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ADVANCING THE SOLAR REVOLUTION !
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NATIONAL WHOLESALE DISTRIBUTOR
28 Years of Solar Experience

SOLAR ELECTRIC (PV) SYSTEMS

SOLAR WATER HEATING SYSTEMS Solar Water Pumping
Complete Packages
SOLAR POOL HEATING SYSTEMS Agricultural / Residential

- Utility-tied and Off-grid Systems B
- Network of Authorized Installers BI.E-
- Team of Engineers / Technicians S

- Complete Pre-packaged Systems
- Assistance with Rebate Filing

- Delivery to Job-site

- Large Inventory Owner-builder discounts

00.822.4041

Homeowners call us at @
Covering California with 3 Locations for a referral to an authorized installer

- Corona 800.680.792:
- Petaluma 800.822 4041
- Sacramento E00.221.0101
: & oo
Dealer Inquiries Welcome
o S

www.solardepot.com
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The balance between Performance and Value in the TR
new Xantrex GT 5.0 Grid Tie Solar Inverter gives
installers the advantage they are looking for. Installers
can offer systems with lower installed costs using
Xantrex GT Series inverters, due to their outstanding
energy harvest and integrated design features. !

A

Il
. | 1
® 5.0 kilowatts of power e e +
® 96.5% peak efficiency (95.5% CEC)
® |Integrated design for quick, easy installation — 12
°

[
Includes AC/DC disconnects, mounting bracket, i
wiring box, and LCD display
e,
When looking for a grid tie inverter that offers the best Xantrex GT 5.0 Grid Tie
balance between performance and value, installers Solar Inverter

choose Xantrex, the smart choice for power.

Xantrex inverters are available through leading renewable energy
distributors. For more information about the Xantrex GT 5.0 and other
Xantrex renewable energy products please visit www.xantrex.com

AD20061124_homepower-gt5-ad
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Sunny Tower

The Flexible Solution for Commercial PV Systems

Please visit us:
POWER-GEN _

March 6-8, 2007
Mandalay Bay
Las Vegas, NV

Booth #703

Phone 530-273-4895
Toll Free 888-4SMAUSA

info@sma-america.com

SMA brings you the best in commercial inverter solutions:
The new Sunny Tower. Designed with the installer in mind,
we've combined ease of installation, lowest price per Watt,
and the highest efficiency to maximize rebates and power
production while minimizing your payback period. It is
available is sizes up to 42 kW and comes standard with a
Sunny WebBox making it Internet ready.

Contact your local SMA dealer for detailed specifica-
tions today.

/
VS A4
www.sma-america.com AWiR m




Conergy -
Your partner for renewable
energy solutions

Save the Date!
Conergy National
Dealer Training Event
April 1-3, 2007
New Mexico

With a global presence in 22 countries, Conergy is one of the world’s
largest renewable energy companies and is 100% dedicated to
renewable energy solutions. Conergy is your partner for on-grid,
off-grid, commercial, and residential solutions including solar electric,
solar thermal, solar water pumps, and small wind power systems.
We offer innovative products created by our team of 700+ product
engineers and leading industry suppliers. In addition, we offer key
business and operational services to keep your business growing.

Conergy offers:

Excellent customer care and technical support

Conergy Commercial Finance Program - innovative financing solutions
Best order fulfillment rate and responsiveness in the industry

DealerNet — 24 /7 product ordering and account management tool

100 % commitment to renewable energy solutions

Wholesale-only policy

The 2006 Conergy National Dealer Event was
great! It was well worth my time and next year |
plan to bring my whole company.” Zeke Y., CO

T
|

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. ConE HGH

OUR WORLD IS FULL OF ENERGY



4.5 billion years of producing energy
82 years of storing it e

Trojan Battery Company

Relatively speaking we haven 't been
around as long, but we 're just as reliable.

Capture the power of the sun with Trojan

égﬂj sz i/f Now with a premium 7 year warranty for
solar and renewable energy applications

7-Year Limited Warranty

- True deep-cycle technology

~ =
%@ﬂl‘“ TI.OIa“ Durable Polyon™ casing

BATTERY COMPANY Live technical support

Visit www.trojanbattery.com or call 1-800-423-6569 for your nearest dealer



Solahart has been
designing and building

solar water ™
heaters since Hﬂt Watﬂl' Frﬂﬂ trom “Ie S"II

1953. The Solahart
brand is backed by
Rheem, the leading
water heater
manufacturer

in the world.

 Simple and reliable
passive thermosiphon
systems

* Open and closed
loop systems for
installation in almost
any environment

For more information
on Solahart systems
and dealers, call
334-260-1525

or email us at
solar@rheem.com

Dealer inquiries -~ Solar
are welcomed! } Water Hea teﬁ.
built by Solahart

and backed by

Rheem!

Qualifies for New
Energy Tax Credit!

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

N
SRCE)

Solahart systems
0G-300 certified by SRCC Rheem Water Heating | 101 Bell Road | Montgomery, AL 36117-4305 | www.rheem.com
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FLEXware

Powering solutions
from 2 kW to 36 kW

FLEXware 1000

- il
FLEXware 500

i
.

FLEXware250

Power Systems’
Powering the Planet

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

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

www.outbackpower.com

Offshore wind turbines between Malmé and Copenhagen. Photo: einbo

from us to you

Yo
In My Backyard

spent a weekend sailing with my sister’s family in Nantucket Sound. The docks

were filled with locals debating the proposed Cape Wind Project, which would
place 130 turbines in the Sound. Opponents were quick to voice their opinions that
the project would ruin the Sound’s view, and stifle the local tourism-based economy.
And while it’s a little hard for me to admit it, while I was at the helm and taking in
the beautiful coastal landscape, there was a moment when I thought, “I can see why
people wouldn’t want wind turbines here.”

|_ast fall I traveled back to my childhood stomping grounds in New England, and

Months have passed, and I still ponder the thoughts I had on the water. I live
off the grid with solar electricity, contribute to a magazine that has been promoting
renewable energy for two decades, and firmly believe that renewables will be the
major component in creating a sustainable global energy supply. Plus, I just plain
love to watch big wind gennies spin. Back East, I had experienced a classic “not in
my backyard” moment, even though coastal New England hasn’t been my backyard
for close to twenty years.

The fact is, we all use electricity. And the resources required for its generation
must come from somewhere, whether it’s strip mines covering hundreds of square
miles in Appalachia, coal-fired plants in the Midwest pumping out emissions that
fall as acid rain in upstate New York, a nuclear plant on the coast of New Hampshire,
or wind turbines in Nantucket Sound. Our nation’s geographic dispersal of per-
capita wealth and influence determines which communities will bear the brunt
of our energy choices, and this probably will not change anytime soon. What can
change are the energy sources that each of us chooses to support, and the awareness
of how our decisions affect others.

Early this morning, as I sat outside with a cup of coffee, I noticed the eastern sun
glinting off the solar-electric arrays in my meadow. It felt good to be responsible
for making my own pollution-free electricity, and yes, to be doing it in my own
backyard.

—Joe Schwartz, for the Home Power crew

Think About It...

“Give Americans the facts and they’ll do the right thing.”

—Harry S.Truman

home power 117 /february & march 2007



Inspired by Installers
Engineered by OutBack

You spoke, we listened. FLEXware is the most integrated, modular
and spacious line of balance-of-system components we have ever
engineered and we couldn’t have done it without the feedback
of the people who know best, system designers and installers.
Visit www.outbackpower.com and see how FLEXware is bridging
the gap between imagination and reality.

OFLEXware

FLEXware 250 « FLEXware 500 « FLEXware 1000

19009 62nd Avenue NE European Sales Office
Arlington, WA USA Power Systems" Barcelona, Espana
(+1) 360-435-6030 Powering the Planet (+34) 600-843-845

www.outbackpower.com
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Paperwork? What Paperwork?
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At Fronius, we see paperwork as a hassle, and we know you do too.
So we got rid of it.

Need priority engineering support with an installation of a Fronius solar
inverter? Require a warranty replacement? Just call us. There are no
forms, no shipping costs, and — most importantly — no membership,

exams, or fees to get world-class service since every customer is important
at Fronius! So you can spend less time doing paperwork, and more time
doing what you love.

Take a look at what 60 years of experience can do for you.

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

POWERING YOUR FUTURE




Wind System Choices
I'm planning to have a wind-electric system installed at my rural
property. | have utility service at the site, and I'm on the fence about
going with a battery-based, grid-tie system, or going with a batteryless
system. The grid goes down a couple of times a year, and the longest
outage lasts an hour or two. Any recommendations for including
batteries or not?

Dean McAllister - Dubuque, lowa

Technically, financially, and environmentally, it’s easy to conclude that you
should purchase a batteryless wind-electric system. It will be lower cost,
simpler to install, easier to maintain, and more efficient than a battery-based
system. To me, it’s a huge waste to buy, maintain, and charge a battery bank
day in and day out, so that you can have a bit of electricity backup for the
few hours out of a year when the utility is out.

But this conclusion may not take into account your needs and desires.
You don’t mention why you want a wind-electric system. If it’s because you
want uninterruptible electricity for critical loads, a batteryless system will

not fill that need, since it’s designed to shut down when the
utility shuts down. But you should know

the cost of your backup system—

Modern inverters and wind generators, like this Proven
turbine, make batteryless grid-intertie wind-electric
systems a reality.

in dollars, system efficiency, and
environmental impact.

For example, with Bergey Windpower’s Excel line, the
manufacturer estimates that the battery-based version

produces about 15 percent less energy overall than

a

SMA America’s
Windy Boy
batteryless inverter.

the batteryless version. This, of course, depends
on the size of the battery bank, as well as other
factors. But I suspect that 15 percent loss is close
to the best-case scenario with small wind-electric

12

systems, and urge you and others to be realistic

about the losses incurred when adding batteries
OutBack’s
battery-based
inverter.

to a system.
Tan Woofenden e Home Power

Rescuing Damaged Batteries
OK, I'm really mad at myself. | have a set of two new golf-cart batteries that had been
sitting for a while. They weren’t being used. | was waiting to finish some system
upgrades before | installed them. | had them on a trickle charger from time to time just
to keep them going, but | wasn’t monitoring them very often. The water level dropped
enough to barely expose the plates in one cell. Is there any way to save these batteries?
So far, all I've done is put in enough distilled water to cover the plates again.

Tod Whitehurst - Blacksburg, Virginia

You've already learned the first lesson of working with battery-based renewable energy
systems—don’t purchase your batteries until you're ready to install them! For optimal
longevity, deep-cycle batteries should receive a full charge at least once a week, and be cycled
(discharged to 50 percent and then recharged) every month or two. Flooded lead-acid batteries
require an equalization charge four to six times a year. These three requirements are difficult to

fulfill if the batteries are not installed in a working system. (contimued o page 14)

home power 117 /february & march 2007
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Courtesy www.solarthermal.com
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--.Ask the EXPERTS!

Battery electrolyte levels should be checked
regularly—every one to three months, depending
on how high the system’s charge regulation
voltage is set and how large the charging source
(PV, wind generator, microhydro turbine, engine
generator) is, compared to the battery bank’s
capacity. Once you live with the system for a year
or so, you'll have a good sense for how often the
batteries need to have distilled water added.

Exposed battery plates should definitely be
avoided. Once the plates are exposed to air,
oxidation occurs and the surface area of the
plates that were above the battery water level
will be damaged, resulting in a loss of capacity
for that cell. The fact that your batteries were
using water when they were in storage and being
periodically trickle-charged is actually a good
sign. It means they were being fully charged, at
least periodically.

Since you've already purchased the batteries,
install them in your system and see how they
perform. If you're lucky, they may operate well,
with only a minor loss of capacity. Once the
batteries are installed, gradually increase the
charge regulation voltage over the course of
several charging cycles. Start at 14.2 VDC and
increase to 14.8 VDC. Keep the regulation voltage

Well-maintained
batteries can provide
years of service.

at 14.8 volts for a few weeks, before reducing it to the setpoints recommended by the
battery manufacturer. The high charge voltage will cause battery gassing, and help
to physically mix the battery electrolyte and distilled water, which probably have
stratified over time due to lack of regular charging. Next, within the time frame that
you're ramping up the regulation voltage, cycle the batteries—draw them down to 50
percent state of charge and recharge them several times. Finally, after you've run the
batteries through the cycling routine, perform equalization charges monthly for the first
few months.

Last but not least, it’s always a good idea to install a battery monitor (amp-hour
meter) in all but the smallest stand-alone battery systems. The monitor will allow you
to effectively track the state of charge of your batteries, and will also provide historical
data if troubleshooting is required. Good luck!

Joe Schwartz ¢ Home Power

Certification for Tax Credit

I'm looking at installing a solar water heating system. | have noticed that some
vendors are saying you have to purchase an SRCC certified system to qualify for the
federal tax credit. Is this true? If true, it makes no sense if someone wishes to pick and
choose system components to best suit their situation. Is it your understanding that
just the collector needs to be certified or the whole system (SRCC protocol OG-100
or 0G-300)?

Bob Lobsiger + Gretna, Nebraska

If you want to take advantage of the federal tax credit for your solar
hot water system, make sure your collector has SRCC certification.

At the very least, the collector will need to have
SRCC certification for the system to be eligible for
the federal tax credit. According to SEIA’s Guide to
Federal Tax Incentives for Solar Energy:

Credits can only be claimed on solar hot water heaters
that have been certified for performance by the nonprofit
SRCC or by a “comparable entity” endorsed by the state
government in the state where the water heater will be
used.

It's unclear whether the tax credit stipulations
requiring certification apply only to the collectors or
to the whole system. Since the IRS has never clarified
this, an OG-100 would seem to meet the language of
what constitutes “certified” property. Or you could
choose from among the many OG-300 certified
systems, which all use collectors certified to the OG-
100 standard. Installing an OG-300 system would
eliminate any concern about compliance with the
federal tax credit regulations should the IRS decide
to rule on this topic at some future point in time.
Chuck Marken ¢ Horme Power

home power 117 /february & march 2007
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We’ve done it again. Blue Sky Energy
is proud to announce Dusk to Dawn
=5 Solar Lighting control for all of our

y e *IPN based Charge Controllers.

*FOR NEW PRODUCTS WITH SOFTWARE VERSION 2.0 AN IPN-PROREMOTE IS REQUIRED
TO SET LIGHTING CONTROL FEATURES

SB3024i & SB2512i shown

Features include...

* Patented Multi-Stage MPPT i , S
Charge Control T T M

* Fully adjustable Post Dusk & p SEASER :

Pre-Dawn timers

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

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

blueskyenergyinc.com
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Efficient Motion Sensors

| have been trying to link motion sensors to LED lights to try to minimize energy
use in rooms in my house that are traversed frequently, but seldom have
occupants for any length of time. These same rooms seem to have the lights
left on regularly. How much electricity do the motion sensors use? Do they
all require a high power threshold to switch on? One of the sensors that | use
requires a load of 40 watts to work. Clearly, | do not need 40 watts’ worth of LED
lights to navigate the basement or find things in the pantry. Is a motion sensor
commercially available that doesnt use much energy itself, and that | can use

with small loads such as LED lights?

Craig Doser - via e-mail

RAB Electric’s
12-volt motion sensor.

It’s certainly possible to do the job with minimal energy use—you simply need to shop for the appropriate

equipment. RAB Electric makes a motion sensor that operates from a 12-volt battery and can switch up to

8 amps DC. It draws only 7 milliamps in idle, and 40 milliamps when powering a load. It will turn lights

on at approach, and hold them on for an adjustable time, from 5 seconds to 12 minutes after motion stops.

Sensitivity distance is adjustable, up to about 50 feet. For loads larger than 8 amps DC, or to control 120 V

loads (without an inverter being on 24/7), use an external relay. The motion sensor then simply controls the

coil of the relay; the power source and load are connected to the common and normally open contacts of the

relay, respectively. If you do not need to have the light on a lot and have a way of running a wire from your

basement to an outside wall with solar exposure, you might consider using a solar-powered, motion-activated

security light. The entire lighting system costs only a few dollars more than the RAB motion detector.

John O’Hara ¢ Backwoods Solar

Vapor Barriers
I'm planning to build a house and I'm confused about vapor
barriers. Where exactly should they be installed for ceiling/roof,
walls, and my crawl space?

Jon Miltstead - Poughkeepsie, New York

Vapor barriers impede the flow of water vapor as it travels from “more
to less” as well as “from warm to cold.” Common vapor barriers used
with insulation include 4-mil or 6-mil polyethylene plastic, and you can
also purchase batt or blanket insulation with an attached vapor barrier,
usually made of coated kraft paper or foil-backed paper.

Exterior Interior Exterior Interior
H’ Siding |
. Water
Sheathing ‘ Sheathing Vapor:
Water Prevented
‘ Vapor: from
Passes Vapor entering
| through Barrier: wall cavity
l wall In most
Condensation: ‘ climates,
Forms against between
cool sheathing \ Sheetrock | Sheetrock Sheetrock
& insulation

Insulation: j

Without vapor
barrier

Insulation: _/

With vapor
barrier

It’s most important to prevent warm, moist air from entering
your building envelope. Moisture problems mostly occur when
warm, moist air is allowed to condense on a cold surface. One way
to avoid these problems is to build walls and roofs that use “solid”
nonconvective construction, like structural insulated panels (SIPs).
Another strategy is to “outsulate” the building envelope (with rigid
insulation under the siding).

Because different climates call for different strategies, it’s
important to know the vapor profiles of the entire wall assembly,
including the materials incorporated into the building envelope.
In general, vapor barriers are most effective in extreme climates,
where the differences between indoor and outdoor temperature and
humidity are great.

An excellent online resource is www.buildingscience.com.
You'll find house design recommendations by climate regions, and
extensive resources that further explain the issues surrounding if and
how vapor barriers should be installed in your particular design and
climate. Do your homework first!

Rachel Connor ® Solar Energy International

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.
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gro Solar

Formerly Global Resource Options

What the World Needs.

Nationally distributed, value
added service and the quality 5

your business deserves.

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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Courtesy of www.sonyclassics.com/whokilledtheglectriccar
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PV in the Netherlands
| recently installed a grid-intertied solar-
electric system. | have made a simple
Web site about this installation at
www.jharingman.demon.nl.  Unfor-
tunately, | am one of few people in the
Netherlands who install solar-electric
modules these days, due to the total lack
of incentives. Our government thinks
that building nuclear power plants, and
shipping wood chips from Canada and
burning them here is a more efficient
allocation of money.

| have a different opinion. | think
individuals should be encouraged
to conserve energy, and if possible,
produce their own in a renewable way.
Measures to reduce our home’s electrical
consumption led to an annual usage

Bring Back Electric Vehicles
Yesterday | saw the film Who Killed the Electric
Car? at the local movie palace. The brutal crushing
(literally!) of the EV1 project by the General Motors
Corporation was shown in asomewhat heavy-handed
style reminiscent of filmmaker and activist Michael
Moore, but was very moving. The woman who
watched it with me (one of my off-grid customers)
wept at several points during the screening. Bring
back the CARB (California Air Resources Board) clean
air requirements! Hurrah for zero emission vehicles!
| want a Xebra PK!
Nick Houser, Off Grid Services *
Powell River, British Columbia

I second the motion! This is a very clear and balanced
film on the issue of electric vehicles, and their history
and potential in our society. The film is now available
on DVD. I recently purchased a copy, and we’ll be
having a public showing in our community later this
month. I encourage other Home Power readers to do the
same.

Tan Woofenden e Home Power

of only 1,000 KWH for our two-person
household (as opposed to the 3,500 KWH
usage for the average Dutch household).
This enables a relatively small system
(555 Wp) to cover about half our annual
consumption. | enjoy your magazine
greatly—keep up the good work! Sunny
regards,

Jeroen Haringman - Netherlands

Recycling

Mike Dalton’s letter about lending
Home Power magazines and not getting
them back reminded me of a related
problem | had. | lent out three issues to
a friend, being careful to stress that |
really wanted them returned. | even put

”

a “Please Return to...” sticker on the
front, along with my phone number.

Months later, another friend was

at the local dump doing a little picking

up as well as dropping off. He found

all three magazines and returned them

to me—after reading them of course.

There’s more than one way to spread

the word!
Jim Palmer -
Courtenay, British Columbia
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SELLING OFF-GRID POWER FOR REMOTE HOMES & BUSINESSES SINCE 1976

"‘-____.__-—-—-—--—-—t_-—.__‘

Please call or visit our website to check out
Sola[ WE USE WHAT WE SELL. THIS MONTH’S FEATURED PRODUCTS:
For 30 years, your calls
W’ d have been answered by the
Hl good folks at Backwoods
Solar who use the products
HYdIO they sell everyday. Each
Backwoods Solar employee
owns and operates an off-grid home
powered by the solar, wind, and/or

micro-hydro systems offered in our
catalog. We know what works and

SocanWomio ac
SolarWorld (formerly Shell Solar)
165 Watt and 175 Watt Modules
are ideal for 24 volt and 48 volt battery
charging systems.

- Xantrex DR and SW Plus
how it works! S Inverter/Chargers Provides homes

Our annual Catalog & Planning Guide = g vithan LGEESE batt?ry charger and
. . . transfer switch — all in one package!

teaches the basics of installing solar,

wind and hydroelectric residential '

power systems.We also offer free { ; i

system design service to our " '

customers by telephone and email —

or in person if you visit Backwoods

Solar. We can also refer you to solar
installation experts nationwide.

e R SR

Morningstar TriStar Charge
Control For 12- to 48-volt PV systems
up to 60 amps. Easy to adjust for all

Our |85_page battery types — charge, load or diversion

Catalog & control. Optional meter and remote

. . temperature sensor.

::I;'EE':g gu'de 5-year warranty.
0 riome

Power readers in M

the USA.
And be sure to sign up Surrette/Rolls Flooded
oy Deep-Cycle Batteries
| | | For remote home applications.
quarterly e-newsietter: Capacities from 400 to 2000+ amp-hours.

BACKWOODS SOLAR Call 208-263-4290
1589-HP Rapid Lightning Creek Rd., Sandpoint, ID 83864 USA 8 to 5 Pacific Time, Monday-Friday
phone 208-263-4290 + fax 208-265-4788 You can also order online!

info@backwoodssolar.com www.backwoodssolar.com



RE Missionary
It's hard to believe it has been more

than ten years since | became a huge
fan of your magazine. | lived and worked
on a missionary station in remote
southwestern Ethiopia from 1993 until
2001. The senior missionary, Fred
Van Gorkom, had a collection of your
magazines from HP1, and | read through
all of them.

Thanks to your dedication, service,

and educational articles, not only did
| live long enough to hand my
translation project over to my

Ethiopian co-workers, | was also
able to leave them with a reliable
renewable energy system to run
their computers and printers. (Not

to mention a solar pump on the well,
and a good rainwater catchment
system.)

Since returning to the United
States, and living on the grid, | thought
my days of renewable energy sources

were just going to be an interesting
footnote on my résumé. Well...I have

a friend who is in a monastery (www.
monasteryofstjohn.org), and they have
recently acquired 42 acres near Lassen
Volcanic National Park, in California. They
have great plans for using renewable
energy for their lighting and heating, if
possible. But they need some guidance in
terms of design and materials.

When the abbot, Father Jonah,
asked me how much | knew about
solar electricity and water heating,
I immediately felt immensely under-
qualified and thought, “Gee, wouldn't it
be great if Richard and Karen Perez and
all those folks at Home Power could be
here?”

John Chan « Nanuet, NY

Thanks for the kind words, and we hope
your friends at the monastery will look for
qualified local help to set up their solar
energy systems. Maybe you'll write about
these projects for Home Power when they
are done.

Ian Woofenden e Home Power

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
e Simulates removal of shade-causing obstructions

* Stores site readings for transfer to computer

e 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

—
"ll
To purchase a Solmetric SunEye, %{: Itumgr
please contact our national distributor, s
DC Power Systems at 1-800-967-6917

or www.dcpower-systems.com

Solmetric

www.solmetric.com
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Debating Renewable
Options

Over the last several issues, you have
featured articles discussing and debating
technologies such as hydrogen and
biofuels as replacements for our current
fossil-fuel-derived energy sources.
Although | have enjoyed reading
these widely varied opinions on these

great to solve all our energy problems
with a single technology, | just don’t see
that happening. Use solar electricity or
heating where it makes the most sense.
Use microhydro where it makes sense.
Use biofuels where they make sense.

“No single replacement technology can
fill the rather enormous void that will

subjects, one theme seems to be running
through all of the discussions—no single
replacement technology can fill the rather

enormous void that will be left when we ’ ““
enormous void that v be left when we run out of fossil fuels.
Therefore, would it not be a more

sensible approach to get all of these

brilliant minds working toward a Finally, significantly improve our methods

sustainable set of technologies that will and processes for storing energy. | firmly

be able to replace fossil fuels? It seems to believe that a very robust set of energy

me that we are sitting around debating storage technologies are key to replacing

what direction to go when we should fossil fuels. We must collect our energy

be going in all the various directions and when there is an abundance and be able

looking to match the positive attributes to store it for when there is a deficit.

of each sustainable technology with the I believe that these and other yet-to-

particular fossil fuel it will be able to help be-discovered sustainable technologies

replace. Although it would be absolutely should be researched, developed, and

Intelligent ®
o
Regulators (") PLASMATRONICS pf?ﬂﬁ‘ oS
The Core of independenos
Phocos USA

742 E. 46th Street

- - 1
ST e R i

T B BT
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deployed—and then let the markets
decide the fate of each. If we, as a world,
lose our “one-time use” mentality and
begin to think about how to maximize
the use of every resource, we will begin
to make real progress. | also believe we
need to change our definition of what a

“With the availability of renewable
energy technologies, just how ‘necessary’
is it to build yet another coal-fired power
plant and develop more strip mines?”

“resource” is. As a recipient of the Boy
Scouts of America’s Wood Badge, an
adult-leader training award, the very first
two lessons we learned were: 1. Fully use
all available resources. 2. Everything and
everyone is a resource.

Let’s see more articles exploring
ways to make these sustainable
technologies work to reduce or replace

the fossil fuels, and let’s quit debating
on which approach is right. If we apply
the technologies correctly, we will build
a sustainable cycle. If we don’t, the
entire process will fail. We can keep the
technologies that work and shelve the
ones that don’t, while keeping in mind
that all technologies are not right for all
situations. Thank you,

Greg Guldenschuh - Grayson, Georgia

Propose Solutions

I can’t find a lot to argue with in Michael
Welch’s Power Politics column about
energy and environmental justice in
HP115. What he writes about is the reality
of what is happening in the United States
today. My concern is that he gives us no
alternative. | have always been taught
that if you want to complain about
something you feel is wrong, come up
with an alternative.

Here's the reality: If you try to put any
type of energy generation facility near
a community that is well off, you will
spend decades in court paying expensive

WindsjOfiChange
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lawyers, and eventually either give up
or get shot down. The only place these
service businesses can get anything done
is in places where either the people are
too poor to fight it, or where there is a
small population. Everyone immediately
starts with “not in my backyard” (NIMBY),
and if the community has the financial
resources, they will eventually win.

What alternatives do you propose?
If you make it so that these necessary
industries cannot be built anywhere,
what then? The businesses have to have
somewhere to build the plants, dumps,
factories, etc., to supply the necessary
services. Where do you propose they
do this in a cost-effective manner, in
a reasonable amount of time? The
environmental justice movement you
write about seems like an extension of
NIMBY to “not in anyone’s backyard,”
which is a very unrealistic stance to take.
How about answering some of these
questions in one of your future articles?
Sincerely,

Kevin Kleinhomer - Newark, Delaware

I wrote about environmental justice
(EJ]) because many folks have not even
considered the concept. The E] movement
is relatively new and just beginning to have
some effect, as more and more people are
finding out about the inequities that exist.
If the movement gets enough of a voice,
maybe polluting industries will no longer
find it easy or inexpensive to burden any
community—rich or poor—and be forced to
seek less-polluting alternatives instead.

Poor communities should not be the
dumping grounds of the privileged and
powerful. I also believe that if our society is
to prove successful in the long run, the poor
will need to have voices just as loud as the
wealthy. As for how to accomplish this, I am
not sure. For example, there has been a lot of
antiracism work done for a long, long time,
yet our society still has to deal with racist
attitudes. We don’t just give up on fixing
problems like these.

It will help if people start by recognizing
that environmental justice problems exist.
Then, just like with other addictions and poor
habits, we can deal with them, which means

understanding the problems and mitigating
them when decisions need to be made.

It is far too easy to dismiss social
and environmental problems by labeling
them NIMBYism. There are many things
that should not be in anybody’s backyard.
With the availability of renewable energy
technologies, just how “necessary” is it to
build yet another coal-fired power plant and
develop more strip mines—especially when
faced with global warming and diminishing
supplies of clean water? We have pollution-
free solutions to energy production—we just
need to use them.

Michael Welch e Home Power

To send a letter to
Home Power’s Mailbox,
write to:

mailbox@homepower.com
or
Mailbox, ¢/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.

(Lt

Finally, Grid-tied Solar ’
with Battery Backup is EASY!

RW 28008X Grid-tied Solar Electric System w/Battery Backup

The ReadyWatt® 2800SX combines power electronics, batteries, j
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 QutBack 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. 'r’

* Preprogrammed for optimal operation in most applications
« Field programmable for custom situations
 Easy access to most frequently used controls

RW 2800SX

COMING SOON
from ReadyWatt®

Only ReadyWatt® makes battery backup this simple, clean, and easy!

Energ
Outfitters.

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

ReadyWatt® is a registered trademark of Energy Outfitters, Ltd.
CCB Lic. #167167 + ©2006 Energy Outfitters, Ltd. Al rights reserved.

www.homepower.com
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Call AEE Solar —
and join the team! .

® e
> I

2006-2007 AEE Catalog
available with space for
your name and logo!

e

800-777-6609
8:30 to 5:00 Pacific Time
Monday-Friday
www.aeesolar.com

Bringing Power to

SO] ar the People since 1979

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

ALAN J. KING, Director,

Sales for the Americas,
Evergreen Solar

AEE has a well-earned
reputation for delivering what
they promise. They also have a
huge inventory,
everything a dealer
or installer could
possibly need. In
an industry where
service is the primary
differentiating factor, AEE Solar
stands out.

SAM VANDERHOOF
Former Director of Sales &
Marketing, SMIA America

What separates AEE from the
crowd is their vast experience
and extremely knowledgeable
people. And that
knowledge is
hands-on, as
many of their
employees have
lived off the grid
for years. They're equally capable
with both off-grid and grid-tie
systems, a big plus. David Katz
and his staff are some of the
smartest people in the business.

JOEL DAVIDSON, Owner,
Solutions in Solar Electricity

AEE Solar offers us excellent
customer service, great prices and
quick delivery. With our customers
often hundreds or even thousands
of miles away, it's essential that
our orders are placed
and delivered
correctly, and

AEE always comes
through. They have
deep knowledge of
everything they sell, equipment
and systems alike. And they have
that old-fashioned “can-do”
attitude; you almost never hear
them say “sorry, we can't do that.”



Efficient, Reliable, Rugged...

/\ KACO has been making power conversion
u devices in Germany for over 60 years. Now the
KACO blue planet 1501 xi inverter is available

K n c 0 for sale in the United States. It is perfect for
S O L A R

outdoor or indoor installation and has the best DC

A ner nversion ratio of any inverter in it’s
KACO Solar, Inc. to AC energy co Y

1002B O’Reilly Avenue class. Call us today to discuss how you can become a
San Francisco, CA 94129 KACO partner.

T:+ | (866) KACO Solar
F:+ 1 (415) 931 1688 . “ . »
info@(kaco)solar.com KACO blue planet 1501xi is the CEC’s “Best in Class

www.kacosolar.com in efficiency of inverters under 2 kW.




Solar

T -

Passive

Custom-built glazed doors can turn your garage into a sun-warmed winter workshop.

