
management field or as renewable energy system installers,
with courses in electrical theory, PV design and installation,
and energy efficient methods. Students learn to evaluate
energy use patterns and make energy efficient retrofit
recommendations for both residential and commercial
buildings, and size and recommend PV systems, as well as

implement PV design protocol. In addition to coursework,
students also complete a cooperative education requirement,
which provides relevant field experience and networking
opportunities with professionals.
The Renewable Energy program at San Juan College
in Farmington, New Mexico, bases their curriculum on the
science of the technologies, and then pairs this knowledge
with design and installation techniques. Offerings include a
concentration in Photovoltaic System Design and Installation,
either as a two-year associate of applied science degree or a
one-year certificate. The certificate program is appropriate for
students who already have a college degree, or who currently
work in a related industry. Coursework includes introductory
physics, and PV theory and system design, as well as two
courses on interpreting the National Electrical Code.

Going Pro
PV installation certification is one of the newest
developments in the RE education movement. The
nonprofit North American Board of Certified Energy
Practitioners (NABCEP) has led this effort by establishing a certification program for PV installers and setting
national standards by which PV installers with skills and
experience can distinguish themselves.
NABCEP offers two PV exams—one for PV installer
certification and one dubbed the Entry Level Certificate of
Knowledge. To qualify for the 4-hour written exam required
for PV Installer Certification, candidates must meet a few
prerequisites, such as hands-on experience. Fees for the
exam start at $250, which includes a one-time application
cost. For more information, visit www.nabcep.org
PV installers who want to receive NABCEP-approved
training must study at an ISP-accredited institution.
The ISP (Institute for Sustainable Power) oversees the
accreditation process, and monitors programs to make
sure they meet several requirements.

www.homepower.com

75

Coconino Community College in Arizona provides an
associate of applied science degree in Alternative Energy
Technology, a 58-credit-hour program that covers PV &
wind-electric systems, as well as solar home design.
Many other community colleges are in the process of
developing associate degree programs. Through a grant from
the National Science Foundation, the Center for Sustainable
Energy at Bronx Community College in New York is currently
working to establish a degree program in Energy Services
Technology and Alternative Fuel Vehicle Technology. Cape
Cod Community College in West Barnstable, Massachusetts,
also is establishing a broad-based Renewable Energy (RE)
education and training program. For more listings of
coursework offerings across the country, search the Interstate
Renewable Energy Council’s Web site at www.irecusa.org/
courses.php.
Undergraduate & Graduate Degrees. Earn a bachelor
or master of science degree in Environmental Resources
Engineering at Humboldt State University in Arcata,
California. Upper-level undergraduate courses include
energy analysis of buildings, principles of hydro, wind,
and photovoltaic energy production and systems, and
solar thermal systems analysis and design. Humboldt’s
Campus Center for Appropriate Technology showcases
environmentally friendly technologies, from solar cookers to
PV systems, and provides experiential learning opportunities
for students enrolled in university classes.
If you want more than just PV training, an undergraduate
degree in Appropriate Technology at Appalachian State
University (ASU) in North Carolina provides curricula in
energy conversion systems, waste and water management,

Higher Learning
Appalachian State Univ., Department of Technology, Boone,
NC • 828-262-6361 • scanlindm@appstate.edu •
www.tec.appstate.edu/at/app_tech.html • Bachelor of science,
Appropriate Technology
Coconino Community College, Flagstaff, AZ • 928-526-7696 •
www.coconino.edu/collegecatalog/0607/AASALTENERGY.htm •
Associate of arts, Alternative Energy Technology
Colorado State Univ., Solar Energy Applications Lab, College
of Engineering, Fort Collins, CO • 970-491-8617 •
seal@lamar.colostate.edu • www.colostate.edu/Orgs/SEAL •
Graduate degree, Mechanical Engineering
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Courtesy San Juan College

learn RE

Students at San Juan College get practice with PV along with
earning their associate of science degree or certificate.

community and shelter design, technology assessment,
small-scale production systems, and technology transfer.
ASU defines appropriate technologies are being “smaller
scale technologies, that are ecologically and socially benign,
affordable, and often powered by renewable energy,” and
says that their unique interdisciplinary program draws from
the physical and social sciences, as well as engineering,
architecture, and technology. Students gain exposure
to drafting and design techniques, as well as a thorough

Royal Inst. of Technology, Dept. of Energy Technology,
Stockholm, Sweden • www.energy.kth.se • Master of science,
Sustainable Energy Engineering
San Juan College Renewable Energy Program, Farmington,
NM • 505-566-3003 • munsont@sanjuancollege.edu •
www.sanjuancollege.edu/reng • Associate of applied
science, Photovoltaic System Design & Installation; One-year
certificate in PV Design & Installation
Sustainable Systems, Dept. of Parks & Recreation/
Environmental Education, Slippery Rock University, Slippery
Rock, PA • 724-738-2068 • daniel.dziubek@sru.edu •
http://academics.sru.edu/pree/ssgrad.htm • Master of science,
Sustainable Systems

Georgia Inst. of Tech., Univ. Center of Excellence for PV, Atlanta,
GA • 404-894-2000 • ucep@ee.gatech.edu • www.ece.gatech.
edu/research/UCEP • Ph.D, Electrical Engineering

University of Massachusetts, Mechanical Engineering Dept.,
Lowell, MA • 978-934-2968 • john_duffy@uml.edu •
www.eng.uml.edu/dept/energy • Master of science, Energy
Engineering

Humboldt State Univ. Env. Resources Eng. Dept., Arcata, CA •
707-826-3619 • ere_dept@Humboldt.edu • www.humboldt.edu/~ere_
dept • Bachelor and master of science, Environmental Resources
Engineering

Univ. of New South Wales Centre for PV Engineering, Sydney,
NSW, 2052 Australia • 011-612-93-85-4018 • pv.labs@unsw.
edu.au • www.pv.unsw.edu.au • Master of science, PV
Engineering

Lane Community College, Science Division, Eugene, OR •
800-769-9687 • www.lanecc.edu/instadv/catalog/science/
programs/energy.htm • Associate of applied science,
Renewable Energy Technician

Univ. of Wisconsin Solar Engineering Program, Madison, WI •
608-263-1589 • beckman@engr.wisc.edu • http://sel.me.wisc.
edu • Master of science, Mechanical Engineering or Chemical
Engineering
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learn RE
background in PV design and installation, microhydro- and
wind-electric systems, and solar thermal system design.
At the graduate level, Slippery Rock University’s master
of science degree in Sustainable Systems in Pennsylvania is an
interdisciplinary program that addresses building design for
energy efficiency and “alternative” energy technologies, along
with ecosystem management and sustainable agriculture.
Students at SRU can apply their studies in projects at
the real-world lab—the aptly-named Harmony House, a
demonstration center that integrates various sustainable
designs and technologies, from a composting toilet to a 1.5kilowatt PV system.
Graduate students in the mechanical engineering
program at the University of Wisconsin–Madison get to
practice solar science at the Solar Energy Laboratory (SEL),
which has been recognized nationally and internationally
for accomplishments in researching practical applications
that use the sun’s energy. SEL “emphasizes applications of
engineering fundamentals to energy problems, and leads
students to advanced degrees in mechanical and chemical
engineering.”
If you’d like to learn about PVs and other renewable
energy systems outside of the United States, you can earn a
master of science degree in Sustainable Energy Engineering
at the Royal Institute of Technology in Sweden, or a degree
in PV engineering at the University of New South Wales
in Australia.

More and more colleges and universities are adding
renewable energy programs into their curricula, and the
listings here are by no means exhaustive.

Basics for Beginners
Hitting the online highway may be your best bet for
introductory or refresher courses. Several RE organizations
offer Internet courses, from how to design a solar-electric
(photovoltaic; PV) system or a passive solar home to how to
implement renewables in the developing world.
Online courses generally run from four weeks to several
months. Most online courses allow you to work at your own
pace, on your own schedule. Instructors are generally available
to answer questions, and grade quizzes and homework.

Workshop Offerings
Florida Solar Energy Center*, Cocoa, FL • 321-638-1000 •
info@fsec.ucf.edu • www.fsec.ucf.edu
I-Renew, Iowa RE Assoc., Iowa City, IA • 319-341-4372 •
irenew@irenew.org • www.irenew.org/workshops.html
Great Lakes Renewable Energy Assoc., Dimondale, MI •
800-434-9788 • jeremy.wittrock@glrea.org •
www.glrea.org
Midwest Renewable Energy Assoc.*, Custer, WI •
715-592-6595 • info@the-mrea.org • www.the-mrea.org

Many programs offer students the opportunity to work in the
field installing renewable energy systems.

New Mexico State Univ. SW Technology Dev. Inst., Las
Cruces, NM • 505-646-1049 • tdi@nmsu.edu •
www.NMSU.Edu/~tdi
North Carolina Solar Center, Raleigh, NC • 919-515-5666 •
ncsun@ncsu.edu • www.ncsc.ncsu.edu
Northeast Sustainable Energy Assoc., Greenfield, MA •
413-774-6051 • nesea@nesea.org • www.nesea.org
Solar Energy Center*, Farmingdale State
Univ., Farmingdale, NY • 631-420-2450 •
dathatyn@farmingdale.edu •
www.tech.farmingdale.edu/depts/met/solar
Solar Energy International*, Carbondale, CO •
970-963-8855 • sei@solarenergy.org •
www.solarenergy.org
Solar Living Inst., Hopland, CA • 707-744-2017 •
sli@solarliving.org • www.solarliving.org
SóLEnergy, Carbondale, CO • 970-963-1060 •
sol@solenergy.org • www.solenergy.org

Courtesy Appalachian State University

Sunnyside Solar, Guilford, VT • 802-254-4670 •
info@sunnysidesolar.com • www.sunnysidesolar.com
West Texas A&M Univ. Alternative Energy Inst., Canyon,
TX • 806-651-2295 • aeimail@mail.wtamu.edu •
www.wtamu.edu/research/aei
For more workshop offerings, read “Happenings” in
each issue of Home Power or go to www.homepower.
com/events/index.cfm. The IREC Web site (www.irecusa.
org/courses.php) also posts course listings.
*ISP-accredited organizations

www.homepower.com
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Courtesy Solar Energy International

powered headquarters in rural Wisconsin. Coursework includes
beginner, intermediate, and advanced PV classes, women-only
workshops, and PV site assessment. The Great Lakes Renewable
Energy Association in Dimondale, Michigan, and I-Renew in
Iowa City, Iowa, are other regional organizations that sponsor
and host RE workshops, trainings, and seminars.
Solar Energy International (SEI), located in the mountains
of western Colorado, also offers a series of PV workshops
focused largely on hands-on instruction. In their PV Design
& Installation workshop, students spend a week in the
classroom learning about PV and a week out in the field
learning how to install a system. SEI offers workshops in
several states and internationally.
On the West Coast, the Hopland, California-based Solar
Living Institute offers short, weekend workshops, such
as beginner’s PV courses for non-electricians and do-ityourselfers, as well as a variety of others. Their Solar Living
Center features a 132-kilowatt grid-tied PV array, as well as a
number of other solar energy technologies.

These SEI workshop students put the finishing touches on
installing a roof-mounted PV array.

Get Your RE Start
Once you decide what outcome you want from your
training, you need to sift through the ever-growing number
of schools, organizations, and institutions that offer training
programs. The listings and Web resources provided will
help you find the courses, seminars, or trainings that are
right for you. Contact the organizations individually to
find out more about the programs they offer.

Access
However, don’t always expect an immediate response to
your questions—you may have to wait a couple of hours or a
couple of days, depending on how many students are in the
course, and when you are online. SóL Energy offers six-week
online courses on basic PV and utility-interactive PV. Solar
Energy International (SEI) offers six-week-long courses on
both PV design and solar home design. Prices range from
$300 to $725.
Hands-On Opportunities. While online courses can
provide you with a basic understanding of RE, hands-on
training is necessary if you want to install systems, either
at your own home or professionally. Hands-on workshops
can range from two-day workshops (starting at $160)
up to two-week-long workshops (starting at $1,500).
While weekend workshops give a good overview of the
technology, longer workshops will provide more handson instruction and more in-depth coverage of the different
components.
For southerners, the Florida Solar Energy Center offers
one-day to weeklong courses at their research and training
facility in Cocoa, Florida. Their workshop offerings cover a
range of topics: from PV installation to using RE for disaster
relief to specific code issues. Most of their courses are
geared toward professionals—journeymen, contractors, and
inspectors.
Midwesterners can tap into offerings from the Midwest
Renewable Energy Association, which facilitates one-day to
two-week-long workshops, many at their solar- and wind-
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Laurie Stone, Solar Energy International, PO Box 715,
Carbondale, CO 81623 • 970-963-8855 • Fax: 970-963-8866 •
www.solarenergy.org • sei@solarenergy.org

LED LIGHT BULBS
Save Over 90% On Your Lighting Bill
60,000 Hour Bulb Life (est.)
2-year Warranty •
UL Listed
CC Vivid
LED Spotlight

CC Vivid +
LED Light Bulb

• Outdoor sensor
or exterior lighting
• 72 bright white LEDs
• 8 Watts / 12 or 120 Volts
• PAR 38

• Porch, reading or
ambient light
• 36 bright white LEDs
• 3 Watts / 12 or 120 Volts

CC Vivid 20
LED Floodlight
LED Spotlight

CC Vivid 30
LED Floodlight

• Ceiling or garden
accent lighting
• 36 bright white LEDs
• 3 Watts / 120 Volts
• PAR 20

• Ceiling or garden
accent lighting
• 60 bright white LEDs
• 6 Watts / 120 Volts
• PAR 30

These bulbs fit most standard fixtures.
Additional sizes and voltages available.

800-522-8863 • ccrane.com
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UNDER CONTROL
Joe Schwartz & Zeke Yewdall
©2006 Joe Schwartz & Zeke Yewdall

n battery-based renewable energy
(RE) systems, a charge controller has
one primary function—to prevent RE
sources from overcharging the system’s
battery bank. Overcharging your batteries will result in increased maintenance
and decreased longevity, and will
quickly destroy sealed battery types.
Your charge controller protects your
battery bank—it’s a critical component
in any battery-based renewable energy
system.

Over the last decade or so, charge controllers have
evolved from relatively simple system components for
disconnecting a solar-electric (photovoltaic; PV) array when
the battery bank is charged, to full-featured units with
intelligent charge regulation, array output optimization,
automatic battery equalization, and even built-in
datalogging. These days, if you pick the right controller,
you’ll have more energy stored in your battery bank at
the end of the day, increased battery longevity, and more
flexibility in system design.
This article will take you on a tour of some of the
important features to keep in mind when choosing a
charge controller, and show you a sampling of the charge
controllers that are available in the United States for
whole-house systems. Only listed controllers rated at 40
amps and above are included, and one controller from
each manufacturer’s line is featured. Charge controllers
for smaller systems are not included here, but many of the
controller features described in this article are desirable in
those systems as well.

CHARGE CONTROLLER RATINGS
When selecting a charge controller, consider both its voltage
and current ratings. Most of the charge controllers featured
here can be programmed or configured to operate at
different nominal battery voltages, but double check that
the controller you select is compatible with your system’s
nominal battery voltage.
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Charge Controllers
for Whole-House
Systems
All PV charge controllers have an absolute maximum
open-circuit voltage (Voc) rating. Exceeding this rating can
damage the controller, and overvoltage-related failures are not
covered under warranty. Because module voltage increases
as temperature decreases, a temperature correction factor
based on the historic lowest temperature at your site must be
considered when determining the voltage of your PV array.
A controller’s rated amperage should typically be 1.25
times the PV array’s 25°C short-circuit current (Isc) rating
(to account for edge-of-cloud or other enhanced irradiance
effects and to meet National Electrical Code requirements), or
1.56 times the array Isc if the charge controller is not rated
for continuous operation at rated current. Most maximum
power point tracking (MPPT) controllers (described below)
include an electronic current limit function, and are subject
to the 1.25 derate factor. MPPT controllers operating in stepdown voltage mode will have a significantly higher output
current than input current. If you’re using your controller
in step-down mode, the output current needs to reflect the
controller’s current rating specification.