...in a Weekend

by Gary Reysa

garages aren’t always pleasant places to work. They can be frigid in the

winter, sweltering in the summer, and cavelike at any time of the year.
This weekend project will make your garage a more comfortable work space,
while reducing your energy consumption from lighting and space heating.

‘ \ aving a shop or studio in the garage can be a great use of space, but
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The biggest boon is that you can do this weekend retrofit
yourself for about $400. Depending on your climate and
energy costs, you can recoup that expense with utility bill
savings over the first winter or two. At about $4 per square
foot, these simple solar collectors can do as good a job of solar
heating as commercial collectors costing $30 per square foot—
and they give you the added bonuses of natural lighting and
a view to the great outdoors!

Project Overview

This inexpensive and easy-to-build project converts a garage
that has a south-facing overhead door into a solar-heated
and lighted workshop, studio, playroom, sun space, or
greenhouse, using readily available materials and hardware.
If you're handy with a few power tools, you're good to go,
with one caveat—if your garage door doesn’t face south,
this project won’t work for you. (If you're still interested in
heating the garage with solar energy, take a look my other
article, “Build a Solar Heater for $350” in HP106, which
details how to construct a solar hot air collection system.)

The solar “collectors” are a set of custom-built glazed
doors mounted to the existing garage door frame, just outside
of the garage door itself. Each set consists of two doors
hinged at their vertical edges to open outward. The new
doors are about 80 percent glazing to admit as much sunlight
as possible.

The large expanse of glazing admits low-angled winter
sunshine directly into the garage, warming the concrete
floor and other surfaces. The thermal mass of the floor and
shop’s contents absorbs the sun’s heat energy and then
slowly distributes it into the space. On partly cloudy or thinly
overcast days, solar thermal energy will still provide quite a
bit of heat, but on heavily overcast days, you may need to use
a supplementary heater. An optional screen of greenhouse
shade cloth, suspended from a horizontal wire just inside
the existing garage door, reduces daytime glare, while still
admitting ample light and maintaining a screened view to
the outdoors.

www.homepower.com

solar retrofit

Project Pros
& Cons

Pros:

» Makes the garage/shop a
comfortable, well-lit place to
work

» Reduces need for daytime
electrical lighting

+ Saves money and reduces
greenhouse gas emissions
by not using fossil fuels for
heating and lighting

* Reduces the need for auxiliary
heating

* Inexpensive

* Requires only basic tools and
carpentry skills

« |s attractive (even better-
looking than the original
garage door)

Cons:

* You have to remember to
raise the garage door in the
morning and shut it at night

» By itself, provides less
security than the garage
door (substituting twin-wall
polycarbonate glazing could
help, because it's more
impact-resistant than acrylic)

* On cloudy days, some form of
backup heat may be necessary
to keep the shop space
comfortable

* Over time, the acrylic panels
may become scratched,
marring the glazing’s
appearance

* Outward-opening doors
might be an inconvenience,
especially if there is a lot of
snow and ice on the driveway
or it is necessary to park close
to the building

Glazed doors provide passive
heating and natural lighting
for the garage-workshop.
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solar retrofit

Two of the four “solar” doors installed on the right side of the center column (not yet
finished). The original garage door can still close, providing some nighttime insulation.

Project Details
This is how I designed my doors, but you'll need to customize
the construction details to suit your garage door opening’s
specific dimensions.

Center column. A removable column in the middle of
the existing double-wide garage door opening supports the
two center doors, which are hinged on the center column.

Alternative Frame
Construction Details

Inside Trim:
1- by 1-inch strips,
glued and nailed

3 Glazing:
Side: 3/16-inch acrylic,
2by 6 set with silicone caulk

4—/ Outside Trim:
1- by 1-inch strips,
nailed

— - ¥ i i..

- e
1 - -
\ 5Corner Gusset: = L

\ /4-inch plywood,

\ - Bottom:

L:ﬂ screwsd & g-lued 2 by 6

- = -

The column is made from three 2 by 4s
nailed together. The top and bottom of
the column are attached to metal plates
that are lag-screwed to the concrete
floor and the upper door frame. To
restore the full-width opening of the
garage, the column can be removed by
taking out the lag screws. To mask the
ganged 2 by 4s and match the existing
door frame, you can add trim pieces to
the outside of the column.

Door Frames. The column divides
the open garage door frame into two
spaces, which can be further divided
by door panels, depending on the
width of the openings. In this case,
two doors were designed to fit each
of the approximately 8- by 8-foot
openings on either side of the column.
In each opening, one door is hinged
to the existing garage door frame, and
the other door is hinged to the new
column.

The door
construction allows for maximum
glazing area. If you plan to open and
close the doors a lot, consider somewhat
beefier construction. My doors are made
with 5- by 11/4-inch pine boards milled
from rough-sawn lumber, locally purchased. They can also be
constructed using 2 by 6s.

Be sure to reinforce the corners of the panel frames. I used
glue and biscuit joinery to make the corner joints, but you
can also use pocket screws, plywood gussets, or metal plates.
If you anticipate opening and closing the doors frequently,
good corner reinforcement is imperative. Before gluing the
corner joints, make sure that the door frames are square by
checking that the diagonal corner-to-corner distances are
equal. Use a high-quality, water-resistant carpenter’s wood
glue (also known as “yellow glue”) or, for even better weather
protection, polyurethane glue.

Glazing. The glazing panels are 3/16-inch-thick acrylic.
Each door panel required most of a 4- by 8-foot sheet of
acrylic. The glazing sits in a rabbeted groove that is cut
around the inside of each framed section. I made the rabbets
by simply routing around the inside of each door frame. To
allow room for thermal expansion, cut the acrylic panels to
leave a 1/16-inch clearance all the way around. Secure the
glazing to the door frame by running a light bead of silicone
caulk in the rabbeted groove, setting the glazing in the
frame, and then nailing a small piece of 1/2- by 1/2-inch wood
molding to the frame.

If you don’t have access to a router and biscuit joiner, you
can construct the door frames as shown at left, using 2 by 6s
for the framing, and plywood gussets glued and screwed to the
door frames at the corners. Two 1- by 1-inch frames, attached to
the 2 by 6s and spaced apart, hold the glazing in position. This
technique results in a strong and attractive door frame.

frames” minimal
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solar retrofit

Glazing:
3/16-inch acrylic

:

Shade Cloth:
Movable, hangs from
cable inside, allows heat
gain while reducing glare

Door Frames:
2 by 6s

Hinges:
Three per door;
regular or heavy duty

Center Post:
Three 2 by 4s, plus trim;
supports two center doors;
removable

As an alternative to using acrylic glazing, you can use
twin-wall polycarbonate panels. The twin-wall material is
extremely tough and more impact-resistant than acrylic.
Although the polycarbonate panels will obscure the view,
they’ll still allow up to 85 percent light transmission. Another
option is to use acrylic panels on the upper frames and
twin-wall on the lower frames to preserve some view, while
providing some privacy.

Outside view of the removable
center column, trimmed
to match the existing frame.

Inside view of the bottom of a door pair,
without trim strip installed. Toggles hold
summer reflector panels in place.

Mounting. After the doors are completed, prop them into
the openings, and trim as needed to make them fit properly.
Mount the doors at least 1/4 inch above the floor so they will
open without scraping on the concrete. To allow for thermal
expansion, I left I/4-inch gaps all the way around and between
the doors—the weather stripping you will install later does a
good job of sealing these gaps. Check carefully that there are
no clearance problems with the existing garage door or frame.

Inside view of the top of a door pair with
stop block. A trim strip and weather
stripping reduce air infiltration.

www.homepower.com




solar retrofit

Keeping Cool
in the Summer

Lots of thermal gain is great for keeping your workshop
warm in the winter, but what about preventing
overheating in the summer? Without an adequate roof
overhang on the building’s south side, the temperature
within the work space can become uncomfortably
hot. Here are some ways to control summertime
temperatures:

» Keep the overhead garage door closed. This is

effective, but you'll lose the daylighting and view.

» Open the garage door and the glazed doors to allow

more ventilation.

Build an overhang above the glazed doors that blocks
the high summer sun, but still allows the winter

sun to enter (see www.builditsolar.com/References/
SunChartRS.htm#Overhangs).

During the summer, install reflective, 1/8-inch-thick,
white hardboard panels just behind the glazing

in the lower sections of the doors, using “toggle”
strips to secure them. These panels will reflect most
of the sun, and the upper door sections will still
allow daylight in and views out. Most lumberyards
carry inexpensive, 1/8-inch hardboard with a glossy
white finish that works well. Attach flat wood strips
horizontally across the back of the frame to keep the
panels from warping.

To prevent your shop from overheating
in the summer, install 1/8-inch, white hardboard
panels on the inside of the lower door panels.

30

Once you are satisfied with the fit, use three door hinges to
attach each door to the existing garage door frame and new
post. As a general rule, use one hinge for every 30 inches of
door or fraction thereof. I used ordinary door hinges, which
have worked fine, but heavier hinges could be used if the
doors get a lot of use.

Weather Stripping. Once the new doors are in place, they
should be weather stripped to help curb air infiltration. I used
vinyl “garage door” weather stripping around the top and
sides of the doors. To prevent drafts from entering below the
doors, I attached a 11/2- by 1/2-inch wood strip to the garage
floor using concrete fasteners. The doors butt against this
strip when closed. The strip reduces air infiltration, and is still
easy to drive over. To seal the vertical joint between the doors,
I attached a 11/2- by 1/2-inch wood strip to one door so that it
overlaps the other door when closed. Don’t forget to search
for other areas where air could enter, and seal them up.

The doors are latched from the inside by simple door bolts
attached to the upper and lower portions of the doors—one
set of latches per pair of doors. The bolt seats into holes drilled
into the concrete floor and into the garage door frame. I use
the west-most two doors so infrequently that I just screwed
them to stop blocks mounted on the floor and door frame—
this is simple, and it only takes a couple of minutes to remove
the screws if a door needs to be opened.

Finishing Touches. A 1/16-inch steel cable stretched across
the garage’s width and anchored to the side walls supports
the shade cloth. The support cable is about 71/2 feet above
the floor, and runs just under the opened overhead garage
door. A turnbuckle at one end allows the cable to be stretched
tight. The shade cloth I used is 6 feet tall; I cut three 83-inch-
wide panels to overlap a bit and fit across the 18-foot door
width. Shower-curtain hangers suspend the cloth from the
cable, allowing each panel to be drawn to the side when not
in use. Shade cloth comes in a wide selection of colors and
densities. Even a dense cloth, rated to block about 85 percent
of ultraviolet light, still allows light to enter the shop while
permitting a very diffuse view out.

Solar Retrofit Costs

Needed Items Cost
4 Acrylic sheets, 4 x 8 ft., 3/16 in. thick $280

Glue, screws, caulk, hinges, latches, paint,
weather stripping, etc.

14 Studs, 2 x 6, 8 ft. long 50

Total, Needed Items

Optional Items

70

Greenhouse shade cloth, 120 sq. ft.; $60

plus 18 ft. of steel cable

2 Hardboard panels, white, 4 x 8 ft. 16
Total, Optional ltems $76

Grand Total
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Operation

On sunny days, I open the overhead garage door, leaving the
glazed doors shut. The thermal mass in the garage floor and
the shop’s contents absorb solar energy and redistribute it to
heat the space evenly. The large glazed doors also provide
excellent daylighting, eliminating the need for supplementary
electrical lighting during the day, and provide a good view of
the outside world—creating the feeling of working outside,
without the bracing winter breeze or blazing summer sun.

I usually draw the shade cloth screen off to the side so
that sun can shine directly into the shop, but if the sunlight
produces too much glare, the shade cloth curtain can be used
to reduce it. (Another use for the shade cloth, if you're the
disorganized type, is to keep people from seeing your messy
shop!)

On partly cloudy or thinly overcast days, the collector
still works fairly well, but on really cloudy days, keep the
overhead garage door closed to slow heat loss. At night I close
the garage door to provide additional insulation and reduce
heat loss through the glazed door panels.

Performance

Occasionally, I hear comments that passive solar thermal
heating can’t possibly work when it’s really cold out—wrong!
Since I added the glazed doors, the temperatures in my
workshop are usually in the high 60s or low 70s—without
additional heating. I monitored the temperatures inside the
shop during a period of cold, clear weather. The ambient
temperature dropped to 20°F below zero, but the daytime
shop temperature—just relying on the solar collector for
heating—still reached 70°F (see graph). So far, the shop has
never been too cold to work in.

Water barrels
set inside the
solar doors act
as thermal mass,
helping minimize
temperature
swings from day
to night. (Here,
temperature
sensors monitor
heat gain.)

www.homepower.com

solar retrofit

Solar Workshop
Heating Performance
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The downside of using glazed doors or windows for
collectors is that the heat loss at night can be high. Without
some form of insulation to reduce nighttime heat loss, the
glazed door can lose much of the day’s heat gain. This is
where using the existing garage door can dramatically reduce
heat losses at night. Garage doors are typically well sealed to
prevent drafts, and insulated to between R-6 and R-9. When
you add this to the R-1 (or above) of the new glazed doors,
you get a whole-wall R-value similar to a typical, fiberglass-
insulated, 2 by 4 wall. Closing the garage door after a cold,
but sunny, day increases the workshop’s net heat gain by a
factor of 2.5. The garage door also adds a second barrier to
help prevent air infiltration.

If you find that the shop space tends to be a bit warm in
the afternoons, and a little chilly in the mornings, try adding
some thermal mass to even out the temperature swings. One
strategy is to place several dark-colored water barrels just
inside the garage door. Position the barrels so that the sun
shines directly on them. They will absorb heat during the day
and temper afternoon temperatures inside. Once the space
starts to cool, the barrels will slowly release their stored heat,
making the space warmer and more comfortable at night
and the next morning. Based on my experience, you will
need about four 55-gallon water barrels to make a significant
difference.

With or without water barrels, the combination of the
new outer glazed doors, the existing overhead garage door,
and the sliding screen is a simple but very effective way to
harvest some free solar heat and to control the temperature in
the shop. Invest a weekend creating your own passive solar
workshop, and you’ll spend many an afternoon thereafter
basking in the warmth of your reward.

Access
Gary Reysa ¢ gary@builditsolar.com e
www.builditsolar.com
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*Recently awarded one of
America’s top 500 growing
companies by Inc. Magazine!

the

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

A simple and environmentally sensible
solution that can save

you money! Powered
| completely by solar
energy, these efficient
units are installable by
the do-it-yourselfer.
starting at: $330

Global Solar 6W & 12W Glass

Framed Solar Modules
renewable

This is the next generation
of solar power modules
intended for off-grid
applications needing reliable
lower wattage power,
designed to last for years.

starting at: $70

Off-grid
Packaged Systems!

Panels by the Pallet

i
Get pallet loads of
EHE_—I‘—!‘J Unisolar, Sharp,

Matrix... Call for

oy the, |
__.%—E—FLJE‘B Sﬁt‘ﬁgzupplies last!

Shurflo 2088 12V Premium
Surface Pump

SHUR(flo 2088 Series
12V DC diaphragm
water pumps work
great for many off grid
watering needs.

$172

alternative energy store

www.altenergystore.com
shop online 24/7 or call now toll-free:
1.877.878.4060 (m-f, 9am-7pm est)

. .store..|

Southwest Windpower
Whisper 200

The Whisper 200 can be
installed in just a few hours
with no welding, concrete or
cranes. Now wind is as easy
to use as photovoltaics!

$2,367

Innergy Power’s 12V Emergency

Solar Power Kit
Looking for a portable emergency power
solution? Check out Innergy Power’s
Emergency Preparedness Kit. It's a solar
panel, battery,

- :
l emergency light and
adapter ALL IN ONE!
While supplies last!
$315

Evergreen Solar Spruce Series
170W, 180W & 190W panels

85W Off-Grid Cabin Special
Package!

Break free of the grid!

5. 85W peak Watts, 12
Volt DC off-grid system
featuring Matrix PW750
85W solar panels.

$1,254

Microhydro - Clean Power from

Water by Scott Davis
Highly illustrated and
THCTOMACD practical, this is the first com-
L[ plete book on microhydro in
- - a decade. Choose from our
",,:'}1_ 4 other fantastic books on
"""y topics such as solar hot
| = |\ water, wind energy, and

i $20.95

Advanced technology with
promise for the future. Ideal for
grid tie systems and at a great
price! Made in the USA!

starting at: $81 2

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



SMALL-SCALE
SYSTEM

for an On-Grid Island Getaway

by lan Woofenden

R od and Barbara Brown live busy lives in California’s San Francisco Bay Area,
and travel the world on business. When they want to relax, they head north
to Guemes Island in northwest Washington, to a beach cabin they’ve owned for the
last five years. They love the island for its natural beauty, and recently decided to
make their cabin’s electricity with natural energy—sunshine.

A small, rooftop-mounted solar-electric array provides all of the Brown family’s annual electricity needs for their vacation cabin.
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Rod was looking to slow the pace of his life and devote
more time to his family. “I have spent many years working
many hours,” says Rod, “and I sometimes feel that my family
paid a price for that.

“An island getaway—with a focus on nature, the sea, the
air, and a slower pace—seemed the best place to begin,” he
says. “I wanted my children to know about boats, the cycles of
the sea and tides, and food from the sea. These are things they
cannot learn from school, television, and video games.”

Renewable Decision

Rod and his family were introduced to Guemes Island
through a friend with long-term ties to the island. In 2001,
they found and purchased their modest place, a 1950s-era,
1,000-square-foot cabin on the island’s stunning West Beach.

The Browns have been fixing up their cabin for the last few
years. They have added a two-bay garage/shop to house their
boat, sports equipment, washer and dryer, and some bunks
for friends and family who visit on occasion. The home’s
electrical loads are modest and seasonal, and with Rod’s long-
term interest in the environmental and technological aspects
of renewable energy, installing a solar-electric (photovoltaic;
PV) system seemed like a great fit.

“I want to help further the technology, and the best way to
do that is to buy the equipment and support those generally
smaller firms that are leading the way,” says Rod. “I felt that
my own purchase and use of a system would help me to
learn and understand more, and also help the entire cause
in some minute way. Although I am pleased to get some tax
credits and some relief from our own energy bills, that was
not the point. I wanted to know more, and to start on a path
of renewable energy progress. This was a brilliant, easy, and
fun first step.”

A rack mounted to the metal roof supports
the photovoltaic modules.

www.homepower.com

seasonal ecnergy

A batteryless grid-tie system is relatively simple—
all components, except for the solar-electric array,
are pictured here.

Small Design, Satisfying Rewards

Rod and Barbara’s island home is small, and their lifestyle on
the island is not extravagant. They use electricity for lighting
and water heating, and to power basic appliances and their
laptop computers. They have no TV or video game consoles
at the cabin, preferring to spend their time enjoying the beach
and sea.

But the largest reason their annual electrical usage is so
low is that they only use their beach home four to five weeks
during the year. Their visits also coincide with a season when
the house needs no heating, no cooling, and little lighting.
When they head back to California, they close up the cabin,
shut off all electricity to the house, shut off the water, and
drain the water lines. A radiant heating system in the garage
floor is set to maintain temperatures just above freezing, and
all electrical devices in the shop that have phantom loads are
unplugged. Meanwhile, even while the Browns are away,
the grid-tied PV system keeps producing electricity, meeting
the minimal loads, and sending excess electricity to the grid,
which is credited to the Browns’ electric bill.

From my standpoint as an RE consultant, designing
the Brown'’s system was easy and exciting. Guemes Island
experiences occasional utility outages, but these normally
occur in the winter, when the Browns are living at their
California home. A batteryless, grid-tied system was
determined to be the best approach, compared to an off-grid
system or one with battery backup.

With off-grid systems, a complete load analysis is vital
to make sure that the PV array and battery are sized
appropriately. With battery backup systems, installers need
to make sure end users have realistic expectations about
how much backup energy they need, for what loads, for how
long—and at what price. Both off-grid and on-grid battery-
based backup systems require periodic maintenance, and
eventual replacement of the batteries. The increased cost,
maintenance, and somewhat lower efficiency of these systems
mean that people should take a hard look at their needs. In
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Excess length is trimmed off the array rack’s rails for
a neat, streamlined installation.

contrast, sizing the Browns’ system was straightforward—by
analyzing their utility bills, it was easy to calculate their
average daily usage. The figure was a pleasant surprise—a
year-round average of only 2 kilowatt-hours (KWH) per day.

The potential of showcasing this small system to other
seasonal islanders was particularly exciting to me. Most
people buy vacation homes on Guemes Island because they
love the area’s natural beauty. Using clean, renewable energy
fits within this value system, and helps offset a household’s

Brown System Costs

Item Cost
4 Sharp NT-175U1 PV modules, 175 W $4,132
Labor 1,940
Sunny Boy 700U inverter with LCD display 1,573
Misc. electrical 362
UniRac PV mounts 203
Square D disconnect, 30 A 148
Miscellaneous hardware 80
Delta LA602DC DC lightning arrestor 38
Delta LA302R AC lightning arrestor 34
Multi-Contact module cables/connectors 30

Total

Less federal tax credit -$2,000
Less utility rebate -403

Grand Total $6,137

environmental impacts due to energy use. Plus, about half
of the homes on the island are only occupied during the
summer months, which means seasonal needs for electricity
come at a time of abundant sunshine—a perfect pairing for a
solar-electric system, especially when the utility’s annualized
net metering program is considered. This, coupled with
a relatively small up-front investment, makes installing
similarly sized systems a very viable option for other vacation-
home owners.

Brown On-Grid Photovoltaic System

Photovoltaics: Four Sharp NT-175U1, 175 W each at
35.4 Vmp, wired in one, four-module series string for
700 W total at 141.6 Vmp
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On Grid, No Maintenance
Rod and Barbara’s system was installed
as part of a Solar Energy International
(SEI) workshop, with the help of a
local solar contractor, Kelly Keilwitz of
Whidbey Sun & Wind. The installation
was completed and commissioned in
one day, after two days of classroom
instruction by electrician Carol Weis
of SEL

With only six major components—
PV modules, racks, wiring, inverter,
disconnects, and metering—system
installation was straightforward. The
direct current (DC) output of the PV
array is routed to an inverter, which
produces grid-synchronous alternating
current (AC) electricity. This feeds the
house loads as needed, or is sent back to
the utility grid.

The 2 KWH per day average
consumption allowed using the smallest
available batteryless inverter, SMA
America’s Sunny Boy 700U, which has
a 700-watt rating. An array of four,
175-watt Sharp solar-electric modules
feed the inverter. This combination may
produce somewhat more than the 2
KWH per day needed to meet average
loads, but that's OK—the goal here is
more renewable energy. The Browns
will likely have a slight energy surplus
when the utility zeroes their net metering
account on January 1 of each year.
But that fits with Rod and Barbara’s
environmental goals too—they want to
reduce their impact on the environment
while enjoying their lifestyle.

PV Payoff

Although western Washington has a
reputation for being cloudy and rainy,
the sun shows its face all summer and
frequently during other times of the
year, with an average of 4 peak sun-
hours (1,000 watts per square meter
equivalent) per day in the islands. This
is roughly the same amount of average
peak sun-hours that New York City,
Indianapolis, or Boston receives. The
Browns’ grid-tied PV system helps

them put this seasonal advantage to good use through an
annualized net metering agreement with the utility.

Net metering laws require utilities to pay renewable
electricity producers at the same rate they are billed for
electricity, up to the level of the their usage (net). This utility
rate structure, now in 40 states (plus Washington, D.C.),
allows consumers to use the utility grid as a sort of “battery,”

seasonal ecnergy

High Quality, Low-Power
Batteryless Inverters

Low-power, batteryless inverter options for small, grid-tied solar-electric systems
are limited. Trace’s somewhat-popular, 90-watt MicroSine batteryless PV inverter
went out of production several years ago, and Exeltech’s module-based inverter
is still under development. At the time of writing, SMA America’s 700-watt
SB700U inverter is the lowest power batteryless PV inverter on the U.S. market.
And while some end users may be waiting for even lower power inverters that
can be directly coupled with PV modules, the SB700U offers high performance,
reliability, and design flexibility, making it a great choice for small grid-tied PV
systems.

The SB700U’s main selling point, other than its low-power design focus, is three
field-selectable PV voltage ranges. This allows you or your installer to design a
small, batteryless PV system with as few as three 24 VDC nominal modules and,
depending on the voltage and wattage rating of the modules you're using, add
up to about five 24 VDC modules. To determine the exact PV string configuration
for your particular SB700U system, use the string-sizing calculator at www.sma-
america.com.

While modularity is a great aspect of the SB700U inverter—and of PV systems in
general—before you get started, it's always a good idea to determine your ultimate
goal for PV array size. In residential systems, multiple, low-power inverters will
typically have a higher cost per watt when compared to a single, larger unit.
For example, the SB700U has an MSRP of about $1,600
($2.29 per watt), while a 2,500-watt batteryless
inverter will have an MSRP of about $2,300
($0.92 per watt). In this example, if you used
multiple low-power inverters, you’d end
up paying roughly 2.5 times as much per
rated watt of inverter capacity if you were
to eventually install 2,500 watts of PVs.
However, if you're planning to keep the
size of your PV array within the wattage
specifications of the low-power inverter,
it will be cost effective, even though the

cost per watt is higher.

Sunny Boy 700U Voltage Specs

Configuration Rated AC Maximum AC Maximum AC
(VDC) Amps Amps Watts
75-150 3.8 4.3 460

100-200 5.0 5.7 600
125-250 5.8 6.6 700

credit when they do.

www.homepower.com

banking excess energy credits when their homes don’t use all
of the solar electricity being produced, and drawing from that

Most net metering agreements stipulate a “zeroing” time,
when the energy balance is settled. Any energy surplus
produced by the consumer’s RE system is either forfeited
or, in some cases, paid for (generally at a lower rate). This
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zeroing time is crucial to the usefulness of the net metering
policy, and to how systems are designed. With monthly net
metering agreements, if a household’s RE system generates
more energy in a month than the household uses, no credit
may be given for that surplus. In places that are sunny year-
round, this may not be a drawback. But overall, annualized
net metering is much more useful, since a surplus in one
season builds up a credit for another.

In addition to the advantages of net metering, the
Browns are eligible for a $2,000 federal tax credit and a $403
up-front rebate from the local utility, Puget Sound Energy.
They can also apply for a 15-cent-per-KWH incentive from
the state of Washington, and a 5-cent-per-KWH “green
tags” incentive from a regional organization promoting
renewable energy.

Small Steps
“I believe it is very important for our country and the world
to be using renewable sources of energy,” says Rod’s wife
Barbara, “for the sake of the planet and for national security.
Many Americans discuss this matter, but do nothing to begin
to solve the problem. We decided to take the first steps toward
creating our own household energy with the sun.”

“We must all take steps, even small ones, to help further the
effort toward environmentally sound electricity production,”

says Rod. “For me, purchasing the solar-electric system is my
family’s first step.” The next steps for Rod and Barbara are a
rainwater catchment system for their island home, and solar
energy systems for their home in the San Francisco Bay area.

Access
Tan Woofenden, PO Box 1001, Anacortes, WA 98221 e
ian.woofenden@homepower.com

Kelly Keilwitz, Whidbey Sun & Wind ¢ 360-678-7131
www.whidbeysunwind.com e Project contractor

Solar Energy International ¢ 970-963-8855 e
www.solarenergy.org ® Workshop project coordinator

PV System Components:
Sharp Electronics, Solar Systems Division ® 800-SOLARO06
www.sharp-usa.com/solar ® PVs

SMA America Inc. ® 530-273-4895 ¢ www.sma-america.com ®
Inverter

UniRac Inc. ® 505-242-6411 ¢ www.unirac.com ® Module
rack
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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.

Available Accessories:
Remote control

Also available:

MS2012 and MS2812 pure sine wave inverter/chargers
Modified sine wave models RD1824, RD2824, RD3924,
and the NEWMMG612AE and MM1212AE inverter/chargers

Dealer and distributor inquiries welcome

Distributors:
Carmanah Technologies

800-667-6527 800-467-6527

AGS module - auto generator start

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.

Economical:

Simply said — the MS4024 won't
break the bank.

Stacking cable - series stackable

New MM-AE Inverter/Charger

Energy Outfitters, LTD Solatron Technologies Wholesale Solar

888-647-6527 800-472-1142

The MS4024: 4000 watt
inverter with power
factor corrected charger

www.magnumenergy.com

Phone: 425-353-8833

The Powerful Difference



Ellecinic

If you have a suitable site, harnessing the energy in a stream or creek can be the most
cost-effective way to make renewable electricity. Compared to the sun and wind’s
variability, a stream’s flow is relatively consistent, making microhydro-electric
system output the most predictable of all the renewable energy (RE) electrical
systems. Hydro resources are also the most site specific, since your property must
have a usable water source. If you are one of the lucky few with a stream running
down your hillside, it’s the resource to assess first.

The first step in designing a microhydro system is to
Intake: evaluate your water resource by measuring the head (vertical
Screened to prevent drop) and flow of your stream. (For detailed instructions, see

debris from entering
pipeline Dan New’s article in HP104.) These two measurements are
\ necessary to calculate the energy potential of your stream.
i S The next step is to design a system that will effectively
harness that potential.
A microhydro-electric system is made up of a number of
components, not just the turbine. Hydro sites and end

Head: Total , . .

vertical drop users’ needs vary, and a wide range of equipment and

fIOT |rk1)t_ake system configurations are available to properly match
O turbine

the conditions. This article will give you an overview
of the components, and help you understand the
different ways they can work together to make
electricity from falling water.

Penstock:
Sized for amount
of flow

- Stream
Turbine:
Runner spins Tailrace:
an alternator Returns water

to stream
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microhydro basics
é
-

l Intake AKA: Screen, diversion, a Pipeline
impoundment AKA: Penstock
Intakes can be as simple as a screened box submerged in the watercourse, Most hydro turbines require at least a
or they can involve a complete damming of the stream. The goal is to short run of pipe to bring the water to
divert debris- and air-free water into a pipeline. Effectively getting the the machine, and some turbines require
water into the system’s pipeline is a critical issue that often does not piping to move water away from it. The
get enough attention. Poorly designed intakes often become the focus length can vary widely depending on
of maintenance and repair efforts for the distance between the source and the

hydro-electric systems. turbine. The pipeline’s diameter may
range from 1 inch to 1 foot or more,
and must be large enough to handle the
design flow. Losses due to friction need
to be minimized to maximize the energy
available for conversion into electricity.
Plastic in the form of polyethylene or
PVC is the usual choice for home-scale
systems. Burying the pipeline is desirable
to prevent freezing in extremely cold
climates, to keep the pipe from shifting,
and to protect it from damage (cows,
bears, etc.) and ultraviolet (UV) light
degradation.

A large pool of water at the intake will
not increase the output of the turbine,
nor will it likely provide useful storage,
but it will allow the water to calm so
debris can sink or float. An intake that
is above the bottom of the pool, but

below the surface, will avoid the grit
on the stream bottom and most of the
floating debris on top. Another way to
remove debris is to direct the water
over a sloped screen. The turbine’s
water falls through, and debris passes
with the overflow water.

OFF-GRID BATTERY-BASED HYDRO-ELECTRIC SYSTEM

Turbine Most small off-grid hydro systems are battery-based. Battery
systems have great flexibility and can be combined with other

Battery Monitor energy sources, such as wind generators and solar-electric

Charge
Controller

arrays, if your stream is seasonal. Because stream flow is
usually consistent, battery charging is as well, and it’s often
possible to use a relatively small battery bank. Instantaneous
demand (watts) will be limited not by the water potential or
turbine, but by the size of the inverter.

Battery Bank

Dump Load
To Household

= WP o &

DC Disconnect
@ % —
Note: Some breakers/
overcurrent protection
not shown
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microhydro basics

(-6
QP Turbine AkA: Waterwheel

The turbine converts the energy in the water into electricity. £
Many types of turbines are available, so it is important to g
match the machine to the site’s conditions of head and
flow. |

In impulse turbines, the water is routed through nozzles that ‘
direct the water at some type of runner or wheel (Pelton

and Turgo are two common types). Reaction turbines are e
propeller machines and centrifugal pumps used as turbines,
where the runner is submerged within a closed housing.
With either turbine type, the energy of the falling water is
converted into rotary motion in the runner’s shaft. This shaft
is coupled directly or belted to either a permanent magnet
alternator, or a “synchronous” or induction AC generator.

The function of a charge controller in a can withstand, or cause the turbine to overspeed, which
hydro system is equivalent to turning on could result in dangerous and damaging overvoltages.
a load to absorb excess energy. Battery-
based microhydro systems require charge
controllers to prevent overcharging the
batteries. Controllers generally send excess
energy to a secondary (dump) load, such as
an air or water heater. Unlike a solar-electric
controller, a microhydro system controller does not
disconnect the turbine from the batteries. This could
create voltages that are higher than some components

Off-grid, batteryless AC-direct microhydro systems
need controls too. A load—-control governor monitors
the voltage or frequency of the system, and keeps the
generator correctly loaded, turning dump-load capacity
on and off as the load pattern changes, or mechanically
deflects water away from the runner. Grid-tied batteryless
AC and DC systems also need controls to protect the
system if the utility grid fails.

OFF-GRID BATTERYLESS HYDRO-ELECTRIC SYSTEM

If your stream has enough potential, you may decide to go with an
AC-direct system. This consists of a turbine generator that produces
AC output at 120 or 240 volts, which can be sent directly to standard
household loads. The system is controlled by diverting energy in
excess of load requirements to dump loads, such as water- or air-
heating elements. This technique keeps the total load on the generator
AC Controller constant. A limitation of these systems is that the peak or surge loads
cannot exceed the output of the generator, which is determined by
the stream’s available head and flow. This type of system needs to
be large to meet peak electrical loads, so it can often generate enough
energy for all household needs, including water and space heating.

To Household
@ Loads

Note: Some breakers/
AC Breaker
Panel

overcurrent protection
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microhydro basics
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Q, Dump Load ’ Battery Bank
AKA: Diversion load, shunt load AKA: Storage battery

By using reversible chemical reactions, a battery bank provides a
way to store surplus energy when more is being produced than
consumed. When demand increases beyond what is generated,
the batteries can be called on to release energy to keep your
household loads operating.

A dump load is an electrical resistance heater
that must be sized to handle the full generating
capacity of the microhydro turbine. Dump loads
can be air or water heaters, and are activated by
the charge controller whenever the batteries or

the grid cannot accept the energy being produced, A  microhydro system is
to prevent damage to the system. Excess energy typically the most gentle of the
is “shunted” to the dump load when necessary. RE systems on the batteries,

since they do not often remain
in a discharged state. The bank
can also be smaller than for a
wind or PV system. One or
two days of storage is usually
sufficient. Deep-cycle lead-acid
batteries are typically used in
these systems. They are cost
effective and do not usually
account for a large percentage
of the system cost.

GRID-TIED BATTERYLESS HYDRO-ELECTRIC SYSTEM

Systems of this type use a turbine and controls to produce electricity
that can be fed directly into utility lines. These can use either AC or
DC generators. AC systems will use AC generators to sync directly
with the grid. An approved interface device is needed to prevent
the system from energizing the grid when the grid is out of action
and under repair. DC systems will use a specific inverter to convert
the output of a DC hydro turbine to grid-synchronous AC. The
biggest drawback of batteryless systems is that when the utility is
down, your electricity will be out too. When the grid fails, these

i systems are designed to automatically shut down.
Turbine AC Controller y & y

Note: Some breakers/
overcurrent protection

0o3571
not shown ® -
Kilowatt-Hour
Meter
To/From
Utility Grid
Dump Loads
(required in
some systems)
To Household
Loads
AC Breaker @
F Panel
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microhydro basics

4
Metering AKA: Battery monitor,
watt-hour meter, amp-hour meter

System meters measure and
display several differentaspects of
your microhydro-electric system’s
performance and status—tracking
how full your battery bank is,
how much electricity your turbine
is producing or has produced,
and how much electricity is being
used. Operating your system
without metering is like running
your car without any gauges—
although possible to do, it's always better to know how well the
car is operating and how much fuel is in the tank.

g
Main DC
Disconnect

In battery-based systems,
a disconnect between the
batteries and inverter is
required. This disconnect is
typically a large, DC-rated
breaker mounted in a sheet
metal enclosure. It allows the
inverter to be disconnected
from the batteries for service,
and protects the inverter-
to-battery wiring against
electrical faults.

. [

AKA: Battery-inverter disconnect

r'()
QY Inverter AKA: DC-to-AC converter

Inverters transform the DC electricity stored in your battery
bank into AC electricity for powering household appliances.
Grid-tied inverters synchronize the system’s output with the
utility’s AC electricity, allowing the system to feed
hydro-electricity to the utility grid. Battery-based
inverters for off-grid or grid-tied systems often
include a battery charger, which is capable of
charging a battery bank from either the grid or
a backup generator if your creek isn’t flowing or
your system is down for maintenance.

GRID-TIED BATTERY-BASED HYDRO-ELECTRIC

Using batteries with your grid-tied
system allows it to operate when the
utility grid doesn’t. This type of system
is the same as an off-grid system, except
that the inverter needs to be designed
and approved for grid-tied operation,
so it can feed excess electricity into
the utility lines. The dump load is
only activated in the event of a grid
failure, to protect the batteries from
overcharging.

Battery
Monitor

Turbine

O
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Battery Bank

In rare cases, an inverter and battery bank are used with larger,
off-grid AC-direct systems to increase power availability. The
inverter uses the AC to charge the batteries, and synchronizes
with the hydro-electric AC supply
to supplement it when demand is
greater than the output of the hydro

generator.

Charge
Controller

SYSTEM

Dump
Load

Main DC
Disconnect

=]



Note: Some breakers/
overcurrent protection

(—l.() AC Breaker

Panel AKA: Mains panel,
breaker box, service entrance

The AC breaker panel, or mains panel, is the point
at which all of a home’s electrical wiring meets with
the provider of the electricity, whether that’s the grid
or a microhydro-electric system. This wall-mounted
panel or box is usually installed in a utility room,
basement, garage, or on the exterior of a building. It
contains a number of labeled circuit breakers that route
electricity to the various rooms throughout a house.
These breakers allow electricity to be disconnected for
servicing, and also protect the building’s wiring against
electrical fires.

Just like the electrical circuits 3
in your home or office, L
a grid-tied inverter’s
electrical output needs
to be routed through
an AC circuit breaker.
This breaker is usually
mounted inside the
building’s mains panel.
It enables the inverter
to be disconnected
from either the grid or

microhydro basics

(—l-l Kilowatt-Hour

Meter AKA: KWH meter, utility meter

Most homes with grid-tied
microhydro-electric systems will
have AC electricity both coming
from and going to the utility grid.
A multichannel KWH meter keeps
track of how much grid electricity
you’'re using and how much your
RE system is producing. The
utility company often provides
intertie-capable meters at no
cost.

from electrical loads if
servicing is necessary.
The breaker also
safeguards the circuit’s
electrical wiring.

To Household

Loads

not shown

Inverter

www.homepower.com

AC Breaker Panel
-003577
w .

Realize Your Potential

Hydro-electric systems have great potential, but several
things can make using this technology difficult. Diverting
the water in a stream or creek is likely subject to regulation
by local authorities and may require seeking approval. You
also may need to contend with droughts or floods. All hydro
turbines have moving parts that require maintenance and
periodic replacement. The most common maintenance chore
is keeping debris out of the intake.

Despite the various challenges, most of the problems
can be easily overcome. If installed correctly and properly
maintained, a microhydro system can provide many years of
service. The predictable and often ample output is the envy
of those restricted to using only wind or solar electricity. As
an owner of a microhydro system, you'll go to bed at night
with the knowledge that while you are sleeping, your system
is charging and will be ready for another day of energy use
when you rise.

Access

Paul Cunningham, Energy Systems & Design, PO Box 4557,
Sussex, NB, E4E 517, Canada ¢ 506-433-3151 e

Fax: 506-433-6151  hydropow@nbnet.nb.ca ®
www.microhydropower.com

Ian Woofenden, PO Box 1001, Anacortes, WA 98221 e
ian.woofenden@homepower.com

“Intro to Hydropower, Parts 1-3,” by Dan New, HP103,
HP104 & HP105

To/From
Utility Grid
> /

Kilowatt-Hour
Meter

aS
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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 high- ]
quality, state-of-the-art solar collectors, like all their ¥
products, provide you with some of the clea & #
F

- - L
*eenest, most reli avallable."‘

Innovative System Technology

&

e VViessmann provides solar collectors,
hot water tanks, controls — everything
you need to collect the clean, powerful
energy of the sun.

e All parts are designed and manufactured
by Viessmann to integrate perfectly,
ensuring maximum performance.

Quality and Reliability

e Premium-quality materials mean
Viessmann high-performance solar
systems are reliable and built to last.

e All solar system components are
designed for fast and easy installation
and maximum system performance.

Comprehensive Product Line

e VVacuum tube and flat plate solar
collectors are available individually or
as fully-integrated system packages,
including matching tanks and controls.

e VViessmann offers all the components
you need for solar hot water, pool or
supplemental space heating.

Easy Integration

e VViessmann solar systems integrate
easily with virtually any existing
heating system.

e Unigque mounting hardware allows
easy freestanding installation or on
flat or sloped roofs.

For your FREE information kit, call today! S
1-800-288-0667 VIEGMANN

www.viessmann-us.com more than heat



HYBRIDS & DIESELS
FACE OFF FOR

by Ray Holan

HYBRIDS

If you are in the market for
a more fuel-efficient car, but
find yourself spinning your
wheels over figuring out the
best choice, here’s a closer
look at the two major options
available—gasoline-electric
(hybrid) autos and diesel-

engine vehicles.
Diesel
Volkswagen
~ Jetta

Hybrid
Honda r 1
Accord

-
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vS. diesels

ybrids have been touted as the champs for lower
fuel costs and fewer environmental impacts. But

the higher prices of hybrids can be a deal-breaker
for those in the market for more fuel-efficient wheels. Are
diesel engine vehicles a viable alternative? Here’s Aesop’s
fable of the tortoise and the hare—twenty-first-century

style.

Purchase Price & Payback Time
Whether you buy a hybrid or a diesel, you'll p
pay a premium over a gasoline-engine vehicle, "'
which you expect to recoup in the form of
fuel savings. Compared to their nonhybrid
counterparts, hybrids generally have an even
greater difference in their purchase prices
than diesels. Why? Hybrids have two power
plants: one gasoline and one electric. You can’t
get two power plants for the price of one, and
the hybrid’s sophisticated storage battery and

electronic controls come at a price.

But with federal tax credits (from $600 to more than

e

(e

Diesel Volkswagen Beetle

$3,000), hybrids could kick into overdrive to sprint ahead of
the diesel in this event. So hybrids win, right? Not according
to the photo finish. First, tax credits vary considerably from
model to model and are slated to be reduced as hybrid
sales figures hit predetermined levels. The Purchase Price
& Payback table below shows how long you'll wait for your
reward for certain models based on November 2006 fuel
prices. The purchase premium is the difference between the

hybrid or diesel’s price and the price
of a stock gasoline version of the same
model. Of course, this difference (and
the payback time) depends on how
many miles per year are driven, and
the price of gasoline and diesel fuel. But
in most cases, for faster payback, the
advantage goes to diesels.

Fuel Economy

Both diesels and hybrids outperform
their gas-engine counterparts, although
real-world hybrid fuel mileage reported
by individual drivers is often lower
than the U.S. Environmental Protection
Agency’s (EPA) estimates. (In the cases
of driver-reported fuel economies of
Mercedes E320 Cdi and Volkwagen Jetta
TDI models, diesels tend to outperform
their EPA ratings.)

Case in point: The Honda 2005
Civic Hybrid’s EPA rating is 48
miles per gallon, but when Consumer
Reports tested it in real-world driving
conditions, it got 36 mpg. And
Autoweek reported in its November
2005 issue that their long-term testing
of the 2005 Prius realized 41.2 mpg
over a 16,000-mile span of mostly

Purchase Price & Payback

Stock Stock Hybrid Hybrid Years to
Purchase Model MPG Fuel Model MPG Fuel Recoup
Hybrid? Premium (Combined)3 Costs?2 (Combined)3 Costs?2 Investment
Honda Civic
(4 cyl., auto) $3,090 34 $1,049 50 $714 9.22
Ford Escape
(FWD) 3,630 26 1,372 33 1,079 12.39
AEMERACERTE | g e 24 1,487 28 1,274 | 17.30
(6 cyl., auto)
Stock Gasoline Diesel Diesel Years to
Purchase Model MPG Fuel Model MPG Fuel Recoup
Diesel! Premium (Combined)3 Costs?2 (Combined)3 Costs? Investment
Mercedes
E350/E320 Cdi $1,000 22 $2,145 30 $1,616 0.94
Volkswagen 2,015 28 1,686 38 1,276 4.90
Jetta TDI ' ! ! ’
Jeep Liberty
Ltd. CRD 4x4 1,360 19 1,877 23 1,830 28.93

12006 models (comparisons based on similar trim packages, where applicable)

2Based on 16,000 miles driven per year; gasoline prices at $2.23 per gallon; diesel fuel prices at $2.63
per gallon (Nov. 2006 avg. prices)

3U.S. EPA ratings

Purchase premium calculated by using MSRP from manufacturers’ Web sites

Adapted from www.fueleconomy.gov

www. homepower.com
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F e = -

highway driving—far below the

EPA’s combined (city/highway)

estimate of 55 mpg, and well

A below its highway rating of 51

- \ mpg. The EPA is changing their

test protocol for 2007, and new

4 ratings are expected to better

reflect real-world mileage for

future models. (You can find

driver-reported fuel economy

Hybrid at www.fueleconomy.gov/feg/
Toyota findacar.htm.)

Highlander Another quirk of hybrid fuel
economy is that their city mileage
frequently  surpasses their
highway mileage. For example,
a 2006 Toyota Highlander SUV
hybrid is EPA-rated at 33 mpg

in the city and only 28 mpg on

the highway. Why? A full hybrid
uses its electric motor more often
in stop-and-go city driving, with the

Fuel Economy Best Bets gasoline engine off completely (or only lightly
HYbrid & Diesel Models loaded), especially at or below 25 mph. Conversely,

at highway speeds, the electric motor and its batteries are
Best Fuel EPA  EPA EPA Avg. idle, and their extra weight can actually penalize fuel mileage.
Economy! City Hwy. Combined MPG? If you're a prospective hybrid buyer and you don’t do much

Honda Insight

60 66 63 70.5 stop-and-go city driving, your return probably won't be as
Hybrid (manual) ’

good as another hybrid driver who travels more stop-and-go
urban miles. On the other hand, if you drive exclusively in the

Toyota Prius

. 60 51 55 47.2
Hybrid city, it may be difficult to rack up enough miles required to
Honda Civic 19 51 50 oy recuperate the premium you paid for the hybrid.
Hybrid : Even with the hybrids’ lower-than-reported fuel economy,
VW Golf TDI generally, they are still competitive compared to similarly
37 44 40 46.2

Diesel sized diesel vehicles. Take the 2006 Toyota Prius, for example,
Tesyoie Gy which has a driver-reported combined fuel economy average
Hybrid?2 40 38 39 37.1 of 47.2 mpg, and the 2006 VW Jetta TDI, which has an average

reported combined mpg of 41.9.

g Jetta TDI 35 42 38 419

iesel

W Beetle 701 Fuel Costs

Dieseleet € 35 42 38 36.7 Diesel used to be cheaper than gasoline. But these days, in
most areas of the country, it costs even more than premium

Mid-Range Fuel Economy’ gasoline. And biodiesel is even pricier. So the gasoline-electric

Ford Escape 36 31 33 319 hybrid wins the fuel-cost event hands down, right?

Hybrid FWD ’ Not so fast: Using straight or waste vegetable oil (SVO or

Mercury Mariner WVO), which can often be obtained at no cost from restaurants,

Hybrid, 4WD2 25 e =l Qg2 can blow the doors off any hybrid when the mpg ratings of the

Mercedes E320 vehicles are similar. Of course, while the fuel can be sourced

Cdi Diesel 27 37 30 33.1 at no charge, you'll pay another price if you don't like getting
dirty—grease-gathering can be messy, and you'll need a place

Lexus RX 400h . L ,

Hybrid 33 28 30 23.8 to store and filter the veggie oil. You'll also need to pony up

- some greenbacks to install a vegetable-oil conversion kit, which

Toyota Highlander 33 28 30 25.0 . . .. -

Hybrid2 . typically includes an auxiliary fuel tank, additional hoses, fuel-
heating apparatus, and an under-the-hood veggie-oil fuel filter.

O AR 25 34 28 35.8 Kit prices usually start at about $800 (uninstalled).

Hybrid

The amount you'll shell out for fuel each year depends on
12006 model, unless otherwise noted
22007 model . , .
30wner-reported as “Your MPG,” from www.fueleconomy.gov highways). We’ll call this event a draw.

how much driving you’ll do—and where (in the city or on the
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Maintenance & Repair Costs
Hybrids are still rookies in this arena.
The Japanese hybrids from Toyota and
Honda have maintenance costs similar
to the rest of their models. In short, lower
than the industry average. Domestic
hybrids like the Ford Escape Hybrid are
still new to the game, so we’ll have to
leave them out of this scoring.

Hybrids are more complex than
diesels, which can mean higher repair
costs when something breaks. The
replacement cost of a hybrid’s battery
pack can be a whopper: $3,000 plus
some pocket change. To allay consumer
fears, most hybrids have longer
warranty periods than the industry
average. Toyota, for example, warrants
their hybrid electrical components for 8
years or 100,000 miles. While warranties
are a welcome relief, a long warranty
period means that you are at the mercy of
your local dealership—most independent
shops are not yet equipped or trained to
work on these modern marvels.

Consumer Reports says that hybrids seem to be
holding up well, with the first-generation Prius among the
most reliable in their survey. CR also reported “outstanding
reliability” for the 2003 Civic Hybrid. Although they say
it’s too early to predict the Ford Escape Hybrid’s reliability,
they say the 2005 Lexus RX 400h SUV hybrid “stands a
good chance of being reliable, based on Lexus’ track
record.”

Diesel technology is relatively proven, says
CR. And although diesels, as a class of vehicles,
once had higher costs than gasoline models
(requiring more frequent oil changes),
the advent of synthetic motor oil and
technicalrefinements of the diesel engine
has eliminated that disadvantage. Still,
VW’s Jetta TDI and new Mercedes diesels
like the E-Class can have high maintenance
costs because of nondiesel items, like power

window regulators. Domestic light-duty diesels
like the Ford Powerstroke, Chevy Duramax, and
Dodge Cummins are quality products, but still are beat

by Toyota and Honda in global marketing information firm
J.D. Power and Associates’ surveys.

Depreciation & Insurance

Depreciation is a roller-coaster ride that’s difficult to predict,
especially in the case of hybrids, since few have hit the used
car market. Diesels tend to hold their value longer, according
to the Kelly Blue Book, especially with today’s volatile fuel
prices. In a March 2006 CNNMoney.com article, James Bell,
publisher of the automotive guide IntelliChoice, says that
“hybrid systems will likely remain rare enough to command
a premium among used car buyers.”

With their greater
fuel economy, both
hybrids and diesels
emit less CO,
pollution than their
gas-engine-only
counterparts.

vS. diesels

Diesel Jeep
Liberty

Insurance premiums are where hybrids” high tech could
become their Achilles” heel. Imagine what a front-end
collision does to all the electronics under a hybrid’s hood.
Semiconductor spaghetti. Unfortunately, you won’t find

replacements at your local salvage-yard. In an Insurance.
com article, John Eager, director with the Property
Casualty Insurers Association of America, said that

they are “expecting to see a diminished frequency
of claims as high technology vehicles including
hybrids continue to improve over time.” He
also says that he “anticipates an increase
in the severity of physical damage
claims. When a hybrid car gets into an
accident, or any car with high technology
for that matter, you're going to have a
greater chance of a total loss. The repair of
hybrids is something that our organization and
others in the industry are looking at.”
Advantage? Neither. Before you buy, check out
online pricing guides like Kelly Blue Book, and get a quote
from your insurance agent.

Emissions Reduction
According to the EPA, driving a car is the single most
polluting thing that most of us do. Autos emit millions of
tons of pollutants into the air each year. Cars emit several
pollutants classified as toxics, and contribute to acid rain
and global warning. The bottom line? If you really want
green wheels, get a bicycle. If you still need motorized
transportation, keep reading.

With their greater fuel economy, compared to their stock
counterparts, both hybrids and diesels emit less carbon dioxide

www. homepower.com
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(CO,) pollution (a major contributor to global warming). CO,
emissions are the same no matter what liquid fuel an engine
burns—about 19 pounds of CO, emitted for every gallon of
fuel burned. Using biofuels like ethanol and biodiesel, which
are produced renewably from plant crops, has the potential to
make some auto emissions “carbon-neutral.”

Overall, hybrids are cleaner than their petrodiesel-powered
counterparts, and produce about 80 percent fewer emissions
than their gasoline cousins. Even better, for low-speed, low-
acceleration driving, full-hybrid models will switch to their
all-electric mode, shutting their gas engines down completely
and running only on electricity stored in their batteries. The
result? No tailpipe emissions for at least part of the vehicle’s
driving time, a feat that no diesel or standard gasoline-engine
vehicle can pull off.

U.S. standards for diesel engines target nitrogen oxide
(NO,) emissions, the ringleader in smog formation. Diesel
manufacturers plan to blow past the NO, issue soon by
streamlining engine combustion (using piezo injectors,)
and by sopping up extra NO, using exhaust devices like
cerium-oxide or urea-SCR catalysts. The recent U.S. switch
to ultralow-sulfur petrodiesel production will also help
cut diesel engine NO, emissions. Some states, like
New York and California, prohibit the sale of new
diesel autos because of concerns about diesel
tailpipe emissions.

New federal standards introduced this
year will require diesel-fueled vehicles
to meet the same emissions standards as
gasoline models. On average, these new
criteria call for a 77 percent reduction of
NO, emissions and an 88 percent drop in
particulate emissions for diesels to be on par
with standard gas-engine cars.

Because of the tightened emission standards,
several diesel automakers are opting to bow out of
the U.S. market, and will not import their new diesel
models for 2007. But DaimlerChrysler is planning to
release their Jeep Grand Cherokee 3.0-liter, common-rail-
turbodiesel in the first quarter of 2007. Volkwagen (VW)
will still offer their V10 TDI Touareg SUV, but will not be
sending new diesel Jettas, Golfs, or Beetles to the United
States. VW plans to re-engineer engines in 2008 models
to meet the stricter U.S. emissions standards. (For a list of
new diesel models currently offered or coming soon to the
U.S. market, visit the Diesel Technology Forum Web site at
www.dieselforum.org/where-is-diesel / cars-trucks-suvs.)

Various studies have compared the emissions of
biodiesel, SVO/WVO, and petrodiesel. The EPA reports
that, compared to petrodiesel, biodiesel reduces emissions
of hydrocarbons, carbon monoxide, and particulate matter.
Test results published in a May 2006 Consumer Reports
article reported that biodiesel and SVO also produced fewer
particulate emissions, but greater hydrocarbon emissions
than petrodiesel. In terms of NO,, biodiesel had the highest
emissions, and SVO had the lowest emissions. Most studies
agree that burning biofuels does produce fewer health
hazards compared to petrodiesel.

At least 50% of all
petroleum used in the
United States is from
foreign sources. Vehicles
we drive gobble up
more than half of that
imported oil.

Renewability/Sustainability of Fuel

Thus far, hybrids sold in the United States have been
gasoline-electric hybrids. Since the primary power plant
is an internal combustion engine, these hybrids are still
heavily dependent upon petroleum. Diesels are dependent
upon petroleum as well, but to a lesser extent if the fuel is
biodiesel or SVO.

One of the inherent drawbacks of petroleum as a
transportation fuel is that it is not renewable. While the
amount of untapped world oil reserves may be debated, one
fact is undeniable: There’s only so much oil underground.
Biofuels like biodiesel and SVO are renewable. More crops
can be grown to replace the “fuel” that has been harvested
from oil-bearing crops like canola, soybeans, and peanuts. To
sweeten the deal, these sources could be classified as “carbon
neutral.” The carbon dioxide released into the atmosphere
when their oil is burned as fuel equals the amount captured
while the plant was growing. Petroleum fuels cannot make
this claim.

But what about ethanol, a renewable biofuel for gasoline
engines? Ethanol is renewable, and a cleaner-burning fuel

than gasoline, but it has a lower energy content than
gasoline, so you'll have to burn more fuel to travel

the same distance. No hybrid on the U.S. market

is designed to use ethanol or even the much
publicized, but still difficult to find, ethanol
blend. Although Ford is testing an E85

(85 percent ethanol; 15 percent gasoline

blend) Escape Hybrid, at this point,
ethanol is moot.
More than 50 percent of the
petroleum used in the United States is
imported. And, according to the American

Council for an Energy Efficient Economy, the
vehicles we drive gobble up a little more than half
of that imported oil. Growing demand from countries

like China means stiffer competition for oil and higher
costs in the future, so it makes good business sense to
develop alternative domestic sources of transportation fuel
and the vehicles to use them. A diesel vehicle or a diesel-
electric hybrid could use a domestically produced fuel like
SVO. (Although no diesel-electric cars have hit the market
yet, both General Motors Corp. and Mercedes-Benz have
concept cars on the road.) Since the U.S. market currently has
no gasoline-electric hybrids capable of running on E85, the
final event goes to diesels.

Choosing a Car

When the dust and the exhaust smoke settles, is there a clear
winner? As you've probably figured out, there’s no pat answer
to finding sustainable, economical, and environmentally
friendlier transportation solutions. Ultimately, you'll need
to weigh your needs against the available options to find the
wheels that are right for you.

If you need a greener get-around-town car, and want
something new, a hybrid may be your best bet. They are price-
competitive with most new diesels, although their limited
production numbers may mean putting your name on a waiting
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list. Here’s the hybrid hype and dirt on diesels, though—mnewer
standard gasoline models introduced this year, like Toyota’s
Corolla and Yaris, and Honda’s Fit, are edging up on them in
terms of fuel economy—all while doing less damage to your
bank account, with prices of almost half that of hybrids and
diesels. The Corolla and Yaris get a respectable 40 mpg on the
highway, and the Honda Fit gets 38 mpg.

If you need four-wheel drive, the new hybrid SUVs beat
the wheels off their gasoline-only counterparts, and even
trump the mileage of comparable diesel models (the Jeep
Grand Cherokee diesel and VW Touareg). Hybrid options
for light-duty trucks are limited to Chevrolet’s Silverado,
which gains you an extra 1 to 2 mpg—a 5 to 10 percent
improvement, and still helpful—compared to its nonhybrid
version. As for new light-duty diesel trucks—forget it. (In the
pre-owned market, you may be lucky to stumble on some
older-model diesel Toyotas and Volkwagens). No heavy-duty
hybrid trucks are now available, and diesels still remain the

SANYO

HOarrls

vS. diesels

workhorses. Diesel trucks only get moderately better mileage
than their gasoline-guzzling cousins (and some get the same,
so do your research first). But if you install an SVO-kit, they
can run on free fuel—if you can find it and don’t mind getting
your hands dirty.

Access
Ray Holan e ray@burningriverfuels.com

Adapted in part from Sliding Home, 7th ed. by Ray Holan,
2006, spiral bound, 308 pages, ISBN 0-9777247-052650, $25,
available from www.goldenfuelsystems.com,
www.greatlakesbrewing.com, www.koalamotorsport.com,
or www.plantdrive.com

U.S. EPA/EERE Fuel Economy guide
www.fueleconomy.org

Kelly Blue Book ® www.kbb.com e Vehicle prices

/N
SANYOEVOLUTION

PROJECT

Hydroelectric

Introducing a new adjustable

Permanent Magnetic Brushless Alternator

632 Swanton Road
Davenport, CA 95017
831-425-7652

www.homepower.com
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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.

o 1.800.329.3283 re-designed www.earthsolar.com
(P18 Convon e re-designed www.armadillosolar.net

. | Amaniia, TX
SDLAR 79110

Incusding

A New Dawn,

A New Day,
A New Earth Solar

i

(Ee ] BERGEY R LT
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Use ALL the power from PV Arrays, ALL day, at ALL temperatures

T80 TurboCharger
MPPT Charge Controller

80 Amp output at up to 40°C ambient

Built-in TriMetric™™ Energy Monitor

-

Wireless Remote Readout option Wireless Remote Readout

Optimum MPPT Energy Harvest

) ; ) Available in Wired, Wireless and
Data Logging with Computer Display Wireless PC Link versions.
Runs cool — quiet variable speed fan Shows Battery State of Charge,

Large wiring box and connectors == z= Amp-Hours, charge/discharge
X current plus energy history.

A S . ' Wireless Link to PC displays all
POLLO DOLAR the data plus graphs.

23 F. J. Clarke Circle

Bethel, CT 06801 i E

(203) 790-6400
www.Apollo-Solar.net

Power-Full Solutions Batteries with HUF

it's as clearas |l &L R0

EnerSys, the largest manufacturer of industrial solar-One Batlenes incorporate the patented and
batteries in the world has been building the proven HuP technology with the thickest positive
Solar-One battery for over 10 years. plate (0.310%) in the Renewabla Enengy [ndustry

EnerSys and Morthwest Energy Storage offer the Solar-One Batteries are available in 9 sizes from
best 10 year battery warranty in the industry. B45 AMH - 1690 AMH. Many sizes in stock. FREE
7 year free cell replacement 3 year prorated shipping in the lower 48 stales.

it's as clear as black and white, Solar-One Solar-One Battery users descnbed the Solar-One
batteries sel the standard for Renewable Energy.  [EESRE e TRVETIF -l = 17| FsLl = et i 5020 1F= 41T

Moritvenest Energy Storage 8008178818 or rrltll;F_'-!:!nwﬁ Rl O W, sdanonebalienes com  Daaker inguines. welComsad
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by Keith Boulac

Find the Right Match for Your Home

oday’s window technology offers improved window-frame materials, thicker

(and more) panes of glazing, and specialty coatings and films, which all add

up to energy—and dollars and cents—saved, and improved comfort in your
home. In well-designed passive-solar homes, selecting the right windows and
placing them appropriately can even eliminate heating and cooling bills. Here’s
what you need to know before you start shopping.

Good Glazing
Until the middle of the twentieth century, homes had single-pane
window glass, and used heavy drapes and shades to block heat
and cold. Later, storm windows attached to the outside were
used to provide more insulation, as well as draft protection.
The first insulated glass units (IGUs)—two panes of glass
separated by an air space and hermetically sealed—were
produced in the 1930s. Trapping a layer of dead air between
the panes helped reduce heat transfer through the glass,
offering a major improvement in window performance.

Window Types

—\

LI |

Awning

Fixed Casement

Compared to single-paned windows, double-paned units
reduce heat flow—measured as the U-factor—by half.

In the late 1970s, triple-pane IGUs provided even more
substantial gains over dual-glazed units by decreasing heat
flow by an additional 35 percent. Today, though, they still
are considerably more expensive, and because of their extra
weight, may complicate framing approaches. Triple glazing
requires a wide sash to hold the glass and is generally better
suited for extremely cold climates—in certain areas of the
United States, and most of Canada and northern Europe.

)
<]
L | —
f t
Slider Single Hung Double Hung
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window shopping

Choose an Efficient Frame

Besides complementing a home’s style, your particular choice
of window frame will influence your home’s overall energy
performance.

Wood frames continue to be one of the most popular
choices for their durability, natural beauty, and relatively
good resistance to heat flow. Made from a renewable resource,
they are also one of the “greenest” frame choices you can
make, although few window manufacturers have agreed to
only use wood from certified, sustainably managed forests.
Some companies now use engineered wood, from finger-
jointed pieces to high-tech laminated veneers, for some of
the components. The biggest downsides to wooden frames
are their expense and maintenance requirements. Poorly
maintained wood windows will deteriorate over time, leading
to increased air leakage and, eventually, failure.