FEATURES YOU WANT
In addition to protecting batteries from overcharging, most
whole-house charge controllers have many other features.
Here are several to consider.
Maximum power point tracking. If you’re installing
a whole-house battery-based PV system, buy an MPPT
controller. In most applications, MPPT controllers will
generate about 15 percent more energy annually than
systems with non-MPPT controllers. And they generate
more energy when you likely need it most—during the
winter when the PVs are cold, the array voltage is high, and
the sun is not always shining. For more details on MPPT,
see the sidebar on page 84.
Voltage step-down capability. Many MPPT controllers
allow you to configure your PV array at a higher nominal
voltage than your battery bank’s nominal voltage. This
design approach is common in modern systems. The
reduction in wire, conduit, and installation costs can
typically offset the price difference between MPPT and
non-MPPT controllers.
Battery temperature compensation. Batteries
operating at low temperatures should be regulated at a
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higher voltage, and lower regulation setpoints are desirable
when ambient temperatures are high. Battery temperature
compensation allows the charge controller to automatically
adjust the charge setpoints to account for battery temperature.
Temperature compensation requires a remote sensor located
at the batteries and connected to the charge controller, or to
the communications hub in networked systems.
Remote control and monitoring. Many charge controllers
include built-in voltage, amperage, and amp- and watt-hour
metering for tracking system performance. Some controllers
have an optional remote display that is typically wired to
the controller with phone or Ethernet cable, which allows
you to monitor system charging from the comfort of your
living room or kitchen. Wireless remotes (now common in

batteryless grid-tie systems) are on the horizon for batterybased charge controllers.
Equalization. Equalization can be simply defined as a
controlled overcharge of the battery bank. Equalizing flooded
lead-acid batteries (sealed batteries should not be equalized)
four to six times a year helps reduce sulfation, and actively
mixes the battery electrolyte, both of which are necessary for
increased battery longevity. The controller you choose should
have either a manual or automatic equalization function that
can be disabled if you’re using sealed batteries.
Datalogging. Some charge controllers include relatively
extensive datalogging functions. Charge history, such as daily
and cumulative kilowatt-hour (KWH) production, will help
you keep tabs on your system.
(continued on page 83)

Apollo Solar
Apollo Solar, a Connecticut-based company with a long history in power electronics
design, has entered the renewable energy arena. Apollo recently released their new
T80 TurboCharger MPPT controller. The T80 has a power output rating of 80 amps
at 40°C (104°F), and the capability to charge several nominal battery voltages from a
higher nominal voltage array. A built-in battery state-of-charge monitor (amp-hour
meter) is included, and a wireless version of the monitor is in the works. We’re
looking forward to seeing how this new controller performs in the field.
Apollo T80 TurboCharger
Nominal battery voltage: 12, 24, or 48 VDC
Rated output current: 80 A at 40°C (104°F)
Maximum PV open-circuit voltage: 140 Voc
MPPT: Yes
Array voltage step-down options: 140 Voc maximum to 12–48 VDC
nominal
Warranty: 10 years
MSRP: $849

Blue Sky Energy
In 2001, Blue Sky Energy (formerly RV Power Products) became the first U.S.
manufacturer to offer a listed, MPPT charge controller for battery-based PV systems.
Their controller product line now has eight models, each specifically designed for
various array and battery voltage combinations. In 2004, Blue Sky introduced their
Integrated PowerNet (IPN) design, which allows up to eight IPN controllers to be
networked together and to function in parallel with common regulation points. A
remote display that includes battery state-of-charge monitoring is also available,
and soon all IPN-compatible charge controllers will include variable dusk-to-dawn
lighting control for the display.
Blue Sky Energy Solar Boost 50
Nominal battery voltage: 12 or 24 VDC
Rated output current: 50 A at 40°C (104°F)
Maximum PV open-circuit voltage: 57 Voc
MPPT: Yes
Array voltage step-down options: 57 Voc maximum to 12 or 24 VDC nominal
Warranty: 3 years, extended available
MSRP: $432; with optional display, $514

www.homepower.com
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Morningstar
Morningstar manufactures two models of their TriStar controller (45 and 60 A), both
of which are very popular for use as diversion controllers in wind- and microhydroelectric systems. The optional TriStar meter LCD display provides the user with indepth instantaneous and historical charge information, including cumulative amphour (AH) and KWH data. The TriStar can be used as a load controller in systems with
DC appliances. Morningstar also manufactures lower current, inexpensive charge
controllers that are popular in developing world, RV, and marine applications, and
small 48-volt, positive-ground controllers for telecom applications.
Morningstar TriStar TS60
Nominal battery voltage: 12, 24, or 48 VDC
Rated output current: 60 A at 45°C (113°F)
Maximum PV open-circuit voltage: 125 Voc
MPPT: No
Array voltage step-down options: No
Warranty: 5 years
MSRP: $218; with optional display, $317

OutBack Power Systems
The introduction of the OutBack MX60 controller changed the way battery-based PV
systems are designed and installed. The MX60 was the first, and is currently the only
charge controller to allow for array voltages of up to 150 Voc (72 V nominal in most
locations). This is coupled with extremely flexible array and battery configuration
options. The MX60 employs an advanced, active MPPT charging algorithm, 64 days’
worth of onboard datalogging, and a four-line, 80-character LCD display. It can be
networked with both OutBack inverters and other MX controllers to create a fully
integrated system.
OutBack MX60
Nominal battery voltage: 12, 24, 32, 36, 48, 54, or 60 VDC
Rated output current: 60 A at 25°C (77°F)
Maximum PV open-circuit voltage: 150 Voc
MPPT: Yes
Array voltage step-down options: 150 Voc maximum to 12 to 60 VDC nominal
Warranty: 2 years, extended available
MSRP: $649

Xantrex
Xantrex (formerly Trace Engineering) designed and manufactures the SW series
inverter and the C40 charge controller, both of which paved the way for the second
generation of RE power electronics. The C40 charge controller was at one time the
industry standard, and for good reason. It’s robust and offers three field-selectable
nominal battery voltage options. The advent of MPPT controllers for PV systems
resulted in the C40 being installed primarily as a diversion controller for wind- and
microhydro-electric systems, and also as a DC load controller. Keep an eye out for
their new MPPT controller, coming soon.
Xantrex C40
Nominal battery voltage: 12, 24, or 48 VDC
Rated output current: 40 A at 25°C (77°F)
Maximum PV open-circuit voltage: 125 Voc
MPPT: No
Array voltage step-down options: No
Warranty: 2 years
MSRP: $159; with optional display, $258
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charge controllers
ON THE HORIZON

Specification
Terminology
Nominal battery voltage
The named battery voltages (for example: 12 V, 24 V, or
48 V) a given charge controller is designed to interface
with. Most whole-house charge controllers can be
manually configured or programmed to work with any
one of two or more nominal battery voltages.
Rated output current
The maximum amperage a charge controller is designed
for. The rated current for MPPT controllers operating in
step-down mode must always be based on the output
current of the charge controller. Make sure to inquire
about how NEC derate factors effect array amperage
sizing for your particular controller.
Maximum PV open-circuit voltage (Voc)
The absolute maximum voltage a charge controller
is designed for. Array voltage will be higher when
operating at cold ambient temperatures, and a
maximum voltage correction calculation based on
the coldest historical temperatures for a given site is
required. Subjecting controllers to higher-than-rated
voltages may damage the controller and will not be
covered under warranty.
Maximum power point tracking (MPPT)
PV arrays have a specific point on their power curve
(current vs. voltage) where maximum power is achieved.
Array voltage has an inverse relationship with array
temperature—as an array heats up, its voltage drops. The
result is a maximum power point that varies throughout
the day. MPPT charge controllers are designed to closely
follow the array’s maximum power, which results
in higher daily energy production, especially at low
ambient temperatures or battery voltages.
Array voltage step-down options
MPPT charge controllers typically allow a PV array to
be configured at a higher nominal voltage than the
system’s battery bank. This is the preferred installation
approach in many applications because it reduces
losses in transmission wiring, allows for smaller-gauge
wiring between the PV array and the controller, and
results in a wider voltage window for the controller to
track the array’s maximum power point.
Warranty
The length of time after purchase that a manufacturer
will repair failed equipment due to defective parts or
workmanship free of charge. Like most products, the
conditions of a given warranty are clearly defined,
but vary widely. Read the details carefully. Extended
warranties are available from some manufacturers at an
additional cost.
MSRP
The manufacturer’s suggested retail price in U.S.
dollars. Street prices may be lower, but design
assistance and technical support from retailers offering
the lowest prices will often be lower too.

An additional charge controller that is under development
but not currently in production deserves mention.
MidNite Solar is currently developing an MPPT controller
for PV, wind, and microhydro applications. Significant
design attention is being focused on developing features
for regulation and optimization of residential-scale wind
turbines. Tentative specs include a 60-amp capacity, 150 Voc
maximum voltage rating, and the ability to integrate with 12
to 72 VDC nominal battery banks. A high-voltage (200 VDC)
unit is also in the works.

FREQUENTLY ASKED QUESTIONS
Why does my battery-based RE system need both a charge
controller and a battery charger?
The charge controllers featured here regulate energy input
from RE sources like PV arrays, wind turbines, or microhydro
generators. You’ll generally need a separate controller for
each RE charging source. Think of your battery as a tank with
multiple pipes filling it. Each pipe needs its own valve to
regulate the source when the tank gets full.
Most residential-scale, battery-based inverters have a
battery charging function built in. This battery charger is
used to convert AC electricity to DC electricity to charge
the battery bank from an engine generator or the grid when
the sun isn’t shining, the wind isn’t blowing, or the water
isn’t flowing.
Do I need a charge controller in a grid-connected PV
system with battery backup?
Yes! In normal operation, while connected to the grid,
a battery-based PV system doesn’t use its charge controller
for regulating the charge to the battery. The inverter is
designed to export any surplus renewable energy to the
grid, and in effect acts as a regulator to keep the batteries
from being overcharged.

Wind & Microhydro
Charge Controllers
Battery-based wind- and microhydro-electric systems
require charge controllers, but controllers operate in a
different mode in these systems. When a PV module is
disconnected from a battery or load, it becomes an inert
sheet of glass and silicon in the sun. But if some wind or
microhydro turbines are disconnected from a full battery,
their speed may increase to the point that they self-destruct
or damage equipment due to overvoltage conditions.
To avoid this, the charge controllers for most wind
turbines and microhydro systems route the extra energy
from the battery to a “dump load”—an air or water heater.
This diversion-control strategy always keeps the turbine
electrically loaded, which in turn controls the turbine’s
rpm. Several of the charge controllers featured here can
function either as solar (series) controllers, or as diversion
controllers, depending on what your application requires.

www.homepower.com
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What’s the Big Deal
about MPPT?
Maximum power point tracking (MPPT) for PV arrays is
the newest feature being integrated into many wholehouse charge controllers. PV modules’ voltage and
current vary throughout the day depending primarily on
temperature. MPPT uses a mathematical algorithm to
“track” the optimal point of production of a PV array to
maximize annual energy generation.
In most locations and applications, an MPPT controller
will increase the annual output of your PV array by about
15 percent. Hot climates (like Palm Springs, California)
will see a smaller increase in energy gain compared to
colder places (like Denver, Colorado) because PV voltage
decreases as the module temperature increases.
Here’s an example of why MPPT controllers are
beneficial. It’s a cold winter day and your batteries
are at a relatively low state of charge and voltage
(12.3 VDC). Let’s assume that the array is rated for
34 amps at 17.5 volts. Because it’s cold, the array’s
maximum power point is actually 19.5 volts. A nonMPPT controller will operate the array at the battery
voltage, in this case about 12.3 VDC. The array
amperage may be a little higher at the lower voltage,
say 36 amps. So in this example, the total wattage
charging the batteries is 443 watts (36 A x 12.3 V).
If you use an MPPT controller, the array will operate
at its maximum power point, producing 663 W (34 A x
19.5 V). Even if the charge controller is only 95 percent
efficient, it will still deliver 630 watts to the batteries, an
increase of 187 W compared to a non-MPPT controller.
As the array heats up, and the battery voltage rises
during the daily charging cycle, the additional energy
harvested by the MPPT controller will decrease.
In the summertime, the array will be operating at a
high temperature and its voltage will be relatively low.
In addition, the batteries will typically be at a higher
state of charge due to long sunny days. Under these
conditions, the performance of an MPPT controller and
non-MPPT controller may be about the same. But the
bottom line is that an MPPT controller will increase
your PV array’s annual production, especially during
the short sun days of winter. The MPPT controller
may cost $600 instead of $200, but that additional
$400 gets you increased energy harvest when you need
it most, year after year, and can often be offset right out
of the gate by decreased wire and installation costs.
Another reason to use an MPPT controller is that
nonstandard PV modules are becoming more common.
Many modules designed for grid-tied PV systems are
no longer being made with the industry standard of
36 or 72 cells. Panels with 40, 42, 60, or other numbers
of cells are becoming more common, and some new
technologies produce higher voltage per cell. An MPPT
charge controller can easily convert an odd voltage
array into a usable array for battery charging.
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However, there are two reasons why battery-based gridtie systems need a charge controller. First, an MPPT controller
will increase the output of the PV array, and maximize annual
energy production. Second, if the grid shuts down, there is
nowhere for the inverter to export or “dump” excess PVgenerated electricity. In this scenario, until the grid is back
on line, a charge controller is necessary to prevent battery
overcharging.
I’m planning to install a whole-house, off-grid system,
but need to start small and purchase additional PV modules
as my budget allows. What size charge controller should I
buy?
Buy a charge controller that is rated for the total amperage
of the projected PV array. Otherwise, you’ll end up buying a
larger replacement controller as the system grows.
My PV array is going to be mounted pretty far from my
battery bank (about 250 feet). What nominal voltage should
I design for?
Most MPPT controllers allow you to operate the PV
array at a nominal voltage that is higher than the nominal
voltage of the battery bank. This voltage step-down feature
fundamentally changed the way installers design batterybased PV systems. For example, these days it’s common
to wire a battery-based PV array at 72 VDC nominal to
charge a 48 VDC battery bank, or a 48 VDC nominal array
to charge a 24 VDC battery bank. Higher array voltage
means simpler array wiring, lower current, smaller wire
and conduit between the array and batteries, and arrays
being located farther from the battery bank if the site
demands it.
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Joe Schwartz, Home Power, PO Box 520, Ashland, OR 97520 •
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Zeke Yewdall, PO Box 18946, Boulder, CO 80308 •
720-352-2508 • zeke@cosunflower.com
Charge Controller Manufacturers:
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SEI HANDS-ON WORKSHOPS
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George Blakey
©2006 George Blakey

Passive and active solar
heating, combined with
energy efficient building
materials, give this
Colorado-based aquatic
center an edge on energy
savings and long-term
sustainability.
86
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Courtesy Cliff Grassmick (2)

Above: Flat-plate solar collectors provide hot water
and space heating for the pool house. Right: Large,
south-facing windows admit an abundance of natural
light and warmth into the building’s interior. Below:
Teachers and students practice the art of Watsu in the
sun-warmed water and tranquil space.

solar pool

T

he difficulties of renting pool
time to practice aquatic therapy
originally motivated Watsu
practitioners Greg and Debbie Ching
to consider constructing their own
pool house on their 2.5-acre home
site in Nederland, Colorado. But their
commitment to solar energy—and
the energy and financial savings it
offers—brought them to the doorstep
of Solar Works Construction, my solar
and general contracting business.
The Chings dreamed of having
a facility where they could practice
Watsu (aquatic massage) themselves,
hold classes, and open it to other
practitioners and their clients. To do
so, they needed a pool about 20 feet
square and 4 feet deep, with water
that could be maintained near body
temperature. They also wanted an
office, a bathroom, and a room for table
massage. As a designer and builder
promoting sustainability, what was
most compelling to me was the Chings’
interest in extending their philosophy
of caring for people to caring for the
environment.

Courtesy Greg Ching

The pool house’s
walls were
constructed using
insulating concrete
forms (ICFs).

Efficiency in the Details
Debbie and Greg were already committed to and familiar
with using renewable energy, and wanted to use solar energy
to heat the new building and the pool water. Correctly siting
the building to take advantage of passive and active solar
heating opportunities was key. The building’s roof ridge
runs east and west, providing a large south-facing surface
for an array of solar hot water collectors. A large bank of
double-paned windows on the building’s south face allows
sunlight in, and the thermal mass of the concrete floors
captures, stores, and reradiates this solar-made heat into
interior spaces. A special film in the Heat Mirror windows

The Chings’ home and pool house take full advantage of the
sun’s energy for electricity, and space and water heating.

Green Home
Upgrades
Being environmentally conscious is not new to Debbie
and Greg Ching. When they moved into their 1970s-era
home eleven years ago, they began immediate efficiency
upgrades to their all-electric, wood-framed house. They
replaced old wood heaters with newer, more efficient
models, which allowed them to reduce the use of the
electric furnace and baseboard heat, and rely more on an
abundant local renewable resource—firewood. To help
slow heat loss through the home’s windows, they hung
insulating shades. And bulb by bulb, they replaced nearly
all of the incandescent lighting in the house with compact
fluorescent lightbulbs. They also abandoned their electric
clothes dryer in favor of a solar dryer (clothesline).
Although the house came with two solar hot water
collectors mounted on the roof, they were not working.
Greg and Debbie replaced them with four, 4- by 10-foot
SunEarth collectors, which provide about 90 percent of
their household hot water needs. A custom-designed
180-gallon tank stores the solar-heated water. With the
future in mind, the Chings specified that extra heatexchange loops be installed in the tank, which will allow
hot water to be routed to a radiant floor heating system
or to revitalize an old hot tub (which hasn’t been used
since the pool was built).
In 1999, they installed a 2-kilowatt (KW) grid-tied
photovoltaic (PV) array, with a small battery bank for
backup during occasional utility outages. Roof space was
already at a premium with four solar hot water collectors
taking up the south-facing space, so a ground-mounted
PV rack was used. In addition to their PV system, Greg
and Debbie also bought into the Windsource program
through Xcel Energy, the major electricity provider in
Colorado. With this program, anyone buying electricity
from the grid can pay an extra charge per month (about
$3.75 for every 100 KWH) to ensure that their electricity
use is offset by an equivalent amount of wind-produced
energy.

www.homepower.com
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slows heat transfer back through the
south-facing windows, especially when
outdoor temperatures drop into the
single digits. These windows allow
more solar heat to enter than ones with
other low-emissivity (low-E) coatings.
Insulating concrete forms (ICFs),
large polystyrene foam forms that are
stacked and filled with steel-reinforced
concrete, make up the pool house walls.
This system produces a fire-resistant,
sound-dampening shell with low air
infiltration and an R-33 performance
rating. For even more fire-resistance,
plus low maintenance, the Chings
chose a fiber-cement panel siding for
the exterior finish that could be stained
to match their house. Ten-inch-thick
structural insulated panels (SIPs)—
styrene foam faced with oriented strand
board—comprise the roof and ceiling
system, and insulate to about R-38. Like
the ICFs, this product provides a tight,
well-insulated roof that is little affected by the humidity
created by the warm pool water.
The concrete-and-plaster in-ground pool risked losing a
substantial amount of heat to the earth. To slow heat loss, 2- to
4-inch-thick extruded polystyrene rigid insulation was added
to the inside of the foundation wall, underneath the slab,
and to the outside of the pool shell, insulating the pool and
foundation walls to R-20, and the concrete slab to R-10.

Greg and Debbie Ching (and dog Casey) at their
Nederland, Colorado, home.

Thick concrete floors in the pool house
absorb and reradiate the sun’s heat.

Courtesy Cliff Grassmick

Sun-Heated Floors & Pool
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Fourteen SunEarth solar hot water collectors mounted on the
building’s roof supply the majority (about three-quarters) of
the building’s hot water needs—for warming pool water and
for radiant floor heating. Almost 2,000 feet of Kitec tubing
embedded in the concrete floors and routed into the ceiling of
the massage room move the solar-heated water throughout
the building for space heating. A custom-built, insulated solar
storage tank holds water heated by the collectors.
A propane-fired backup boiler helps when the weather
is very cold and cloudy, but, for most of the year, the solar
heating system is enough to warm the pool water and building.
On average, Greg says that they spend about $100 per month
on propane to heat the pool building and the water—less than
one-quarter of the expense comparable facilities incur in this
climate.
Along with the pool house came increased electricity use.
The Chings decided to expand the existing PV system at the
site to compensate. A 3.9-kilowatt (KW) PV array was set up
just south of their home’s array, on a lower, longer, groundmounted frame. At the same time, the battery bank was
doubled in size, to increase the backup capacity for their home
and pool house. Some of the circuits in the new pool house, like
lights and the pump for the solar hot water system, were wired
to a subpanel for battery backup, while the nonpriority loads
were connected to the grid-fed service entrance panel.
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Tech Specs
Solar Pool Overview

System type: Drainback solar hot water with single-loop,
in-tank heat exchangers
Location: Nederland, Colorado
Solar resource: 5.5 average daily peak sun-hours
Production: 13.5 million Btu per month average
(3,940 KWH/month)
Climate: Eastern Rocky Mountains, 7,913 ft. elevation;
sunny, cold winters; warm summers
Percentage of hot water produced annually: 75 percent

Solar Equipment

Collectors: 14 SunEarth, Empire Series, EC40, flat plate,
4 x 10 ft.
Collector installation: Roof mounted, south-facing at a
51-degree tilt angle
Heat transfer fluid: Water
Circulation pump: Taco 0011-BF4
Pump controller: Tekmar 155

Storage

Tank: Industrial Solar Technology, custom: steel frame
with rubber liner, approximately 460 gallons
Inside the utility room—a glimpse
of part of the hydronic heating system.