Vinyl frames account for almost half of all windows sold
for residences. They are generally among the least expensive
choices, are low maintenance, and easy to find (most home
improvement stores stock a wide selection). For energy
performance, hollow, extruded vinyl windows are on par
with wood. But where their manufacture is concerned, vinyl
windows are among the least green. Polyvinyl chloride (PVC)
production is an energy-intensive, polluting process—so
much so that some groups continue to call for the complete
phaseout of PVC and other chlorine-based chemicals. Vinyl
frames can contract and expand more than other frame
materials, which can cause cracks and loosen seals, and can

also be prone to discoloration over time. Choices in window technology and placement can make or
break your home’s thermal performance.

e

L
3

Tl

o —

wlAS

qz o

) |

Courtesy www.pella.com

Parts of an Efficient Composite frames use two or more materials, such as vinyl-
Window clad wood, to achieve durability and high performance. They
generally have insulating values between that of the materials

Spacer Sash: Foam-insulated vinyl shown; ~ of which they are composed. Andersen Windows reduces its

Insulated

other alternatives are metal, reliance on PVC with its Renewal line. Its proprietary Fibrex
fiberglass, or solid wood X .

frame is made from wood fibers and PVC scrap from the

manufacturing plant. Stronger than PVC alone, the material

Glazing also offers more resistance to thermal expansion.
iy Strong, weather-resistant, and stable, fiberglass frames
\ cLOW'E offer a thermal expansion coefficient similar to glass, which
oating

makes it an ideal partner. Fiberglass windows are priced a bit
higher than vinyl ones, but usually 10 to 20 percent below the
Gas: X . . . .
Air, argon, or price of wood windows. Fiberglass has high embodied energy
krypton filled and its manufacture, like PVC’s, may contribute more heavily
to localized air pollution.
gﬁ:ﬂ;ﬁ; Lightweight, strong, and almost maintenance-free,
aluminum-frame windows with properly designed thermal
breaks are best suited for moderate climates. Avoid using
metal-framed windows without thermal breaks—strips of
plastic between the inside and outside of the frame and sash.
Steel and aluminum conduct heat well, and this thermal
bridging compromises a window’s energy efficiency.

Inside
Casing

3
%
i

Space-Age Coatings & Gases
The use of metallic coatings has further improved a window’s
sun-blocking and heat-retention capabilities. “Low-E”

Insulation
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Effects of Low-E Coatings on Radiant Heat Transfer

~\\
\\\\, h

Day} nvk\ Bigimates

\

\\ Low-E Coating:
Sunlight; Between glazing
All Wavelengths
\
b |
NS
Short Wavelength:
Visible light enters
structure

Long Wavelength:
Infrared light
(heat) reflected

Nighttime / Cold Climates

J Low-E Coating:
Between glazing

<« —
LessHeat .~ I ————~—~ >~

Escapes _ — W

| Long Wavelength:
30-50% heat reflected
back into room

To reduce heat gain through the window, low-E coatings
should be applied to the inside of the outermost window pane,
where they can effectively reflect a portion of the sun’s heat.

(emissivity) coatings, applied to one or more of the panes of
glass, work by reducing infrared (heat) radiation transfer and
lower the U-value of the window. They can reduce energy
transmittance by 30 to 65 percent compared to noncoated glass.

Different coatings allow for high, moderate, or low solar
gain. In general, to prevent solar gain (in hot climates, and on
east- and west-facing windows, and unshaded south-facing
windows), make sure the low-E coating is applied to the
outermost pane of glass (see illustration above). If you want to
admit solar heat gain and prevent that heat from escaping the
house, the low-E coating should be applied to the innermost
pane of glass.

Low-E coatings can also reduce a window’s visible
light transmittance. If this is a concern, be sure to specify
spectrally selective coatings, which are designed to reflect
particular wavelengths of light, but remain transparent to
others. Spectrally selective coatings can filter between 40
and 70 percent of the heat normally transmitted through

To reduce heat loss from a home’s interior, low-E coatings
should be applied to the inside surface of the pane closest to
the home’s interior, to reflect heat back into living spaces.

insulated window glass, while allowing nearly 90 percent
of the visible light to pass through. These coatings have
proven especially effective in hot climates. According to
the U.S. Department of Energy, computer simulations
show that using spectrally selective coatings can reduce
electric space cooling requirements of new homes in hot
climates by almost half.

Gas-filled windows improve a window’s thermal
performance by providing increased resistance to heat flow.
Instead of air being trapped between the panes, an inert gas
with a lower conductivity than air, such as argon or krypton,
fills the space. Krypton and even xenon gas are used in the
highest performance windows made today.

During the past 25 years, steady advancements have also
been made in the technology of suspended coated film (SCF)
insulating glass. The Insulating Glass Certification Council
now recognizes SCF units as “triple” with the incorporation
of two air (argon- or krypton-filled) “interspaces.” Positioned

Typical Heating & Cooling Costs
for Homes Using Various Window Technologies

Window Type

Single Pane, Clear,
Aluminum Frame

Single Pane, Tint,
Aluminum Frame

Double Pane, Clear,
Wood/Vinyl Frame

Double Pane, Clear,
Low-SHGC, Low-E,
Wood/Vinyl Frame

$0 200 400 600 800 1,000 1,200 1,400 1,600

Annual Heating Cost in Boston, MA

(Dollars)
Data courtesy www.efficientwindows.org

Window Type

Single Pane, Clear,
Aluminum Frame

Single Pane, Tint,
Aluminum Frame

Double Pane, Clear,
Wood/Vinyl Frame

Double Pane, Clear,
Low-SHGC, Low-E,
Wood/Vinyl Frame

$0 100 200 300 400 500 600 700

Annual Cooling Cost in Phoenix, AZ
(Dollars)
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midway between inner and outer glass panes, these films
can provide various levels of heat and light transmission.
SCF units incorporating “Heat Mirror” technology report
insulating R-values as high as 15.5—with no increased weight
relative to double glazing. These windows complement cold-
climate, superinsulation construction strategies. Several SCF
manufacturers offer high-performance “QuadPane” units, with
two suspended films and three gas interspaces.

Super (Passive) Solar Windows

If you're building a new home, or remodeling, and want to
maximize your home’s energy efficiency, passive solar design
can reduce heating, cooling, and lighting needs considerably. For
these designs, selecting the right windows is critical. Although
design strategies vary by region and home site, the basic
techniques for choosing the right windows are the same: Orient
and size windows to control solar heat gain. In most climates
in the United States, you'll want to have the greatest heat gain
during the winter and the smallest gain in the summer.

Cold Climate Strategies. In cold climates dominated by
heating loads, locate most of your windows along the southern
face of your home to admit solar heat during the winter, when
the sun is low in the sky. For the summer, when the sun’s angle
is higher, provide ample overhangs to shade these windows
and prevent overheating. In general, south-facing windows
should have a solar heat gain coefficient (SHGC) of 0.6 or
greater, a U-factor of 0.35 or less to reduce heat transfer, and
high visible light transmittance for good light transfer.

Reduce the number of windows on the north, east, and west

walls of the house, while still allowing for ample daylighting Modern replacement windows install easily into old casings, making
energy efficiency upgrades less complicated and less expensive.

Courtesy www.pella.com

Energy Star Rating
Criteria by Region

opportunities. In most cases, west-facing windows should have
alow SHGC and be shaded to prevent excess summertime heat
gain. North-facing windows will admit very little, if any, solar
gain, and should be sized only to provide natural lighting.

Window Selection for Hot Climates. In regions where
cooling loads predominate (the South, for instance), install
north-facing windows and well-shaded south-facing windows.
Choose windows with low SHGCs to further reduce your
home’s reliance on mechanical cooling. Tinted, reflective,
low-E, and spectrally selective coatings also will help lower
a window’s SHGC. Be aware, though, that these coatings can
also lower a window’s visible light transmittance.

Window Shopping Checklist
Once you've determined where your windows will go, and how
Region U-factor SHGC many and what size you need, you're ready to hit your home

Northern <035 ~ En improvement store. This quick list gives some general guidelines.
g Frames. Fiberglass frames offer the best energy
North Central <0.40 <0.55 @ . .
g performance, but vinyl, composite, and wood frames also
South Central <0.40 <0.40 % are close competitors. If you're building “green,” consider
Southern <0.65 <0.40 £  energy performance, embodied energy, and the pollution
All <0.35 <0.40 § generated by the frame material’s manufacture, and choose

In some regions, custom ratios of U-factor and SHGC are acceptable; the wmdov.v frame that offers the hlgheSt performance at the
see www.energystar.gov for details. lowest environmental cost.
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When you’re shopping for windows, use the National
Fenestration Rating Council (NFRC) label affixed to the
window as your guide. The NFRC, a nonprofit organization,
administers a uniform, independent rating program to allow
building professionals and homeowners to compare products
directly, regardless of glazing and frame type.

NFRC Insignia. The official “stamp of approval” that this
window has been independently rated.

Y
a

Certification & Inspection
Agency. These organizations
are licensed by the NFRC to
review simulation and testing
lab reports, issue certification,

Look to the Label

Generic

Wwindow Co.

i +
Millennium 2000
Vinyl-Clad Wood Frame

Solar Heat Gain Coefficient. Measures how well a unit blocks
heat. SHGC is expressed as a number between 0 and 1; the
lower the number, the less heat transmitted through the unit.

For passive solar design, maximizing SHGC for certain
windows can optimize home heating with the sun. In regions

where cooling loads predominate, consider shopping for
windows with low SHGCs.

Visible Light Transmittance. Indicates
the fraction of visible light that passes
through a window. VLT can range
from 0 to 1. For maximal daylighting,
look for high VLT numbers.

model number, window type,
coating specifications, type of
gas fill, and the width of the air
space between panes.

Visible Transmittance
Rating Type. These columns

specify ratings for either
residential or commercial appli-
cations.

°
ensation Resistance

U-Factor. Measures heat

ing - Argon Fill - LW E Air Leakage. Measures the rate of
| | Natorl Feresteton Double GIaziNg " PP, -y clider e o X .
?nnsdpezfir;?;c'( ?)?nuawi:da:)r\]:/ M Product Type: Vertica! 5% air infiltration through the particular
. s NGS window unit, as cubic feet per minute
manufacturing facilities. ANCE RAT! - .
ufacturing faciliti ENERGY PERFORM \ar Heat Gain Coefficient per square foot of window area. The
Product Description. Lists Sola

lower the air leakage (AL), the less

air will pass through cracks in the
window assembly.

Condensation Resistance.
Measures the window’s ability to
resist condensation forming on
the interior surface. The higher the
rating, the better resistance. Rated
on a scale from 0 to 100.

Air Leakage (U S/-P)

transmission through the
unit due to a difference in
temperature for the entire unit
(frame and glazing). The smaller
the U-factor, the less heat is
transmitted through the window,
and the better the

s that these ratings co!

Manufacturer supulateNFRc atings are dete

product performance.
specific prof \
p?oduci for any specific use-

window’s

insulating
U-factors typically fall between 0.2 and 1.20.

value.

1o applicable {
“rinov:\r:d mrpap(lxed set of environmental
t and does N
i ecommend any _produc
g o dg?n:\?ltl rm'rmuiaclurer‘s \iterature for other P

www.nfrc.org

If this is too much number-
crunching for you, look to the
Energy Star label to point you in
the right direction. Energy Star
windows are rated, certified, and
labeled for both U-factor and SHGC by the NFRC at
levels specified by Energy Star qualification criteria. You can
find a savings breakout by region on the Energy Star Web site
(www.energystar.gov/windows).

iining whole
res for dete w
NFRC prooedu conditions anda

bility of any
it warrant the suitab! n
rooduc! performance information.

Multipane Windows/Multiple Glazings. Although

60

having many panes improves a window unit’s efficiency,
investing in triple-pane windows is generally not necessary
in most climates in the United States. Paired with low-E
coatings, improved framing materials, warm edge spacers,
and gas fills, double-pane windows fit the bill for most
applications.

Gas Fill. Gas-filled windows generally provide better
insulation (lower U-factors).

Weather stripping. Look for durable plastic weather
stripping in Energy Star-rated windows.

Glass Coatings. Select the right low-E coating for your
climate:

Cool summers, with very cold winters: Choose windows

with high solar gain, low-E coatings. Look for SHGCs
between 0.56 and 0.75.

Moderately hot summers, with cold or mild winters: Aim
for SHGCs between 0.41 and 0.55.

Very hot summers, with cold or mild winters: Windows

best suited for this climate type generally should have
SHGCs between 0.20 and 0.40. Coatings will also help

reduce fading of furniture and window treatments by
blocking ultraviolet radiation.

Warm Edge Spacers. Steel, foam, fiberglass, and vinyl
have replaced the aluminum that was once used to separate
a window’s glazing layers. These “warm edge” spacers help
reduce thermal bridging (heat transfer), lower the U-factor,
and prevent condensation.

Incentives to Save
The 2005 Federal Energy Bill offers a tax credit of up to $200
for purchasing and installing efficient windows. Internal
Revenue Service guidelines qualify all Energy Star windows
and skylights for the tax credit, but only if they are installed
in the regions they are certified for (see the map).

Don’t forget to save the sticker—you’ll need it for
documentation, should the IRS come knocking. And act
fast—these credits expire on January 1, 2008. Some states and
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window shopping

utilities also offer financial incentives for installing energy
efficient windows. Search the Database of State Incentives for 5 goo d reasons for Krannich Solar:
Renewables & Efficiency at www.dsireusa.org for individual
state listings.

Planning, Engineering

. . . Technical and Design
The small federal tax credit can seem like a drop in the By
bucket compared to the total cost of new or replacement o
windows. But you can take real comfort in the fact that over Pﬁcr)nt’:)veotletaic Individual
AT . . . . . Training
their lifetime, your new, efficient windows will recoup their Systems X . angReREthing
%

initial cost, increase your home’s efficiency, reduce heating
and cooling bills, and make your home more comfortable. ‘P‘

Access
Keith Boulac ¢ kboulac@alpeninc.com

After Sales
Service

Other Resources:

Efficient Windows Collaborative e
www.efficientwindows.org e Tool for selecting windows
based on locale and specifications

Energy Star ¢ www.energystar.gov ® Find Energy Star-rated
windows and purchasing tips

Information on federal tax credits for windows e S , i
. . B o= MY G wmenmmex AXITEG,,
www.energystar.gov/index.cfm?c=windows_doors. A~ —
pr._taxcredits NINEEE OMSK () sroemcames @ sz
National Fenestration Rating Council Inc. ® 301-589-1776
. Hainesport Business Complex

www.nfrc.org ® RESFEN, a software program to fine-tune 3226 Sylon Boulevard - Hainesport, NJ 08036 ’(ra n n ' c h
home design and window selection. $15 Tel. (856)-802-0991 - Fax (856)-380-0739

www.krannich-solar.com Solar

" T

F e 4 .q'l-.___-__.."
FULLRIVER DEEP CYCLE J ‘i,‘_%?
. » r
NEXT GENERATION VRLA BATTERIES 'JILJ_ J: 4
From China's Premier Quality
Unique Design & Manufacturing process Provides Higher Reserve manufacturer - Fullriver Battery

Capacity and Longer Cycle Life. Wide range of models available from

30 AH fo 3000 AH. Lalih (S L

e Aready a famous brand
name in Europe and Asia

e Now available in the USA.
* Warehouse locations coast
tfo coast. Huge inventory of

Deep Cycle AGM Batteries

e Higher AH & Reserve
Capacity, Longer Cycle life.

ISO9001 UL CE & TUV (Europe) DOT, IATA, IMDG Approved

Contact us for a distributor near you.
phone:
WWW.FULLRIVERDCBATTERY.COM 1-800-522-8191

Sayn ; 1 e-mail:
W sales@fullriverdcbattery.com
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OUTPUT VOLTAGES OF 100,120,230

POWER LEVELS FROM 1KW TO 60KW SE RI E
< S »

INPUT VOLTAGES OF 12 TO 108
20+ YEARS MTBF
EXPANDABLE UL
MODULAR °

REMOTE CAPABLE

"HOT” SWAPABLE

7317 JACK NEWELL BLVD. NORTH,
FORT WORTH, TEXAS 76118-7100
TOLL FREE: 800.586.4683
VOICE: 817.595.4969 FAX: 817.595.71290
WEBSITE: WWW.EXELTECH.COM

Residential Wind & Hybrid Systems with SMA Inverters from

Abundant Renewable Energy yS " A 4

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

SMIA Inverters

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)

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%

2 e

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

_-_—'_-—'——_
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SAMLEX AMERICA

Utility Grade Back Up Power......  you can afford.

2 Year Warranty
< 3% THD
150 to 3000 Watts

Consumer and Commercial Models

Off-Grid Pure Sine Wave Inverters available through:

Pure Sine Wave Technology

THE NEW VALUE FRONTIER . .
¢ @ riE
*= allarnative enargy siore ‘g KYOCERD -
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

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!

www.homepower.com

SunWize
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Eliminate Standby Energy Loss

When you climb into bed at night, ready
to shut down for the day, are your
home’s electrical appliances doing
the same? Some of your appliances
do useful work while you sleep—
refrigerators and centralized
heating systems cycle on and off

to keep your food cool and your
house warm. Other appliances,

like TVs, computers, and modem:s,

are likely also using energy while
you sleep, but not performing any
useful service. These useless energy
draws are referred to as phantom loads,
and unless you keep them in check, they
will haunt your home’s energy use all night,
every night.

The energy wasted by phantom loads is commonly
referred to as standby loss. And while a given appliance’s
standby loss may be small in terms of power (watts; W), these
phantom loads are consuming electricity 24 hours a day,
seven days a week. As a result, the cumulative energy (watt-
hours; WH) they waste is substantial.

Some quick math can help put phantom loads in perspective
in terms of overall energy use. The average U.S. household has
about 40 to 60 W of continuous phantom loads running, day
in and day out. On average, this amounts to approximately
1,200 WH per day (50 W x 24 hrs./day = 1,200 WH/day) or 1.2
kilowatt-hours (KWH) per day. The same average U.S. home
uses about 900 KWH of electricity per month, and 36 KWH per
month, or about

4 percent of
total electricity
use, is due to
standby losses.
Multiply this
figure by 122

10 Watis
64

by Joe Schwartz

million U.S. housing units, and enough

energy is wasted by standby losses

in the United States to run all of the

homes on the continent of Australia,

and then some. These figures are

the stuff that energy nightmares
are made of.

Identifying Phantoms
Many, if not most, electronic
devices can be phantom loads—
TVs; microwave ovens; VCR, CD
and DVD players; computers; etc. Pro-
ducts that have external power supplies
(wall cubes) are often accompanied by
constant standby consumption. The table
surveys some phantom loads present in a typical
U.S. household. Keep in mind that a home’s standby
energy consumption can vary widely depending on the number

of appliances and how they are designed.

Phantom loads fall into two general categories—appliances
that consume energy even when they’re turned “off,” and
appliances that, compared to when they’re fully operational,
use a lesser amount of energy to keep displays, remote
controls, and power supplies ready for the product’s primary
use. Let’s look at the energy use of a
DVD player as an example. P

One current model DVD Va .

player draws 11 W while
showing your favorite flick. |

With no movie playing, and \"\_3’ wu"s

just the LCD display lit, it  R——
consumes a little bit less—9 W. But

even when you turn off the DVD player, it still draws 3 W. If
you look at the DVD player’s energy use modes (playing, on,
and off) over the course of a day, some interesting energy use
figures come to light.
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Let’s assume that you're a full-
on video-head and watch a two-
hour movie every night. If you break
down the DVD player’s 24-hour
energy use by the time spent in each
mode, it consumes 22 WH (11 W x 2
hrs.) while the movie’s spinning. If
you shut the player off after you're
done watching, the DVD player will
still consume another 66 WH (3 W
x 22 hrs.) before you plunk down to
watch another movie the next night.
If you zonk out during the movie and
forget to turn the DVD player off, it will consume 198 WH (9
W x 22 hours) over the same time frame. So over a 24-hour
period, the DVD player uses three times as much energy when
it’s off as when it’s playing, and nine times the energy if you
forget to turn it off altogether.

The Making of a Phantom
Nearly all of the electronic appliances around your home
rely on power supplies to convert the 120 volts AC provided
at your electrical outlet to lower-voltage DC to power the
appliance’s electronics. The familiar wall cubes you plug in
to power your cordless phone or to charge your cell phone
battery are both examples of external power supplies.

Unfortunately, the inexpensive electronics we’ve become
accustomed to have notoriously inefficient power supplies.
High transformer core losses in the power supplies themselves
will waste electricity aslong as they're plugged
in. And many built-in power supplies are

switched on the output, rather than on

5 u"s the input side of the transformer, so some
electricity at 120 volts is continuously being
consumed. This means that the transformer
is never actually turned off, even though the
appliance itself may be.

Not all appliances have external power
supplies, but the lack of a visible wall cube
doesn’t mean you're off the hook. Many

phantom /oads

Household Survey
of Standby Losses

Standby Energy Use

Power (Watt-Hrs./

Appliance (Watts) Day)
DirecTV receiver 10 240
Mac G4 desktop computer tower 7 168
Cambridge Soundworks speakers
& subwoofer U 6
Motorola cable modem 5 120
General Electric VCR 5 120
Sony TV, 9in. 4 96
AirPort Extreme wireless router 3 72
Samsung DVD player 3 72
Panasonic fax 3 72
Black & Decker electric lawn mower 9 48
charger (float)
DeWalt cordless tool battery charger 2 48
AirPort Express wireless router 1 24
Apple LCD computer display, 20 in. 1 24
Sonicare electric toothbrush 1 24
Sharp microwave/toaster 1 24
Uniden cordless phone base station 1 24
Uniden cordless phone satellite
charger ! e
Hewlett-Packard laser printer 1 24

Totals 58 1,392

electronic devices such as computers and TVs have built-in
internal power supplies. So just like your cordless phone, your
TV is likely using electricity unless it’s unplugged from the
wall outlet. Plus, most TVs and many other appliances have
remote control receivers that are powered all the time, ready
for you to hit their power buttons to turn the appliances on.

www.homepower.com
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Minimizing standby losses is an important aspect of optimizing
a home renewable electricity system. Every watt-hour you
save is a watt-hour your RE system doesn’t need to produce,
and money you save in up-front system costs.

The majority of solar-electric (photovoltaic; PV) systems installed
are grid-tied, and rely on batteryless inverters to convert the DC
electricity generated by your PV array to AC electricity used in
your home or sent to the grid. Most batteryless inverters are
designed with low standby
loss in mind, and will shut
down overnight, drawing
only a fraction of a watt after
the sun goes down. In grid-
tied systems with battery
backup, standby losses can
be more significant compared
to batteryless systems,
since battery charging and
management is required.
Correct programming will
minimize inverter energy
consumption overnight.

Keeping standby losses to
a minimum is extremely
important in off-grid RE
systems. Any electricity
demand beyond what the
RE system can generate
is typically provided by
an engine generator,
which is noisy, polluting,
and expensive to run and
maintain. One design approach for large off-grid PV systems
(3 KW array and greater) is to simply add additional modules
to offset standby energy use by appliances and inverters in
idle mode. This approach is most convenient, but requires a
larger cash outlay up front. For small off-grid systems (1 KW
array or less), unchecked standby losses can quickly become
one of the largest loads on the system.

Home-scale, battery-based inverters typically have two modes
that affect standby energy usage—idle, and a standby mode
commonly referred to as “sleep” or “search” mode. Modern,
battery-based inverters can draw as much as 22 W per inverter
without loads (at idle). Multiply this by 24 hours in the day and
your inverter can quickly become a significant load on the

Standby Losses & Renewable Electricity Systems

Modern inverters are designed to
minimize standby energy use.

system, consuming more than 500 WH per day. The same
inverter, programmed to go to into an energy saving sleep
mode if AC loads are not present, will draw about 4 W, or 96
WH per day, consuming only about 18 percent of the energy
of idle mode.

Eliminating all phantom loads will allow your inverter to go into
sleep mode, saving energy when you're not actively using AC
electricity. Then, if an AC load is turned on, it takes a moment for
the inverter to “wake up,” ramp up to full
voltage, and power the AC appliance.
This momentary inconvenience is
well worth it for many small system
owners focused on maximal system
performance and minimum generator
run time.

Comparing PV output and initial
costs to energy consumption helps
drive home the benefits of
minimizing standby energy
use. Let’s assume that you have
installed an array with 100-watt
PV modules at a location with
5 daily peak sun-hours, and
appliance and inverter standby
losses amount to 1,200 WH
per day. For a batteryless, on-
grid system, an overall annual
system efficiency of about
80 percent is realistic in many
locations. To offset the daily
standby energy use only, the
output of three 100 W modules
would be required (1,200 WH/day + 5 sun-hrs./day = 240 W;
240 W =+ 0.8 (efficiency factor) = 300 W; 300 W + 100 W/PV
module = 3 PV modules). Off-grid systems have a conversion
efficiency of about 70 percent, so four 100 W modules would
be required to offset the standby energy use in that case.

You can expect to pay about $600 for a 100 W module in today’s
market. That means your standby energy use would cost you
$1,800 in up-front PV module costs in the batteryless grid-
tied system described above, and $2,400 in the off-grid system
example. Add this to the cost and nuisance factors related to
generator use when a few days of cloudy weather appear, and
additional installation and balance of system equipment costs,
and minimizing standby energy use can amount to big savings.

! |
‘ | Finding the Phantoms

e While new appliances are getting more

energy efficient, most of our homes

3 w !ﬂ'lis L l-\_ have all manner—and all ages—
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but an old cordless phone.

/ B — \\ a new high-definition TV,
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As a result, the standby
losses of appliances can
vary radically between one

home and another. To complicate things, standby loss figures
are rarely presented on an appliance’s labeling. In the end,
actual hands-on measurement is the only way to accurately
quantify standby losses. Luckily, inexpensive, handheld
digital power meters are available to help you determine your
appliances’ standby energy use (see Access). Other than a
piece of paper, a pencil, and a calculator, a power meter is all
you need to ferret out phantoms around your home.

In general, identify appliances with external power
supplies, remote controls, continuous digital displays, or
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| rechargeable batteries. Chances are that these products

/ " will have standby losses. Plug the power meter

’ into the electrical outlet, and the appliance being

measured into the meter. Set the display to watts

’ and jot down the power draw when the appliance is

’ turned off, powered up, and operational. Multiplying

the wattage you measure by 24 hours (or the amount

|‘».._ of time the appliance is not in use each day) will

. give you a daily energy loss (WH) figure for the

appliance. An hour or so spent roaming around

your house with paper and meter in hand will

: probably be all the time it takes to determine

I wa" how many phantom loads are present, and

how much energy they’re using each day. Once

you've identified the worst offenders, the next step is to truly
shut them down.

Defeating Phantoms
You'll likely need to live with some phantom loads, such
as cordless phones that need to be ready to go at any time.
Answering machines, on the other hand, can easily be
replaced by voice mail provided by your phone company.
Once you've identified unnecessary phantom loads around
your house, the next step is to figure out how to conveniently
shut them down when they’re not in use or required.

One option is to unplug any appliance that has a standby
loss, but this can be inconvenient. Instead, using plug strips can
be a simple and effective strategy to defeat phantom loads. They
cost about $5 each, and are available at hardware and appliance
stores everywhere. Plug strips can be used to group appliances
that you regularly use in conjunction with one another—your
modem, computer, and monitor can be on one strip,
while hardware you use less frequently, like
your printer, scanner, and external hard drive,
can be on another. If you're rewiring circuits
in your home, or building from scratch, well-
planned electrical circuits can include switched
receptacles that will shut down phantom loads
at the flip of a switch.

Serious About Standby Losses
The subsidized, low cost of grid electricity in the United States has
led many of us into bad habits when it comes to energy use, and
it has also served as a disincentive for appliance manufacturers
to design highly efficient products with low
standby losses. As electricity costs continue to
escalate, and as federal programs like Energy
Star continue to reward manufacturers with
efficient designs, we can expect the trend
of improved appliance energy efficiency to

continue.

Some of the super energy-efficient homes
featured in Home Power can run all their
household loads using the same amount of
electricity that a typical American household
wastes on phantom loads. So see how low you
can go—get your hands on a power meter,
and spend an hour or two surveying your

www.homepower.com
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Electronic Advances

In recent years, manufacturers have become more aware
of the need to minimize standby losses in appliances
they design and manufacture. Much of the progress
here has been spurred by federal efforts—including
the well-known Energy Star program—that are setting
guidelines to push manufacturers to design more
efficient appliances with low standby losses.

Forward-thinking appliance manufacturers are using
four major design approaches to reduce standby losses:

» Improved designs for more efficient transformers

* Moving the power switch to the input side of the
power supply, to completely power it down when it's
not in use

» Advanced designs that limit the number of electronic
components required for standby service

» Intelligent charging circuits in products with
rechargeable batteries

As electricity prices continue to escalate, and energy
consumers continue to become more aware of the
impact inefficient appliances have on both their
pocketbooks and the environment, appliance and
electronics manufacturers will continue to refine their
product designs with energy use in mind. The TV set that
had 30 W of standby loss several years ago likely has less
than 10 W today. Thanks to programs like Energy Star,
appliance design is headed in the right direction, and
appliances are getting more efficient all the time.

home for phantom loads. You'll be rewarded
by shaving a bit off your next electrical bill, and
you'll sleep better at night knowing that your
efforts are helping to reduce our overall energy
use, and the pollution associated with fossil fuel
and nuclear electricity generation. And when
you do install an RE system to power your
home, there will be significant savings in up-front
equipment costs (see sidebar). Remember, energy saved is
energy that doesn’t need to be generated in the first place.

Access
Joe Schwartz, Home Power, PO Box 520, Ashland, OR 97520 e
joe.schwartz@homepower.com ® www.homepower.com

Energy Star ® www.energystar.gov ® Information on energy
efficient, low standby power appliances

Watt-Hour Meters:
Brand Electronics ¢ 888-433-6600 e
www.brandelectronics.com ® Brand meter

Electronic Educational Devices ¢ 877-928-8701e
www.doubleed.com ¢ Watts Up? meter

P3 International Corp. ® 888-895-6282 e
www.p3international.com e Kill A Watt meter
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Industry Exclusive! EIEBTRIB Bll(ES
TOTAL SOLAR CENTER & POLYCRYSTALLINE PANELS

“No better quality at no better price”

800-806-7109

www.iloveebikes.com [ipisn

Installs with ease. All KW's Available.

FULL EXCHANGE WARRANTY

Stand-alone Systems ® Small & Medium
Panels Available e Select Dealer Opportunities
EcoStar Solar Electric

Call Today 1-(800)-519-POWER

Visit www.ecostarsolar.com

N = Y )
& m 00 YO

A Clean and Quiet Revolution
OurBack ‘ xantrex

www.RightHandEng.com (425) 844-1291 Enjoy the freedom of driving electric.
Join the EAA today and declare your

independence from
high gas prices
and imported oil.

y '--._-"'-\.
1

4 i

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

AC Propulsion tzero

ELECTRIC AUTO ASSOCIATION

W Prien TaiE e
et
L

THE ESTER MACHINE

Complete Biodiesel Production System
v ASTM Quality Fuel NOW!
v Process,Wash and Dry

-
]

v~ Make Fuel the Day It Arrives!
v Safe, Durable, Effective
v Start Up Assistance Provided

LARTECH ROWER, INC,
1 NRY Py Pacs, Coerisa, C8 900000 L,
i AT UETE R T e Tel O ROT T0EBR  Max 3BT A0S NIIY
I raf el soadrchposs com

BZ Producis Model MPPT250

250 watt 25 amp Maximum Power Point Solar Control Flying F Bio-Fuels  www.ffbiofuels.com Phone: 319-545-7022

® Boost charge current up to 30%
® Up to 25 amp output current
® Microprocessor control
® 95 % efficacy ad
® 250 watt PV input
® 12 to 24 volt input
® Digital metering
. ;Vfi“ ﬂ':at °°"tft°' W . wondermagnel, com www_0lherpower.com
st:n;zdempera ure sensor 51?9“'5?.‘1 T I_}C:Jl T HJ
« 15 amp low voltage HdFeB Magnats BT0-d84-T25]
disconnect standard hMagned Wire 2506 W, Vine Dr
® Aux battery trickle charger standard Boois Fort Cotlrs, C0 80581
¢ Five year warranty Wiairg Sdianios w i Ewondermagnel com
® Made in U.S.A.
BZ Products, Inc. Headiul Things MAKE YOUR
314-644-2490 » www.bzproducts.net * bzp@bzproducts.net lor the homsbrow ELECTRICITY
7614 Marion Ct., St. Louis, MO 63143, USA Piair At N Oy
il e FROM SCRATCHE
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Power You GCan Depend On
RENEWABLE ENERGY GEL BATTERIES

* Proven product in demanding photovoltaic applications

e Less than 2% per month stand loss means little
deterioration during transport and storage

»World’s largest, most modern battery plant site
 EPA “Part B”-permitted recycling facility
e U.L. recognized component

* High cycle performance
* Minimum maintenance/
* Competitive warranty

* Knowledgeable staff
*Made in the U.S.A.

QUALITY SYSTEM
CERTIFIED TO

1SO 9001
QS 9000

<> 800-372-9253

Domestic Inquiries: www.mkbattery.com

monatacturing eo. e 610-682-3263

International Inquiries: www.dekabatteries.com

EAST PENN

FEATURING: Serving the Solar Industry Since 1979

B Gagakges el b ey Also Featuring:
Mt SUN AIRE
i e B Ml i Air Collectors
— Aothe ¥ e

for Home Heating

Liquid Collectors
for Solar Hot Water -
& Radiant Floor Systems 5 - * Brefery ey

Backdraft

Damper_ Blows

Control [
Hot Air System

Other Solar H,O
Products & Parts

* Pumps -
* Heat Exchangers

Cold Air

Other Solar Hot Air

¢ Storage Tanks Products & Parts

* Complete Systems il bt * Blowers
u EF G [irmemin * Backdraft Dampers
e Controls
# Vo e § Py EFE gy il e Controls
¢ Batch Water Heaters T T -

* DIY Systems

(800) 245-0311 - wvww.aaasolar.com °* solarstuffaaasolar.com

2021 Zearing NW, Albuquerque, NM 87014
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From vegetable-oil-based biodiesel to
ethanol alcohol made from corn or other
plants, it's getting easier to be greener
on the go. Here are some resources that
can help you on your way to cleaning

up your car’s pollution. Not only will
you reduce your vehicle’s emissions

and reliance on foreign oil, but in many
cases you'll be helping support American
farmers and local businesses. Finally,

a wheel revolution you can really get
behind!

Get your engine started—on doughnut
and french fry grease. With fewer
particulate emissions, cleaner-burning
biodiesel—made by reacting vegetable
oil with methanol and lye—and straight
vegetable oil are alternatives to dino-
diesel.

P> Learn how to turn new (or used!)
vegetable oil into a less polluting fuel for
your diesel car or tractor with William
Kemp’s Biodiesel Basics & Beyond (300
pages, $29.95, www.newsociety.com).

P> Also check out Josh Tickell's veggie
van odyssey and what many folks call
the “biodiesel bible”—From the Fryer

to the Fuel Tank (162 pages, $24.95,
www.biodieselamerica.org). Kemp's
and Tickell’s books both give detailed
histories of the biodiesel movement, and
provide advice for making your own fuel
right in your own backyard “lab.”

P> For those who'd rather tinker under
the hood than in the lab, Sliding Home
by Ray Holan (294 pages, $25, www.
goldenfuelsystems.com) tells how to run
your diesel vehicle on straight or waste
vegetable oil (SVO/WVO) by making a
few modifications to the fuel lines and
tank.

P> Do-it-yourselfers will also want to get
their hands on a copy of the Veg My Ride
DVD (79 min., $19.95, www.vegmyride.
tv), a slick production that gives would-
be greasers step-by-step instructions on
making modifications to run a typical
diesel vehicle on SVO.

P> Learn about grease dumpster diving
dos and don‘ts with the Liquid Gold DVD
(80 min., $25, www.goldenfuelsystems.
com), in which SVO expert Charles
Anderson shares his top tips for
gathering free fuel.

o o oty .

Liguid Gobt

Biofuels

Best Web Bets for Biodiesel & SVO Basics:

P> BiodieselAmerica.org * Provides a
general overview on biodiesel, interactive
maps of retail biodiesel pumps, and an
up-to-date listing of biodiesel-compatible
cars for sale.

P> JourneyToForever.org * A deeper look
into the sustainability of biofuels. Read
scientific studies, learn how to make your
own fuel, and join the Biofuel e-mailing
list to keep tabs on the movement.

You do the driving—Ilet your car do the
imbibing. Dabbled with in the 1970s,
alcohol-based fuels, like ethanol,

are making a comeback. Made from
fermented plant sugar, this high-octane
fuel is most commonly blended with 15
percent gasoline, and can reduce tailpipe
emissions up to 30 percent. E85 stations
are cropping up across the country and
flexible-fuel vehicles are already on the
market—in fact, you may already own
one and not know it.

P> For a good overview of alcohol
fuels, check out Makin’ It On the Farm
(182 pages, $10-$12.95, www.buffalo-
creek-press.com) and The Alcohol
Fuel Handbook (127 pages, $19.95),
which offer a historical perspective on
making alcohol fuels, instructions for
distilling your own fuel, and navigating
government regulations.

Best Web Bets for Your Ethanol Education:

P> Alternative Fuels Data Center *
www.eere.energy.gov/afdc/altfuel/
ethanol.html ¢ Basic information on
ethanol—how it's made, its benefits,
incentives and laws, and quick fact
sheets.

P> National Ethanol Vehicle Coalition *
www.e85fuel.com ¢ Find out if your car
is ethanol-compatible, and locate a retail
E85 pump near you.

P> Union of Concerned Scientists Clean
Vehicles * www.ucsusa.org/clean_
vehicles ¢ Click on the “Truth About
Ethanol” link for answers to alcohol fuel
FAQs.

—~Claire Anderson ¢
claire.anderson@homepower.com
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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: | | E\_

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 - ,—"'F__- -
competence required. :

#“Bob-0'Schultze
CA Electrical Lic #613554

e

-
/‘ﬁﬂgfff o

~B00-945-7587 ...~
A, | eTECHTTcgnnection.com

PO Box 203, Hornbrook, CA 96044 USA
| Voice / Fax: 530-475-3401 ¢ E-mail: bob- o@electronconnection.c“

b — s

xantrex 1z

Smart choice for power

Authorized Distribu
Authorized Distributor

"online catalog




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

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.uhirac.com

SolarMount® Ballast Frame UniRac Grounding Clip

Secure a rooftop array with ballast. UniRac’s Save time on the roof. Meet NEC grounding
full-system approach makes it possible. Our standards without running a wire to every
applications engineers will design a system module. Clips align easily and stay in rail
based on your code requirements, site-specific slots hands-free. Create a grounding path
wind loads, and other factors, including through the rail simply by securing
module angle. With SolarMount, a ballasted modules with familiar SolarMount

array can tilt up to 30 degrees and be as secure top mounting clamps. One wire

-
——
as one held down by costly attachments. 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.

TR T V88 THE STANDARD 1N PY MOUNTING STRUCTURES ™
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Lecture andlghnds-on worksh s offered on:

B Photonll&lcs (Solar Energy)

B \Wingd@lZ oy

B Sola 8T r.|r1ri“1ﬁ.u e Heating
B AltgaEive Construction

B AJERET ive Transportation

B GRS ore

Michwvest Rencwable Energy Association General and hands-on workshops available,

715.592 6595 www.tho-mrea.org  info@the-mrea.one.. Call or click for mone info.

‘}Online Renewable Energy Education

SOLAR ENEF?GY l - 2 VL .
INTERNATIONAL PV Désign Mar 12 - Apr 20 Call for our

- i « 2007
Online |May29-Jule ""Catalog'.‘-,
< D

The PV course provides 60
. i P ) . Advanced Feb 26 - Apr 6 cumulative hours of training,
PV Jul9-Aug 17 that may be used towards
NABCEP certification purposes

Online

| Over 20 years
% experlence
~inRE tralnlng

Sustainable
| Home Aug 6-Sep 14 |l
Design
Online

SOLAR ENERGY INTERNATIONAL
POB 715 - Carbondale, CO 81623
970.963.8855 - fax 970.963.8866

sei@solarenergy.org

www. homepower.com
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MAKING; PV .I?J.M
It’s Busmess

by Andy Kerr

Investing in renewable energy (RE) c cerifmly makes sense for the plunei :

~ and for personal quests for sustainability;

: but bemg_‘green can make green
e —— especially when'you ‘use'RE topower a business. ’E‘i‘* =

'=:l-l—"
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kilowatt, grid-connected solar-

electric (photovoltaic; PV) array
installed on my garage roof (see HP101).
Rather than installing and operating the
system as an individual, it was a project
of the Larch Company, my home-based
consulting firm.

Having my company own the PV
system made a lot of business sense.
Both the federal and state tax credits
were better for businesses than for
individuals, and theequipment purchase
was a deductible business expense. The
projected internal rate of return for this
project was 13.3 percent—not a superb
business investment, but a marginally
good one.

In 2006, I decided to add more PV
to the system. The first array produced
3,912 kilowatt-hours (KWH) in 2005, or
91 percent of what my home and business consumed in that
year. Phase Il would add enough PV to close the production—
consumption gap, and also produce enough surplus electricity
to sell back to the grid at a premium.

The time was right: My company had the capital to invest,
and the tax credits were too good to pass up. For Phase
II, the internal rate of return is 23.8 percent (as a business
proposition) or 4.2 percent (as a personal investment). The
return on the new system would be significantly better
than the return on the first, because newer inverters are
more efficient both from an engineering (higher conversion
efficiency) and economic (lower cost per watt) standpoint.
Plus, other system costs have generally declined, power

In 2001, I commissioned a 3.2-

One half of the Phase Il array. (A portion of the Phase | array
can be seen through the office windows.)

www.homepower.com
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Author Andy Kerr next to the utility disconnect and the Fronius inverter,

the brains of his solar-electric system.

rates have increased, and—most importantly—the federal
subsidies have improved. The net result? A rate of return any
investor can love.

Number-Crunching

After specifying the equipment and getting an estimate for the
new project, I developed a spreadsheet to assess the anticipated
financial costs and benefits. (See spreadsheet on following
page and, for a live spreadsheet, www.homepower.com/
promisedfiles.) I modeled my business investment over ten
years. Ten years is also the limit of the inverter warranty—since
the inverter is the most complex piece of equipment in the
system and the only one with sensitive electronics, it is likely to
be the first (and perhaps the only) component to fail. Even so,
the Fronius inverter my installer recommended has a seven-year
warranty, with a three-year extension available for a mere $69.

Even though I anticipate that the new system will operate
far longer than ten years (the PVs are warranted for 25),
to complete the economic analysis I had to presume a
“salvage” value for each component, on the assumption
that each would be decommissioned after a decade. In
that time, inverter technology will likely improve enough
to make mine “worthless.” The mounting and electrical
hardware might still be worth a few bucks, but it’s hard to
say. General wisdom suggests that the PV modules will hold
approximately half their original value after ten years, unless
there is a breakthrough in PV efficiency or cost.

Now the fun—calculating the payback from my PV
investment. When it comes to subsidies, the City of Ashland’s
Electric Department is very supportive of solar energy
technologies. First, it gave me a cash incentive of $2.25 per array
rated watt. Second, like many utilities, the Electric Department
offers net metering, allowing the utility meter to effectively run
backward when the PV system is generating more electricity
than my home business is consuming. Third, the city-owned
electric utility buys all my excess kilowatt-hours, and at a
premium, paying me nearly $0.08 for each solar-generated

7S



sustainable investing

System Costs Assumptions & Calculations

Equipment Cost Variables Amount
12 Mitsubishi PV-MF170EB3 $9.792 Number of modules 12
PV modules STC watts per module 170
Fronius 1G2000 inverter 2,500 Array STC (W) 2,040
Labor 1,500 Net system efficiency 75%
DP&W PR3-MF170 PV mounts 1,120 Estimated annual PV energy output’ 1,605
Miscellaneous electrical 225 Total solar resource fraction? 94.1%
Combiner box 95 Estimated annual AC KWH 2,311
Permits 80 Utility sale rate ($/KWH) $.07941
Inverter extended warranty 69 Estimated electricity sales income (for Year 1 below) $183
AC disconnect 60 Electrical rate annual inflation assumption 3%
Miscellaneous hardware 50 Combined state & federal income tax bracket 30%

1 .
Total Cost e L R oo P s

Business Payback Scenario
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Revenues & Expenses Year0 VYear1 Year2 VYear3 Year4 VYear5 Year6 VYear7 VYear8 Year9 Year10
Initial system cost
& salvage value3 -$15,491 4,896
City of Ashland cash incentive# 4,590
30% Federal income tax credit® 4,647
Oregon income tax credit® 4,725
Federal & state tax savings
(depreciation)’ 4,856
BEF green tags8 116 116 116 116 116 116 116 116 116 116
Electricity sales® 183 189 195 201 207 213 219 226 232 239
Income taxes -1,467 -91 -93 -95 -97 -98 -100 -102 -104 -106
| Annual net cash flow |-15,491| 17,651 213 | 217 | 221 | 225 | 230 | 234 | 239 | 244 | 5144 |
| Accumulated cash flow | -15,491| 2,160" | 2,373 | 2,590 | 2,811 | 3,037 | 3267 | 3501 | 3,740 | 3,983 | 9,128 |

Business, Internal Rate of Return | 23.8%

3Assumed salvage value after 10 years 7Expensed in first year

4$2.25 per PV module nameplate STC watt 85-year contract to receive $0.05 per KWH for selling green tags
5Reduces basis for depreciation by 5% 9Annual electricity sales and green tag sales

630.5%, discounted from 35%; credit was sold to third party *Simple business payback (year cash flow turns positive)

Personal Payback Scenario
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Revenues & Expenses Year0 VYear1 VYear2 VYear3 Year4 VYear5 VYear6 VYear7 Year8 Year9 Year10
Initial system cost
& salvage value10 -$15,491 L
City of Ashland cash incentivel 4,590
Federal income tax credit 2,000
Oregon income tax credit!2 1,500 | 1,500 1,500 1,500
BEF green tags'3 116 116 116 116 116 116 116 116 116 116
Electricity sales’4 183 189 195 201 207 213 219 226 232 239
| Annual net cash flow |-15,491| 6922|1713 | 1,717 | 1,721 | 225 | 230 | 234 | 239 | 244 | 5,144]
| Accumulated cash flow | -15,491| -8,569 [-6,855 |-5138 |-3417 [-3192 |-2962 |-2,728 [-2489 |-2,245 | 2,899™
Personal, Internal Rate of Return
10Assumed salvage value after 10 years 135-year contract to receive $0.05 per KWH for selling green tags
11$2.25 per PV module nameplate STC watt 14Annual electricity sales and green tag sales
12$1,500 maximum for each of four years **Simple personal payback (year cash flow turns positive)
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KWH T sell them (its highest retail rate). Meanwhile, I pay
$0.066 per KWH (its lowest retail rate) for each one I buy
beyond what I have produced. Finally, though the utility
arguably could have claim to the green tags (renewable energy
credits; RECs) of the project, it allows me to sell them instead.

While I knew Phase II would be a business project, I
designed the spreadsheet to also analyze the non-business
(personal) option as well. Although the City of Ashland didn’t
care if it was business or pleasure, the federal government
and State of Oregon did.

For businesses, the federal government is offering a
30 percent tax credit, at least through 2008. For residential
installations, it's capped at $2,000, but for businesses no cap
exists. A business can also deduct the costs as an expense. The
State of Oregon offers a 35 percent income tax credit for PV
systems operated by businesses, which is subtracted directly
from the tax bill. My consulting firm didn’t really have
much tax liability, so the state allowed me to “sell” or “pass
through” the tax credit to someone who would otherwise
be paying that amount in taxes. The Oregon Department of
Energy specifies the transfer price. My pass-through partner
paid me 30.5 percent of the cost of my system and received
a tax credit from the state for 35 percent of the system’s cost.
For the pass-through partner, that calculates to a 14.75 percent
return on a very safe investment of less than one year. The
state residential income tax credit is capped at $6,000, spread
over four years.

Besides the City of Ashland purchasing surplus solar-
produced kilowatt-hours at a premium, green tags are the
other source of energy-related revenue for the project. For
the older system, I have a three-year contract with 3Phases
Energy Services that pays me $0.05 per KWH. They buy the
“greenness” of my renewable, carbon-free solar energy, and
resell it to companies and individuals wanting to make their
energy consumption carbon-neutral to offset contributing to
climate change. To encourage solar energy, 3Phases pays me
as much for green tags as they are receiving. Most of 3Phase’s
green-energy portfolio is wind-powered generation, for which

internal Rate of Return
Potential Changes

Projected Scenario Business Personal
| Internal Rate of Return (IRR) | | 23.8% | | 4.2%

New IRR New IRR
New Scenario IRR Change IRR Change

sustainable investing

Just add sunshine—solar-electric systems are a sound
investment, especially for businesses.

No federal income tax credit 8.4%| -15.4% 1.2% | -3.0%

No state income tax credit 8.2%| -15.6% || -3.8% | -8.0%

Mo Eiey el Al 12.2%| -11.6% || -0.4% | -4.6%

assistance

No green tag market 22.1%| -1.7% || 3.1% 1.1%
None of the above 2.8%| -21.0% || -6.7% | -10.9%
0% Electric rate inflation 23.5%| -0.3% 4.0% | -0.2%
5% Electric rate inflation 23.9%| 0.1% || 4.4% 0.2%

10% Electric rate inflation 24.9% 1.1% 4.9% 0.7%

Site & System
Specifics

In late 2002, when | added an office addition to my
home, | was already making plans for a second PV
array. I'd specified the roofline to run east-west and a
roof pitch of 4:12 (18.5 degrees). In hindsight, | should
have specified a 6:12 pitch (26.5 degrees), which would
have been the optimal summer position (latitude minus
15 degrees) for my latitude of 42 degrees. | kept the
panels parallel to the roof pitch—rather than mounting
them at a steeper angle—to make the system more
aesthetically pleasing. This concession to form over
function only results in reducing gross annual kilowatt-
hour production by about 2 percent.

In anticipation of this new project, | had 11/4-inch conduit
installed from the attic of the new addition to the crawl
space of the house. At the time, | assumed I'd need
large-gauge wiring for low-voltage direct current, but
the new array is wired for 295 Vmp, and the two #8 DC
transmission wires and single #6 ground wire don't
even begin to fill the oversized conduit.

Though | try to keep up with equipment costs and
improvements, | left it to local PV guru Bob-O Schultze of
Electron Connection to specify the hardware. Originally,
we'd considered adding the second array to the first
system’s inverters, but the older Xantrex SW inverters
are inefficient for grid-tied use compared to modern
battery-based and batteryless inverter designs. As a
result, the new system is totally independent, except
that all of the renewable electricity generated goes to
the same utility grid. This system separation saved
some wiring and rewiring costs, and because grid-tie
inverter efficiency has improved significantly since |
installed my first system, I'd get a substantial increase in
energy production by installing a new inverter.

www.homepower.com
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sustainable investing

Photovoltaics: Twelve Mitsubishi PV-
MF170EB3, 161.5 W each at 24.6 Vmp, T T
wired in series for 1,938 W total at 295.2 Vmp
KWH °
Inverter: Meter: Ke rr on -Grld
Fronius 1G2000, 2,000 Wp, —/| To ut_l(;ltv °
150-400 VDC operating range, gri Ph I S
o e perating rang ofovoltaic System
240 VAC output,
internal DC disconnect  Utility AC J Ph I I
Disconnect: J AC Service Entrance: a se
Lockable ( ) To 120/240 VAC loads
P r —~ 7717 'f\._
] oo < e
' YD YD
FRONIUS IG Ve °_¢o > o
0020053 :/\ /\:
— —

Tech Specs

Overview
System type: Batteryless, grid-tie PV

Location: Ashland, Oregon
Solar resource: 4.9 average daily peak sun-hours

Production (estimated): 220 AC KWH per month
(Phase Il); 540 AC KWH per month total (Phase | and Il
combined)

Utility electricity offset (estimated): 144% (Phase | and
Il combined)

Photovoltaics
Modules: 12 Mitsubishi PV-MF170EB3, 161.5 W
(guaranteed minimum at STC), 24.6 Vmp

Array: One 12-module series string, 1,938 W STC,
295.2 Vmp

Array installation: Direct Power & Water Power Rail
mounts installed on south-facing roof, 18.5-degree tilt
angle (parallel to roof plane)

AC disconnect: GE TG3221, 20 A, 2-pole breaker in
AC service entrance

Balance of System
Inverter: Fronius 1G2000, 2,000 Wp, 150-400 VDC
operating range, 500 VDC maximum, 240 VAC output

System performance metering: Built-in inverter display
and datalogging, utility KWH meter
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green tags are cheaper. While my financial model projects the
continued sale of green tags during years five through ten, it’s
an assumption, not a certainty, as is the price.

For the Phase II system, I decided to sell my green tags to
the Bonneville Environmental Foundation (BEF), which not
only markets green tags to support renewable energy, but
also supports watershed restoration activities. The table on
page 77 shows the projected internal rate of return with and
without various government and market subsidies, as well as
at higher electricity prices.

Many Happy REturns

As you can see from the IRR Potential Changes table, the
money to be made is not so much in selling solar kilowatt-
hours, but in collecting tax credits and deductions. In my
business case, the table suggests that not all the government
subsidies are necessary to achieve a modest financial return.
As a personal investment, though, subsidies are critical to
achieve a marginally adequate return on investment.

The minimum rate of return necessary to justify a financial
investment all depends upon your “hurdle rate.” In other
words, how much money does your investment need to
make? Businesses generally have higher hurdle rates than
individuals do. In the case of Phase II, the simple business
payback is one year. If I financed the PV project out of my
own personal pocket, rather than from my business account,
the break-even point would be eleven years. Far from great,
but my personal hurdle rate is far lower than my business
hurdle rate.

As a personal investment, the project’s tax-free payback
of 4.2 percent for my PV system compares very favorably
against other no-risk—but taxable—investments such as a
government-insured 5-year certificate of deposit (4.8 percent),
money market account (3.5 percent), or ten-year government
bond (4.9 percent). For residential PV systems to pay off,
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much of the return will come from tax savings, which leave
you with more money in your pocket. But to take advantage
of the credits, you need to have enough taxable income.

Will a PV system pay off for you? Besides the amount of
sunshine your site receives, it depends on your finances, the size
and cost of your PV system, the revenue it will generate, and the
subsidies you can receive. Visit the Database of State Incentives
for Renewables & Efficiency to learn about commercial RE
incentives available in your area, and use the worksheet provided
at www.homepower.com/promisedfiles to see how you can get
your smart solar start. Once you gather the numbers and crunch
them, you might be surprised to discover that when it comes to
renewable energy, you're in business!

Access
Andy Kerr, Czar, The Larch Company e
andykerr@andykerr.net ® www.andykerr.net

Bob-O Schultze, Electron Connection ® 800-945-7587 e
bob-o@electronconnection.com ®
www.electronconnection.com ® PV system installation

Andy Kerr’s financial analysis spreadsheet ®
www.homepower.com/promisedfiles

PV System Components:
Direct Power & Water Corp. ® 800-260-3792 e
www.power-fab.com e PV array mounting hardware

sustainable investing

Fronius USA LLC e 810-220-4414 ¢ www.fronius.com/
worldwide/usa.solarelectronics/about/ e Inverter

Mitsubishi Electric ¢ 714-220-2500 e
http:/ /global. mitsubishielectric.com /bu/solar/index.html o
PV modules

Incentives:
Bonneville Environmental Foundation e 503-248-1905 e
www.b-e-f.org ¢ Green tags

Database of State Incentives for Renewables & Efficiency
www.dsireusa.org ® Incentive information

The Tax Incentives Assistance Project, American Council for
an Energy-Efficient Economy e
www.energytaxincentives.org or www.aceee.org ®

Federal & state government solar incentives

3Phases Energy ® www.3phases.com ® Green tags

Related Reading:
“Grid-Tied Solar in Small-Town, USA,” Andy Kerr, HP101

“Mixing Business & Pleasure,” Andy Kerr, HP101
“Doing Well While Doing Good,” Andy Kerr, HP86
“Cost-Effective Hybrids,” Andy Kerr, HP113

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 youw’ll need
to complete your solar project!

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 ===

( 4
Reliable People . . . Reliable Products . . . Reliable Power! 5‘”’ WIZ e
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EARN YOUR NABCEP CONTINUING EDUCATION CREDITS

Introducing

Solar Industry Seminar
March 8-10 Denver,CO

co-sponsored by CoSEIA
This well-rounded seminar will provide a whole systems approach. There will be vendor booths,
product displays and introductory training sessions for novices to the industry,

Topics include:

o Photovoltaics @ SolarThermal @ Wind Power @ Sustainable Home Design

www.solarenergy.org

Trying to stay current with NEC code practices?
Come join us for a full day (8-hours) of code training with John Wiles.

Meet PV industry professionals and receive product-specific training

Previous presenters have included:
Fronius SMA Xantrex PV Powered Magnetek Outback Power
Pete Sheehan from NABCEP UniRacFat Spaniel Technologies
Direct Power & Water Draker Solar Surrette Battery Conergy
Sanyo Midnite Solar

“There has never been a better time
to become involved in the solar energy
business, and SEI provides the most

comprehensive education available.”

SEI HANDS-ON WORKSHOPS

e Solar Hot Water

¢ Biodiesel

¢ Sustainable Home Design

® Designing & Building
Natural Homes

® PV Lab Week

e PV Design & Installation

e Advanced Photovoltaics

e PV Safety
e Solar Water Pumping

e Utility Interactive
Photovoltaics
® [ntro to RE

e Solar Industry Week
¢ Residential Wind Power

® Micro-Hydro Power

® Successful Solar Business
e Straw Bale Construction
® Solar & Radiant Heating

e Women’s PV Design &
Installation

® Renewable Energy for
the Developing World

® Plaster for Natural Homes

Over 20 years
Experience
in Education

‘Call for our
e 2007
Catalog

- PV Design & Installation Workshop participant, 2006

HANDS-ON EDUCATION FOR A SUSTAINABLE FUTURE

www.solarenergy.org




"This book is the

solar thermal
contractor’s bible!”

SOLAR HOT WATER SYSTEMS

Lessons
Learned:
1977 to
Today

by Tom Lane

Solar Hot Water & Pool Heating Design
High Performance-Low Maintenance Systems
Reality Checks Using Current Technology

ki this definitive 200-page manual, Solaf enengy ponaer
Tom Lane oullings how the latest technobgy and
valuable lessons beamed from the past can help & new
ganaration of solar contractors expand their businesses
amd slisty their customers

DOWNLOAD NOW
Downinad Tiebie of Contants

Chapier 2 {*Drainhack Systema™) o
wWww.Bcs-solar.com

Orger onfne | wassece-sodar.com) wa credit Sard
o send check of money ofder [o

EnerGY CONSERVATION SERVICES
G120 SW [ Ich &t - Gameswile FL 32608
(358) 37 7-88566

Cobior Edition copies @ 65 each = &

Biack and White Edition copies #® 335 each = &

Domestic Shipping and Mandling: $ 4.00
TOTAL: §_

DIRECT POWER & WATER CORP

SunStrut

Enclosures - Battery Boxes

(800) 260 - 3792

Albuquerque, NM USA (505) 889 - 3585

www.power-fab.com « info@power-fab.com

!

www.homepower.com
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Solar Water Heating

Tools of the Trade

If you're handy around the house, and have some plumbing experience,
a solar water heating system is within the realm of a do-it-yourself
project. But before you get started, make sure you have the right tools.

by Chuck Marken

going fantastically—or frightfully. Here’s what you’ll

need in your toolbox to tackle a solar water-heating
installation. We'll cover most of the bases for those who are
newer to home improvement projects, but bypass describing
and listing basic hand tools.

The right tools can make the difference between a job

Utility Knife

Small, But Significant

Besides choosing the right tools for the job, buy quality
ones that will last a lifetime. And never try to get by with
using the wrong tool for the job. This can cost you time, lower
the quality of the finished installation, and might lead to some
bloody knuckles—or worse!

This knife uses heavy-duty disposable blades, which
can retract into the handle for safety. Used
for cutting pipe insulation and opening

the packaging of all your new tools
and solar thermal equipment. My
favorite has a permanent blade
on one side and disposable
blades on the other. $15

Angle Finder

82

An angle finder (locater) allows you
to set your solar collectors at the
exact tilt angle to maximize the
amount of solar exposure—and your
system’s performance. Many have
a convenient magnetic base, which
allows you to place the tool on the
collector, leaving both of your hands
free for mount adjustment. $10

Tube Cutters

Copper tubing (pipe) cutters are just what the
name implies—and the small cutters fit in
tight locations, allowing you to easily rotate
the cutter around the pipe. Tube cutters
make a very clean cut when working with
copper, and clean-cut pipe-ends are the first
requirement for leak-free solder joints. $20
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tools of the trade

Soldering Tools

Most solar water heaters are plumbed with copper tubing
because of the high fluid temperatures they can produce.
The easiest way to fit copper pipe together is by
soldering. | like to keep all my soldering tools in
a 5-gallon bucket with a tool organizer. Kept in
the bucket are (clockwise from top): a small fire
extinguisher; a Mapp gas torch (burns hotter
than propane); a spritz bottle for cooling solder
joints; Teflon tape; lead-free solder, flux, and brush; and a pipe
tube-and-fitting cleaning brush. $100 for all

Lighter Torpedo Level

A torpedo level is a must in any tool kit if you want the

job to look good. For leveling equipment and pipe runs,
this is the tool to have on hand. You can use your angle
finder in a pinch, but a level is easier to use and read in
most cases. $15

If you're finishing an
installation at night or on

a rainy day, a lighter can
simulate the heat of the sun.
Use it to test the differential
controller’s sensors and
controls to make sure they
are working correctly before
you pack it in for the day.
$0.99

The Big Ones

Solar Site Analysis Tools

These can help you find the best location
for your solar collector(s) by showing you
where shading will occur from buildings,
trees, or other objects. Several are available,
from the lower-tech, but highly reliable,
Solar Pathfinder ($255; or $319 with software
interface) to Wiley Electronic’s ASSET, a
digital camera, mount, and software package
that crunches solar access data on your
computer from a set of photos you shoot
at your site ($699). Solmetric’s high-tech
(and higher-priced) SunEye is a handheld
digital tool that provides solar access
and shading information with the touch
of a button ($1,255).

www.homepower.com




tools of the trade

Cordless Drill

e
-

From drilling holes to driving lag screws for collector mounts, ‘
this tool is indispensable. Tool freaks covet the high-priced,
high-capacity, lithium ion-battery drills and impact drivers,
which offer high torque and the ability to drive through soft- & # - .
and hardwoods, as well as metals. Some even come with a
built-in LED light to illuminate your work. $50-$400

Cordless Reciprocating Saw

Paired with a variety of blades, this tool can
make short work of everything from trimming
metal collector mounts to cutting holes through
roof decking for pipe penetrations. $90-$150

Right-Angle Drill

When you need to drill large holes in thick wood, this is the tool you
want. Its design lets you work in close spaces, but be careful with these
high-power brutes. A co-worker broke his jaw while drilling through
two 2 x 4 top plates in a tight attic. The large spade bit hit a nail, and
the drill handle spun out of his hand and clocked him in the jaw. Ouch!
Tool cost—$300. Taking care to spare yourself an emergency room
visit—priceless.