Heat exchangers: Two 3/4-inch copper coils in tank to
radiant heating system; one 1-inch copper coil in tank to
pool
Backup DHW: Buderus L160, side-arm, 42.3 gallons

Other Efficiencies
A heat-recovery ventilator (HRV) improves the efficiency
of the mechanical ventilation system by reclaiming energy
from exhaust airflows. By using heat exchangers to heat or
cool incoming fresh air, HRVs recapture 60 to 80 percent of
the heat or cold that would otherwise be lost. Incoming and
outgoing airflows pass through different sides of the heat
exchanger (but are not mixed), allowing conditioned exhaust
air to raise or lower the temperature of incoming fresh air.
After passing through the heat exchanger, the warmed or
cooled fresh air goes through the HVAC air handler, or may
be sent directly to various rooms.
The Chings also incorporated many of the same efficiency
measures they implemented in their home into the new pool
house to keep its energy use as low as possible. During the
day, the large windows admit ample natural light into the
pool house, and tubular skylights in the utility room and
office light these inner rooms. At night, compact fluorescent
bulbs provide lighting. Insulating shades fitted to the large
windows can be lowered or raised with the flick of a
switch. Low-flow showerheads help reduce the water heating
demand, and an ultra-low-flush toilet curbs water use. To
minimize the loss of pool water due to evaporation and to
reduce heat loss in the pool, a retractable cover is kept closed
when the pool is not being used.

System Performance Metering
Thermometers: Two, Tekmar 155
Pressure: USG, dial, 0 to 100 psi

Radiant Floor System
Tubing: Kitec XPA

Boiler: Buderus G124
Amount of tubing: 1,900 ft.
Number of zones: Three (two in floor, one in ceiling/
baseboard)
Circulation pump: Three Taco 007-F5
Pump controller: Goldline SP-30
Zone valves: Two Taco boiler/solar feeds

Other Equipment

Pool heat exchanger: 1-inch copper coil in tank; Pahlen
260 for boiler line
Valve controller: Tekmar 155

www.homepower.com
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solar pool
Stellar Solar Success
The solar hot water collectors and passive solar design meet at
least 75 percent of the heating needs of the pool and the building.
Without the backup propane water heater, the solar hot water
system keeps the pool temperature in the low 90s. The PV system
meets about 75 percent of their summertime electrical needs, and
offsets about 30 percent of the electrical demand in the winter.
The Chings were unable to take advantage of any financial
incentives for solar energy at the time their system was
installed—no rebates for PV or solar thermal systems existed
that were applicable to their systems. But today, with the
their utility’s rebate program and federal tax credits, Debbie
and Greg are planning to add another array, expanding their
PV system to the utility’s financed maximum of 10 KW.
Payments for renewable energy credits from their existing
systems are also available, which means they may be able to
get up to $2.50 per installed DC watt.
To further offset the project’s expense and to share the
splendor of the pool house and setting, the Chings now hold
classes there, recruiting certified water-therapy instructors
to teach students from all over the globe. And, of course, at
the same time Debbie and Greg Ching are fostering a sense
of community, they’re also showcasing solar technologies,
furthering the future of renewable energy.

Access
George Blakey, Solar Works Construction, 618 Aspen
Meadows Rd., Nederland, CO 80466 •
gsblakey@earthlink.net • General/solar contractor

Greg & Debbie Ching, Aspen Meadows Aquatic Center, PO
Box 372, Nederland, CO 80466 • 303-442-8855 •
www.amaquatics.net
Building & RE Products Manufacturers:
Advance Foam Plastics Inc. • www.afprcontrol.com • Roof SIPs
Altair Energy • 800-836-8951 • www.altairenergy.com •
PV system
Goldline Controls Inc. • 800-343-0826, ext. 152 •
www.goldlinecontrols.com • Pump controller
Industrial Solar Technology • 303-279-8108 •
www.industrialsolartech.com • Solar thermal & radiant
heating system
Reward Wall Systems • 800-468-6344 •
www.rewardwalls.com • ICF wall systems
Southwall Industries • 800 365-8794 •
www.southwall.com • Heat Mirror windows
SunEarth Inc. • 909-434-3100 • www.sunearth.com •
Solar hot water collectors
Taco • 401-942-8000 • www.taco-hvac.com • Circulation
pump & valves
Tekmar • www.tekmarcontrols.com • Pump controllers &
thermometers

SunWize GTS Packages
Solar To Go!
SunWize Grid-Tie Systems (GTS) make your life easier
and your business more efﬁcient. Select from a wide
variety of GTS packages, order just one part number
and we’ll deliver a complete, engineered system
including all documentation. Why wait for separate
components to arrive when you can receive an entire
SunWize GTS much faster? Call us at 800.817.6527
and ﬁnd out how SunWize can help your business.
Be successful, choose SunWize!
www.sunwize.com
Reliable People . . . Reliable Products . . . Reliable Power!
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Solar PV Installer Certification
Benefits for PV System Installers…
• National recognition as PV industry expert.
• Many consumers look for qualified installers with credentials.
• Helps installers keep current in latest technology and installation issues.

Benefits and Information for Consumers…
•
•
•
•

Provides confidence that PV system will operate safely and to system specifications.
NABCEP Code of Ethics stresses consumer protection and professional level of service.
Navigate to: www.nabcep.org to locate NABCEP Certified installers near you.
Program details are located within Candidate Information Handbook at: www.nabcep.org

Solar Thermal Installer Certification
The Solar Thermal Industry’s Distinguishing Credential

• Certification is for experienced solar hot water and pool heating installers.
• Wide range of experienced solar thermal industry professionals created requirements.
• Anticipated growth in solar thermal installations requires competent installers who
demonstrate proficiency in the trade.
• Same NABCEP Code of Ethics applies to Solar Thermal Certificants.

Email psheehan@nabcep.org or call (518) 899-8186 for more information or questions.

Online Renewable Energy Education

���������
������
��������
��
������
�����������
����
������
������

�������������
����
���������������
�������

����������������
����������������

��������������

�������������������������������������
������������������������������������
�������������������������������������

����������������

��������������
����������
��������������

� ���� � ����� ��������������

�������������������

�����

�������������������������������
�������������������������������

�������������������

www.homepower.com

�����

91

Turning Waste

into Fuel

Ilan Adler

Methane Biodigester Basics

©2006 Ilan Adler

Top left: A gas storage unit, fully charged with ready-to-use biogas. Renewably generated
methane has a number of uses, including cooking and heating.
Middle left: A technician inside the tubular biodigester tightens the gas output fittings.
After the plumbing is finished, the digester will be filled with a mixture of water and
manure.
Bottom left: Nutrient-rich liquid from the biodigester can be field-applied as a fertilizer.
Above: The author tests a biogas-fueled kitchen stove at Doña Tana’s home in Michoacan,
Mexico.

oña Cayetana (Tana) holds a special
status in the tranquil village of
Eronga, in the highlands of the
state of Michoacan, Mexico. She was the
first one in town to have a homemade
biodigester, which supplies biogas for
most of her cooking and heating needs.
The freedom from expensive LP gas or
other less desirable sources of energy,
such as firewood (commonly used in
the area), has empowered Tana in many
ways, providing not only a better quality
of life, but also bringing journalists,
students, and entrepreneurs from far
points of the country to her modest
house near the center of the village.
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“Three pigs is all it takes,” she says with a smile. But
of course, it could be rabbits, cows, horses, or any other
domesticated animal (including humans) that produces
sufficient manure to feed a biodigester. For that is the
main fuel involved—organic waste, which by being
processed in this ingenious device is turned into fuel and
nutrient-rich fertilizer.

What is Biogas?
If you want to know how a biodigester works, consider
the human digestion system. Whenever we ingest any
type of food, enzymes and bacteria in our stomachs
and intestines start working on decomposing the long
chemical chains of organic matter into simpler forms that
our cells can feed on. The remains are excreted as much
simpler, decomposed molecules. As a side product of this
process, a usable gas, commonly known as biogas, can be
captured.
Biogas is, and will always be, a fancy game of statistics.
In any particular case, there is no way of predicting what
exact percentage of the mixture each individual component
of the gas will have, save by the most disciplined analysis.
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Common Biogas Mixture
Component

Percent

Methane (CH4)

50–70%

Carbon dioxide (CO2)

30–40%

Hydrogen (H2)

5–10%

Nitrogen (N2)

1–2%

Water vapor (H2O)

0.3%

Hydrogen sulfide (H2S)

Trace amounts

Source: Instituto de Investigaciones Eléctricas (IIE), Mexico, 1980

The mix will vary depending on the type of manure and the
climate the biodigester is in. The table above gives an idea
of what to expect in most cases.
So what can we use all these gases for? It turns out
that only one of them has any practical application, as far
as our modern technology is concerned. Carbon dioxide
(CO2) we might just as well discard. It’s a greenhouse
gas and there’s loads of it around, wherever creatures
are breathing, organic matter is decomposing, or fossil
fuels are being burned. Hydrogen sulfide is actually
poisonous, and we have to filter it out, or at least try to
ignore its nasty, pungent smell. There’s not much use in
the water vapor, unless you want a rather smelly steam
bath. The main one left is CH4, good old methane.

Fuel for the Fire
Methane is the flammable component in biogas—without it
there would be no fire. This odorless, colorless gas can heat
a stove, fuel a vehicle, or provide electricity to a community.
Much of what we call “natural gas” is, in fact, methane.
One downside is that it is a very powerful greenhouse gas,
23 times stronger than CO2, and that’s saying a lot. One major
advantage of a biodigester is that it generates methane that
we can safely use, and also prevents it from escaping into the
atmosphere as a greenhouse gas.

ADOPT A BIODIGESTER
Would you like to help a rural family build its
own biodigester? The International Renewable
Resources Institute (IRRI–Mexico), a registered
nonprofit organization, is launching a campaign to
link people or groups interested in supporting ecofriendly technology development in communities
in Mexico that would benefit from these projects.
In the Adopt-A-Biodigester project, donations will
be directly transferred to selected families in the
form of basic tools and equipment to install a
homemade biodigester. Sponsors will be able to
know exactly how every dollar donated is used,
the contact information of their adopted family,
and may have the opportunity to participate as a
volunteer in the installation! For more information,
please contact info@irrimexico.org, or visit
www.irrimexico.org.

Have you watched the bubbles that form in a swamp
or in stagnant water? If the answer is yes, it’s likely that
you have seen methane as it is being formed underwater.
Remember, all we need is enough organic matter, no
oxygen, and anaerobic bacteria. All these can be found
in a swamp, as the stagnant fluid loses all of its oxygen,
especially in the bottom, and the decaying leaves and debris
provide the nutrients. For the bacteria to thrive, we need
adequate heat. In general terms, the warmer, the better (as
long as it’s not boiling hot). That’s why biodigesters fare
better in tropical climates.

Biodigesters
If we want to artificially recreate the methane production
process in a controlled manner, we can make an airtight
space into which we can put enough organic matter and
guarantee the right conditions for bacteria to grow. Sounds

TUBULAR PLASTIC BIODIGESTER ANATOMY

Inlet: Organic matter and
water slurry mix enters here

Gas Outlet: Biogas exits
through a hose or tubing

Methane gas accumulates in the top
Concrete
culvert

Solid matter and water
occupy the bottom two-thirds of the tube

www.homepower.com

Outlet: Organic
matter and
water slurry mix
exits here

Concrete
culvert
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natural gas

CONSTRUCTING A TUBULAR BIODIGESTER

1

4

1. The plastic material is doubled
up by pulling one end of the
tube inside itself. This makes
for a more durable, doublewalled digester.

3

2

3
2. Farmer Juan Luis Salazar
finishes digging the ditch
for the biodigester, while
workshop participants
inspect the hole.
3. One of the concrete
culverts is set into place
at an angle.
4. The plastic tube is pulled
through the concrete
culverts at each end of
the ditch, folded back,
and tied with strips of
inner tube.

easy, but how do you make an airtight space in which
to add the wastes without having air enter the closed
chamber and ruin the whole process? The key lies in the
use of water.
Water acts as a perfect seal against air. Readily
biodegradable organic matter can be fed into the device by
passing it through water in an air-lock design to keep the
digesting material enclosed.
A biodigester can be any container that will hold soluble
organic matter without letting air in, and that provides
enough space for biogas to accumulate. The container or
chamber can be made from a variety of materials—ferrocement, concrete, plastic, even metal—as long as it doesn’t
have any leaks. The size of the chamber is determined by the
amount of gas required, which also determines the amount
of manure needed.
I prefer tubular plastic biodigesters. These use the same
plastic used for greenhouses; it is locally manufactured
in Mexico and many parts of Central America and has a
relatively low cost. This type of digester retains heat much
better than concrete or ferro-cement digesters. The material
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must be UV treated, and ideally covered by some sort of
roof to shield against excess sunshine and rain, as well as
against physical damage. It is also necessary to dig a trench
so that the tubular plastic will stay in place and be protected
from the wind. Using PVC tubing and connecting valves, it
is relatively simple to plumb the gas line to the house.

Using a Biodigester
The digester is initially filled with water until it overflows.
This creates an air lock, with water in the lower twothirds of the tube and air in the top third. Then a daily
“charge” of manure-water slurry is added. The bacteria
start decomposing the organic matter once it’s in the
chamber. The time they take to complete the process is
called the retention time of the biodigester. As the matter
flows through the container, biogas begins to accumulate in
the upper part of the digester. This gas can be transported
to the kitchen by a hose or tube fitted with a valve, or it can
be stored in a separate plastic tube.
For the first few weeks, the only gases obtained will be
a mixture of air and CO2, from what was remaining in the
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5

6
5. The biogas output tubing is
attached before the tube is fully
inflated.
6. The fully inflated tube. The
tube is filled with water until it
overflows, creating an air lock.

7
8
7. The author mixes
manure with water to
make a slurry.

This biodigester was constructed at an SEI
workshop in Mastatal, Costa Rica.

8. The slurry is poured
into the digester.

container at start-up time. Depending on the temperature and
the type of manure used, it may take between 15 and 45 days
to produce usable gas (production occurs quickly in warm,
tropical climates).
Ideally, the biodigester should be charged daily with
a mixture of water and organic matter in a fixed ratio.
The new daily load will push water out through the exit
tube. This water is partially treated, making it ideal for
use in irrigation or, with more advanced purification and
filtering, potable water. Several successful projects in
Mexico have used biodigester effluent for aquaculture or
horticulture, given the high amounts of dissolved nutrients
that it contains. Plants irrigated with this effluent tend to
grow better and stronger, without requiring additional
chemical fertilizer.

Sustainable Development Tool
In the absence of a good treatment system, animal
manures tend to accumulate in stagnant creeks or
ravines, polluting groundwater and attracting diseasecarrying insects.

A biodigester is a tool for sustainable development,
providing biogas to cook, heat, or generate electricity, and
is also an efficient means to reclaim a waste product,
which would otherwise create greenhouse gases and health
hazards. Methane biodigesters are low-budget, appropriate
technology. They can be used widely in the developing world
and elsewhere, turning waste into usable fuel and fertilizer.

Access
Ilan Adler, Director, International Renewable Resources
Institute–Mexico, Alliant Intl. University–Mexico City,
Alvaro Obregon 110, Colonia Roma, Mexico DF 06700 •
ilan@irrimexico.org • www.irrimexico.org
Solar Energy International, PO Box 715, Carbondale,
CO 81623 • 970-963-8855 • Fax: 970-963-8866 •
sei@solarenergy.org • www.solarenergy.org
Rancho Mastatal, Apdo 185-6000, Puriscal, San José, Costa
Rica • info@ranchomastatal.com • www.ranchomastatal.com

www.homepower.com
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Another Bright Idea
From Blue Sky Energy
We’ve done it again. Blue Sky Energy
is proud to announce Dusk to Dawn
Solar Lighting control for all of our
*IPN based Charge Controllers.
*FOR NEW PRODUCTS WITH SOFTWARE VERSION 2.0

Features include...
SB3024i & SB2512i shown

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

From industrial to consumer, we have
a product that’s right for your needs.
Blue Sky Energy, Inc. manufactures
and distributes worldwide.
Reasonably priced and quality built since 1993.
Contact us today for more information
800-493-7877 or 760-597-1642
2598 Fortune Way, Suite K, Vista, CA 92081 USA
blueskyenergyinc.com
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QUALITY....RELIABILITY....BLUE SKY ENERGY, CHANGING THE WAY SOLAR IS USED EVERYDAY

BUS STOPS

CONSTRUCTION
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Advertisement

Tony’s TechTalk
Hi – tech friends!
Welcome to the
latest photovoltaic
news!
Here is some brand
new information
and products of the
month – especially
selected for you!

Any questions or interesting news?
Contact: tony@krannich-solar.com
or call (856)-802-0991

What’s new in stand-alonesystems?
The new stable offgrid power supply
with new complete
AXITEC system, up
to 2KW with pure
sine-wave inverter.
AC-250/12,
AC1000/12 and /24, AC-2000/24 and 48.
The battery-connected AXITEC sineinverter can be used to operate everyday
appliances, for example, in campers, in
solitary houses or on private boats.
Due to the fact that the output
voltage is a genuine sine voltage,
even sensitive devices, like energysaving lamps, TV sets, SAT devices
or laptops, can be operated. The
connection and the start of operation
works “plug and play” by means of a
standard power outlet. AXITEC. Made in
Germany.

May

I

introduce… your

professional partner in photovoltaic components and systems:
Krannich Solar Inc.
- Over 15 years experience on the
PV market with a total of over
50 MWp installed worldwide
- PV Test ﬁeld (over 22,000
square ft.) for different tests
- Comprehensive one-on-one
technical support
- PV-only policy – grid-tied and
off-grid
- Pre-packaged systems
- One-stop shopping
- Wholesale only
- Engineering, Service, Distribution
- Individual product training
seminars

What’s new in Grid-Tied
Inverters?

What’s new in cables?

“Blue is new.” Highly attractive is the
CEC’s new “Best in Class” 94% efficiency
rating for the KACO 1501xi Blue Planet
inverter.
Features of the Blue Planet inverter
series:
· Electrically isolated dual-converter
principle
in HF technology
· Available for 2.0 - 6.0 kWP Generator
Power
· Input voltage range: 135…400 VDC
· User-friendly, illuminated KACO
display with two-key operation
· easyInstall front ﬂip panel
· Compact and lightweight enclosure
design
· Integrated BiSi
grid monitoring
with patented
anti-islanding
process

Now it’s the end of cable spaghetti
– Swiss-made cables help prevent overheating! Studer Cable is more than just
a cable. BETAflam® Solar cables, especially developed by Studer, for solar
power applications.
Advantages:
· the only UL-listed PV cable
· halogen free ﬂame retardant
· UV and ozone resistant
· hydrolysis resistant
· temperature rating,
-40°C to 110 °C
· max. temp. at short circuit 280 °C
· very long life cycle through high
performance compounds and
electron-beam crosslinking
· the materials do not melt or
flow, even at high temperatures
· different cross-sections are available
· compatible to all popular connectors
The Studer PV cables meet all expectations from solar modules. Swiss-made
Studer Cables. Exclusive distribution
through Krannich Solar Inc.