Grip It & Strip It

Lock-Jaw Pliers

Lock-jaw pliers are handy for any number of jobs.
They're terrific for holding back pipe insulation on a
length of tubing to allow soldering a joint. $12

Slip-Joint Pliers

Slip-joint jaw sizes get smaller and larger by virtue of their
ingenious method of varying hinge placement, to accommodate
a range of material sizes. You can use these tools when working
with smaller pipe and fittings, since they are much lighter and
handier than pipe wrenches. $20
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tools of the trade

Lineman’s Pliers

An old plumber once told me that every tool is a hammer first,
and whatever else it was made for, second. Lineman’s
pliers are a good example. Machined from forged
steel and with a heavy-duty hinge, these pliers are
designed to hold up even after repeated use under
extreme force on heavy-gauge wire. And although —
they are made to cut, twist, and pull wire, I've used them to '
drive small nails and staples too many times to count—two tools

for the price of one! $40

. Needle-Nose Pliers

The perfect tool for feeding and pulling small
wires through fittings, and aligning wires

in terminals for tightening. Best if they also
include wire-cutting blades. $10-$40

Wire Stripper

You don’t need these with passive solar hot water
systems since there is no wire work involved, but all
active systems have some electrical wiring to power

the pump(s) or get signals from the sensors. Whether

stripping wire for AC-powered system controls or for DC
PV-powered systems, wire strippers are the first tool you'll
need to make secure cable terminations. The tool shown

also has a built-in voltage indicator in the handle to detect live
circuits. $25

Adjustable-End Wrenches

These are used all the time on pipe fittings, bolts,
nuts, lag screws, and mounting hardware, and when
it is impractical to carry a full set of box or open end-
wrenches. They are not intended for heavy-duty
torquing on hardware. $20

F’ipe Wrenches

Pipe wrench teeth are designed to grip pipe when pulling
on the wrench and loosen when pushing on it to give a
ratcheting motion. Pipe wrenches are typically used in
pairs, one for holding and one for turning. If the teeth get
worn, it's time for some bloody knuckles—and time for a
new wrench. $25
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tools of the trade

The Finish Line-Up

Caulking Gun

A caulking gun is a necessary tool for sealing
roof jacks and roof penetrations. $10

Glycol Pump & Hose

For antifreeze systems, a drill pump chucked into a
drill will make filling the system a much simpler task.
You'll also need a few 5-gallon buckets and a couple of

washing machine hoses. $25

Testing & Inspection Tools

A few different tools are helpful for inspecting and troubleshooting solar
hot water systems. Clockwise from the bottom: a propylene glycol
tester indicates the minimum temperature a
particular glycol solution will withstand without
freezing (the floating balls are calibrated a

little differently from ethylene glycol testers
designed to test automobile antifreeze); calibrated
thermometers are used to check water temperature;
pH paper is for handy for testing glycol solution
acidity; and an inspection mirror is great for doing
work in hidden crannies. $45 for all

Digital Multimeter (DMM)

A solar water heating installer can get by with a fairly simple and
low-cost DMIM compared to solar-electric installers. But some type of
multimeter is needed for troubleshooting control or pump problems.
$12-$250

Access

Chuck Marken, AAA Solar, 2021 Zearing NW,
Albuquerque, NM 87104 ¢ 505-243-4900
Fax: 505-243-0885 e

chuck.marken@homepower.com
www.aaasolar.com
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You asked for it.

$29.95+S&H

AND IT'S

hether you’re looking for the perfect introduction to home-scale renewable energy
or just want all of your favorite Home Power articles in one, easy-to-access place,
our new “Best of...” CD-ROM is the right tool for the job.

.-.When You Subscribe

or Renew for Two Years

67 Original Articles in Eight Popular Categories

* Home Solar-Electric Systems

* Solar-Electric System Profiles

* Home Wind-Electric Systems

* Microhydro-Electric Systems

* Solar Home Design & Efficiency

* Green Building

* Domestic Solar Hot Water Systems
¢ Biofuels, and more...

Subscribe orrenew to Home Power (print or digital edition) for two or more years and we’ll send you
ournew “Best of...” CD-ROM for FREE. A $30 value! (Adobe Reader software required. Available free. )

To order, visitwww.homepower.com/bestof, or call 800-707-6585 or 541-512-0201
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by Kevin Johnson
Photos by Sterling Johnson-Brown

Green wheels: This Volkwagen Rabbit, converted to run on electricity, recharges its batteries from a grid-tied solar-electric system.

ur car is powered by the sun.

It costs less than half as much

to operate as some of the most
efficient gasoline- or diesel-fueled
cars, and produces zero tailpipe
emissions.

Our family had been living a simple rural and remote life
using very little energy—except for the vehicle we used to
transport us to town, work, and school on a daily basis. Three
years ago, we made a commitment to fulfill the long sought-
after dream of environmentally friendlier transportation,
following a move closer to town.

We came to a point where being energy conscious in
our home, but driving—and burning fossil fuels—seemed
completely out of balance. Over many years, we’ve endeavored
to increase our energy independence through conservation,
efficiency, and lifestyle changes. With the addition of the
electric vehicle (and our solar-electric system), we were able
to bring our transportation needs into this fold.

Electric Attraction

Watching the electric vehicle (EV) rallies and races at
renewable energy fairs in nearby Willits, California, in the
early 1990s sparked our interest. We built our knowledge base
by attending a number of conversion workshops throughout
northern California over the years, taught by EV experts Mike
Brown and Shari Prange of Electro Automotive, and others.
Shortly after the second Persian Gulf war began in early 2003,
we decided that it was time to begin our search for a vehicle
that would fulfill our environmental goals and meet our
family’s transportation needs.

We felt that our country was going to war to expand
America’s oil interests in Iraq and we didn’t want a part
in it. There was no better time for us to make the change
from fossil fuel to solar energy for our transportation needs.
We decided that purchasing an already converted vehicle
would be our best bet for our first electric experience, so we
shopped for a conversion with reliable and standardized
components.

In February 2003, through the Oregon Electric Vehicle
Association’s Web site, we found an already converted
Volkswagen “VoltsRabbit.” I contacted the seller, an electric
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vehicle enthusiast from Portland, Oregon, and purchased
a one-way bus ticket to Portland from our hometown in
northern California. I bought the car for $4,200, and rented a
truck with a trailer to bring it home.

The car, which has turned out to be a jewel, is a 1984, two-
door, four-passenger VW Rabbit. It needed cleaning and a
new headliner, but was otherwise in good working condition.
It was converted several years prior to our purchase, but
had been stored for a couple of years unused. Its sixteen,
6-volt Exide golf-cart batteries were still retaining a charge
and continued to work for the next few years. This surprised
us, since the car had been sitting for so long. It came with a
120-volt K&W onboard charger and an Advanced 8-inch DC
motor with a Curtis 1221 controller. The conversion had been
done by a mechanic with an Electro Automotive kit.

Solar Charging
We temporarily charged the vehicle on utility electricity
until we were able to refinance our home and invest in a
solar-electric (photovoltaic; PV) system to power the car and
our household loads. The cost to power the car with utility
electricity was about 4 cents per mile. This was stunning,
compared to 14 cents per mile that we had paid to fuel our
gasoline-engine car. Even a car with gas mileage of 40 mpg
would cost more than twice that of the electric to drive, at
about 8.5 cents per mile.

Through conservation and efficiency measures, we

electric driving

% il i

VoltsRabbit owners Lisa Brown and Kevin Johnson promote EV
technology by regularly taking their car to community events.

5 kilowatt-hours per day for our family of three prior to
installing our PV system. We had just finished restoring our
old farmhouse, which we retrofitted with conservation and
efficiency in mind. The 16-cubic-foot Sun Frost refrigerator,
efficient Maytag Gemini glass-top electric stove (with a

decreased our household electrical needs to less than small oven), Eemax electric, on-demand, under-counter water

The VoltsRabbit recharges its batteries from typical grid electricity or, in this case, from the Johnsons’ solar-electric system.
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electric driving

Photovoltaics: Sixteen Sharp NT-185U1, 185 W each at 36.21 Vmp,

wired in two, eight-module series strings for 2,960 W total at 290 Vmp

AC Service Entrance:
To 120/240 VAC loads b

JOHNSON ON-ARID
PHOTOVOLIAIC SYSTEM

Tech Specs \_

\
Overview
System type: Batteryless, grid-tie PV
Location: Arcata, California
Solar resource: 4.4 average daily peak sun-hours
Production: 300 AC KWH per month
Utility electricity offset: 90+ percent
Photovoltaics
Modules: 16, Sharp, NT-185U1, 185 W STC, 36.21 Vmp
Array: Two 8-module series strings, 1,480 W STC each,
2,960 W STC total, 289.68 Vmp
PV DC disconnect: Square D HU361RB
AC disconnect: Cutler-Hammer DG-221-URB
Array installation: Direct Power & Water mounts
installed on south-facing roof, 30-degree tilt
Balance of System
Inverter: SMA America Sunny Boy, SWR 2500U-SBD,
2,500 Wp, 600 VDC maximum DC input voltage, 234-550
VDC MPPT voltage window, 240 VAC output
System performance metering: Built-in inverter display
and datalogging; utility KWH meter

.
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Utility AC Disconnect:

Lockable switch

heater for the kitchen sink, and compact fluorescent lighting
throughout the house are the techno fixes we provided,
as well as adding insulation and installing double-paned
windows.

Additionally, we effectively eliminated phantom loads
(standby electricity drawn by an appliance when plugged in
but turned off) by unplugging all electrical items when not in
use and using power strips for the computers. We then sized
our PV system to meet our actual needs—about 5 kilowatt-
hours per day for the house and 5 kilowatt-hours per day for
the car.

Our 2.9-kilowatt grid-tied system was installed on our
shed with our local solar electrician, Roger, at the helm. John
Davis, Rowan Gratz-Weiser, Roger, and I worked on the
installation, which took about three days. I was able to work
off a significant amount of the labor cost by being involved in
the installation and trading out my labor on other projects.

Upgrades & Benefits

Since purchasing the car in 2003, we’ve had to replace the
original batteries that came with it. I decided to replace the
Exides with Trojan T-105s. These were available locally at
a good price (about $900 total) and are a dependable, long-
lived battery. I found that the individual battery caps the
Trojans use tend to have no leakage, keeping the battery tops
cleaner.

At the same time, I decided to upgrade the 120-volt
charger to a faster and more efficient 240-volt Zivan charger
that has an automatic shutoff and equalization features for the
batteries. The new charger takes 4 to 5 hours to completely
recharge the batteries, compared to about 8 to 10 hours for
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the 120 V charger. Aside from adding a couple of gallons of
distilled water to the batteries every few months, the electric
car requires very little maintenance.

An added feature of the electric car that we hadn’t really
considered, but find very useful, is the mobile battery bank it
provides. When the grid goes down, as it often does here in
the winter, we can use the car’s stored energy via a small 400-
watt inverter on the car’s 12-volt auxiliary battery, which is
kept charged via a DC-to-DC converter from the main battery
bank. We operate a small store in town, and can run our cash
register, credit card machine, stereo, fax machine, and lights
during utility outages. At home, we can plug into the car to
watch TV or have some lighting for our evening tasks if the
grid is down.

Resurrecting EVs

Insistence by the California Air Resources Board that
electric vehicles (EVs) could be the solution to California’s
air-pollution problems and the development of the ZEV
(zero emissions vehicle) mandate in 1990 resulted in the
development of General Motor’s EV1 and similar electric
vehicles.

EVs suffered a setback by the elimination of this mandate
in 2003 and the crushing of many of these cars, but the
electric car has not been killed—far from it. Its fate may
best be left for us to bring to the forefront as an integral
part of our renewable energy future. The electric car lives
in our driveway and in the driveways of many today, and
its time has come.

| work with a small group of EV enthusiasts—the Humboldt
Electric Vehicle Association—to encourage and aid people
in our community who are interested in purchasing or
converting a car to electricity. Our goal is to replace
gasoline-engine cars on the road with electric vehicles.

One of the best things that EV activists can do is to connect
with other EV activists in their communities and develop
support networks. It helps to meet on a regular basis with
this group of folks to share information and build upon ideas
for community outreach. Among the ideas we’'ve worked
with are:

» Bringing vehicles to fairs, car shows, parades, schools,
and other events to showcase electric vehicles.

» Organizing workshops or conversion projects, and
inviting the public.

» Working with local and regional governments
to establish electric vehicle charging stations.

» Writing articles and letters to the editor about EVs.
» Sending out press releases when opportunities arise.
» Establishing a Web site for our local EV group.

* Encouraging local governments to incorporate
EVs into their fleets.

In the end, driving your vehicle is absolutely the best way
to let others know that EVs are viable, affordable, and user
friendly.

www. homepower.com
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For long-distance trips (beyond the car’s 40- to 50-mile
range), we drive a 1985 VW Jetta that gets 40 to 45 mpg.
We run the Jetta on locally produced biodiesel made from
restaurants” waste cooking oil.

But the Jetta spends most of its time in our driveway, since
the electric car is the easiest and most enjoyable car to use for
our daily errands. Driving the electric is simply a matter of
turning the key and going down the road. There is no start-
up, no warm-up, no fumes, no gas stations, and no engine
noise to contend with. When you stop the car, it is silent.
When you coast down a hill, the car uses no energy.

Electric Tractor

The newest member of our electric fleet is a 1970s General
Electric Elec-Trak tractor (36-volt) with a 42-inch mower deck.
Many years ago, our friend David Katz from Alternative
Energy Engineering purchased a number of Tennessee
Valley Authority’s electric vehicles, including an Elec-Trak.
I expressed to him by chance that I was looking for an Elec-
Trak, not knowing he actually had one, and he offered it for
free, providing I hauled it away!

The GE Elec-Trak tractor charges its batteries
from the solar-electric system and keeps
the orchard understory mowed to perfection.
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System Cost Analysis

System Costs Cost
16 Sharp NT-185U1 PV modules, 185 W $10,814
SMA Sunny Boy SWR 2500U inverter, 2.5 KW 2,230
Direct Power & Water PV mounts 1,206
Tax 1,008
Misc. electrical & hardware 302
DC array disconnect 100
Permit 85
AC disconnect 55
Labor (traded) 0
Total $15,800
Less California Energy Commission rebate -$9,333
Less 15% California tax credit -970
Grand Total $5,497
Simple Payback Amount
Recorded annual PV production (KWH) 3,685
Actual annual household electricity usage (KWH) 1,825
Present cost of electricity ($ per KWH) $0.148
Annual household electricity costs ($) $270
Annual mileage 5,000
Gasoline price ($ per gallon) $3.39
Annual fuel savings (EV vs. 25 mpg gas engine) $678
Payback, Considering Both Household 5.8

& Vehicle (Yrs.) ’
Payback Without Vehicle, If Home Consumed 10.4

All PV Production (Yrs.) ’
Payback Without Vehicle, Considering Actual 20.4

Household Consumption (Yrs.) :

The tractor had been sitting out in the weather for many
years, wasn’t running, and was very rusty. First I checked the
main drive motor by hooking a 12-volt battery up to it to see if
the motor would spin. It did! The mower deck has three motors
and the bearings were shot on all of them, so I took them off
and had them repaired at the local electric motor shop.

I downloaded the repair manuals and wiring diagrams
from the Elec-Trak Owners Club Web site and painstakingly
pieced everything back together with the help of Nick
Johnston, a friend and fellow EV enthusiast. Once I knew the
tractor was operable, the entire machine was stripped of its
rusty yellow paint by hand. Parts that were removable were
pulled and sandblasted. The bare metal was primed and
recoated with a nice John Deere green. Six new 6-volt Trojan
T-105 batteries completed the restoration.

Elec-Trak tractors once had numerous accessories,
including a snow blower and rototiller, but ours came with
just a mower deck. The tractor helps out on our farm, hauling
horse manure and compost with a small trailer, and mowing
the lawn and orchard. Like our VoltsRabbit, it is charged by
our solar-electric system.

PV & EV Payback

Charging our electric car and mower with solar electricity
from our PV system decreases the payback time for our
solar-electric system, since the money saved by not buying
gasoline can be included in this calculation. Our system cost
was only $5,497 (remember, I traded labor!) after we claimed
the California Energy Commission’s “Emerging Renewables
Program” rebate, which we hit at the peak refund period, and
the State of California’s Solar Energy System Credit (15% of
the amount paid for the system, after the CEC’s rebate). The
electric car replaced a gas-engine Toyota Tercel station wagon
that was getting about 25 mpg. For the 5,000 miles we drive
each year, we save between $500 and $700 on fuel costs by
driving our electric car instead of our gasoline-engine station
wagon or biodiesel-fueled VW Jetta. Added to the annual
electricity cost savings of $270 for our household, our solar-
electric system saves us almost $1,000 each year.

At this rate, we will recoup our PV system costs in less
than six years. The payback period will probably become
even shorter, as gasoline and electricity prices continue to
climb. The combined costs of our car and solar-electric system
was far less than the cost of a typical new car. Plus, factoring
in the electric car’s savings on fuel costs cuts the PV system’s
payback time by one-third to one-half (see cost table).

Knowing that our electric car is both a smart environmental
and economic choice heightens our enjoyment of driving it.
Driving an electric car is sensible and forward-thinking. Our
little VoltsRabbit makes an impression on all who see it. It
reminds people that there is a solution to the oil dependency that
plagues us. In some way, I sense that it provides some hope.

Access

Kevin Johnson & Sterling Johnson-Brown, c/o Solutions,
1063 H St., Arcata, CA 95521 e 707-822-6972 o
mingo@tidepool.com

PV System:
Roger ® 707-826-9901 e Solar-electric system installer

Direct Power & Water e 800-260-3792
www.power-fab.com ¢ PV rack

Sharp Electronics, Solar Systems Division ¢ 800-SOLARO06
www.sharp-usa.com/solar ® PVs

SMA America Inc. ® 530-273-4895 e
www.sma-america.com ® Inverter

EV Resources:
California Air Resources Board e
www.arb.ca.gov/msprog/zevprog/zevprog.htm

Electro Automotive ¢ 831-429-1989 ¢ www.electroauto.com
Elec-Trak Owners Club ® www.elec-trak.com
EV Trading Post ® www.austinev.org

Humboldt Electric Vehicle Association e 707-822-6972 e
www.heva.org
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Extend the life of your battery with...

Nanopulser!!!

FEATURES

e Maximize battery life by decomposing sulfation

e 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
e AEE Solar http://www.aeesolar.com
e Sunelco Inc. http://www.sunelco.com

e 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.

Mention you saw ad in Homepower.

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

Best Prices & Service Here!

1-800-621-4011

Solar Electric Systems for
Residential, Commercial,
& Public Sector

* High-Efficiency Solar Modules
(UL listing, 20 year warranty)

e |nverters
e Charge Controllers
e Batteries

info@globalsolarinc.com

www.globalsolarinc.com

828 W. Taft Ave. Orange, CA 92865

AUTOMAGIC BATTERY WATERING

| WE MAKE WATER FROM YOUR GAS

| Hydeogen and oxpgen balteny gas calaltically pecombined inlo pure

| webar and relumed jo aach hatiery oal. Keeps: ballery toppad off lot

' ertended paricds of ima and redices mainlenance costs. Exgdogim

| Fyydrogen gas i wirualy liminaied bom the battery asa Commosne

| spray and fumes are contained and washad back inlo sach bafiery cell. |
| Elscirolyte kanpl strong longed, extending the usehul power snd e of tha §
| baltery. HYDROCAP Vents simply replace the ballery’s caps. Ballery

| mainienance is greatly reduced. Wiis or call lor mons infoemabion,

b 305-606-2504 |
% Proca 75 NW 95 5t
" Miami, FL 33150

T B ot

www.homepower.com

The Best Thing Since

Grid-Tie

Quantify Solar-Thermal Gain for:
System Performance, Green Tags, Utility Billing

converts BTU'S tn KWH
I‘i’—. I m
@
Calculator Flow Meter Sensors

METRIMA and TCT offer solutions and products for
automatic meter reading of solar water heating systems,
central boiler and district heating / cooling systems.

TCT SOWAR

101 Copeland Street
Jacksonville, Florida USA 32204
904.358.3636 ® www.tctsolar.com
info@tctsolar.com
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Universal Post Mount

Apphcai‘lon.' General
Specialities’ Universal Post Mount
(UPM) is designed for secure and easily
adjustable, pole-mounted solar-electric
(photovoltaic; PV) arrays.

System: Two UPM mounts
were installed at my rural property in
the mountains of southern Oregon. (See
HP108 and HP109.) The local climate
runs the gamut, from hot summers to
deep-snow winters. High winds do occur,
but infrequently. Each mount holds an
array of six, 175-watt Sharp modules and
faces true south.

by Joe Schwartz

Small Company, Specialized Solutions
Over the years, Home Power has evaluated a wide variety of
PV pole mounts from various manufacturers. A few years ago,
Steve Willey, founder and former owner of Backwoods Solar-
Electric Systems, located in Sandpoint, Idaho, recommended
that we work with the mounts manufactured by General
Specialties, also located in Sandpoint.

General Specialties originally designed their heavy-duty
pole mounts for Backwoods, who was their exclusive reseller.
The mounts are now available through Backwoods or directly
from General Specialties, a small, family owned business that
focuses on manufacturing two high-quality products—pole
mounts and roof/ground mounts for PV arrays.

General Specialties manufactures eleven different
Universal Post Mount (UPM) models. The mounts’ steel
framework allows horizontal adjustment of the aluminum
rails the modules are secured to, and is infinitely adjustable
to accommodate various module lengths. Only the module
mounting-hole spacing on the aluminum rails varies,

based on the width of the specific modules
being installed. General Specialties’
pole mounts can hold from 15 to 165
square feet of maximum array area.
This translates into approximately 200
to 2,500 rated watts for crystalline
modules; the exact figure will vary
with the power output of a given
module type.

Evaluated Mount
The model UPM8X mounts received
were well packaged for shipment, and
arrived unscathed. Most UPM mounts
are shipped via United Parcel Service,
with only the two largest models
requiring motor freight shipment.
With the exception of the schedule-
40 steel pipe that the UPMS8X rests
on, all structural members, assembly
hardware, and module mounting
hardware are included.
The UPM mounts are easily installed by a single person,
and go together quickly and securely. The rails’ holes are
custom-punched, based on the mounting-hole layout of the
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Features

Extremely stout, painted-steel framework

Adjustable design accommodates a range of module
lengths, and reduces the need for dealers to stock a
large number of different models

Easy and secure array tilt-angle adjustment

All individual mount components can be positioned by
a single installer

Slotted rails make for easy adjustment of PV module
bolt locations

Complete model line offers compatibility with most PV
modules currently manufactured

modules you're installing. These rails are attached to steel
horizontal members via aluminum standoff brackets to zinc-
plated U-brackets, which are secured with self-locking nuts.
The distance between the rails is specified by the mount
manufacturer, and depends on the modules you're using.
Simply use a tape measure to correctly space and position
the rails.

Pole-Mount Positives

While roof-mounted PV arrays are the most common
installation approach, pole-mounted arrays can be preferable,
depending on your site and needs. If your roof does not
have good solar exposure due to shading from vegetation or
other buildings, pole mounts can offer some siting flexibility,
allowing you to locate your array in the most shade-free
location on your property.

General Specialties
Pole Mounts

Maximum PV Area Base Pipe Size

Model* (Sq. Ft.) (In.)
UPM2 1% 2.0
UPM3 21 2.5
UPM4 28 3.0
UPM3X 35 4.0
UPM6 42 4.0
UPM4X 47 4.0
UPMS8 56 5.0
UPM6X 72 5.0
UPM8X 93 6.0
UPM10X 115 6.0
UPM12X 165 8.0

*X designates model numbers for modules 170 watts and greater

www.homepower.com

Aluminum rail

Base pipe
and tee.

Steel
vertical rails.

Steel horizontal
rails.

brackets.

Aluminum rails.

Photovoltaic
modules.




REview

Specs

Model evaluated: UPM8X, holds up to 93 sq. ft. of
module area

Main mount structure: Painted steel tubing and pipe
(electroplated and hot-dipped galvanized also available)

Module mounting rails: Aluminum alloy angle

Module mounting hardware: All stainless steel, or zinc
plated, with self-locking nuts

Engineering: Designed for 40 pounds per sq. ft. wind
load—100 mph plus

Cost (retail): $675

Pole mounts also make for easy adjustment of an array’s tilt
angle for maximal energy production season to season. While
most system owners do not go to the trouble of adjusting the
tilt angle of roof-mounted arrays, or even installing adjustable
racks in rooftop installations, pole mounts make seasonal
tilt-angle adjustment easy. Adjusting the array’s angle four
times a year can increase output by about 5 percent annually
depending on your site’s latitude.

In addition, pole mounts can make it easy to clear
stubborn snow from your array in wintry climes, or dust or
pollen buildup, if that’s an issue at your site. Finally, pole- or
rack-mounted arrays will operate at cooler temperatures than

Hictlhs Caoalan I N I

QDR EXPETIENCE 1M
tolar thermal comtrols

Energy (Bu)
mEadurement

Remofe access
via modem or PC

Bata Acquisition
ar] S s

Contact...Sun | Solar
L. Authorized RESOL" Distributor
pot Web: wiass 23aolif com
ar Email: infoi@sssolar.com
ST0.432. 1292

most roof-mounted arrays. Array output drops as module
temperature increases, and the increased airflow around pole-
mounted arrays can keep the modules operating at lower
temperatures. In some climates, this can increase array output
during warm seasons by 5 to 10 percent compared to roof
mounts with minimal standoff (less than 3 inches) between
the roof surface and the module backs.

Racked & Stacked

To the end user, pole mounts might seem like a relatively
simple piece of hardware to design and manufacture. But
over the years, there has been ongoing improvement in
mount design flexibility, ship-ability, and durability. Some
sturdy mounts are currently manufactured using a lighter-
weight, mostly aluminum framework, and they perform very
well. General Specialties has opted to rely on the “school
of heavy metal”—a heavy-duty steel mount infrastructure.
These racks should last for generations.

Access

Reviewer: Joe Schwartz, Home Power, PO Box 520, Ashland,
OR 97520 e joe.schwartz@homepower.com ®
www.homepower.com

Pole-mount manufacturer: General Specialties, 25 Jana Ln.,
Sandpoint, ID 83864 e 208-265-5244

Primary reseller: Backwoods Solar Electric Systems, 1589
Rapid Lightning Creek Rd., Sandpoint, ID 83864
208-263-4290 e info@backwoodssolar.com
www.backwoodssolar.com

A Best value
. Fully featured
; Easiest to install

GRID-TIED INVERTERS

18RV, 2 Sk, 13.76W, BOKW, B2k, B5KW

-u-r 4. 8.081.9T00
wnare s ren. corm fan: 978 6B 9702
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STEM 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 fime
your sysfem seems fo be losing
power or otherwise acting strangely,
in 2 minutes you can download the
data info your Windows computer—
then email the result o your installer
or other expert for analysis.

o help users
ase conservation
enance.

Min/Max volts
% full

The TriMetric

Use your “Windows” computer fo 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 o the site.

Bogart Engineering ¢ (831) 338-0616
WWWw.bogariengineering.com PentaMetric system with computer interface only is about $320. LCD
19020 Two BarRd: Boulder Creek, CA 95006 USA Display unit (above) additional $199. See website for more info.

iherRentaMeti

! | : ]

Hame;‘:s The POWER

J U)S; Battery| offens the perfect solution
for' all of your' alternative energy
storage requirements

pMaximum capacity

» Maximum life

»Minimum service
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Living our Off-Grid Dream

by Tracy & Amy Dahl

early fifteen years ago, my wife Amy and I first
Nstarted looking to flee the noise and traffic of city

life, and find a piece of rural property. While living
in Boulder, Colorado, we stumbled upon a piece of land that
captured our imaginations and our hearts: a mesa, or flat-
topped mountain in the Sangre de Cristo range of southern
Colorado, an hour from the nearest town of Trinidad. The
property is 36 acres, with about 5 acres at the top resting in
meadow and open forest. Yes, we own our own mountain—
albeit a small one.

It was a significant investment for us. But our windfall
came when some friends pointed out a newspaper article
about a company that contracted with the National
Science Foundation’s Antarctic program. It was contract
work in Antarctica, and although the pay was not
outstanding, there was nothing to spend it on—other than
the mortgages back home—which allowed us to save up a
substantial chunk of change. As soon as we returned from
our first stint on “the ice,” our Boulder townhouse went
up for sale.

Clockwise from lower left: Off-grid authors Tracy and Amy Dahl; the power shed-greenhouse
with the PV array on the upper roof; a bird’s eye view of the Dahls’ mountain home site.
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Building the Dream

We moved to the land in spring of 1995 and started building
what we thought would be our “temporary” home. The
original two-story cabin is of pole construction, with treated
posts running down to bedrock and up to the top rim joist
where the roof sits. The walls in this part of the home are 2 by
4 stud frame in some areas, and double 2 by 4 in others, which
allows for R-26 insulation with no thermal bridging through
the wall. As a result, the framing doesn’t conduct heat from
one side to the other. In walls with single 2 by 4 construction,
a layer of plastic-bubble reflective insulation boosts thermal
performance by reflecting heat—either back to the outside
of the home in the summer (as in our attic) or back into the
living space. The manufacturer claims the equivalent of R-19
in certain applications. While these claims seem optimistic,
this insulation is quite effective when used in conjunction
with conventional insulation. We also installed reflective
insulation in the ceiling and attic, in addition to fiberglass
batt insulation.

Whenever possible, we used rough-cut lumber from our
local sawmill. The lumber is a bit more difficult to work with,
but provides exceptional value and uses a product grown,
harvested, and milled locally. In terms of constructing a
building with low embodied energy, this is one of the prime
strategies—use local products whenever possible.

After one winter in the cabin, we decided it was time to
expand the living quarters. We opted for nonload-bearing
straw bale construction for a 675-square-foot addition. A
post-and-beam superstructure hidden within the straw bale
walls carries the roof load. This extra-beefy architecture
may be overkill for some sites, but we experience winds
that often exceed 100 mph on our mountaintop. Straw bale
construction uses what would otherwise be a waste product
to create a beautiful and energy efficient home. The relatively
high insulation value of a straw bale wall, combined with its
ability to reduce thermal bridging, keeps the home warm in
the winter and cool in the summer.

Thick straw bale walls provide ample insulation,
keeping living spaces warm in the winter and cool in the summer.

www.homepower.com

off-grid living

Two woodstoves provide backup heating for the home.
Fuelwood is sustainably harvested from the Dahls’ property.

One error was not to include a major passive solar
element in the house. Here in southern Colorado at our
elevation of 8,200 feet, the sun is intense, and subsequent
structures we built proved that incorporating good passive
solar design strategies could provide the majority of the space
heating, even in a fairly cold mountain climate like ours. But
although there was no concerted effort toward incorporating
passive solar design strategies, our home stays warm, even
in midwinter when nighttime temperatures routinely drop
below zero. Between the large thermal mass of the 6-inch-
thick, perimeter-insulated, concrete
slab foundation, and the well-insulated
walls and ceiling, our home responds
very slowly to outdoor temperature

changes.
When we’re home, two wood
heaters—a cast-iron Hearthstone

Bennington that sits in the living room,
and a Napoleon C1100 in the dining
room—help keep the home comfortable.
These noncatalytic heaters are both
certified by the U.S. Environmental
Protection Agency to meet emissions
standards. Because of the care we took
in our building envelopes, we only use
about two cords of wood annually to
heat all of our structures, which include
our home, the power shed—greenhouse,
and a garage-workshop space. The
wood is sustainably harvested from our




100

off-grid /iving

The solar-electric system’s power wall includes an inverter,
transformer, battery monitor, charge controller,
and equipment disconnects.

land by thinning out our overcrowded forests. It's a win—win
scenario. While we get an almost-free source of heat, we also
reduce fire danger and improve the overall health of the
forest.