· Data output via
easyLink
RS232/RS485
interface

5 good reasons for Krannich Solar:
Technical
support

Planning, Engineering
and Design

Complete
Photovoltaic
Systems

Individual
Training
and Coaching

After Sales
Service

Hainesport Business Complex
3450 Sylon Boulevard · Hainesport, NJ 08036
Tel. (856)-802-0991 · Fax (856)-380-0739
www.krannich-solar.com

code corner

Beauty is in the Eye
of the Inspector
John Wiles
Sponsored by the U.S. Department of Energy

With electrical lifetimes exceeding 40 years, photovoltaic
(PV) systems must be installed using the best available
workmanship to ensure public safety over the life of the
system. While the 700-plus pages of the National Electrical
Code establish numerous requirements for electrical and
mechanical procedures, the Code does not describe how
many of these operations should be performed and how the
final installation should look. This article will illustrate some
areas that need attention before the workmanship of a PV
installation is inspected. Of course, the local authority having
jurisdiction (AHJ) has final approval of the workmanship.

ties—especially the white nylon variety—they do not resist
heat and ultraviolet light exposure well.
Bare, equipment-grounding conductors should also be
afforded the same mechanical protection as the exposed,
single-conductor, insulated circuit conductors. When these
bare conductors are spliced, the proper device must be used—
usually a copper split bolt.

Modules
PV modules must be securely mounted to a supporting
structure. Mounting holes are provided in the frames of PV
modules, and have been tested under simulated high wind
loads to ensure that the module can withstand normal and
expected environmental conditions. The hardware used to
attach modules to a racking system must be appropriately
sized and also be weather-resistant. Stainless steel hardware
is most commonly used. Hardware used to secure PV
modules to a building’s roof must be robust and connect the
mounting rack directly to the structural elements of the roof,
such as the trusses or rafters. Attachment to only the roof
sheathing generally will not provide adequate strength. All
penetrations must be sealed with an appropriate sealant for
the roofing material.
Many PV modules now have exposed, single-conductor
cables attached to the backs of the modules. While Section
690.31 allows these exposed conductors, they should be used
only to make connections between the individual modules, and
should be terminated under or very near the PV array. There,
the array output wiring should transition to one of the more
common NEC Chapter 3 wiring methods, such as conductors
in electrical metallic tubing (EMT). In general, these exposed,
single-conductor cables, with attached connectors, will be
longer than necessary when the modules are mounted side by
side. The cables should not be allowed to droop, which could
expose them to abrasion damage from wind and ice. Control
this extra length by gathering the excess cable and connectors
and fastening them to the module racks. Fastening hardware
should be robust—stainless-steel pipe clamps in various sizes
with EDPM rubber inserts are effective, but other options
are available, including clips specifically designed to be used
in conjunction with PV modules. Be wary of plastic cable
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UV- and moisture-resistant cables on the back of a PV module.
Inset: Stainless steel mounting hardware resists corrosion.

Exposed Conduit Runs
Unless the provisions of Section 690.31(E) in the 2005 NEC
have been followed and the PV circuits are run in metallic
raceways through the attic, the PV output circuits from the
PV modules must remain outside the house until they reach
the readily accessible PV DC disconnect (690.14). Conduits
running across roofs and down the sides of houses and
buildings must be appropriately supported and attached to
the structure. Appropriate hardware must be used (again,
stainless steel is popular) and any structural penetrations
must be sealed to prevent weather intrusions. In most cases,
the code establishes support requirements for the various
wiring methods.

Equipment Mounting
PV inverters, even in residential-sized systems, can weigh
more than 100 pounds. These inverters—as well as the
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code corner
various disconnects—should be firmly attached to the walls
with anchors connecting the equipment to the wall studs or
other internal load-bearing members. Lag screw and conduit
penetrations should, of course, avoid any electrical wiring or
plumbing in the wall cavity.
While the NEC (404.8) requires that the center of the grip
on the disconnect handles be no higher than 6 feet, 7 inches
in the upper position, no minimum
height requirement is specified.
Common sense dictates that
equipment, including PV
inverters, should be

Inverter power panels are heavy, and need to be securely
mounted. Here, expansion bolts (inset) are used to fasten the
panel to a wood-over-masonry wall.

mounted high enough to prevent splashing water or mud
from entering. Some PV inverters have minimum space
requirements below for ventilation. Access panels and fittings
must be accessible so that electrical connections can be easily
reached.
The distance between disconnects associated with the term
“grouping” is left to the AHJ, and the allowed distance may
be anywhere from a few feet to several yards. Since inverters
must have AC and DC disconnects to allow for safe service
and removal, it’s appropriate to locate these disconnects
adjacent to the inverter. While some inverters have internal
disconnects, the AHJ must determine whether or not the
inverter can be safely removed for service using these internal
disconnects, or whether external disconnects must also be
required. If the inverter is mounted on the opposite side of a
wall from the main PV DC disconnect or far from the back-fed
breaker in the main AC load center, additional “servicing”
disconnects are generally required adjacent to the inverter.

When all of the PV-related equipment is grouped
together—including the PV DC disconnect, the inverter, any
utility-required disconnect, and the main load center for the
dwelling—a minimum number of disconnects can be used,
since all equipment is on one wall and is in close proximity.

Batteries
A comparatively small number of PV systems, both off
grid and utility interactive, use batteries for energy storage.
Two general categories of batteries are commonly used in
renewable energy systems—flooded, lead-acid (LA) and
sealed, valve-regulated, lead-acid (VRLA) batteries. Battery
interconnect cables should be checked periodically for both
tightness and corrosion. Batteries should always be installed
in a manner that does not allow inadvertent contact with any
exposed, energized terminals.
Flooded, lead-acid batteries require regular watering of
the cells. In general, flooded batteries should be contained
in battery boxes that allow for controlled access, preventing
unqualified people from coming into contact with the battery
tops or the energized contacts. Lockable, heavy-duty plastic
toolboxes work well, and also help contain electrolyte that
could leak out if the batteries are overcharged. Flooded,
lead-acid batteries outgas water vapor, some sulfuric
acid fumes and, when charged vigorously, hydrogen and
oxygen gases. Small ventilation holes in the top of the
battery box will allow hydrogen gas to escape, and boxes
should be located in a well-vented area, such as a garage or
utility shed. Venting manifolds are generally not required.
Conduit penetrations into battery boxes containing
flooded LA batteries should be made into the sides of the
container, below the tops of the batteries. This will minimize
the possibility of any hydrogen gas (which rises) entering the
conduit.
VRLA batteries are easier to maintain, and generally only
need their terminals and busbars protected from accidental
contact using insulators supplied by the manufacturer.
Under proper charging regimes, VRLAs generally do not
release gas fumes, and locating them in containers is
normally unnecessary.
Battery enclosures protect individuals from accidentally coming
into contact with energized terminals and cables.
.
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Clearances
NEC Section 110.26 defines the clearances for electrical
equipment that may need to be serviced when energized.
Such equipment might include the PV DC disconnect, the
inverter, and any batteries. The 6-inch depth allowance in
110.26(A)(3) allows some leeway, but the AHJ will evaluate
each installation. This is particularly true when the inverter
has been placed above batteries that are located on the floor.
The inverter requires a 6.5-foot clearance from the floor, and
the batteries may protrude no more than 6 inches in front of
the inverter. The batteries require the same clearance, but
since the inverter usually has less depth than the batteries, it’s
generally not an issue.
Some inverters have access requirements from the sides,
and this may create additional space requirements. Also, the
90-degree opening requirements for doors and access panels
may dictate additional space.

Summary
With the use of exterior or interior conduit runs, and the use
of surface-mounted inverters and disconnects, the materials,
techniques, and workmanship requirements for a PV installation
resemble a commercial electrical installation more closely
than a residential one. Excellent workmanship will give the
inspector a good first impression. Make your PV system shine,
put a smile on the inspector’s face, and above all, be safe!

Other Questions or Comments?

free to call, fax, e-mail, or write me at the location below. See
the SWTDI Web site (below) for more detailed articles on
these subjects. The U.S. Department of Energy sponsors my
activities in this area as a support function to the PV industry
under Contract DE-FC 36-05-G015149.

Access
John C. Wiles, Southwest Technology Development Institute,
New Mexico State Univ., Box 30,001/ MSC 3 SOLAR, Las
Cruces, NM 88003 • 505-646-6105 • Fax: 505-646-3841 •
jwiles@nmsu.edu • www.nmsu.edu/~tdi
Sandia National Laboratories, Ward Bower, Sandia National
Laboratories, Dept. 6218, MS 0753, Albuquerque, NM 87185 •
505-844-5206 • Fax: 505-844-6541 • wibower@sandia.gov •
www.sandia.gov/pv • Sponsor
National Electrical Contractors Association ANSI/NECA 12006, Standard for Good Workmanship in Electrical Contracting •
www.necanet.org/store/index.cfm?fuseaction=search_
results&index_number=NECA 1-06
The 2005 National Electrical Code and the NEC Handbook
are available from the National Fire Protection Association
(NFPA) • 800-344-3555 or 508-895-8300 •
www.nfpa.org
Photovoltaic Power Systems & the 2005 National Electrical Code:
Suggested Practices • www.nmsu.edu/~tdi/Photovoltaics/
Codes-Stds/PVnecSugPract.html • Manual, 144 pages

If you have questions about the NEC or the implementation
of PV systems that follow the requirements of the NEC, feel

Lorentz ETATRACK
Simple, Reliable Trackers
30% More Production





Now In Stock
PRO-FILL is not only for your “HOME POWER”
applications. You can also use on your RV, camper, boat, golf
cart... Get the picture? Visit our web site to see ALL of these
applications. PRO-FILL, the most convenient and accurate
means of filling and maintaining battery water levels. Period!
5 year warranty, free shipping in USA.

Colorado Solar, Inc.
www.solarpanelstore.com
www.cosolar.com
800-766-7644
dealer inquires welcome







FREE solar energy for the
next 10 billion years...
Don’t let this deal pass you by.
540-A Silver Creek Rd. NW Albuquerque, NM 87121
Phone: (505) 833-0100 Fax: (505) 833-0400
www.matrixsolar.com
©Matrix Solar Technologies is a subsidiary of ATS Automation Tooling Systems
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U.S. Battery offers the perfect solution
for all of your alternative energy
storage requirements

BATTERY SYSTEM
MONITOR

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

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

19020 Two Bar Rd. Boulder Creek, CA 95006 USA

The PentaMetric

Model 2020

The TriMetric

�Maximum capacity
�Maximum life
�Minimum service

BATTERY MONITOR:
with a lot more stuff!

Data logging, five customizable buttons and displays,
audible/visual alarms, three “amps”, input channels,
relay control, computer interface
The “System Sentry” feature of the
PentaMetric records vital battery
system data every hour. When your
system is working OK you can just
forget about it. If after some time
your system seems to be losing
power or otherwise acting strangely,
in 2 minutes you can download the
data into your Windows computer—
then email the result to your installer
or other expert for analysis.

Use your “Windows” computer to read all the regular data and
program all functions. The website has information for you techies
on how to set up, graph and analyze the emailed data so you can
diagnose most common system problems without travelling to the site.
PentaMetric system with computer interface only is about $320. LCD
Display unit (above) additional $199. See website for more info.
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Your PV Installer—
Just a Click Away?
Don Loweburg
©2006 Don Loweburg

In her recent article, “Hiring a PV Pro” (HP114), Laurie
Stone stressed the importance of finding and working with
a qualified local installer when purchasing and installing
a solar-electric (photovoltaic; PV) system. In addition to
recommending the local yellow pages, Stone also suggested
several Web-based search lists for finding local installers.
Because finding a qualified installer is so important, I
evaluated and compared a few of her recommended sites, as
well as some others.

Solar Sleuthing
The American Solar Energy Society (ASES; www.ases.org)
is a nonprofit advocacy organization—not a commercial
enterprise. Although the site does not list contractors or
installers, it does provide a link from its home page to a list of
ASES chapters across the country. Most of the chapter listings
include Web links, where you can generally find member
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listings, including installers. However, this may take some
poking around, as each chapter’s site is organized differently,
and no consistent format is followed.
Away from your computer, you can also find sponsors
listed in the programs associated with the National Solar Tour
that ASES chapters conduct each fall. The tour is valuable to
you as a prospective PV system purchaser since it allows you
to check out functioning PV systems, and ask questions of
their owners and installers.
Find Solar (www.findsolar.com) is a commercial site
supported jointly by ASES, Solar Electric Power Association,
Energy Matters LLC, and the U.S. Department of Energy.
Their home page offers a simple, easy-to-navigate menu of
linked buttons. Click on “Find a Solar Pro” to search for a
local installer or to find a specific equipment supplier.
Simply select your state and county from two pull-down
menus. Although the selection criterion is based on the county
you enter, the list displayed is not necessarily “local.” My
searches listed not only installers in the county I selected, but
also installers from distant counties—and even from other
states. Your results will vary, depending on your location. In
some areas, RE installers are still few and far between, and
those who are available make up for this by having a wide
service area.
Search results can be sorted by a range of criteria—the
business’s customer rating, number of systems installed,
total kilowatts of PV installed, and year registered—allowing
you to compare and contrast each installer. Clicking on the
company’s profile provides additional information, such as
the company’s history, customer review summaries, and
brands of equipment offered.
The best benefit of this site is its slick organization and
presentation—standard formatting and layouts allow
you to compare installer information easily. As
always, though, buyer beware—although listings
are “pre-screened” and also report customer
satisfaction ratings, this site largely relies
on the honesty of its listers to present
accurate information about their
businesses, and only “minimal
checks are made to help ensure
the survey system is not being
manipulated or receiving false
or inaccurate information.” As
a nod to protecting consumers, though,
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they do provide excellent overall tips for selecting a “Solar
Pro,” via a link that’s accessible on the search results page.
The North American Board of Certified Energy
Practitioners (NABCEP; www.nabcep.org) maintains a list of
more than 250 certified PV installers who meet the rigorous
NABCEP field experience and education requirements, and
pass a comprehensive written exam. The certification process
is intended to be the best possible assurance that a PV installer
is experienced and qualified. A link on the home page
brings up a list of all NABCEP-certified PV installers, listed
alphabetically by state. Only basic contact information (name,
address, phone number, and e-mail address) is provided for
each NABCEP certificant. Presently, “sort by state” is the only
available search criteria. As the number of NABCEP-certified
installers increases, there will be a need to refine the search
capabilities to the local level.
The Solar Energy Industries Association (SEIA; www.
seia.org), a trade organization that promotes solar technologies
nationally, also works with fourteen state chapters whose
members consist primarily of solar contractors. To find these
contractors, click on the “About SEIA” link at the top of
SEIA’s home page. You’ll find a sortable listing of members in
the national organization, or select “State Chapters” to open
a listing of all the state SEIA chapters. Click on a chapter’s
Web site to find member contractors in that state or region.
Individual chapter Web sites vary in format and organization,
and finding an installer can require some sleuthing. SEIA
sites generally limit listings to their members, who are
unscreened.
Finally, as an experiment, I performed a Google search,
which yielded surprisingly good results. A typical search
query might use “solar electric” for keywords, plus your city
and state. In fact, this may be the best of all the resources
I tested for quickly finding a local installer, though the
listings may be far from complete. Without professional
screening, membership qualifications, or customer ratings, a
Google search offers few details beyond an installer’s contact

information to help you make an informed decision. What
it does offer is quick, but partial, results and accompanying
maps that can take you to the doorstep of a potential installer,
for a face-to-face meeting.

Clicking—& Checking
No matter which search approach you use, consider all results
as preliminary. The online search process can be likened to
throwing a net into the sea. You might catch a lot, but find
only a few “keepers.”
Some of the sites listed here have disclaimers intended
to release them from legal liability for the accuracy of the
listing results displayed, and all rely on the customer to
research the listings further. The ultimate responsibility for
any choice falls on you, the customer. And no matter what
source or list you use, in the end, you must rely on your own
best judgment. Most of the installer profiles on these sites are
self-reported, depending solely on the installer’s integrity to
provide accurate information.
So before you sign a contract, make sure the company
you’re considering has experience installing the type of RE
system you want. Inquire about the number of years they’ve
been in business and what licenses they hold. Request both
business and client references—and check them.
If you already know what you want, don’t be afraid to
get bids from several different installers, and don’t forget
to weigh their experience and evaluate the quality of their
installations while you’re comparing prices. Check with
your state or county to make sure the person you choose is
properly licensed or certified to do the job. And, if you plan to
take advantage of incentive programs to help offset the costs
of your system, make sure whomever you choose qualifies as
an approved installer for those incentive programs.

Access
Don Loweburg, IPP, PO Box 231, North Fork, CA 93643 •
559-877-7080 • i2p@aol.com • www.i2p.org

Proven, Trusted
The MX60 high performance MPPT
solar charge controller—nothing
else even comes close.
With over 17,000 units in the ﬁeld and
thousands more sold every year, the
MX60 has a proven track record for
reliability and maximizing solar
array output.

Powering the Planet

• Up to 150 VOC DC input
• DC output rating for 12 to 60 VDC
battery banks
• Active Maximum Power Point Tracking

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

European Sales Ofﬁce
Barcelona, España
(+34) 600-843-845

www.outbackpower.com
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Inverter Service Company
a division of Direct Power and Water

• Authorized Service Center for Xantrex Inverters

EARN A DEGREE IN

RENEWABLE ENERGY
$480 OUT-OF-STATE & $360 IN-STATE / SEMESTER

• Authorized Service Repair and Sales of
Mitsubishi UPS (7.5kva to 350kva)
• Certified Xantrex Dealer
• Largest inventory of SW, DR parts in North America
• Fastest turn around time in the WEST

COMBINE SCIENCE & HANDS-ON TRAINING
FOCUS ON PHOTOVOLTAIC DESIGN AND INSTALLATION
TWO YEAR A.A.S. DEGREE OR
ONE YEAR CERTIFICATE PROGRAMS
BOTH EMPHASIZE FULL N.E.C. COMPLIANCE

Albuquerque, NM

Erich Lindner

Daniel Duffield

Master Electronics Technician
erichl@directpower.com

Electrical Engineer
dand@directpower.com

1-800-260-3792
www.directpower.com

PLEASE VISIT US ONLINE AT www.sanjuancollege.edu/reng
FOR ADDITIONAL INFORMATION ABOUT THE
RENEWABLE ENERGY PROGRAM AT
SAN JUAN COLLEGE, FARMINGTON, NM
PLEASE CONTACT: TOM MUNSON
(505) 566-3003 OR (800) 241-6327
munsont@sanjuancollege.edu

ELECTRO AUTOMOTIVE
Electric Car Conversions Since 1979
Books
Videos
Kits
Components

Catalog Send $6.00 for our catalog, or visit our web site.
"Convert It" We wrote the book on electric car conversions - literally!
Send $30.00 postage paid for this hands-on how-to conversion manual,
written in plain English for the home hobbyist mechanic.

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

Web Site Visit our web site for our complete catalog, price list,
gallery of conversions, and extensive conversion information section.
P.O Box 1113-HP, Felton, CA 95018-1113
831-429-1989
WWW.ELECTROAUTO.COM
ELECTRO@CRUZIO.COM

104

home power 116 / december 2006 & january 2007

www.homepower.com

105

power politics

Governing
the Climate
Michael Welch
©2006 Michael Welch

Human-caused climate change is affecting our global
environment, and the effects are likely to increase. While
definitive changes caused by global warming are difficult
to predict, we can anticipate dryer and hotter summers, less
predictable and wilder storm seasons, and a gradual rising of
sea levels as glaciers and polar ice continue to melt. The good
news is that we still have opportunities to avert significant
disruptions to both our global environment and economy by
reversing the major cause of the problem—excessive carbon
dioxide (CO2) in the atmosphere.
Ultimately, reversing carbon emissions is the responsibility
of each of us—in our own energy choices and consumption,
our behavior as consumers, and how we communicate with
and hold our leaders accountable. Here is a synopsis of what
our leaders and others have been doing to stem the world’s
rapidly increasing carbon dioxide emissions.

The International Scene
The Kyoto Protocol amended the United Nations Framework
Convention on Climate Change, and opened for signature in
1997. It went into effect February 2005 with the objective of
stabilizing greenhouse gas concentrations in the atmosphere at a

level that would, according to the protocol, “prevent dangerous
anthropogenic interference with the climate system.”
The protocol’s goal was to have industrialized countries
decrease their CO2 emissions by 5.2 percent from 1990 levels, and
accomplish this by 2050. (Other commonly accepted strategies,
similar to California’s recently passed law, call for reduction of
worldwide levels to 80 percent below 1990 levels by 2050.)
The protocol is a cap and trade system, in which each
country in the agreement has an agency that sets (caps) the
maximum amount of global warming emissions that can be
released at the country’s current rate. These agencies then
distribute the pollution credits to all industries, the total of
which does not exceed the amount needed for the country
to stay within compliance. Polluters exceeding their credit
allocations have to purchase additional credits, which can only
be acquired from facilities that have reduced their emissions
enough to have additional credits. This sets up a market for
carbon emissions trading; facilities that have credits can sell
them at market rates to those that need them. The incentive to
reduce CO2 emissions is based on the profit motive, while the
overall reduction goals are completely reliant on the gradual
reduction of the cap.

Kyoto Protocol Participation Map (2005)

Signed and ratified
Signed, ratification pending
Signed, ratification declined
No position
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Another noteworthy international effort is the
Intergovernmental Panel on Climate Change (IPCC), which
reviews worldwide research and issues regular assessment
reports, relying on peer-reviewed and published scientific
literature. Generally, governments respect the findings of
the IPCC as authoritative, and the IPCC’s Second Assessment
Report: Climate Change 1995 formed the basis for negotiations
of the Kyoto Protocol.

International

Big Government, Little Change

United Nations Framework Convention on Climate
Change • http://unfccc.int

The U.S. government is one of only two signing countries that
has not ratified the Kyoto Protocol (the other is Australia).
That makes our involvement merely symbolic. Ratification is
required to make the agreement binding and to formalize our
commitment to its objectives.
But other initiatives are slowly winding their way through
Congress. The McCain–Lieberman Climate Stewardship Act
would cap U.S. CO2 emissions at 2000 levels by 2010, but leaves
lots of loopholes for exempting agriculture and residences
from these requirements, and includes strong support for
developing coal gasification and nuclear energy. Although
the original bill was killed in 2003, it was reintroduced with
modifications in 2005, and is still in committee.
Perhaps the most promising federal bill is the Waxman
Safe Climate Act (HR 5642), which was introduced in June
2006. If passed, it would freeze U.S. greenhouse gas emissions
in 2010 at the 2009 levels through a cap and trade system.
Beginning in 2011, it calls for cuts in emissions by roughly
2 percent per year, with the goal of reaching 1990 emissions
levels by 2020. After 2020, it specifies reducing greenhouse
gas emissions by roughly 5 percent per year, with the
result that, by 2050, emissions will be 80 percent lower than
1990 levels. This is on target with what the consensus of
the scientific community has determined as necessary. Bill
author Representative Henry Waxman from California is
lining up sponsors and support, so please be sure to contact
your representatives in Congress and ask them to sign on as
sponsors to the bill (see sidebar).
It is interesting to note that things have been heating up
for politicians, especially previous to the 2006 Congressional
campaigns. One interesting approach was Greenpeace’s
Project HotSeat. The project’s objective was to “light a fire
under candidates in six key voting districts” to increase
congressional support for curbing climate change. According
to Vermont’s Burlington Free Press, “Project HotSeat helped
organize a five-day global warming march and rally…with
several [non-Congressional] candidates signing a pledge to get
serious about counteracting global warming…” Greenpeace’s
objective is to “create in Congress champions of global
warming solutions.”
The U.S. Climate Change Science Program is a fairly new
collaborative interagency program developed to improve
climate-related technology development throughout the
federal government. While it is a bit disconcerting to turn
such things over to an organization subject to the whims
of whatever administration happens to be in power, it is a
framework under which good work and coordination of
effort could be accomplished with the right direction.

More Climate
Change Action
Resources

Intergovernmental Panel on Climate Change •
www.ipcc.ch

Federal
Waxman’s Safe Climate Act of 2006 (H.R. 5642) •
www.house.gov/waxman/safeclimate
U.S. Climate Change Science Program •
www.climatescience.gov

State
Regional Initiatives • www.pewclimate.org
California Climate Action Portal •
www.climatechange.ca.gov
California’s AB32 analysis • www.mofo.com/news/
updates/files/update02237.html

Local
Cities for Climate Protection • www.iclei.org/ccp
U.S. Mayors Climate Protection Agreement •
www.seattle.gov/mayor/climate
Sierra Club Cool Cities Campaign • www.coolcities.us
Clinton Climate Initiative (for large cities) •
www.clintonfoundation.org

Additional Resources
Evangelical Environmental Network •
www.creationcare.org/resources/climate
Greenpeace’s Project HotSeat •
http://members.greenpeace.org/hotseat
MTV / Energy Action Coalition •
www.mtv.com/thinkmtv • www.climatechallenge.org
Union of Concerned Scientists •
www.ucsusa.org/global_warming
Green House Network • www.greenhousenet.org
Find a climate change speaker near you •
www.greenhousenet.org/speakers_network.htm
Climate Ark—news, links, blogs, & documents related
to climate change • www.climateark.org
Union of Concerned Scientists •
www.ucsusa.org/global_warming
See also “RE-Sources: Global Cooling” in HP115
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State Stakeholders & Local Action

Closer to Home

Several regional initiatives are developing cap and trade
programs for greenhouse gas emissions, and supporting clean
energy, energy efficiency, and conservation efforts. These
regional initiatives include:

Folks from all walks of life are taking action to address
global warming, along with the virtual and real communities
they belong to. This fall, MTV teamed up with the Energy
Action Coalition to sponsor their “Break the Addiction
Challenge” on college campuses around the country. The
contests offer prizes rewarding both individual and group
efforts, but the main focus is getting college campuses to
develop clean energy policies and purchase their energy
from renewable sources.
Grassroots effort is key to curbing the effects of global
warming, and nearly every community has nearby committees
and groups that are promoting education and advocacy
relating to climate change. You can plug in by joining local
organizations that work on environmental and energy issues,
and take personal action with these simple goals:

• Western Governors’ Association: Clean and Diversified
Energy Initiative
• West Coast Governors’ Global Warming Initiative
• Powering the Plains
• New England Governors: Climate Change Action Plan
• Southwest Climate Change Initiative
• Regional Greenhouse Gas Initiative
Individual states are also working on addressing climate
change problems. But probably the most remarkable effort
comes out of California, where the Global Warming Solutions
Act (AB32) was passed by both legislatures in August 2006,
and signed into law in September. The Act makes mandatory
the 2005 executive order signed by Governor Schwarzenegger
that reduces greenhouse gas emissions to 2000 levels by 2010,
1990 levels by 2020, and, by 2050, to 80 percent below 1990
levels. According to California State’s Climate Action Team,
by implementing these targets, this bill will create $4 billion
in income and 83,000 jobs.
One of the most interesting local programs, Cities for
Climate Protection (CCP), helps local governments attain
carbon reduction plans by going through a five-step program.
More than 160 local governments in the United States have
joined, and more than 500 worldwide.
With the CCP’s five-step program, and their detailed
instructions and support, local governments inventory local
greenhouse gases, set reduction targets, and then create,
implement, and monitor a reduction plan. The program is fairly
new, so very few cities are far enough along for measurable
results. But CCP is growing quickly and its participants feel the
program is going to make a big difference fairly quickly.

• Replace five incandescent lightbulbs in your home with
compact fluorescents. This simple step can save up to 2
tons of carbon dioxide emissions and $150 in electricity
over the life of the bulbs.
• At least one day a week (more often is better!), carpool,
walk, bike, or take public transportation.
• Keep up to date, and educate yourself and others about
global warming. A good source for regularly updated
info is the Union of Concerned Scientists Web site (see
sidebar). A great source for tracking climate change
legislation is the Pew Center on Global Climate Change at
www.pewclimate.org.
• Keep your government representatives’ feet to the fire in
supporting climate change bills by contacting them directly
and using the letters section of your local newspapers.

Access
Michael Welch, c/o Redwood Alliance, PO Box 293, Arcata,
CA 95518 • 707-822-7884 • michael.welch@homepower.com •
www.redwoodalliance.org
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Phocos USA
742 E. 46th Street
Tucson, AZ 85713
USA
Phone: +1 (520) 882-9100
Fax: +1 (520) 844-6316
info-usa@phocos.com
www.phocos.com
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Only $350 for Wind Speed
Data Logger, 25’ anemometer
cable, mounting hardware,
printed manual, AC adapter, 128 megabyte SD card, USB card
reader, temperature sensor, and assembled anemometer.
...Everything you need!
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from Home Power customers
See our webpage about

SOLAR CHARGING

GORILLAs

BZ Products Model MPPT250

and other

250 watt 25 amp Maximum Power Point Solar Control
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•

Boost charge current up to 30%
Up to 25 amp output current
Microprocessor control
95 % efficacy
250 watt PV input
12 to 24 volt input
Digital metering
PWM float control
Battery temperature sensor
standard
15 amp low voltage
disconnect standard
Aux battery trickle charger standard
Five year warranty
Made in U.S.A.

Small Electric Vehicles

��
��
��
��
��

BZ Products, Inc.

314-644-2490 • www.bzproducts.net • bzp@bzproducts.net
7614 Marion Ct., St. Louis, MO 63143, USA

Electric Power and Torque
Almost Zero Maintenance
No Oil, Gas, or Fumes
110v Charging or DC Direct

Silent Utility and Mobility

info@GorillaVehicles.com
PLEASE SEE OUR WEBSITE
or call for a brochure package

CHIMP

TM

Our new
stand-up
security
vehicle.
.

See website

Gorilla Vehicles
Doran Motor Company, Inc.

16072 Fame Circle

Huntington Beach, CA 92649

(714) 377-7776

GorillaVehicles.com
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Excuses…
Unreal Roadblocks to Renewable Energy
Ian Woofenden
©2006 Ian Woofenden

Derivation: “Excuse” is from Latin
excusare, cause, explanation.
I meet many people who are new to the idea of renewable
energy (RE) and, in talking with them, hear a lot of excuses
for not going for it. Their justifications run the gamut from
technical, social, and aesthetic reasons, to just plain ludicrous
ones. Here’s a sampling:
RE systems “don’t work.” This one is easy for me to refute,
since I’ve been depending on renewable energy systems for
my family’s electricity for more than 20 years. But it’s good to
ask and listen, to find out what second-rate experiences folks
have had, and let them know that past failures don’t mean
that present-day RE systems don’t work. Of course, reading
Home Power is a good antidote for this excuse, since we profile
first-class, working systems in every issue.
RE systems aren’t efficient enough. Efficiency is
somewhat of a red herring with solar and wind energy
systems, since the fuel is free and readily available. With PV
systems, for instance, efficiency simply relates to how much
space the array will require. This is much less important than
the cost of the delivered energy. Improving efficiency comes
at a cost, so unless efficiency gains come with cost reductions,
I’ll choose the lowest cost per delivered watt-hour, unless
space is at a premium.
RE systems are too expensive. While the cost of a system
can be relatively easy to get a handle on, estimating its true
value and impact can be more elusive to quantify. It’s curious
to me that although we base very few decisions in our lives
solely on economics, energy devices tend to be held to this
standard exclusively. We don’t buy food, clothing, furniture, or
vehicles on their economy alone, but rather on their complete
value, which may include health, comfort, and aesthetic
preferences, among others. Our energy decisions should be
no different—we should consider the environmental and
social consequences, the subsidies propping up dirty energy
technologies, and what legacy we’re leaving our kids and
grandkids.
My house isn’t ready. Practical objections often center
on waiting until a home’s roofing is ready to replace or
has been replaced. But modern racking options allow
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easy removal and replacement of PV modules when it’s
time to replace the roofing. Pole and ground mounts are
also options that should be considered and, depending on
your site, can be the best choices. Other objections have to
do with the load-bearing capability of the roof to support
solar hot water collectors or the strength of floor framing
for supporting batteries. While these may be real issues,
they are not deal-breakers, merely projects to be tackled
in preparation for system installation.
Wind turbines are too much trouble. This excuse includes
objections about sound, vibration, tower height, and birds.
While using wind energy does take considerable care and
involvement, all of these objections can be dealt with through
proper siting and design. More outlandish excuses include
assertions that wind generators scare away the worms in
the ground around the tower, cause epilepsy, and interfere
with the communications systems that protect our homeland
security. Of course, perhaps folks with these fears should
avoid wind energy…
RE systems are ugly. These folks wish that PV modules
came in just the right color to match their home’s trim. Or
they think that wind turbines and towers clutter a landscape.
Even some homeowners’ association bylaws prohibit certain
solar energy equipment on “aesthetic grounds.” A Latin
aphorism states, “De gustibus non disputandem est”—there’s
no accounting for taste.
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word power
My taste runs toward pollution-free energy that’s
democratically distributed to everyone on the planet—that
seems truly beautiful to me. I think we need to continue to
brag up solar energy systems as beautiful, while at the same
time focusing on new, more aesthetic installation options.
And it doesn’t hurt to mention the ugliness of nonrenewable
energy plants—not only their present ugliness, but the
ugliness of their long-term effects on our health, society, and
environment.
The bureaucracy makes it difficult to use RE systems.
This can refer to punitive local regulations or uncooperative
utilities. Or it can be the lack of incentives and subsidies
that is used as an excuse. Whatever the hurdles, we’ve seen
over and over again that committed and determined people
can overcome them. And after the first person in an area
perseveres, it’s easier for everyone who follows.
RE systems are dangerous. “They can kill utility linemen.”
Not true! “You can get electrocuted or burned.” True of
many household systems, RE or not—but only if they are
improperly installed or used. “Batteries give off dangerous
gasses.” True, but the precautions are straightforward.
Other such excuses crop up now and then. The big picture
is that modern RE systems, installed and used in safe, codecompliant ways, are just as safe as your car, furnace, or office
equipment—things you use every day.
There’s not enough sun where I live. I hear this a lot
because I live in the “cloudy” Northwest. Although we do
get cloudy weather in the winter, we get lots of sun in the
other seasons. And with annualized net metering, we can
sell our surplus solar energy to the utility all summer, and

MK_solar_v4.qxd

4/3/06

5:55 PM

use the credit when it gets cloudy. Sure, Arizona gets more
sun than we do, but not ten, five, or even twice as much as
most places. It’s worth capturing the renewable resources
available to you, and few places truly have “not enough
sun.”

No More Excuses
Sometimes I think there’s some pathology afoot when
I see the lengths people will go to talk themselves into
not doing anything with renewable energy. But perhaps
it’s just a human resistance to change. An acquaintance
involved in substance abuse education says that many
addicts will choose jail over rehabilitation because they
are familiar with jail, while rehab is new and unfamiliar
to them.
So if you’re on the fence about renewable energy,
get yourself familiar with the reality of these amazing
technologies. Change isn’t so hard when you know why you
need to change, how to change, and that change will make
your life better!

Access
Ian Woofenden, PO Box 1001, Anacortes, WA 98221 •
ian.woofenden@homepower.com
For more discussion of these and other excuses, see
“Clearing the Air: Home Power Dispels the Top RE Myths” in
HP100.
Heard any outrageous RE excuses? Send them to me, and
you may see them in print.
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home & heart

A Day in the Life
Kathleen Jarschke-Schultze
©2006 Kathleen Jarschke-Schultze

I find myself trying to explain to the
curious what living off grid on renewable
energy is like. Having lived beyond the
grasp of the utility lines for more than
20 years, I realize there are many
aspects of off-grid living that have
become automatic for me.

Free Fall
In describing a late autumn
day, I’m hoping to give an
idea of our typical energyuse profile. I have described
our winter and springtime
microhydro-powered life
in previous columns. In
the fall, when our seasonal
creek has dried up and the
wind in our little canyon is
occasional rather than daily, we
rely mainly on our photovoltaic
modules to give us the electricity we
need.
“A day in the life” actually starts the night
before. In the evening, as the ambient and house
temperatures equalize, we open all the windows in the
house. This allows the heat that’s accumulated in the house
to dissipate overnight. This is also when I take any frozen
food I will need for tomorrow’s dinner out of my Sun Frost
F10 freezer in the basement, and put it upstairs in my Sun
Frost RF16.

Bright Sunshiny Day
The battery-powered alarm clock goes off at about 6 AM, give
or take 30 minutes, depending on the plan of action for the day.
My husband Bob-O gets up and makes coffee. He switches
on the fused plug strip mounted above the kitchen counter,
then fills and flips on the coffee grinder. He flips on the plug
strip attached to the wall between the propane stove and the
microwave. This automatically turns on a bar-type fluorescent
light above the stove, and sends electricity to the Piezo-electric
lighters and the clock/timer on the stove. He starts the kettle to
boil and feeds Emma the Airedale terrier. We watch the local
news and weather on the TV in the bedroom. This gives us an
idea of how to dress and plan our day.
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The Right Track
After coffee, and with some sort of plan or project in mind,
we ready ourselves for action. While Bob-O checks his e-mail,
I glance at the system meters mounted on our dining room
wall. The top one shows the amps coming from the PVs. In
the morning, with full sun, we usually see 35 amps coming
to our 24-volt battery system. As the sun gets higher, that
increases to about 50 amps. The second meter tells me the
battery bank’s state of charge (SOC)—how full the batteries
are—as a percentage. The typical SOC first thing in the
morning in late fall is between 77 and 85 percent.
I like to let the batteries get a little more charge before I
start chores that use a lot of electricity. If the food for tonight’s
dinner is still frozen, I put it on a thawing tray on the kitchen
counter. We do some outside work before the day heats
up. That could be harvesting vegetables from the garden,
stacking firewood, pruning vines or trees, trimming weeds,
or whatever outside work needs to be done.
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Water Works
The solar pump in our well delivers the water to two 1,350-gallon
tanks up the hillside. We never completely empty the tanks.
When the tanks start to overflow, we turn on various drip lines
and weeper hoses around the yard. A map of our watering
system is drawn on a large, white metal board next to our front
door. On it, I have marked all the hose bibs and what they are
watering. When we turn on a faucet, we mark that bib on the
map with a magnet. Then, as the sun sinks behind the hills, we
know exactly where to go to turn the water off.