Free Electricity

With more than 300 sunny days per year, we have a
superb solar resource. Compared to our location, homes in
most other parts of the country would require larger solar-
electric (photovoltaic; PV) arrays to generate an equivalent
amount electricity on a daily basis. To take full advantage
of our resource, we selected our household appliances with

Homestead Costs

Buildings & Land Cost
Land, 36 acres $40,000
Straw bale addition, 600 sq. ft. 40,000
Cabin, two story, 1,150 sq. ft. 35,000
Power shed/greenhouse 25,000
Garage 10,000
Total, Buildings & Land

Energy/House Systems

PV system, 720 W $12,000
4 wood heaters 10,000
PV water pumping system, 320 W 6,200
Cistern, 1,250 gal. 2,500
Rainwater catchment system 1,500
Greywater system 500
Propane-fired tank water heater 200

Total, Energy/House Systems $32,900
Grand Total | $182,900

maximum efficiency in mind, and get by nicely with 720 watts
of PVs. The array consists of six, 120-watt BP Solarex modules
mounted on the roof of the power shed-greenhouse located
next to our house.

When we built the house, we ran AC and DC wiring
throughout. This “old school” strategy for off-grid systems
can still be effective, especially if the PV array is small, or
you are trying to minimize backup engine generator run
time. First, running DC loads is ultimately more efficient, as
it eliminates inverter conversion losses, which average about
15 percent. Second, we don’t have to worry about sitting in
the dark, having no water pressure, or lacking telephone
service if our inverter ever fails. Many of our lights, the
household water pressure pump, and the telephone all
run on DC. (Currently, a conventional, tank-type propane
water heater provides our domestic hot water, but we plan to
integrate a solar hot water system in the future.)

Off-grid...At a Glance

Location: Sangre de Cristo Mountains, Colorado
Solar resource: 6.3 average daily peak sun-hours

Property size: 36 acres Main house: 1,825 sq. ft.

Energy system: Off-grid, battery-based PV; Average
monthly electricity production: 100 AC KWH

Water systems: PV-direct water pumping to 1,250-gallon
cistern; rainwater harvesting and catchment for
irrigation

Space heating: Wood heaters (two in house; one each in
power shed and garage); Annual wood use: 2 cords

Photovoltaics
Modules: 6 BP Solarex MSX120, 120 W STC, 17 Vmp, 12
VDC nominal

Array: Six modules in parallel, 720 W STC total, 17 Vmp,
12 VDC nominal

Array installation: Direct Power & Water rack, mounted
on north-facing roof (panels facing south), 50-degree tilt

Energy Storage
Batteries: 3 Surrette (Rolls) 4KS 21PS, 4 VDC nominal,
1,104 AH at 20-hour rate, flooded lead-acid

Battery bank: 12 VDC nominal, 1,104 AH total at 20-hour
rate

Balance of System
Charge controller: Trace TC60, 60A, PWM, 12 VDC
nominal input voltage, 12 VDC nominal output voltage

Inverter: Trace PS2512, 12 VDC nominal input, 120 VAC
output

System performance metering: TriMetric battery monitor
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An older Trace (Xantrex) inverter, which is no longer
manufactured, provides AC electricity. While most large off-
grid systems are now designed to operate at a system voltage
of 48 VDC nominal, we chose to go with a 12 VDC system
because of the wide range of lighting and appliances available
at 12 volts. One major disadvantage was the requirement for
larger gauge (and more expensive) wiring between the PV
array and battery bank, to minimize power losses.

Three large Rolls-Surrette flooded lead-acid batteries make
up the battery bank. These 4-volt batteries are wired in a single
series string for a nominal 12 VDC, 1,104 amp-hour capacity
battery pack. I cycled them deeply a couple of times when they
were first installed just to exercise them, but since then I have
rarely seen the battery monitor display a state-of-charge status
below 90 percent. These batteries should last for fifteen to
twenty years given the easy life they lead. On the rare occasions
when we have multiple snowy, overcast days in the winter, I
fire up our 15-year-old Honda EB5000 gas-engine generator for
an hour or so to recharge the batteries.

The balance-of-system components, including the
generator, reside in the power shed-greenhouse, which sits
northwest of the house. Three-wall polycarbonate panels
on the lower, south-facing roof and a set of south-facing
clerestory windows provide a significant portion of the
overall space heating requirements. The generator sits in a
workshop space inside the power shed, with the exhaust
piped through the wall, so we get rudimentary waste heat
recovery when the generator is running, which boosts the
efficiency of burning a fossil fuel.

Chop Wood, Pump (&
Save) Water

After many years of hauling water
from town, we finally decided to
drill a well. In this area, that is

Homestead Loads

off-grid living

Amy Dahl shows off the neatly constructed,

insulated battery box.

both an expensive and uncertain Hrs./  Efficiency  Watt-Hrs./
proposition—by no means were we DC Loads Volts x Amps Watts x Day x Factor = Day
guaranteed to find water. We got Water pressure pump 12 15.00 180.0 0.3 1.20 54
lucky, and hit water at 350 feet, but Computer monitor 12 4.00 48.0 6.0 1.20 346
we continued down to 450 feet to ool 12 1.20 14.4] | 6.0 1.20 104
have a more reliable source. The well
produces sweet water at 2 gallons per Cell phones (two) 12 0.40 4.8 30.0 1.20 173
minute. Not exactly a gusher, but not Fan 12 2.25 27.0 2.0 1.20 65
bad for this area. AC Loads

The perfect fit for alow-production g - e 102.0 50 P 826
water well is a 48 VDC solar-direct omputer - = . .
submersible pump coupled with Satellite modem 120 0.40 48.0 6.0 1.35 389
a cistern. We bought an EtaPump, CF lights 120 0.15 18.0 6.0 1.35 146
which offered good reliability with Television/stereo 120 1.00 120.0 1.0 1.35 162
only one moving part, and a high  f\yaghing machine 120 300 | | 360.0] | 0.2 1.35 97
resistance to abrasion from sand and -

. . . Microwave 120 8.00 960.0 0.2 1.35 259

corrosion. At the time, it was also the
only pump available that could pump Vacuum cleaner 120 5.00 600.0 0.1 1.35 81
from that depth. Greenhouse fan* 120 8.00 960.0 1.0 1.35 1,296

The pump’s power system Power tools 120 13.00 1,560.0 0.5 1.35 1,053

consists of a 320-watt, pole-mounted

PV array, with four BP 585U, 85-watt
PVs wired in series for 48 VDC

www.homepower.com

Total Daily Watt-Hours

*Thermostatically controlled greenhouse fan only runs in midsummer in full sun conditions
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Trouble in Paradise

After over a decade of pouring our hearts, souls, and
all of our available cash into developing our peaceful
mountain homestead, coal-bed methane (CBM)
production has come to our area, and we are directly
in the path of massive industrial development. Like
85 percent of the land in Colorado, ours was sold as
a “severed estate,” and the companies that own the
land’s mineral rights can tap its resources at any time,
providing us only one-time monetary compensation for
use of the surface.

CBM production is a high-impact process, and its
effects are far ranging. Heavy industrial engines and
compression facilities running day and night ruin the
solitude of our woodland setting, continual traffic on
our dirt roads creates noise and dust, and all of those
industrial engines create serious air-quality issues. The
contaminated water that results is most often released
into the streams, which alters the biota that normally
lives in and around the riparian areas. There are reports
of diminished crop yields and buildup of salts in the
farmlands that use this water for irrigation downstream.
The process also poses some very serious threats, like
methane seeps, coal fires, and the contamination of
domestic water wells like our own.

Amy and | have done everything we can to try to
minimize CBM’s impact on our lives. We have worked
out Surface Use Agreements for our ranch association,
and involved ourselves in citizen activism. Most of all,
we are searching inward to find a place of peace. We
are uncertain whether or not our water well will remain
viable and unpolluted, and whether the noise and traffic
we fled the city for will make life here untenable in the
near future. We hope that Colorado’s recent change
of leadership will lead to more enlightened policies
regarding energy development.

nominal. DC disconnects, the pump, and its controller
round out the system. We pump water up the well, then
150 feet horizontally to a 1,250-gallon plastic cistern.

Our combined household water usage is probably one-
fifth of one average American’s use—we use about 25
gallons per day between the two of us. The bulk of our
water use goes to washing clothes, even with our efficient
Staber washing machine. We installed low-flow fixtures,
and are careful not to overdraw our well by using water
faster than it can be replenished. We also harvest rainwater
that’s channeled from the painted metal roofs on the house
and outbuildings, and collected in several 55-gallon plastic
barrels for fire suppression and to water the garden beds.
Outgoing water (greywater) from the kitchen sink, washing
machine, bathroom sink, and the shower is routed through
buried 2'/2-inch schedule-40 PVC pipe to a patch of heavily
mulched Gambel oak trees, a bed of irises, and other water-
loving plants.

Instead of using a typical flush toilet and septic system for
disposing blackwater, we use a moldering composting toilet

that eventually decomposes human manure and sawdust into
a safe end product—compost. Moldering toilets like ours rely
on a long retention time to kill any potential pathogens that
might be lurking. Our toilet has two containment vaults. In
about ten years, when the first vault is full, we’ll move the
seat over the top of the other vault, and seal off the first one
and let it continue composting. In another ten years, it will be
time to switch over the seat again, and by that time, what will
remain will be nothing but compost.

A Wide-Awake Life

For us, off-grid living means that we are acutely aware of the
world around us. If skies are overcast for several days, we
carefully monitor our electricity consumption. If it’s cold, we
burn more wood—and chop and stack—rather than turn up
the thermostat. We know where every tree came from and
have lengthy discussions about which ones get the axe. We
know where our water comes from (both the well water and
the catchment water) and monitor its usage closely. Again, a bit
different from just turning on the tap. With the food we grow,
we know what went into it. This is not an easy place to garden,
and takes a lot of time and effort. We live a minimalist lifestyle,
and are very conservative—in the true sense of the word. Mind
you, we also recognize that we still have impacts.

With our lifestyle, we find that the advantages of off-grid
living are huge. It would have cost more than twice the bill
of the entire PV system to run utility power up here, so our
system has already paid for itself twice, in savings, from the
moment it was installed. Every winter there are numerous
power outages for the folks on the grid. In 1999, we had a
very heavy spring snow that resulted in flooding, and our
neighbors in the valley were without power for six days.
When the snow finally melted enough to check things out
in town, we were quite surprised that we had missed this
major inconvenience. We have had just one power outage in
the past six years, and that was operator error. Finally, there
is the independence. We feel like it is a key value, and one
well worth striving for.

Access
Tracy & Amy Dahl ¢ polarsolar@hughes.net or
amyonice@yahoo.com ® www.polarpower.org

Oil & Gas Accountability Project ® 970-259-3353 o
www.earthworksaction.org/aboutogap.cfm

System Components:
BP Solar e 800-521-7652 or 410-981-0240
www.bpsolar.com ¢ PVs

Conergy (formerly Dankoff Solar Products Inc.) e
888-396-6611 or 505-473-3800 ® www.conergy.com ® Well
pump with PV system

Rolls Battery Engineering ¢ 800-681-9914
www.rollsbattery.com e Batteries

Xantrex Technology Inc. ¢ 800-670-0707 or 604-422-8595 e
www.xantrex.com ® Power panel
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BATTERY BOX =
VENTILATOR

& BACK DRAFT DAMPER

* Positive hydrogen venting
* Stops back drafts
POWER VENT

¢ Minimal power consumption 12v & 24v — $79

48v - $104
+$10 S&H (cont. U.S.)

—
-_—

* Available from dealers and distributors
across the U.S. and Canada

Zephyr Industries, Inc.
POB 52, Salida, CO 81201
719.530.0718
www.zephyrvent.com

LED LIGHT BULBS

Save Over 90% On Your Lighting Bill
60,000 Hour Bulb Life (est)

2-year Warranty ¢ ... UL Listed

CC Vivid CC Vivid +
¥  LED Spotlight . LED Light Bulb
+ Outdoor sensor * Porch, reading or
- or exterior lighting ambient light
k. ¥ - 72bright white LEDs [T - 36 bright white LEDs

+ 8 Watts / 12 or 120 Volts + 3Watts / 12 or 120 Volts
- PAR 38

CC Vivid 20 CC Vivid 30
LED Floodlight LED Floodlight
— LED Spotlight « Ceiling or garden
3 - Ceiling or garden accent lighting
1 accent lighting L « 60 bright white LEDs
- 36 bright white LEDs 51 - 6 Watts / 120 Volts

+ 3 Watts / 120 Volts * PAR 30
* PAR 20

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

CCRANE
800-522-8863 - ccrane.com

JWP- Jan Watercraft Products

Battery Watering Made Easy!

RV, Off Grid ——

. - M I
b St arine

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.

Distributed by: JWP

VISA E-mail: sales@janwp.com lwi’
Call Bob- 1-616 822-7587

== Golf Carts |

www.janwp.com

User Friendly Hydro Power

Now Featuring Permanent Magnet Alternators

Alternative Power & Machine
4040 Highland Ave. Unit #H * Grants Pass, OR 97526 * 541-476-8916
altpower@grantspass.com

www.apmhydro.com

Wind Data Logger Announcing a new Wind

Data Logger for wind site

assessment and wind
T

turbine performance
L B

monitoring
——

o
0 e

v wl A Sl g g e Ca

High performance and

low cost. Supports multiple
anemometers, wind vane,
temperature, relative humidity,
light level, turbine power
output, and other sensors.

Provides live data to your e-mail or internet site via computer
connection or cell phone link. Ready to go packages
available — just visit our website or give us a calll

APRS World, LLC
Phone: +1-507-454-2727 Web: www.winddatalogger.com
902 East Second Street, Suite 320, Winona, MN 55987

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

\ y 51 Deming Rd., POB 8005,
Up Berlin, CT 06037

www. homepower.com 1 o 3
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PV Odds & Ends

by John Wiles

Sponsored by the U.S. Department of Energy

My presentations on PV and the National Electrical Code
(NEC) take me all over the United States. This regular
input from PV professionals serves as an ongoing source
of information related to the equipment, hardware,
and installation techniques being used by PV system
designers and installers across the country to streamline
the installation of safe and effective systems. A few recent
items of interest follow.

PV on Metal Roofs

Section 250.110 of the NEC requires any exposed, non-current-
carrying, conductive surface that may become energized
be grounded to minimize electrical shock hazards. These
surfaces include the PV module frames, metallic module
mounting racks and, in the case of some roof-mounted
systems, metal roofing material.

Some PV systems may operate at close to 600 volts and
can pose a significant shock hazard if they are allowed to
energize conductive exposed surfaces that may be touched.
Effectively bonding these conductive surfaces together and
grounding them will minimize shock hazards.

PV arrays installed on metal roofs should be grounded in a
manner that limits potential shock hazards.

There are two primary wiring methods for connecting
PV modules together—using exposed single-conductor
cables, and using conduits. Each dictates a different
grounding method, but in either case, PV modules must
always be grounded properly. (For more information, see
“PV Array Grounding” in HP102.)

Exposed, single-conductor cables that connect PV
modules together can come into contact with the module
mounting racks. Movement of the cables from wind, rain,
and ice could compromise the conductor insulation and
potentially energize the racks and metal roofing. Where
exposed single conductor cables are used, the racks and
the roof should be grounded. One technique is to install
an appropriate grounding terminal/lug on each seam of a
standing-seam roof, and connect an appropriate grounding
conductor to those terminals and the equipment-grounding
system. Since many standing-seam roofs are coated with a
durable paint, it is usually necessary to make a connection
to each panel of the roof and to make sure each of those
connections penetrate the paint of the roofing panels.

When conduit is used between the individual modules
and there are no exposed, single-conductor cables, then it
is unlikely that either the module racks or the roof would
require additional grounding. The module frames should
always be grounded and the conduit that surrounds the
conductors effectively protects them from damage. The
conduit may be of an insulating type, like rigid nonmetallic
conduit (RNC), or a metal type, like electrical metallic tubing
(EMT). The EMT requires grounding; the RNC would not
be grounded, but both would provide the desired physical
protection. If the conductor insulation should fail, the
conduit would prevent the rack or the roof from becoming
energized. In this case, neither the metal racks nor the metal
roof require grounding, except in the event that significant
PV module damage could be expected. Such damage could
cause the internal connections of a shattered PV module to
contact the rack or the roof.

New Grounding Methods & Materials
Although listed PV modules are marked for grounding
at specific points, hardware instructions do not generally
address grounding the module at the mounting holes or at
other locations besides the specified marks. Section 110.3(B)
of the NEC requires that the instructions and labels provided
with a listed product be followed.
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New PV module grounding
devices designed to minimize
installation time and material
costs are entering the market
from Wiley Electronics, UniRac,
and others (see Access).
Unfortunately, even though
a few PV manufacturers may
furnish tech bulletins that detail
the use of alternative module
grounding points, all available
techniques may not have been reviewed by Underwriters
Laboratory (UL). The UniRac and Wiley products are not
listed for use with any specific PV module, and there is no
clear indication of compatibility with a particular module or
mention of these grounding devices in most of the current PV
module instruction manuals. As a result, it’s up to the local
electrical inspector, or “authority having jurisdiction” (AH]),
to approve or reject the use of these new products.

I have been making formal and informal inputs to
UL for several years concerning module grounding and
asking UL to encourage module manufacturers to “tighten
up” their grounding instructions and procedures. I have
also been directly encouraging module manufacturers to
have their modules tested and listed by UL with these
new grounding products, and to provide that listing
information in the instruction manuals, so the inspectors
won’t have any questions about determining the code
compliance of this technique.

UniRac Grounding Clip.

Securing Exposed Conductors

Most PV modules are manufactured with generously long
(40 to 48 inches) output pigtail leads with connectors on the
ends. The excess lead length must be securely fastened to the
module frame or array mounting rack to prevent abrasion
and damage by exposure to the elements.

Above: Black UV-resistant
cable ties used to secure
array wiring. At right:
Stainless steel “loop
clamp” and hardware.

www.homepower.com

code cormer

Most installers use black plastic wire ties (cable or “zip”
ties) as an easy and quick method to secure the extra length.
This fastening method meets NEC requirements for good
workmanship and protects the conductors from damage.
Although black plastic cable ties marked “UV resistant” are
suitable, in the hot and sunny Southwest, some fail after only
a few years. (White cable ties are not resistant to ultraviolet
radiation and should not be used.)

For our installations here at New Mexico State University
and elsewhere, we have started using a rubber-cushioned,
stainless steel loop clamp attached to the array rack with
stainless-steel hardware (1/4-inch bolt, nut, and lock-washer).
The loop clamp’s EDPM rubber coating protects the conductor
insulation from the clamp’s sharp edges. (See Access for
recommended brands and suppliers.)

Other Questions or Comments?

If you have questions about the NEC or the implementation
of PV systems that follow the requirements of the NEC, feel
free to 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 e
jwiles@nmsu.edu ® www.nmsu.edu/~tdi

Sandia National Laboratories, Ward Bower, Sandia National
Laboratories, Dept. 6218, MS 0753, Albuquerque, NM 87185 o
505-844-5206 ¢ FAX 505-844-6541 ¢ wibower@sandia.gov ®
www.sandia.gov/pv e Sponsor

The 2005 National Electrical Code and the NEC Handbook
are available from the National Fire Protection Association
(NFPA) e 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

Hardware Suppliers:
McMaster Carr ® 562-692-5911 ¢ www.mcmaster.com

Loop clamps (part numbers between 3325T22 and 3225T35)

UniRac ¢ 505-242-6411 ¢ www.unirac.com ® Module
grounding clips

Wiley Electronics © 845-247-2875 ¢ www.we-llc.com ®
Module grounding products
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SolLAR CONVERTERS INC.

Linear Current DC Battery Linoar Voltage Generator
Boosiers Autotransformers  Desulphators Boosters Starters
Forerien Sole Paep Bi-Dirmst=aasd D00 Exipachi By Lty Keeps 2 Consder Bethary Farty / Srans Gensals Saged
PedlatHamsa RS Vetigae B piur Equipenant an ey Chiege
SRINMVETEE » Batiery Baigncs | Equaiisw | | = Rcessry Suiphoied Bateees | | + Chargs & Baliary bom g s Gage ol 17 B Y
" MPPT + Conwerts Batiery Powsr o | | + Singile undt 121048V Lows: Volage Baery e PV || + Controls any Ganerai
= Wokage Limsded [ifunt Voltages » Achuatatle Puisa Shengih » Vit P Booter e » Tarnp. Compeniaied
- Fused Ouignt * U { Diown Converter Cortroter
"
ALBO... « MPPT Power Tracker™™ Charge Controllers  + Voltage Controlled Switches

« Cathodic Protection Controllers

« Solar Lighting Controllers

Please visit www.solarconverters.com for MORE products and details
€1-190 Victoria Road S., Guelph, ON, N1E 679, Canada Phone: 519-824-5272 Fax; 519-823-0325 E-muil: infofsolarconverters.com

il e ”.“”3

Are You Still Paying An Electric Bill ?

Why not reduce or even eliminate your electric bill and have the government
help you to do it with a $2,600.00 per kilowatt cash rebate and a
$2,000.00 tax credit !

SPIN YOUR ELECTRIC METER BACKWARDS WITH SOLAR ENERGY !

We'll beat any advertised in stock price on our same top
of the line solar electric systems or your system is free !
Our top of the line solar systems are priced thousands of
dollars less than the competition !
Visit www.solarhome.com or call 1-888-647-6527 and
tell your electric company to take a +ate-hike !
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As seen in Hm

and HP 103, pg 72
Dealer Inquiries
Welcome

id-Tie,
w,Available

- = o

Solar Wind Works

~ Proven USA Distributor ~

Chris Worcester, NABCEP Certified PV Installer
CA Contractor's License: #796322
NV Contractor’s license: #59288

Renewable Energy Power Systems
e Sales—PV, Wind, & Microhydro
¢ Design—Off-Grid or On-Grid
¢ Installation & Service

Toll Free! 877-682-4503
PO Box 2511, Truckee, CA 96160
info@solarwindworks.com ¢ www.solarwindworks.com

iomeworks Corporatim

Phone: 800-279-6342 Fax: 505-243-5187
www.zomeworks.com

Battery Boxes & Cool Cells™
Universal Roof/Ground Mounts
Top of Pole Fixed Racks

Simplicity & Elegance
Universal Track Rack™ Passive Solar Tracker

UTRF-168 Handles 168 Sq. Ft. of Solar Module Space
Easy Seasonal Adjustment

4 [ ] | 5 f
: Photograph Courtesy of Mark Snyder Electric
920 KW Installatiqrr_at Alpine Elementary School

www.homepower.com

nRELOST

Energy Efficient
Refrigerators & Freezers

Customized To Fit Your Needs
m » Available in DC
W, - or AC

» Select From Over 10
Models

» Choose from 1000’s
of Colors, Finishes &
Woods

We also Manufacture
Composting Toilets!

Please Contact Us For More Info

P.0. Box 1101, Arcata, Ca 95518
tel: (707)822-9095 = fax: (707)822-6213 info@
sunfrost.com = www.sunfrost.com

8425 Almeria Ave. Fontana, CA 92335
Tel: (909) 434-3100
"I[ Fax: (909) 434-3101

Introducing the
SUNEARTH SOLAR THERMAL DIFFERENTIAL CONTROL

o
g
=
-

e Fasy To Read Lighted L(D Display

e Displays System Temperatures At Up To Three Locations
e Animated Representation of System Operation

e 3 Sensor Inputs /' 1 Fused 120 VAC Output

e Varistor High Voltage Spike Protection

For more information visit www.sunearthinc.com
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iIncentive
Programs

by Don Loweburg

The amount of electricity a PV system can generate—its
primary performance over its lifetime—depends on three
main factors: 1) how much solar energy the array receives; 2)
the system’s overall efficiency; and 3) the system’s life span.
Assessing and improving PV performance is critical to system
owners and installers—and, in the case of incentives, to the
coordinating agencies that use ratepayer or public funds to
support their programs.

Several studies have evaluated PV systems that were
funded, in part, by incentive programs, and have found
lower-than-expected outputs due to shading or soiling,
equipment and installation defects, and “deviations from
module manufacturers’ specifications.”

An October 2006 white paper by Berkeley Lab and the
Clean Energy States Alliance broadly examined 32 prominent
PV incentive programs in the United States and their strategies
for promoting PV system performance, noting that because
public monies fund these programs, system performance is
crucial both to administrators and recipients.

The following is a list of recommendations made in
the study. The authors temper their recommendations by
acknowledging that costs and benefits must be balanced based
on the funding and staffing constraints of each program. Not
surprisingly, many of the suggestions are incorporated into
California’s new PV incentive program, the California Solar
Initiative (CSI). Two of the eight topics they identified have
been previously discussed in this column—equipment and
installation standards (see HP112 & HP114).

Identify critical performance issues. Inaccurate module
ratings, improperly sized inverters, elevated cell temperatures
associated with the type of mounting structure used,
excessive shading, and soiling can all plague PV performance.
The authors suggest that programs collaborate and share
performance data like the International Energy Agency does
in Europe, to better quantify and to search for solutions to
these performance issues.

Educate consumers. Though net metering provides a
financial incentive for owners to keep an eye on their PV
systems, many may not have sufficient understanding of
how to read their meters or interpret the data. Seminars
and consumer guides, requirements that installers provide
customers with basic information and training, metering

& PV Performance

requirements, and diagnostic tools would all help build
customer capability in monitoring system performance.

Adherence to codes. Ideally, local building code
officials and the National Electrical Code help installers
design and install safe and reliable PV systems, but these
codes are sometimes not understood well—by either party.
Installer and code official training programs, specifying
minimum requirements for installers, and requiring code
officials to sign off on a project before the incentive can be
claimed are all proposed solutions to making sure codes
are followed.

More rigorous warranty requirements. Beginning in
2008, the CSI requires that all systems funded through the
state’s incentive programs carry a 10-year warranty. The
warranty also covers inverters, the major component most
vulnerable to failure.

Certifying modules to new ratings criteria. The California
Energy Commission’s New Solar Housing Program proposes
that a tighter module rating standard be used, and that
manufacturers’ nameplate ratings “represent a guaranteed
minimum output at standard test conditions (STC).” Programs
could adopt this new module standard to assure that both
customers and incentive programs get what they pay for.

Adopt a new capacity rating convention. Incentive
programs that use a PV system’s capacity rating to determine
payment should seek to use ratings that most accurately
reflect a system’s output under peak sun conditions. In most
cases, a module’s PTC (PVUSA test conditions) rating more
accurately represents module output compared to nameplate
ratings at STC. The California Energy Commission has PTC
ratings for all the modules eligible under its program, as well
as detailed inverter efficiency ratings.

Support NABCEP’s installer certification programs. The
North American Board of Certified Energy Practitioners
(NABCEP) has developed national standards for certifying
PV installers in an effort to provide some assurance of high-
quality PV installations. In addition to requiring NABCEP
certification, the authors suggest paying higher incentives for
certified installers, or providing financial or other forms of
support to installers for obtaining certification.

Require post-installation testing. These tests would help
identify improperly installed systems or defective equipment
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independent power providers

from the get-go, and only add a small cost if incorporated into
the post-installation inspection.

Focus on incentive-based approaches. While standard
capacity-based buy-down programs calculate their one-
time payment on the system’s rated performance capability,
incentive-based structures, such as expected performance-
based buy-down (EPBB), presume that performance can
be predicted based on accurate component ratings, proper
installation, and designing the system to local conditions.
According to the paper, “standards-based approaches are
most effective as a tool for protecting PV system owners...
by ensuring that PV systems meet a minimum level of
acceptability.”

Incentive-based strategies, however, could stimulate
innovation and lead manufacturers to develop products
that go beyond meeting just the minimum requirements.
The authors state that performance-based incentives (PBls),
which account for a wide range of issues, including a
system’s conversion efficiency and continued performance,
may be an even more effective incentive tool in ensuring
high-performance systems. (PBIs provide financial rewards
for the system’s generation of solar electricity, rather than one
up-front, lump-sum payment.)

Improving Performance

The nearly simultaneous publication of the draft handbook
of California Solar Initiative Program and the Berkeley
study should not be too surprising. Given that the
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California PV program is the largest in the United States, it
is expected that many of the lessons learned would become
incorporated into the handbook. For instance, capacity-
based incentives will no longer be used, and systems that
are 100 KW and smaller will have the option of choosing
from two performance-based incentives, either EPBB or
PBI. Systems greater than 100 KW must receive the PBI.
The CSI also will require spot checks of installed systems,
and installers whose systems repeatedly fail to pass muster
will be excluded from the program.

The continued focus on PV performance serves not only
the PV customer and the agencies administering incentive
programs, but also the installer and the PV industry in
general. High standards of performance will help build
confidence in PV technology and perhaps propel this industry
to levels only dreamed of a few years ago.

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

“Designing PV Incentive Programs to Promote Performance:
A Review of Current Practice” ® http://energy.lbl.gov/ea/
emp/reports/61643.pdf ® Review of PV incentive programs
and performance recommendations

California Solar Initiative program e
www.gosolarcalifornia.ca.gov
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power politics

Heroic Effort
Required

by Michael Welch

In the United States, we have a strong history of heroic
governmental intervention at critical junctures— Franklin D.
Roosevelt’s New Deal, designed to end the Great Depression,
and his Manhattan Project to develop nuclear weapons to end
World War II; Lyndon Johnson’s New Society program, which
targeted poverty and racial injustice; and John F. Kennedy’s
Project Apollo, meant to land Americans on the

moon before the Russians.

Success or failure, good or bad, history
proves that when the political will is
there, resources can be found to do
a big job.

New RE Deal

Once again, it is time to devote
our national resources to heroic
action. We find ourselves in

a situation that may be more
important to the future of
humanity than any in recorded
history. The possibility that
human-caused climate change can
radically disrupt life on Earth calls for
massive action on our part. We need a
major U.S. initiative to decrease our use of
fossil fuels, and set an example for the rest of

the world. To achieve this goal, we must increase
energy and vehicle efficiency, substitute renewable energy
(RE) for polluting technologies, create jobs, and find ways to
live more sustainably. Many state and local governments are
pursuing this goal, but large-scale change will not occur until
we put pressure on our federal government to overhaul its
energy policy and fully support renewable technologies.

It's up to us as individuals to help politicians make
that change, and it’s going to take work to make it happen.
Although the reality of human-caused climate change makes
renewable energy an easier sell to politicians than in the past,
we still must overcome the influence on our representatives
from big campaign contributions and an army of automotive
and fossil-fuel industry lobbyists supporting nonrenewables.

A Call to Action
“Get off our butts”—renewable energy advocate Chris LaForge
told me it’s as simple as that. Those of us who understand
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AN
APOLLO

ALLIANCE

the need to change our national energy policy need to help
make it happen. We do not have the luxury of resting on the
laurels of past RE accomplishments. We must pressure our
government representatives to make decisions in the public’s
best interest, not for that of industry giants. It takes hearing
from hundreds of us to overcome the effects of one lobbyist
or one corporate campaign contribution. It is not
asking very much of each of us to contact
our representatives and let them know
how important it is to support RE,
energy efficiency and conservation,
and much higher requirements for
automobile fuel economy. Next,
we have to become active in
our communities, encouraging
others to do the same.

This is how we can create the
political will to foster sweeping
changes in our country’s energy

policy. Hearing from us—with a
persistent, loud voice—is one way
our representatives will work in
our favor. Although the RE industry
has a few of its own lobbyists and
groups, they by themselves will not be
able to overcome the effect of the powerful
and plentiful oil and gas lobbyists who have
gained so much influence in our government through
direct ties to administrators and representatives, and by
using their big budgets for campaign contributions and other
favors. Again, it is up to us as individuals to exercise our
power as citizens to get our government to take the heroic
actions that are needed.