Chef Kathleen
Back in the house, it is noticeably cooler with the windows
and shades drawn. I prepare our dinner’s main dish to put
into the Solar Chef oven that sits out by the arbor. Perhaps I’m
preparing a whole chicken. I finely chop some fresh parsley,
oregano, and sage, make a slurry of olive oil, herbs, coarse
ground sea salt, and fresh ground pepper, and massage this
onto the rinsed and dried chicken. Using my black metal pan
with a lid, I place some onions and carrots from the garden
into the bottom, and place the chicken on top. If I have
smallish potatoes from the garden I put these around the bird.
The lid goes on and the pot goes out to the Solar Chef. I like to
take my potholders out to the cooker and leave them there, so
they are handy whenever I check dinner’s progress.

Housewifery
I see that the battery SOC is in the 90 percent range now, so I
start a load of laundry. I have a Frigidaire front-loader in the
basement. I always use cold water and a liquid biodegradable
soap.
As I pass the battery bank I can hear the batteries gently
bubbling. The gassing tells me that they are charging well
and approaching full capacity. I go upstairs and start a load
of dishes in the dishwasher. This will use a lot of energy, but
it is early on a sunny day and the batteries will have time
to recharge before the day is done. This is prime time for
electricity usage—right when it is being generated. If you’re
making extra energy and not using it, you are wasting it.
A couple of times during the day, I will go out and refocus
the Chef to keep our dinner cooking. When the laundry is
done, I bring it upstairs and out onto the deck where Bob-O has
erected an umbrella-shaped revolving clothesline for me. I can

For more information
visit us at http://eaaev.org

We Time
The warm afternoon finds us spending a little free time.
Reading, napping, or surfing the Web is the norm. If I turn
on our big plasma TV, I flip on the fused plug strip first. This
turns on the satellite receiver automatically. Then I use the
remote to turn on the TV. All of our electronic devices are on
fused plug strips. This avoids unnecessary phantom loads.
Flipping on a plug strip before I turn on an appliance or
device has become automatic.

End of Day
As the afternoon ends, I bring in the clothes from the
clothesline, fold them, and put them away. I take the dishes
from the dishwasher and put them in cupboards. I bring in
the chicken and vegetables from the Chef. We round out the
meal with a simple salad of sliced tomatoes and cucumbers
from the garden, with a little olive oil, red wine vinegar, salt,
and pepper. Add a cool bottle of our own pinot noir from the
basement, and dinner is served.
As twilight comes, we open all the windows and shades to
let the now-cooler breeze flow through the house. The coffee
cups, French press, and utensils are set out on the counter,
ready for the next morning. Our day is done.
If it’s a weekday, I get Bob-O out the door and to a job.
Then I spend several hours doing office work, paying bills,
invoicing clients, shipping product, and fielding phone calls. I
have a cordless headset that allows me to roam my home and
yard freely while still answering our business lines. One of our
dealers always tries to guess where I am by the background
sounds (creek, chickens, etc.) Those days I do about the same
things, I just fit it all around the demands of the biz.
And, of course, if Bob-O is gone, something is likely to
break, crack, leak, smoke, or beep uncontrollably at me…

Access
Kathleen Jarschke-Schultze is pursuing the perfect pinot
noir at her home in northernmost California. c/o Home Power
magazine, PO Box 520, Ashland, OR 97520 • 800-707-6585 •
kathleen.jarschke-schultze@homepower.com

THE ESTER MACHINE

A Clean and Quiet Revolution
Enjoy the freedom of driving electric.
Join the EAA today and declare your
independence from
high gas prices
and imported oil.

easily hang two loads of clothes on it at once. But two is as many
loads as I will do in one fall day. Our house water system is fed
by our spring, which is slow-flowing at this dry time of year.

Complete Biodiesel Production System

ASTM Quality Fuel NOW!
Process, Wash and Dry

®

Make Fuel the Day It Arrives!
Safe, Durable, Effective
Start Up Assistance Provided
Ask about our monthly hands on seminars!

AC Propulsion tzero

ELECTRIC AUTO ASSOCIATION

Flying F Bio-Fuels

www.homepower.com

www.ffbiofuels.com

Phone: 319-545-7022
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Earth’s last great
“ Remember
places? We can still save them.
The Nature Conservancy works around the
world to preserve our plants and animals by
protecting the lands and waters they need to
survive. But we need your help.

Join The Nature Conservancy like
I did. Together, we can help save the last
great places on Earth, and enrich the quality
of life for now and generations to come.

We’re doing some great work
out here. Visit nature.org

”

Tom Hanks
Nature Conservancy Member

www.homepower.com
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RE happenings
U.S.A.

Ask an Energy Expert. Questions to
specialists. Energy Efficiency & RE Info
Center • 800-363-3732 •
www.eere.energy.gov/informationcenter
Sandia National Laboratories PV systems
Web site. Design practices, PV safety,
technical briefs & battery & inverter
testing • www.sandia.gov/pv

CALIFORNIA

Arcata, CA. Workshops & presentations
on RE & sustainable living. Campus
Center for Appropriate Technology,
Humboldt State Univ. • 707-826-3551 •
ccat@humboldt.edu •
www.humboldt.edu/~ccat
Hopland, CA. Workshops on PV, wind,
hydro, alternative fuels, green building &
more. Solar Living Institute •
707-744-2017 • sli@solarliving.org •
www.solarliving.org

COLORADO

Carbondale, CO. Workshops & online
courses on PV, pumping, wind, RE
businesses, microhydro, SDHW, heating,
alternative fuels, green building,
women’s PV courses & more. Solar
Energy Intl. (SEI) • 970-963-8855 •
sei@solarenergy.org •
www.solarenergy.org

FLORIDA

Melbourne, FL. Green Campus Group
meets monthly to discuss sustainable
living, recycling & RE. Info: fleslie@fit.edu •
http://my.fit.edu/~fleslie/GreenCampus/
greencampus.htm

IOWA

Iowa City, IA. Iowa RE Assoc. meetings.
Call for times. I-Renew • 319-341-4372 •
irenew@irenew.org • www.irenew.org

ILLINOIS

Mar. 16–18, ’07. Chicago, IL. Consumer
Alternative Fuel & Energy Efficiency
Expo. • www.consumeralternativefuels.
com

MASSACHUSETTS

Mar. 13–15, ’07. Boston, MA. Building
Energy ’07. Conference & trade show for
RE, planning & building professionals.
Workshops, speakers & exhibitors. Info:
Northeast Sustainable Energy Assoc. •
www.buildingenergy.nesea.org
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MICHIGAN

Dec. 9, ’06. Dimondale, MI. Introductory
Solar Heating. Info: Great Lakes RE
Assoc. • 517-646-6269 •
jennifer.malinowski@glrea.org •
www.glrea.org
West Branch, MI. Intro to Solar, Wind
& Hydro. 1st Fri. each month. System
design & layout for homes or cabins.
Info: 989-685-3527 •
gotter@m33access.com •
www.loghavenbbb.com

MINNESOTA

Jan. 25–28, ’07. Winona, MN. Frozen
River Film Festival. Films & speakers on
RE, sustainable communities, climate
change & more. Info: www.frff.org

Houston RE Group quarterly meetings.
HREG • hreg@txses.org • www.txses.
org/hreg

WASHINGTON STATE

Apr. 25–27, ’07. Guemes Island, WA.
Solar Hot Water workshop. Classroom,
tours & installation. Info: See listing
below.
Apr. 30–May 5, ’07. Guemes Island, WA.
Wind-Electric Systems workshop. Design,
system sizing, site analysis, safety issues,
hardware specs & a hands-on installation.
Info: See listing below.

MONTANA

Whitehall, MT. Seminars, workshops &
tours. Straw bale, cordwood, PV & more.
Sage Mountain Center • 406-494-9875 •
www.sagemountain.org

May. 7–12, ’07. Guemes Island, WA.
Homebuilt Wind Generators workshop.
Learn to build wind generators from
scratch, incl. carving blades, winding
alternators, assembly & testing. Info:
See SEI in Colorado listings. Local
coordinator: Ian Woofenden •
360-293-5863 •
ian.woofenden@homepower.com

NEW MEXICO

WISCONSIN

Six NMSEA regional chapters meet
monthly, with speakers. NM Solar Energy
Assoc. • 505-246-0400 • info@nmsea.org •
www.nmsea.org

NEW YORK

Apr. 7, ’07. Photo contest deadline for the
2007 New York State Envirothon, which
this year focuses on RE. Info:
www.envirothon.org

NORTH CAROLINA

Saxapahaw, NC. Solar-Powered Home
workshop. Solar Village Institute •
336-376-9530 • info@solarvillage.com •
www.solarvillage.com

OREGON

Cottage Grove, OR. Adv. Studies in
Appropriate Tech., 10-week internships.
Aprovecho Research Center •
541-942-8198 • apro@efn.org •
www.aprovecho.net

PENNSYLVANIA

Philadelphia Solar Energy Assoc.
meetings. Info: 610-667-0412 •
rose-bryant@verizon.com

TEXAS

El Paso Solar Energy Assoc. Meets 1st
Thurs. each month. EPSEA • 915-772-7657 •
epsea@txses.org • www.epsea.org

Custer, WI. MREA ’06–’07 workshops:
Basic, Int. & Adv. RE; PV Site Auditor
Certification Test; Veg. Oil & Biodiesel;
Solar Water & Space Heating; Masonry
Heaters; Wind Site Assessor Training &
more. MREA • 715-592-6595 •
info@the-mrea.org • www.the-mrea.org

INTERNATIONAL

Internet courses: PV, green building & intl.
development. Solar On-Line (SóL) •
720-489-3798 • info@solenergy.org •
www.solenergy.org
Internet courses: PV Design & Solar
Home Design. Solar Energy Intl. online.
Info: See SEI in Colorado listings.

AUSTRIA

Feb. 28–Mar. 2, ’07. Wels. World
Sustainable Energy Days. Conferences
on energy efficiency, green electricity,
renewable HVAC & more. Info: O.Ö.
Energiesparverband • 43-732-772-014-380 •
office@esv.or.at • www.esv.or.at

BELIZE

Jan. 8–13, ’07. San Pedro Columbia.
PV system design & installation, with
PV pumping. Classroom & hands-on
work. Info: Maya Mt. Research Farm •
info@mmrfbz.org • www.mmrfbz.org
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CANADA

COSTA RICA

Calgary, AB. Alberta Sustainable Home/
Office. Open last Sat. of every month, 1–4
PM, private tours available. Cold climate,
conservation, RE, efficiency, etc. •
403-239-1882 • jdo@ecobuildings.net •
www.ecobuildings.net

Feb. 2–10, ’07. Durika. PV for the
Developing World. Comprehensive
workshop on PV. Info: See last listing for
WA State.

British Columbia. BC Sustainable Energy
Assoc. meetings at chapters throughout
province • www.bcsea.org/chapters

CHINA

Apr. 10–12, ’07. Shanghai Intl.
Wind Energy Exhibit & Conf. Info:
Shirly Sun • 86-01-30-42-113-676 •
chinapower2007@yahoo.com.cn •
www.cwee.com.cn

Jan. 22–28, ’07. Rancho Mastatal. RE
for the Developing World—Hands-On.
Overview of solar electricity, hot water &
cooking; biogas & other RE technologies.
Info: See last listing for WA State.

NICARAGUA

Jan. 7–19, ’07. Managua. Solar Cultural
Course. Lectures, field experience &
ecotourism. Richard Komp • 207-497-2204 •
sunwatt@juno.com •
www.grupofenix.org

NEW ZEALAND

Jan. 27–28, ’07. Canterbury. Sustainability
EXPO. PV, wind, SDHW, energy efficient
building design, housing & transport,
& other sustainable technologies. Info:
Solar Electric Specialists Ltd. •
027-457-6527 • www.sustainabilityexpo.co.nz
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issue of this publication. 17. I certify that the statements made by
me above are true and complete. J. Schwartz, Executive Editor
& CEO, 9/25/06.

Send your renewable
energy event info to
happs@homepower.com

Do You Need Batteries?...
RAE Storage Battery Company
Since 1943... Quality & Service
Surrette Solar 1, 400 Series,
Type CH 375 - L16
Engineered under careful guidelines
by Dave Surrette - Family owned
business Est. 1935

Gambissara Solar for export
212-206-6344 • 1201 Broadway,
Room 809, New York, NY 10001

Newly established factory
warehouse. U.S. Battery Co.
Corona, CA
Phone 860-828-6007
Fax 860-828-4540
51 Deming Rd., POB 8005,
Berlin, CT 06037

MALLARD WIND GENERATORS
Economical, Strong, & Very Reliable

D
MALLAER
800

SALE
800 Watt
$425

Regular price
$475
Package
Deal 3-800E
& Regulator
$1225

We also have charge regulators, tower kits & plans, PMAs,
blades, and lots of friendly advice & customer support.

Mike’s Windmill Shop

www.mikeswindmillshop.com • 928-532-1607
Email: gossmj@wmonline.com
Major Credit Cards Accepted • Call for Volume Pricing

www.homepower.com
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Things that Work!
Model 4-1850
Home Power #67

Digital Power
Meters

20-CTR: Measures
AC Power up to 10
kW, 100-250 vac single
or two phase. Remote
display. Easy to install.

ONEMeter: NEW FEATURES! Standard Features include Multiple
AC or DC power channels (any voltage/current), PC interface
(with PC software), internal logging, and one display. Options now
include Flash Memory Logging (up to 1 Gig!), USB connection,
simple Web interface, extra displays (many types/sizes), Battery
Monitor, Weather Monitoring (wind speed, direction, temperature,
humidity, solar output) and Control output. The OneMeter can be
field upgraded with new hardware/firmware.
4-1850WX: Special meter for Refrigerator Replacement

Programs. Detects Defrost Cycle, displays cost/kWh-hrs/yr.

904.358.3636
www.tctsolar.com
info@tctsolar.com
PROGRESSIVTUBE® Solar Thermal Systems
Residential • Commercial • Industrial
FSEC • SRCC • IAPMO • HUD

Other Models available. Check our website or call for details.
All products are California CEC eligible meters
CUSTOM APPLICATIONS and DISPLAY OPTIONS: We can build a digital
power meter to meet your needs, including large displays as well as the
popular Beta Brite scrolling LED sign. Please call with your needs/ideas.

Brand Electronics
421 Hilton Rd.
Whitefield, ME 04353
For information only, call 207-549-3401
info@brandelectronics.com
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To order, call toll free

1-888-433-6600
www.brandelectronics.com

EFFICIENCY
BY DESIGN
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TCT Solar
101 Copeland Street
Jacksonville, FL USA 32204

umps
sunun pumps

Quality First!
TM

Inc.

Not Just Water Pumping!

SOLAR PUMPING PROFESSIONALS

Xantrex

SW Windpower

umps
sunun pumps

Xantrex Service Center

Power Systems

Solar Water Pumping
Specialists
E-Panels

Magnetek

Buy On-Line And Save!
For more products and services
check our new web site on-line at:

www.sunpumps.com

Extend the life of your battery with…

The BEST Tool for Solar Site Analysis

Nanopulser!!!

JUST GOT BETTER!
USER FRIENDLY,
FAST & ACCURATE!

1-800-370-8115
(928) 348-9652

The original Solar Pathfinder
with its reflective properties
gives an excellent “instant solar
blueprint” of the prospective site.
Now, the NEW Solar Pathfinder
Assistant software, and
your digital camera, carry
that shading information
into a concise, thorough,
professional-looking solar site
analysis report in just seconds.

Solar Pathfinder Assistant:
automatically adjusts for magnetic
declination, latitude, azimuth, tilt angle, &
tracking mode (fixed, 1-axis, 2 axis);
automatically does yearly energy computations using included NREL data
(no internet connection necessary); displays “before/after” results of
removing obstructions; and creates professional-looking reports!

FEATURES
•
•
•
•

Maximize battery life by decomposing sulfation
Desulfates slowly and gently w/ no damage to electrode plates
Renews Flooded, Gel and AGM batteries
For best investment and results, install on your new batteries

DISTRIBUTORS

• AEE Solar http://www.aeesolar.com
• Sunelco Inc. http://www.sunelco.com
• Kelln Solar (Canada)
Pulse Genetech
http://www.kellnsolar.com
www.pulsegenetech.co.jp/en/

For in-depth third party test results, send request to

PGUSA@isomedia.com.
3953 Marsh Creek Road, Linden, TN 37096 • 317-501-2529 • Fax 931-589-5400
info@solarpathfinder.com • www.solarpathfinder.com

Mention you saw ad in Homepower.

Pulse Genetech U.S.A., Inc. • 425-454-2520

www.homepower.com
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readers’ marketplace
HYDROELECTRIC SYSTEMS: Pelton
and Crossflow designs, either complete
turbines or complete systems. Assistance
in site evaluation and equipment
selection. AC Systems for standalone
or grid interconnect operation.
Manufacturing home and commercial
size turbines since 1976. Send for a free
brochure. Canyon Industries Inc., P.O.
Box 36 HP, Deming, WA 98244,
360-592-5552. e-mail: citurbine@aol.com
web page: canyonhydro.com • HP11602
EARTH SHELTERED DOME
CONSTRUCTION MANUAL makes it
easy & Very affordable to build your own
ferrocement home www.2BbyD.com •
HP11603
COSOLAR.COM discount prices from
Colorado Solar Electric. Lorentz Trackers
in stock 1-800-766-7644 • HP11604
SINGLE AND DUAL AXIS SOLAR
TRACKER CONTROLS up to 48V and
5A output. www.theanalogguy.com •
HP11605
ECOMALL: The largest environmental
portal of earth-friendly companies and
resources. Renewable energy companies,
news and information. www.ecomall.
com. To advertise, call 845-679-2490. •
HP11606
LARGE GAS REFRIGERATORS 12, 15 &
18 cubic foot propane refrigerators. 15
cubic foot freezers 800-898-0552 Ervin’s
Cabinet Shop, 220 N County Rd. 425E.,
Arcola, IL 61910 • HP11607
XXXXXXXUNI-SOLAR XXXXXXXX
XXXXXX 64 Watts $359 XXXXXXXX M55
Siemens panels $260/SQ 80 watts $350.
New 1500 AH Absolight 12V batteries
$1900. TraceX SW5548 $2450. Ex 2KW
inverter SB $850. Buy, sell New/Used
760-949-0505 • HP11608
PORTABLE AND STANDBY
GENERATORS from Honda, Yamaha,
Subaru, Kipor, and More + Wireless
Remote Start Available.
www.hayesequipment.com
1-800-375-7767 • HP11609
BANKS, OR. Gorgeous home with view
on 5 acres, newer $93,000 solar cell
system and heat pump in the beautiful
Oregon Countryside. Please view home
information on www.equitygroup.com/
jclose RMLS # 6078130 or call Judy Close
at RE/MAX equity group at 503-495-3473 •
HP11637
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DC SUBMERSIBLE WELL PUMPS.
Complete, ready to install. $219 includes
IMMEDIATE FREE SHIPPING. Visit
www.nemosolar.com or call
1-877-684-7979 • HP11610

GAIN ENERGY INDEPENDENCE Wind
Power - Solar PV - Solar Hot Water - Solar
Water Pumping - Biodiesel - LED Lighting
- Edmonton AB Canada 780 466-9034
www.trimlinedesigncentre.com • HP11619

I AM A SOLAR WHOLESALER looking
for retailers to carry my solar electronic,
educational & hobby goods. Phone #
(916) 486-4373. Please leave message. •
HP11611

HUMBOLDT COUNTY SOLAR HOME - In
Town! Newer 3bdrm 2bath garage/shop
gridtie PV, SDHW & Sunroom, fenced
yard, RV parking mr.gsun@gmail.com •
HP11627

TELLURIDE COLORADO, Quality solar
homes and appropriate land for sale.
Highest quality of life, environment and
cultural opportunities. Enjoy working
with the worlds only completely solar
powered Real Estate office JOHN
JANUS (970) 728-3205---800-571-6518
-WWW.JANUSREALESTATE.com-Email:
John@JanusRealEstate.com • HP11612

SOLAR CELLS New 5” monocrystal
50 per pack - 125 watts $150.00 make
your own solar panels email for specs:
none1120@juno.com • HP11620

EDTA RESTORES SULFATED BATTERIES.
EDTA tetra sodium salt, $16/lb. plus $6
S&H for 1st lb. plus $2 S&H for each
additional lb. Trailhead Supply, 325 E.
1165 N., Orem, UT 84057, (801) 225 3931,
email: trailheadsupply@webtv.net, info.
at: www.webspawner.com/users/edta. •
HP11613
AFFORDABLE-SOLAR.COM Grid Tie
- Off Grid. Solar Panels, Inverters,
Energy Efficient Appliances, Friendly
Knowledgeable people, Fair Prices. Look
us up on the web at www.AffordableSolar.com or call Toll Free 1-800-810-9939 •
HP11614
VARI-CYCLONE: DC powered ceiling
fan, 40% more airflow with no increase
in power consumption. For more
info contact RCH Fanworks, the #1
manufacturer of DC powered ceiling fans,
2173 Rocky Crk. Rd. Colville, WA 99114
PH: 509-685-0535, email: info@fanworks.
com, Web: www.fanworks.com, Dealer
inquiries welcome. • HP11615
SURVIVAL UNLIMITED.COM - Emergency
Preparedness & Survival Supplies.
Wind Power from 439.00+. Many great
products & prices! 1-800-455-2201
www.survivalunlimited.com • HP11616
WWW.EARTHTOYS.COM - Online library
and emagazine all about alternative
energy systems and equipment •
HP11617
Help for DIY HYDRO! 66+ Custom
TURBINES, 82-400mm diameter, cast
aerospace alloy or molded plastic from
$120 www.h-hydro.com • HP11618

WANT TO LIVE RENT-FREE - anywhere
in the world? There are empty homes in
every state and country, and property
owners are looking for trustworthy
people to live in them as property
caretakers and housesitters! The
Caretaker Gazette contains these property
caretaking/housesitting openings in all 50
states and foreign countries. Published
since 1983, subscribers receive 1,000+
property caretaking opportunities
each year, worldwide. Some of these
caretaking and housesitting openings
also offer compensation in addition to the
free housing provided. Short, medium
and long-term property caretaking
assignments are in every issue.
Subscriptions: $29.95/yr. The Caretaker
Gazette, PO Box 4005-E, Bergheim, TX
78004. (830) 336-3939. www.caretaker.org •
HP11621
HERE’S BUYING “POWER” IN OREGON!
Tired of paying high utility bills? This
home is self-sufficient, solar and
generator powered with battery backup.
39+ acres 3 bdrm 1.5 ba, 1420 sqft Aframe home. For more information call
800-770-6298 x 1360 or Sabrina, Broker
541-890-4387 Exit Realty Group
541-770-5200 www.re-4-sale.com •
HP11638
ENGINEERING SOFTWARE PROVIDES
ENGINEERING E-SOLUTIONS FOR
ENERGY CONVERSION SYSTEMS. Free
e-material is available at
http://members.aol.com/engware •
HP11622
COMPLETE WIND & SOLAR POWER
SYSTEM for home/small biz, system
never used or assembled, still boxed. See
description at bergey.com Value Package
1.2kW Hybrid System, includes warranty.
646-369-3163 • HP11632
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readers’ marketplace
HYDROS, P.M. BRUSHLESS DC units with
Harris housing and wheel. Up to 70%
efficiency. From $1350. www.homehydro.
com 707-923-3507 CA • HP11623

WATER & ELECTRICITY DO MIX!
Innovative Electric and Pedal Boats
www.nauticraftelectricboats.com •
HP11633

OVERSTOCK LIQUIDATION! HOME /
FARM ELECTRIC WINDMILLS! Mfg’s
Cancelled Order: Save 50%+. Brand New
Air-O-Power systems: turbine, tower,
controller, & on / off grid inverter. Limited
sizes, quantities. 2kw - 20kw originally
from $13,800.00, now from $5,975.00.
www.emarkelectric.com. Factory Direct:
1-800-973-WATT. MUST SELL! • HP11624

LED LIGHTS at good prices 12V DC and
120VAC. For use in any light socket. See
www.radiantsolartech.com • HP11631

LOWEST COST PV ON EARTH-Nano
Tech is Here. 435-867-8514/702-300-6925
smithja@sisn.com • HP11625
DIFFERENTIAL TEMPERATURE
CONTROLLER for solar heating is
12VDC PV powered! Simple hookup and
operation. Switches up to 6Amps. $83.99
www.arttec.net/dtc • HP11626
STEAM ENGINES: generate electricity,
power equipment. Kits or running.
http://together.net/~pearleng • HP11628
NEW KIND OF ROOFING.Transparent
roofing plans $10.00. MM, 5521hp
S.Hampton Dr., Springfield,VA 22151
www.transparentroofing.com • HP11629
SUN FROST RF-16 REFRIGERATOR/
FREEZER for sale. Used but in great
condition. $1000 (262) 392-9140 •
HP11630

BATTERY DESULFATORS FOR SALE
www.wizbangplus.com • HP11634

ZERO ENERGY HOMES - Architecture &
Energy Consulting.
www.ZEROenergy.com (866)412-5332 •
HP11635
SOLAR “B” PANELS for $3.39/watt. 180
watts, 20 yr. warranty. Solar “A” Panels
for $4.29/watt, Evergreen 110, 115, 120
watts, 25 yr. warranty. Lots of other great
deals-excess inventory clearance! Over
$2million worth of inventory. E-mail:
info@sunelec.com, Phone:
1-888-536-9917 • HP11636
AMSOIL, BEST SYNTHETIC OILS &
FILTERS MADE! 25K miles or 1 year oil
& filter change. Motors run cooler and
cleaner reducing excess oil disposal.
Save money and time, increasing fuel
economy and performance. For more
information, call Rans or Chris in Virginia
at 540-955-0962 • HP11639
Auth. dealers for airtight AMISH WOOD
COOKSTOVES , Staber washers,
Sunfrost. The best prices on the web!
931-593-3462 •
www.stovesandmoreonline.com •
HP11640

Readers’ Marketplace Rates
Rates: 25¢ per CHARACTER, include
spaces & punctuation. $20.00
minimum per insertion. All Readers’
Marketplace ads are published in both
the print and Web versions. Please
send a check or Visa, MasterCard,
American Express, or Discover card
data with ad. Please, no money orders.
We do not bill Readers’ Marketplace
ads; they must be paid for in advance
of publication. Your cancelled check
or credit card bill is your receipt.
Submit your ad by:
• E-mail: (preferred)
readersmarketplace@
homepower.com
• Fax: 541-512-0343
• Phone: 800-707-6585 or
541-512-0201
Help us prevent fraud! Home Power
Readers’ Marketplace ads from
individuals must supply serial number(s)
for equipment being sold. Businesses
must supply published phone number(s)
and a physical address. While Home
Power is doing everything we can to
prevent fraud, we can assume no
responsibility for items being sold.

PLASTIC BATTERY BOXES
• HDPE WELDED-SEAM VENTED
BOX WITH REMOVABLE LID
• SAFE & SECURE CONTAINMENT
FOR LEAD-ACID BATTERIES
• UPS SHIPPABLE, CUSTOM SIZES

radiantsolartech.com
707-485-8359

Electric Vehicle Components & Systems Since 1984
Components, Conversion Kits, Publications, Videos, & Engineering Design
Services for the EV Hobbyist & Manufacturer
We stock and sell the largest variety of the very best.
Components & Publications Catalog........$5.00
944 West 21st Street, Upland, CA 91784 USA
Tel: (909) 949-7914 • FAX: (909) 949-7916 • Web: www.kta-ev.com

www.homepower.com

123

installers directory
Do you want a renewable energy system, but don't want to install
it yourself? You deserve a system that meets your expectations and
budget! A renewable energy professional will design and install a safe,
code-compliant system, and offer you service and support after the sale.
Check out the installer listings below.
Home Power does not guarantee the quality provided by the businesses listed below—
please shop carefully, request references and certifications, and compare.
Alaska
ABS Alaskan, Inc. Anchorage – Fairbanks – Renton,

REMOTE
POWER,
INC.

California, cont.
Carlson Solar. has been serving Southern CA since

WA Battery systems, Remote power systems, RE systems.
OEM design and fabrication. Consultation & design, sales,
installation, & service for solar, wind, hydro, and hybrid
components and systems since 1989. Web – www.absAK.com.
Toll free (800) 235-0689 or (800) 478-7145,
email jim@absAK.com.

1988. We are a licensed, bonded, and insured solar-electric
installation company, specializing in both grid-tie and off-grid
systems. We are NABCEP certified and take great pride in our
excellent customer service. Saving the environment one house
at a time. Call toll-free 1-877-927-0782 or visit us at
www.carlsonsolar.com

Remote Power Inc, Greg Egan, President. Licensed
electrician. Factory trained Outback and SMA installer. MREA
trained wind system installer. Design, installation, sales &
service of wind, pv, & hydro systems. We have affiliated
installers statewide. Bush jobs no problem.We stock inverters,
PV panels, meters, controllers & more at our shop near
Fairbanks. Call 1-888-257-3639 or 1-907-457-4299

Cobalt Power Systems Inc. is a full-service, licensed
installer of PV systems in the SF Bay Area. We offer free
consultations, detailed proposals, professional system design
by an electrical engineer, expert installations, and competitive
pricing. We handle all the paperwork for the client, and we
oversee all inspections. Please contact us at 650-948-9574 or
www.cobaltpower.com.

Arizona
Architectural Solar Associates, Flagstaff, AZ. PV

IDC
Solar

solar & wind electric systems (residential & commercial
intertie & battery) 25 year old Green Architectural Design
& Construction firm. Dedicated, knowledgeable, trusted,
professional. We help w/all power company, state & federal
credits & rebates. Cont. Lic# ROC172093 Carl@aeaassoc.com
1-877-602-0008 or 1-928-214-0005. www.aeaassoc.com

Electron Connection Licensed in CA and Oregon.
NABCEP Certified installer. Serving northernmost California
and southern Oregon. PV, wind, microhydro installs.
(800) 945-7587 email: bob-o@electronconnection.com,
www.electronconnection.com CA Lic. #613554

Generator Solar & Wind Power Systems Design,
Sales, installation & maintenance. Off-grid & grid-tied, prime
power or back-up. Complete systems, hybrid systems, or sub
systems & components. We can do it. Covering all of Arizona
& dedicated to helping all present & potential customers.
Ralph Odonnal, license # ROC203166, (928) 300-4067,
altpwrsys@hotmail.com

Empower Energy, Southern California. We design,

IDC Solar Exclusive products like the Guy-wireless
Wind Tower, Modular Wiring Unit and Automatic Battery
Watering System for code compliant, worry-free hybrid
renewable energy systems. We install locally or nationally.
Complete licensing for all residential and commercial devices.
Skystream wind turbines now available. (928) 636-9864 or
idcllc@northlink.com • www.idcsolar.com

Feather River Solar Electric Bill Battagin of
Taylorsville has been designing, installing and servicing
renewable energy systems since 1982. PV, micro-hydro,
hybrids; grid intertie or stand alone systems. CA Elect.l Lic. #
874049, Outback Cert. Tech. We live and work with RE.
Serving Plumas, Lassen, Sierra, Butte Cos. 530.284.7849
frenergy@psln.com, www.frenergy.net

Northern Arizona Wind & Sun, of Flagstaff,

Arizona, has designed and installed thousands of solar
electrical systems since 1979. Call or email us for a design
quote for Residential Utility Tie, Remote Home, Water
Pumping, or Telecommunication System at 800-383-0195,
email windsun@wind-sun.com, or visit our website at http://
store.solar-electric.com/index.html. Licensed #ROC 089239.

Independent Energy Systems, Serving the
Santa Cruz/Monterey Bay Area. We specialize in design,
installation and sales of residential/commercial PV systems.
Our mission is to provide our friends in the community an
opportunity to become part of the future in renewable energy.
We are based in Santa Cruz, we love what we do and it shows
in our work! Ph: 831-477-0943 or visit www.iesolar.com

California
Acro Electric is a full service, turn-key, res.& comm. solar

Michael Symons Electric, C-10 licensed electrical

electric contractor. We design, install, & handle all necessary
CEC, utility forms and contracts. Quality installations are
backed by 32 years electrical experience. Approved by the
League of California Homeowners (www.homeowners.org)
& Better Business Bureau (www.midcalbbb.org). Free site
analysis & brochure. (866)711-ACRO • www.acroelectric.com

Akeena Solar is one of the nation’s largest residential

solar power integrators with three NABCEP-Certified PV
Installers on staff. Call for a free solar evaluation to determine
if solar power is feasible for you. Your solar power system
includes design/engineer/build services, complete financial
analyses and warranties. Serving CA, CT, NJ & NY. Visit
www.akeena.net or call 888-253-3628”
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sell, install, & service high quality residential & commercial
solar electric generation systems. Specializing in grid-tied
and remote stand-alone systems. Make renewable energy a
responsible and cost-effective part of your home or business.
Free project estimate 800 494-2366 empowerenergy.net
info@empowerenergy.net. Licensed since 1995, #711993

Symons
Electric

contractor. NABCEP certified installer. We design, sell, install
& service both commercial & residential Photovoltaic systems
since 1982. We specialize in grid-tie and stand alone off grid
systems including solar wells. We are located in East San
Diego County serving Southern California and Baja California
Norte. Ph: 619-468-3277 or E mail symonselectric@aol.com

Offline Independent Energy Systems, Since 1983.
An electrical contracting co., we specialize in utility intertie
(with state rebate & net metering) & off grid systems. Owned
& operated by Don & Cynthia Loweburg in Central CA East
of Fresno. Don Loweburg NABCEP Certified Installer. POB
231, North Fork, CA. 93643, (CA lic# 661052) ph 559 877 7080,
fx 559 877 2980, ofln@aol.com www.psnw.com/~ofln
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California, cont.
Owens Electric & Solar, Quality energy solutions

Connecticut
Akeena Solar is one of the nation’s largest residential

Solar Electrical Systems, Southern California’s largest

Sunlight Solar Energy, Inc. Milford, Connecticut.

Solar Wind Works specializes in consultation,

Florida
ECS Solar Energy Systems (tel) 352-377-8866 www.

solar power integrators with three NABCEP-Certified PV
Installers on staff. Call for a free solar evaluation to determine
if solar power is feasible for you. Your solar power system
includes design/engineer/build services, complete financial
analyses and warranties. Serving CA, CT, NJ & NY. Visit
www.akeena.net or call 888-253-3628”

since 1964. Full services including solar electric, solar thermal,
& solar pool heating installations for residential & commercial
projects. Wide range of electric water heating & home heating
solutions. Licensed, bonded, certified & insured C-10
Electrical Contractor (#464389) serving northern CA 1-877-57SOLAR, info@owenselectricinc.com, www.owenselectricinc.com

The state’s largest grid tied residential design & installation
company. We take care of the Connecticut Clean Energy
Fund, Utility & local building paperwork. Everything to get
your meter spinning backwards. Our specialized installers
are nationally certified. Call for info & a reference from your
neighbor. www.sunlightsolar.com. 203-878-9123

solar electrical integrator of custom residential & commercial
photovoltaic systems. We provide a superior support staff for
the Architect, General Contractor, Remodeling Contractor or
homeowner, including fast email response of a solar electrical
system with a CAD layer including quote & current tax
benefits. www.solarelectricalsystems.com (866) 74-SOLAR

sales, design, service, & installation of complete RE
systems. US Distributor for Proven Wind Turbines.
We supply all components. Grid-connected or gridindependent. Truckee, CA 530-582-4503, 877-682-4503,
NABCEP Certified Installer. CA Contractor’s Lic # 796322
chris@solarwindworks.com, www.solarwindworks.com

ECS-solar.com / tom@ECS-solar.com We service FL, the
Caribbean and the Southeastern U.S. FL's first solar contractor
since 1977. Solar pool heating, hot water, and electric systems
–commercial & residential. Solar lic. # CVC056643 Florida
state certified for "grid-connected" systems. Contact us now
to receive a free solar informational booklet.

Canada
Energy Alternatives has been serving Canadians for

Georgia
SC Solar designs/installs PV systems—residential, US

over 20 years. A licensed electrical contractor (BC Lics #
86683) with professional installers throughout Canada. Expert
consultation & design services, turn-key installed systems
or DIY packaged system kits. Extensive inventory for fast
delivery. Visit www.EnergyAlternatives.ca, Call
1-800-265-8898. Canadian dealer inquiries welcome.

military, solar lighting, water pumping, traffic management
power systems. Solar thermal & micro hydro. Custom UPS
systems for off grid. Installation area: NC, SC, VA, GA, TN, &
Mexico. For more info & credentials: 803-802-5522
www.scsolar.com CCR# & Cage Code #1SLJ5.

Idaho
Creative Energies Eastern Idaho’s premiere full-service

Natural Power Products is Ontario’s leading supplier,
retailer and installer for solar, wind, domestic hot water, and
other renewable energy technologies. Complete design and
turn-key packages for home, cottage, rural, businesses etc. All
applicable codes are adhered to and inspected by ESA.Visit:
www.npp.ca e-mail: info@npp.ca call: (519) 504-1600

RE company. Solar & wind power for remote cabins, homes &
ranches, utility grid-tied solar & wind power, solar hot water
& heating, solar water pumping & passive solar home design.
We custom design a system that fits your needs & budget.
Trace certified dealer. Phone/fax: 208-354-3001 toll free 866332-3410 info@cesolar.com • www.cesolar.com

Colorado
Burnham-Beck & Sun, Solar & Wind Energy Systems.

Kansas
PowerTomorrow designs and installs the Power of

Located in Fort Collins, Colorado, we make site evaluations,
system designs, and installations in Northern Colorado,
Southern Wyoming. We drop-ship equipment anywhere in
the US. Retail products include PV modules, wind turbines,
inverters, batteries, efficient appliances. 970-482-6924. mailto:
BurnhamBeckSun@aol.com. www.burnhambeck.com

Tomorrow—Today! Specializing in the design & installation
of solar hot water & home heat, photovoltaic, & wind power
solutions for your residential and commercial needs. As
seen on ABC’s “Extreme Home Makeover”. Since 1982, fully
insured. Call 877-427-7767, or visit www.powertomorrow.com

Maryland
STANDARD SOLAR INC., serving Montgomery

Namaste Solar Electric Inc., designs, sells, installs &

and Frederick Counties, Maryland, Northern Virginia, and
Washington, DC. since 2004. Specializing in residential
solarelectric installations. Visit our Website:
www.standardsolar.com P.O. Box 83309, Gaithersburg,
Maryland, 20883. Tel. 301-349-2871; email:
metrodc@standardsolar.com

services residential & commercial solar electric systems; over
10 years experience. Grid-tied & stand-alone systems in CO
& neighboring states. We live with the technologies we sell &
we stock our home-tested products. Our guiding principles:
People, Planet, Prosperity. (303) 447-0300 Fax (303) 443-8855
www.namastesolar.com ray@namastesolar.com

Mexico
Simple Solar Systems is your full-service provider

SC Solar designs/installs PV systems—residential, US
military, solar lighting, water pumping, traffic management
power systems. Solar thermal & micro hydro. Custom UPS
systems for off grid. Installation area: NC, SC, VA, GA, TN, &
Mexico. For more info & credentials: 803-802-5522
www.scsolar.com CCR# & Cage Code #1SLJ5.

of consultations, designs, sales, and installations of
residential and commercial solar electric systems. Grid-tie
or Stand Alone. 15 years in the industry. Together, let’s live
consciously for our planet. Licensed and Insured. CoSEIA
and NABCEP Certified Installer, Joe Callahan (303) 541-9852
joe@simplesolarsystems.com www.simplesolarsystems.com

Michigan
Backwards to the Future Ltd, installing, designing

Solar Solutions Ltd. provides photovoltaic, wind &

and supplying solar equipment since 1986. OEM supplier of
evacuated tube heat pipe technology for DHW & hydronic
heating. Systems building integration by joint venture with
registered architect. State licensed residential builder & solar
mechanical contractor. POB 409 Fennville MI 49408
tel: 269 2366179 email: info@BTFsolar.com www.BTFsolar.com

hybrid power systems & components for stand alone systems,
grid tied, RV’s & remote water pumping. Committed to
providing the highest quality service & customer satisfaction.
A proud member of Colorado SEIA and a lifetime member of
the Colorado RE Society and ASES. Xantrex Certified Dealer.
888 44solar or 888 447-6527 www.solarsolutions.com

Sunflower Solar Ready to go renewable? Sunflower Solar
is a COSEIA certified installer serving Colorado’s front range
and offers grid-tied, off grid and battery backup PV packages.
We cover Xcel rebate costs and paperwork making the switch
a breeze. Visit us today at: www.cosunflower.com 303-434-0536
info@cosunflower.com

SACKETT
BRICK
Fireplace
Design

Sackett Brick is the mid-west distributor for Tulikivi
masonry heaters. We have 10 dealers/installers in 8 states:
Indiana, Illinois, Iowa, Michigan, Minnesota, Missouri, Ohio &
Wisconsin. Tulikivi masonry heaters are a clean and efficient
way to provide heating, cooking and baking with very little
wood. Visit www.sackettbrick.com or call 800-848-9440.

www.homepower.com
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Missouri
PowerTomorrow designs and installs the Power of
Tomorrow—Today! Specializing in the design & installation
of solar hot water & home heat, photovoltaic, & wind power
solutions for your residential and commercial needs. As
seen on ABC’s “Extreme Home Makeover”. Since 1982, fully
insured. Call 877-427-7767, or visit www.powertomorrow.com

New Mexico, cont.
Positive Energy Inc. High quality renewable power

systems. Licensed, bonded, and insured electrical contractor
serving Santa Fe and northern NM. Owner Allan Sindelar
is NABCEP certified and is a certified dealer/installer for
Xantrex, Outback, and Sunnyboy. 505 424-1112.
E-mail: info@positiveenergysolar.com.
Website: www.positiveenergysolar.com

Montana
Oasis Montana Inc: Designs, sells, & installs renewable

Remod Solar Service Solar Heating Specialists for over

Sunelco, Inc. Montana’s premier full service renewable

New York
Akeena Solar is one of the nation’s largest residential

energy power systems in North America and also offers
efficient and gas appliances. Our engineer Dan Healy is a
NABCEP Certified Installer. Toll-free: 877-OASISMT or 877OASISPV. Web sites: www.oasismontana.com,
www.grid-tie.com, www.PVsolarpumps.com. E-mail:
info@oasismontana.com

energy dealer, has 20 years of satisfied customers on a global
scale. Water pumping to remote homes, we provide free
consultation, estimates, design assistance, and life-time tech
support on our systems. Get your copy of the Sunelco 16th
Edition Planning Guide and Catalog for only $5.
www.sunelco.com 888-786-3526

Nevada
Alternative Energy Solutions, Reno, Nevada. We

design, sell, install and service PV, wind, off grid and grid tie
RE systems, Nevada State Licensed and Bonded Contractor,
NABCEP PV Certified Installer. Xantrex / Trace Authorized
Service Center, Xantrex Certified Dealer, Outback Factory
trained field service technicians and Certified Uni-Solar field
laminate installer. 775-857-1157 toll free 1-866-491-SOLR

27 years with thousands of happy customers. Installation,
design & repair. Licensed NM Electrical, Plumbing and
HVAC contractor. Solar space heating, solar water heating,
radiant floor integration and solar pool heating. Old and slow
but at least we’re expensive. Remod Inc. Albuquerque Lic. #
26528 (505) 247-4522 chuckmarken@qwest.net

solar power integrators with three NABCEP-Certified PV
Installers on staff. Call for a free solar evaluation to determine
if solar power is feasible for you. Your solar power system
includes design/engineer/build services, complete financial
analyses and warranties. Serving CA, CT, NJ & NY. Visit
www.akeena.net or call 888-253-3628”

Solar & Wind FX Inc. NY’s only Off-grid Design &
Training Center, where a client can see the latest RE & Green
building technologies. A family owned, full service company
focusing on Western NY that provides site evaluation, design,
installation & the all important, service after the sale. Member
of NESEA & NYSEIA, SEI alumni & a NYSERDA installer.
585-229-2083, solarandwindfx.com
North Carolina

Solar Wind Works specializes in consultation,

sales, design, service, & installation of complete RE
systems. US Distributor for Proven Wind Turbines.
We supply all components. Grid-connected or gridindependent. Truckee, CA 530-582-4503, 877-682-4503,
NABCEP Certified Installer. NV Contractor’s Lic # 59288.
chris@solarwindworks.com, www.solarwindworks.com

SC Solar designs/installs PV systems—residential, US
military, solar lighting, water pumping, traffic management
power systems. Solar thermal & micro hydro. Custom UPS
systems for off grid. Installation area: NC, SC, VA, GA, TN, &
Mexico. For more info & credentials: 803-802-5522
www.scsolar.com CCR# & Cage Code #1SLJ5.

New Hampshire
Sunweaver Incorporating innovative technologies
for power, water and heat. Encouraging knowledge and
direction towards resource responsible solar living. Installing
in New England and the Caribbean since 1985. www.
sunweaver.org. mailto: info@sunweaver.org
603-942-5863 Showroom hours: Monday-Saturday 11am-6pm
New Jersey
Akeena Solar is one of the nation’s largest residential

solar power integrators with three NABCEP-Certified PV
Installers on staff. Call for a free solar evaluation to determine
if solar power is feasible for you. Your solar power system
includes design/engineer/build services, complete financial
analyses and warranties. Serving CA, CT, NJ & NY. Visit
www.akeena.net or call 888-253-3628”

New Mexico
Cedar Mountain Solar, LLC Leading installer of

solar heating systems. Integrated design/build services to
architects, contractors, and homeowners. Specialize in hybrid
solar/boiler hydronic heating systems for radiant floors,
baseboards, pools, spas, and domestic hot water. 1285-J Clark
Rd. Santa Fe, NM 87507 ph 505-474-5445 fax 505-474-6818
www.cedarmountainsolar.com info@cedarmountainsolar.com

Direct Power and Water Corp designs, engineers

& professionally installs turn-key solar electric systems for
remote homes/log cabins, commercial, telecommunication,
& water pumping applications. NABCEP Certified Design
Engineer Daniel Duffield & Master Electrician EE98J Dave
Hammack have over 30 years experience and live by PV.
References provided. (800)260-3792 www.directpower.com

Solar Village Institute, Inc..NC’s premier solar,

wind, micro-hydro dealer-installer-educators. Off-grid since
1992. Top quality, pro work, guaranteed. NC, SC, VA, GA.
Specializing in Wind/Solar hybrid off-grid systems. New/
remodels. Christopher W. Carter, NABCEP certified installer,
David Del Vecchio, NABCEP certified installer.
www.solarvillage.com, chris@solarvillage.com, 336-376-9530

Sundance Power Systems, Inc. is the largest
provider of Renewable Energy in Western North Carolina.
Since 1995, Sundance has been providing high quality
Residential and Commercial Design and Installation of PV,
Wind, Hydro, Solar Thermal and Hydronic Heating Systems
throughout the southeast. Phone: 828-689-2080 Email:
info@sundancepower.com Web: www.sundancepower.com.
Ohio
REpower Solutions: Northeast Ohio’s renewable
energy provider for home and business. Design, installation,
and education for PV and wind systems. NABCEP certified
installer. P.O. Box 91992, Cleveland, Ohio 44101.
Web: www.repowersolutions.com. Email:
power@repowersolutions.com. Phone: 216-402-4458
Third Sun Solar & Wind Power, Ltd. is Ohio’s

leading renewable energy contractor. Complete design and
installation of off-grid, utility tied, PV and wind systems
in OH, KY, IN, IL, MI, PA, WV. Owner Geoff Greenfield is
NABCEP Certified Solar PV Installer. We are committed to
excellent customer service & the highest quality systems.
www.third-sun.com. (740) 597-3111.

Oregon
Paradise Power Company is a small company located
in Taos, New Mexico, the solar capital of the world. Not
restricted to any locality though most of our work is in New
Mexico, Colorado, and Texas. We offer a complete electrical
service specializing in solar and alternative electrical system
design, sales, installation, maintenance and lifestyle.
505-737-5896. paradise@taosnet.com•www.paradisepower.net
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Electron Connection Licensed in CA and Oregon.

NABCEP Certified installer. Serving northernmost California
and southern Oregon. PV, wind, microhydro installs.
(800) 945-7587 email: bob-o@electronconnection.com,
www.electronconnection.com OR CCB# 149724
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Oregon, cont.
Mr. Sun Solar: Since 1980, the Northwest’s leading

Virginia
Dunimis Technology Inc. Providing alternative

Sunlight Solar Energy, Inc. specializes in full-service,

Washington
Mr. Sun Solar: Since 1980, the Northwest’s leading

solar installer. Over 1,200 projects including solar hot water,
solar pool heating, solar attic fans, and on- and off-grid PV
systems. Dealer for Sol-Reliant™, The Solar Water Heater
Built to Last - OG-300 and Bright Way™ approved. Phone:
(888) SOL-RELY (888-765-7359). Web: www.MrSunSolar.com
and www.SolReliant.com

turn-key, grid tied residential & commercial PV systems. Fully
licensed, providing consultations, efficient system design,
professional installations, and competitive pricing. Over 20
years of experience with two Licensed LRTs, one NABCEP
Certified PV installer, and one seasoned alumni of SEI. For
more info./referrals: www.sunlightsolar.com, 541/322-1910

energy systems since 1992. NABCEP certified solar
technicians on staff. We specialize in the more demanding
upscale off-grid residential & commercial installations.
Installations completed in ID, TX, PA, NJ, NC, VA, and WV.
P.O. Box 10, Gum Spring, VA 23065, Phone 804-457-9566,
jryago@netscape.com, www.pvforyou.com

solar installer. Over 1,200 projects including solar hot water,
solar pool heating, solar attic fans, and on- and off-grid PV
systems. Dealer for Sol-Reliant™, The Solar Water Heater
Built to Last - OG-300 and Bright Way™ approved. Phone:
(888) SOL-RELY (888-765-7359). Web: www.MrSunSolar.com
and www.SolReliant.com

Pennsylvania
Advanced Solar Industries, LLC. Specializing

Seraphim Energy, Inc. Full service electrical contractor

Appalachian Wind Systems, LLC has been serving

SolarWind Energy Systems, LLC P.O. Box 1234,
Okanogan, WA 98840 (509) 422-5309 www.solar-wind.
us WA Cont. # SOLARES983RQ. Serving Eastern WA &
Northern ID grid-tied & off-grid RE systems. Solar PV, wind,
solar hot water, remote stock watering. Design, installation,
service, maint. Solar Energy International (SEI) trained. Lic. &
bonded. bclark@solar-wind.us or jmartin@solar-wind.us

in solar electricity, wind energy, hot water systems, grid
tie systems and complete pre-packaged systems. With
over 10 years of experience serving PA, MD, DE & NJ. For
experienced system design or consultation, call 717-355-2715
or visit www.advancedsolarindustries.com

PA, WV & MD for 6 years. Distributor for Cyclone wind

www.
turbines, Synergy wind turbines, Sun solar panels, LED
windturbine-1 lighting, stand alone & grid tie inverters and other products.
.com
Site evaluations and financial analyses. We also sell, service &

install 10–60 meter NRG meteorological towers & first stage
wind analysis. For more information, call 724-452-0326

serving the Columbia River Watershed. We specialize in
on and off grid wind, sun and water powered systems,
meeting all your design, installation and procurement needs.
From 100W to 100GW, plug into Seraphim Energy. WA#
SERAPEC971MG, 800.265.6288, www.seraphimenergy.com,
re@seraphimenergy.com

South Carolina
SC Solar designs/installs PV systems—residential, US
military, solar lighting, water pumping, traffic management
power systems. Solar thermal & micro hydro. Custom UPS
systems for off grid. Installation area: NC, SC, VA, GA, TN,
& Mexico. For more info & credentials: 803-802-5522 www.
scsolar.com CCR# & Cage Code #1SLJ5.
Texas
Meridian Energy Systems specializes in the design

and installation of high quality solar and wind energy
systems throughout the State of Texas...and beyond. Factory
trained technicians and NABCEP Inaugural Certificant on
staff. Visit our website www.meridiansolar.com or call
512-448-0055

NTREI

North Texas Renewable Energy Inc. North Texas’
premier solar and small wind energy service. Complete
system design and installation. Available service contract
Independence–Reliability–Conservation. Jim Duncan
ntrei@earthlink.net 817.917.0527

Texas Solar Power Company Since 1995, we have
participated in design/build renewable energy projects for
both commercial and residential clients. Located in the city of
Austin we will travel where our services are needed. If you
would like more information, please log onto www.txspc.com
or phone (512) 459-9494 or call Toll free 1-(866) 459-9494.
Utah
Solar Unlimited Energy & Homes, Inc. Serving

Southern Utah, Eastern Nevada and Northern Arizona. We
provide sales, service and installation for all your alternative
energy needs, including PV, wind, Net metering, solar hot
water and off-grid systems. We are authorized dealers of
Gillette, Xantrex, OutBack and more. Licensed & Insured. Call
toll free 866-solar99 or visit www.solarunlimited.net

Vermont
Vermont Solar Engineering has provided the

finest in renewable energy throughout New York and New
England, since 1991. We design, install, and support solar
electric, wind electric, and solar hot water systems.
K. Herander, NABCEP™ certified installer. Xantrex Certified
Dealer. NYSERDA eligible installer. Vermont Solar and Wind
Partner. www.vermontsolar.com 1-800-286-1252

Solar Electric Systems Bellingham, WA 360-319-6273.
Design & install solar electric & wind power systems for
residential & commercial clients. Certified Installers for Sharp
Electronics, authorized dealers for SunWize Technologies, licensed
Washington State general & electrical contractors. Call today for
free estimate & learn about government & utility incentives.
info@solarelectricsystems.info • www.solarelectricsystems.info
Wisconsin
Photovoltaic Systems Co., since 1980 we have been

designing, installing and servicing solar electric systems
Photovoltaic statewide in WI. NABCEP Certified Installer, Xantrex certified
Systems Co. dealer & authorized service cntr.; MREA instructor teaching
basic thru advanced PV systems workshops. James Kerbel
7910 hwy 54 Amherst Wi. 54406 715-824-2069 PVSOLAR@
wi-net.com

Wyoming
Creative Energies Wyoming’s premiere full-service RE

company. Solar & wind power for remote cabins, homes &
ranches, utility grid-tied solar & wind power, solar hot water
& heating, solar water pumping & passive solar home design.
We custom design a system that fits your needs & budget.
Trace certified dealer. Phone/fax: 307-332-3410 toll free
866-332-3410 info@cesolar.com • www.cesolar.com

RE Installer? Get Listed.

Our readers continue to look to
Home Power for referrals
to RE installation professionals
in their area.
For more information or to get
your business listed in HP’s
installers directory, e-mail
advertising@homepower.com
or call 541-512-0201.
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United Bicycle Institute owner
Ron Sutphin makes the business case
for solar electricity. p. 26
Dec 06 / Jan 07, Issue 116
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why are we generating
our own electricity?
It’s simple...our BP Solar electric system
enables us to:
• lower our monthly electric bill
• guard against future rate hikes
• increase the value of our home
• reduce greenhouse gas by using a
clean energy source that produces
no carbon dioxide (CO2 ) emissions

For more information visit

www.bpsolar.us
BP Solar modules are made with pride
in the U.S.A.

Find out about state rebates, tax credits and other
incentives that make your BP Solar electric system even
more affordable than ever.