Supporting Heroic Effort

There are two good initiatives that will help move us in the
right direction. Both seek to change our energy future, and
both borrow their names from John F. Kennedy’s campaign
to put humans on the moon. First, the Apollo Alliance,
an organization that unites a diverse group of interests
for the common goal of creating good-paying, meaningful
jobs and energy independence by promoting clean energy
programs. Allied are environmental and labor organizations,
and economic, social justice, and faith-based groups. Through
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partnerships with businesses and support from various
foundations, their plan is to create investments of $300 billion
in new clean energy technologies and energy efficiency over
ten years. They are working from the local and state levels,
and intend for the money to come from private capital, utility
public benefits funds, bonds, and municipal tax incentives.

Another effort that borrows the Apollo name specifically
targets action at the federal level. House Resolution 2828,
The New Apollo Energy Act, was introduced in June 2005 to
“ensure that the United States leads the world in developing
and manufacturing next-generation energy technologies, to
grow the economy of the United States, to create new highly
trained, highly skilled American jobs, to eliminate American
overdependence on foreign oil, and to address the threat of
global warming.” The bill was introduced by Rep. Jay Inslee
(WA), and has 43 House sponsors, but is still in committee.

Although this bill may not be heroic in the context of
the discussion here, it is an important bill to support—and a
good starting place for the huge amount of work to be done.
It needs the sponsorship and efforts of your Congressional
representative to move it through the system and onto the
floor for debate and voting. Again, we citizens will be the ones
to keep this bill from languishing in committees, or being killed
outright. With new leaders in Congress already talking about
global warming and the need for RE, clean-energy supporters
have a great shot at finally bringing bills like this onto the
floors of Congress for the consideration they deserve.
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Grid-Intertie, Commercial Applications,
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power politics

We're the Heroes

When a powerful politician finally takes up the banner that
individual, environmentally aware citizens have been flying
for years, they will be labeled the hero for helping keep Earth
habitable. But we will all know what it really took to get
the job done—each and every one of us renewable energy
advocates getting off our backsides to make those phone calls,
write those e-mails, and send those faxes and letters. Let us
heroes get this job done.
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word power

Mangled Terms

Nitpicking Word-Nerd Power

by lan Woofenden

As with any field, the renewable energy industry has its
jargon—and its misuse of jargon and terminology. In this
column, I'll survey a few key terms that are mangled or
misused, starting with obvious errors and moving toward
some personal preferences. Let’s see if you're as much of a
nitpicker as I am...

First, some words and phrases that are just plain wrong:

Photovolactic. This too-common mispronunciation of
“photovoltaic” is sometimes used jokingly by industry insiders.
The real term comes from the Greek root phot, meaning
light, and volt, so it means electricity from light. The phrase
“solar photovoltaic” seems redundant to me, since almost all
photovoltaic applications are designed to use sunlight.

Watts per hour. This nonsensical phrase tops my electrical
terminology pet peeve list. A watt is a rate of energy generation,
transfer, or use—it stands for joules per second, so it already has
a time component built in. You will never see an appliance or
device rated in “watts per hour,” nor will you see this phrase in
any textbook—it’s just plain inaccurate. See my columns in HP71
and HP72 for more explanation. Also avoid writing watt-hours
as “watt/hours” or “W/H.” That implies “watts per hour” and
furthers the confusion.

Amps per hour. While this one is just as wrong as “watts
per hour,” it’s a little more understandable that people make
this error. “Ampere-hour” sounds almost like “amp per
hour,” but is actually named after nineteenth-century French
physicist André Marie Ampere. An ampere-hour, or amp-
hour for short, is a measure of the quantity of charge cycled
through a circuit or battery.

Deep-cell battery. The correct phrase here is “deep-cycle
battery,” describing a chemical energy storage device that is
intended to be discharged deeply. All batteries include a cell
or cells, the building block of these electrochemical storage
devices. But the physical depth of the cell is not important,
while the cycle depth—how much you can discharge them
without damaging the battery—is crucial.

Anenometer. Many otherwise fluent people make this
pronunciation mistake, swapping an “n” for the first “m” in
this word. Anemometer (remember your mom when you say
it) is based on the Greek word anemos, which means spirit

or wind. Meter, also from Greek, means to measure. An
anemometer measures the wind. This word should get the
tongue-twister award.

Now we move into the realm of personal preference and style:

Modified sine wave. This phrase, invented by inverter
marketing departments, tries to make a stepped AC wave
sound smoother. It would be more accurate to call this
waveform “modified square wave,” but it’s harder to sell
inverters that way, since it sounds like a lower quality
waveform. The savvy consumer won’t be swayed by the
phrase, but will look for inverters that produce a smooth
sine wave. This only applies to battery-based inverters, not
batteryless, grid-tie inverters, which all produce high-quality,
grid-synchronous sine waves.

Power. Technical nitpickers (ahem) still would love to see this
term used in its technical sense—the rate of energy generation,
transmission, or use. But in common speech, we use it to mean
energy, electricity, and political pull, among other things. I
suggest that we be careful in the way we use this word in
electrical circles, so we don’t entirely lose the technical distinction
between power and energy. Often, we mean “electricity”—
a perfectly good word, which we should use.

Solar. I think that this word should remain an adjective, and
not become a noun. My response to someone who wants to
“get some solar” is that I might decide to buy some lunar
instead. ‘Nuff said?

Solar panel. This phrase is so common, but so confusing.
It could mean a solar-electric module, a solar thermal
collector, a breaker panel for a solar-electric system, or a
group of my esteemed colleagues speaking at a conference.
Let’s be specific about what we mean, so others can
understand us.

Solar system. I'd rather live in a solar system than buy one.
Again, what does it mean—planets rotating around a sun, a
solar-electric system, or a solar hot water or air system?

Wind tower. I can’t explain why this phrase bugs me—
maybe I've been exposed to too much wind. I prefer to say
“wind generator tower,” since that’s what the tower supports.
But I suppose we could start talking about radio wave towers,
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patriotism poles, or other such phrases that don’t very
accurately describe the item. Additionally, using “windmill”
as a synonym for a wind turbine is quaint to me, but not very

accurate, since wind generators don’t mill anything.

Alternative energy. We might continue to view renewable
energy technologies as an alternative—and not the standard—
if we continue to use this phrase. Renewable energy has a
much longer history than “conventional” energy, and the sun
is the source of almost all energy. So it’s the short blip of our
reliance on fossil fuels that should be seen as the alternative—

perhaps renewables should be called “normal energy.”

Why not use free energy?
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Of course, using renewable energy is more important
than using the terms correctly. If you have to make a choice
between installing an anemometer and pronouncing the
word correctly, I'd much prefer the former. But with a little
care and attention, we can implement renewable technologies
and describe them in clearer ways, to advance the renewable
energy movement in an intelligent and understandable way.
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home & heart

Another Clucking
Adventure

by Kathleen Jarschke-Schultze

In H&H109, 1 regaled readers with a story about raising an
orphaned chick, whom I named Chiclet. I kept her alive by the
heat of the single, watt-sucking (and, in this case, life-saving)
incandescent lightbulb, and she imprinted on us, rather than
her fellow hens.

Most Favored Poultry

There came the day when Chiclet

got too big to stay in her cage,

but not big enough to hold

her own with my big hens.

Ibrought her to my sister .
Mary’s house. Mary ~
has small chickens,

Bantys and the like,

so they were closer

to Chiclet’s size. Plus

her chickens range

freely, so Chiclet

could avoid most
altercations with the

hens there.

Alas, Mary’s
flock was no more
accommodating than mine
would have been. Soon, the
inhospitable brood had pecked off
all of Chiclet’s neck feathers. Chiclet
would emerge in the morning with all the
other birds, but then follow whoever had opened
the coop door back to the house, warbling all the way.

Mary and her partner Jer would let her in the house to
eat toast crumbs while they drank their morning coffee.
Then she would hang out and eat bugs while Mary and Jer
weeded or planted seeds in the garden. She would lounge
around and peck at the sleeping dog while they ate lunch on
the deck. Whatever outdoor project was in progress, she’d
just tag along.

In the summer heat, when they walked to the pond to
swim, Chiclet would follow along. While they swam, she
would stand on the dock and snap at bugs flying close. On the
way home, when she was tired, they would pick her up and
carry her the rest of the way. She still loved to be held.

Never fully accepted by the flock, Chiclet became a pet. She
had her own little coop with a locking door by the front porch.

116

She knew it was her roost and returned to it every evening. In
Jer’s shop, a wooden lug box, turned on its side and cushioned
with straw, served as her nest. She would go there to lay a daily
egg. Mary said Chiclet was her most reliable layer.

Wild Kingdom
Mary and Jer’s rural property borders
Lassen National Forest, and they
have had more than their share of
wild-animal encounters, most
to the detriment of their
domesticated animals.
They’ve lost two goats
to a cougar. A bear has
rifled their chicken
coop on several
occasions, and forced
them to put an electric
fence around their
beehives. They refer to
the homestead as their
“"Wild Kingdom,” a la

Marlin Perkins.

One evening, Mary
sl and Jer heard Chiclet cry out.

Since it was after dark, she was
in her private apartment in front

of the sun room, but her door was
open and unlocked. Jer usually locked her
door right before they retired for the night, and that
hadn’t happened yet. Jer ran outside, shouting, “Hey, HEY!
Get away from here!” to scare away whatever wild varmint it
might be. Their dog Tenzing Momo (Divine Dumpling) was
right beside him, barking furiously. Jer stopped at Chiclet’s
little house to check on her. It was empty. Momo kept right
on barking and ran around the corner of the house. Momo
chased something across the creek and away. Jer quickly
followed. Mary came a moment later with a flashlight. That’s
when they found Chiclet. She was lying on the ground with
an ugly gash in her thigh. Jer picked her up and carried her,
unprotesting, into the house.

Everyone was very upset, except Chiclet. She remained
calm while her wound was inspected. The very upper end of
her left thigh had a deep gash and no feathers. She did not
lose much blood and remained calm after getting rescued.
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Mary sutured the thigh muscle then closed the wound with
‘00" silk thread. She did not have dissolving sutures, so she
used what she had. After applying Betadine and an antibiotic
ointment, she set Chiclet on a towel in a box on the hearth and
positioned a heat lamp overhead. Chiclet settled into her new
home just fine. The next day, Jer and Mary were relieved to
find her clucking good morning to them. They figured that if
she made it through the night, she would have a good chance
of making a full recovery.

Game Hen

Every day, Chiclet got a little better. She ate and drank and
lay around. She attempted to stand a couple of times, but held
her left leg up tight to her body. She would then settle back
down. Mary broke an antibiotic tablet into little chunks and
fed her a bit each day.

We were all amazed that she was still alive. Mary and I
figure she may have fared so well because she had bonded
with people and was not terrified when she had to be handled
after her injury.

When Chiclet began to get a little dirty, Mary bathed her
and then used a blow dryer to dry her quickly. They would
take her outside for a half hour every day to let her peck at
things in the dirt.

Then she started letting Mary know when she had to poop
by making little warbling noises, from her recovery box. Mary
would take her outside, where she would poop and then wait
to be carried back inside. Now that’s a great chicken.

»

www.homepower.com

home & heart
Care & Stewardship

Chiclet has recovered enough
to be moved to a shed, where
her friend Bunny also lives. Like
Bunny, she mostly hops, using
her good leg for launching, and
both legs for landing, with some
wing action. She does leg-lifts
(landing gear down, landing
gear up) and is healing well, but
still seems to be uncomfortable
using her injured leg.

When you move to your homestead, when you get those
animals, when you plant that garden and orchard, when you
live with renewable energy, you are signing on for a position of
active stewardship. The land, the animals, the plants and trees,
RE systems—all of it is in your direct care. You will become
completely invested in your lifestyle and all that entails. And this
is a wonderful thing.

The challenges are many. The learning potential is great.
And, once in a while, you take part in a seeming miracle that
makes you feel downright victorious.

Irl!; i ;
[ I——

Chiclet in recovery.
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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

Feb. 20-21, '07. San Francisco. Clean
Energy Project Finance. How to overcome
the financial challenges of small-scale
sustainable energy project development.
Produced by the CA Energy Commission.
Info: Green Power 2006
info@greenpowerconferences.com

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

Mar. 31, ‘07. Marathon, FL. Green Living
& Energy Education EXPO. Workshops,
vendors & speakers. RE, energy
efficiency & water conservation. Food

& entertainment. Info: GLEE, PO Box
754, Key West, FL 33041 « 305-293-7658 *
info@keysglee.com » www.keysglee.com

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

ILLINOIS

Mar. 16-18, '07. Chicago. Consumer
Alternative Fuel & Energy Eff. Expo. *
www.consumeralternativefuels.com

IOWA

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

MASSACHUSETTS

Mar. 13-15, '07. Boston. Building Energy
'07. Conference & trade show for RE,
planning & building professionals.
Workshops, speakers & exhibitors. Info:
Northeast Sustainable Energy Assoc. *
www.buildingenergy.nesea.org

MICHIGAN

West Branch, MI. Intro to Solar, Wind
& Hydro. 1st Fri. each month. System
design & layout for homes or cabins.
Info: 989-685-3527 «
gotter@m33access.com ¢
www.loghavenbbb.com

MONTANA

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

NEW MEXICO

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
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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.

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 SEl in Colorado listings. Local
coordinator: lan Woofenden ¢
360-293-5863 *
ian.woofenden@homepower.com

WISCONSIN

Jun. 15-17, ‘07. Custer, WI. RE &
Sustainable Living Fair (aka MREF).
Exhibits & workshops on solar, wind,
water, green building, alternative
transportation, energy efficiency & more.
Home tours, silent auction, Kids’ Korral,
entertainment, speakers. Info: See MREA
listing below.

Custer, WI. MREA '07 workshops:

Basic, Int. & Adv. RE; PV Site Auditor
Certification Test; Veg. Qil & 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 (S6L) «
720-489-3798 « info@solenergy.org *
www.solenergy.org

Internet courses: PV Design & Solar
Home Design. Solar Energy Intl. online.
Info: See SEl in Colorado listings.

AUSTRIA

Feb. 28-Mar. 2, '07. Wels. World
Sustainable Energy Days. Conferences
on energy efficiency, green electricity,
renewable HVAC & more. Info: 0.0.
Energiesparverband « 43-732-772-014-380 «
office@esv.or.at « www.esv.or.at

CANADA

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

RE happenings

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

CHINA

Mar. 15-17, '07; Shanghai. 2007 Asia
Solar Energy Exhibition. PV, wind & solar
thermal. Info: Ms. Angel *
86-21-65-28-9597 * angel@aiexpo.com.cn

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

COSTA RICA

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

FRANCE

St. Laurent de Cerdans. Solar Electricity
Design Course: May 14-18, Jun. 11-15
& Sep. 10-14; Intro to RE: May 7-11,
Jun. 4-8 & Sep. 3-7; Info: Les Amis de
Numero Neuf « www.lesamis9.org ¢
info@lesamis9.org

GERMANY

Jun. 21-23, '07. Freiburg. PV Industry
Forum 2007 & Intersolar 2007. PV
markets forum followed by solar
developments exhibition & forum. Info:
www.pvindustry.de & www.intersolar.de

[TALY

Apr. 19-21, '07. Verona. SolarExpo &
GreenBuilding exposition. Info:
39-04-39-84-0922 -
exhibition@solarexpo.com ¢
www.solarexpo.com

Sep. 3-7, '07. Milano. European PV
Energy Conference & Exhibition. Info:
WIP Renewable Energies * 49-89-720-
127-35 « pv.conference@wip-munich.de ¢
www.photovoltaic-conference.com

SPAIN

Jun. 26-28, '07. Madrid. RE Europe.
Future RE technologies & concepts. Info:
REE + 44-0-1992-656-632 «
aijaz@pennwell.com «
www.renewableenergy-europe.com

Send your renewable
energy event info to

happs@homepower.com

www.homepower.com

solarthermal.com

SOLAR WATER HEATING

IT'S ALL IN THE
VACUUM
IADIANT FLOOR

Save up to B0
on hoating bills
LCammarcial = Hesidontial

25 years

of industry leadership

[

THERMOMAX

250.721.4360
rovigsolarihermal.com

Toll free fax and mess'g
1.888.923.9443

Ask About Dealerships
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BLAZE NEW TRAILS
WITH A RENEWABLE ENERGY DE
$480 OUT-OF-STATE &
$360 IN-STATE / SEMES'I'ER

N ey

UNA RMA

BLE ENERGY PROGRANM
CO RMIN

ONTA MU

mail frorn HomMe POwWer customers|

Wi R i
wFility

» 110v Charging or DC Direct

wafirhe
= Silent Utility and Mobility SMERMEY o woimine |
info@GorilaVehicles.com Goriiia Vehicies

PLEASE SEE OUR WEBSITE

i Gnrlllavﬂhlcle-.i com
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“Let Our Solar Wand
Tame Your Utility Bills"

‘SUNBLOCKS® = J0% Federal Tax Credit
HOT WATER * Five Year Warranty
* Kits From 53 2040 LFSEI'

858-259-8895

Digital Power
Meters

20-GTR: Measures

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

Thir;gs that Work!
Model 4-1850
Home Power #67

ONEMeter: NEwW 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.

4-1830WN: Special meter for Refrigerator Replacement

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

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 To order, call toll free

1-888-433-6600

Whitefield, ME 04353
For information only, call 207-549-3401
www.brandelectronics.com

info@brandelectronics.com
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sun-
inspired

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 . CEJ”‘TQf{“jJ
NABCEP Certified Installe Rebates:

OFF LINE

Located in the central Sierra, near Yosemite
e-mail: ofIn@aol.com .
www.psnw.com/~ofin {24 KHOCERA
P.O. Box 231, North Fork, CA 93643 “*™**"

(559) 877-7080 D3

CA Lic. #661052 MEMBER

.u..-E
p—
=

Your Guide MAGAZINE
to Self-Reliant Living

Take control of your own life. Thousands of people have
gone BACKHOME to enjoy less complicated, more rewarding
lives . . . and you can join them. In each bimonthly issue,
find articles on topics such as: Alternative Home-Building
Techniques, Organic Gardening, Selecting a Home
Business, Living Mortgage Free, :

and much, much more!

SLIDING HOME:

A Complete Guide to Driving Your Diesel
on Straight Vegetable Oil

Subscribe to BACKHOME 309 Pages 152 Photos. Newly Revised 7th Edition
for just $21.97 per year.
Call us at 800-992-25406, ° WWW.pla,nthive.com
write to us at P.O. Box 70ue,
T . Hendersonville, NC 28793 * www.goldenfuelsystems.com
or visit our Web site * www.koalamotorsport.com
\ J

www. homepower.com 1 21



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 « HP11702

EARTH SHELTERED DOME
CONSTRUCTION MANUAL makes it
easy & Very affordable to build your own
ferrocement home www.2BbyD.com
HP11703

COSOLAR.COM discount prices from
Colorado Solar Electric. Lorentz Trackers
in stock 1-800-766-7644 « HP11704

SINGLE AND DUAL AXIS SOLAR
TRACKER CONTROLS up to 48V and
5A output. www.theanalogguy.com ¢
HP11705

MX3KW EXELTECH INVERTER MODEL
108VDC SN101135 Accepts DC voltage
from 94 to 149 Output 117VAC at 25.6A
60HZ, 3 yrs old. New condition. $1000.

laugh@avalon.net * HP11728

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. «
HP11706

We can supply
your power needs.

LAKE CHELAN WATERFRONT SOLAR
HOME bac. 258" waterfront, docks &
boatlift. Info & pics- http://chelancabin.
googlepages.com « HP11734

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 « HP11707

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 »« HP11708

PORTABLE AND STANDBY
GENERATORS from Honda, Yamaha,
Subaru, Kipor, and More + Wireless
Remote Start Available. www.
hayesequipment.com 1-800-375-7767
HP11709

DC SUBMERSIBLE WELL PUMPS.
Complete, ready to install. $219 includes
IMMEDIATE FREE SHIPPING. Visit www.
nemosolar.com or call 1-877-684-7979 «
HP11710

| AM A SOLAR WHOLESALER looking
for retailers to carry my solar electronic,
educational & hobby goods. Phone #
(916) 486-4373. Please leave message. *
HP11711

EDTA RESTORES SULFATED BATTERIES.
EDTA tetra sodium salt, $16/Ib. plus $6
S&H for 1st Ib. plus $2 S&H for each
additional Ib. Trailhead Supply, 325 E.
1165 N., Orem, UT 84057, (801) 225 3931,
email: trailheadsupply@webtv.net, info.
at: www.webspawner.com/users/edta. ¢
HP11713

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. « HP11714

SURVIVAL UNLIMITED.COM - Emergency
Preparedness & Survival Supplies.

Wind Power from 439.00+. Many great
products & prices! 1-800-455-2201 www.
survivalunlimited.com ¢« HP11715

WWW.EARTHTOYS.COM - Online library
and emagazine all about alternative
energy systems and equipment ¢
HP11716

Help for DIY HYDRO! 66+ Custom
TURBINES, 82-400mm diameter,
castaerospace alloy or molded plastic
from $120 www.h-hydro.com « HP11717

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 « HP11718

EFaN St

www.AltHydroSolutions.com
tel: 416.368.5813

WORLD
(303) 952-0830

I.ﬁ.dlll

-Reduce winter heat loss and summer he
- *Refl > of radlan! eui
*Save up to 55

+Vapor barrier, unaffected
*14.5 R value, out-perf

We ship direct to save you |
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BATTERY DESULFATORS FOR SALE
www.wizbangplus.com « HP11724

NORTHERN CALIFORNIA-Very near Lake
Shasta. Gorgeous, forested ridgetop
acreage in growing pristine solar
community. Spectacular views, excellent
access, close to Redding. Several
available parcels from $2200/acre. (530)
472-3284. danew@shasta.com « HP11731

HYDROS, P.M. BRUSHLESS DC units with
Harris housing and wheel. Up to 70%
efficiency. From $1350. www.homehydro.
com 707-923-3507 CA « HP11722

WATER & ELECTRICITY DO MIX!
Innovative Electric and Pedal Boats www.
nauticraftelectricboats.com « HP11723

BAY ISLANDS, ROATAN HONDURAS
1/2 -2 acre Caribbean Ocean View
home sites. Main road access, fantastic
views and breezes perfect for off grid
home! $25,000 and up. 760 815-0723
propertymover@msn.com ¢ HP11730

BECOME PART OF OUR
LITTLE COMMUNITY. www.
AnythingSolarPowered.com « HP11729

SOLAR CELLS New 5” monocrystal

50 per pack - 125 watts $150.00 make
your own solar panels email for specs:
none1120@juno.com * HP11719

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 *
HP11720

YUCCA, AZ. Live off the grid on 40 acres
in this energy efficient Santa Fe style
home. Pls view virtual tour at www.
tourfactory.com # 304093. Call Barbara at
Havasu Realty 928-279-1546 « HP11727

ENGINEERING SOFTWARE PROVIDES
ENGINEERING E-SOLUTIONS FOR
ENERGY CONVERSION SYSTEMS. Free
e-material is available at http://members.
aol.com/engware « HP11721

ZERO ENERGY HOMES - Architecture &
Energy Consulting. www.ZEROenergy.
com (866)412-5332 « HP11725

PC Software for Sine Inverters
WinVerter™

marketplace

OFF-GRID HOMESTEAD 53 peaceful,
private acres. Established quality
renewable energy system. Fresh air,
clean water. Tranquility in natural beauty.
Country living with city access. http://
web.mac.com/pharos_hill « HP11726

NEW FACTORY WIRED & CRATED
OUTBACK PS2 w/2 GVFX3648 inverters
and 2 MX60 controllers. Qty 2 SMA
Sunny Island SI 4248U! Manufacturer’s
warranty included. US shipping/local
pickup (LA,CA). solar_surplus@gmail.
com « HP11733

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 *« HP11712

WWW.HYDRO-TURBINES.COM 200w-
30kW turbines, tested/certified, complete
systems & assistance. Over 50,000 built «

HP11732

Marketplace Advertising

Rates: 25¢ per character, including
spaces & punctuation. $20.00
minimum per insertion, paid in
advance of publication. Submit your
ad to marketplace@homepower.com
or call 800-707-6585.

Tired of
1'5

gh Home Heating/ I:nllll Costs?]
Cut Costs By 20% or Mera!

Opnfack

www.RightHandEng.com (426) 844-1291
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Al 2
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Off the grid since 1982

4RD A SUSTAINABLE FUTURE - {85

www.homepower.com
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Tl Frmes
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PLASTIC BATTERY BOXES

e HDPE WELDED-SEAM VENTED
BOX WITH REMOVABLE LID

e SAFE & SECURE CONTAINMENT

FOR LEAD-ACID BATTERIES
e UPS SHIPPABLE, CUSTOM SIZES

radiantsolartech.com
707-485-8359




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

®

REMOTE
POWER,

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,
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.

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

Akeena
Solar

L=y 3 NN =l ]

California, cont.

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"

Carlson Solar. has been serving Southern CA since

1988. We are a licensed, bonded, and insured solar-electric
installation company, specializing in both grid-tie and off-grid
systems. We are NABCEP certified and take great pride in our

L
installers statewide. Bush jobs no problem.We stock inverters, FELAR xcellent customer service. Saving the environment one house
I“c PV panels, meters, controllers & more at our shop near at a time. Call toll-free 1-877-927-0782 or visit us at
Fairbanks. Call 1-888-257-3639 or 1-907-457-4299 www.carlsonsolar.com
Arizona
Architectural Solar Associates, Flagstaff, AZ. PV Cobalt Power Systems Inc. is a full-service, licensed
solar & wind electric systems (residential & commercial installer of PV systems in the SF Bay Area. We offer free
intertie & battery) 25 year old Green Architectural Design Fenqi consultations, detailed proposals, professional system design
& Construction firm. Dedicated, knowledgeable, trusted, fome i = DY @N electrical engineer, expert installations, and competitive

IDC
Solar

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

EV Solar Products, Inc. Licensed solar professionals
since 1991. We design and install solar electric and hot

water systems for grid-tie and remote homes. Visit our retail
showroom just north of Prescott at 2655 N US Hwy 89. Chino
Valley, AZ 86323 ROC Licenses: 129793 /118299.928-636-2201.

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

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
idclle@northlink.com ® www.idcsolar.com

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

e.
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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.

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

Empower Energy, Southern California. We design,

sell, install, & service high quality residential & commercial
solar electric generation systems. Specializing in grid-tied
and remote stand-alone systems. Make renewable energy a
responsible and cost-effective part of your home or business.
Free project estimate 800 494-2366 empowerenergy.net info@
empowerenergy.net. Licensed since 1995, #711993

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.] Lic. #
874049, Outback Cert. Tech. We live and work with RE.
Serving Plumas, Lassen, Sierra, Butte Cos. 530.284.7849
frenergy@psin.com, www.frenergy.net

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

Pumping, or Telecommunication System at 800-383-0195, [ -2 opportunity to become part of the future in renewable energy.

email windsun@wind-sun.com, or visit our website at http:// We are based in Santa Cruz, we love what we do and it shows

store.solar-electric.com/index.html. Licensed #ROC 089239. 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 EleCtl‘iC, C-10 licensed electrical

electric contractor. We design, install, & handle all necessary contractor. NABCEDP certified installer. We design, sell, install

CEC, utility forms and contracts. Quality installations are symons & service both commercial & residential Photovoltaic systems
nnn backed by 32 years electrical experience. Approved by the Electric since 1982. We specialize in grid-tie and stand alone off grid

ELEGTRIC

124

League of California Homeowners (www.homeowners.org)
& Better Business Bureau (www.midcalbbb.org). Free site
analysis & brochure. (866)711-ACRO ¢ www.acroelectric.com

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
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California, cont.

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, ofIn@aol.com www.psnw.com/~ofln

Owens Electric & Solar, Quality energy solutions
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 1-877-57-
SOLAR, info@owenselectricinc.com, www.owenselectricinc.com

Solar Electrical Systems, Southern California’s largest
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

Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.
US Distributor for Proven Wind Turbines. We supply

all components. Grid-connected or grid-independent.
Truckee, CA 530-582-4503, 877-682-4503, NABCEP
Certified Installer. CA Contractor’s Lic # 796322 chris@
solarwindworks.com, www.solarwindworks.com

Canada

Energy Alternatives has been serving Canadians for
over 20 years. A licensed electrical contractor (BC Lics #
86683) with professional installers throughout Canada. Expert
consultation & design services, turn-key installed systems

or DIY packaged system kits. Extensive inventory for fast
delivery. Visit www.EnergyAlternatives.ca, Call
1-800-265-8898. Canadian dealer inquiries welcome.

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

Colorado

Burnham-Beck & Sun. Solar and Wind Energy
Systems. Grid-Tied and Stand-Alone. Located in Fort Collins,
Colorado, we make site evaluations, system designs and
installations in Colorado and Southern Wyoming. We drop-
ship equipment anywhere in the U.S. CoSEIA Certified
installer. 970-482-6924. Mail to BurnhamBeckSun@aol.com.
www.burnhambeck.com

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

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

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

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

Connecticut

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"

Sunlight Solar Energy, Inc. Milford, Connecticut.
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

Florida

ECS Solar Energy Ssystems (tel) 352-377-8866 www.
ECS-solar.com / tom@ECS-solar.com We service FL, the
Caribbean and the Southeastern U.S. FL's first solar contractor
since 1977. Solar pool heating, hot water, and electric systems
—commercial & residential. Solar lic. # CVC056643 Florida
state certified for "grid-connected" systems. Contact us now
to receive a free solar informational booklet.

idaho

Creative Energies Eastern Idaho’s premiere full-service
RE company. Solar & wind power for remote cabins, homes &
ranches, utility grid-tied solar & wind power, solar hot water
& heating, solar water pumping & passive solar home design.
We custom design a system that fits your needs & budget.
Trace certified dealer. Phone/fax: 208-354-3001 toll free 866-
332-3410 info@cesolar.com ® www.cesolar.com

Kansas

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

Maryland
STANDARD SOLAR INC, serving Montgomery

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

Michigan

Backwards to the Future Ltd, installing, designing
and supplying solar equipment since 1986. OEM supplier of
evacuated tube heat pipe technology for DHW & hydronic
heating. Systems building integration by joint venture with
registered architect. State licensed residential builder & solar
mechanical contractor. POB 409 Fennville MI 49408

tel: 269 2366179 email: info@BTFsolar.com www.BTFsolar.com

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.

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
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Montana

Oasis Montana Inc. designs, sells & installs renewable
energy power systems in North America and also offers
efficient and propane appliances. Our installer Dan Healy is a
licensed Proessional Engineer. Toll-free 877-627-4768 or 4778.
Web sites: www.oasismontana.com, www.grid-tie.com, www.
PVsolarpumps.com E-mail: info@oasismontana.com

Sunelco, Inc. Montana’s premier full service renewable
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

Solarecity Electric serves Placer, El Dorado, Nevada &
surrounding Counties. We specialize in grid-tied PV systems.
C-10 licensed-817001 and no subcontracting insures a quality
installation. We provide everything you need to make an
informed decision about your investment. We install turnkey
systems and carry your rebates. Free site analysis. 916-624-
0535. www.solarecity.com

Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.
US Distributor for Proven Wind Turbines. We supply

all components. Grid-connected or grid-independent.
Truckee, CA 530-582-4503, 877-682-4503, NABCEP
Certified Installer. NV Contractor’s Lic # 59288. chris@
solarwindworks.com, www.solarwindworks.com

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"

Solar Water Works, LLC High quality solar thermal
systems; sales, consulting, engineering & installation.
Distributors of Apricus solar products; affiliated installers
statewide. Residential & commercial applications for radiant
heat, baseboard, forced hot air, pools, spas, & domestic hot
water. Complete pre-packaged systems available. www.
solarwaterworks.com. 908-477-8551 info@solarwaterworks.com

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-] 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 EE98] Dave
Hammack have over 30 years experience and live by PV.
References provided. (800)260-3792 www.directpower.com

Akeena
Solar

New Mexico, cont.

Positive Energg 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

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

New York

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"

Solar Water Works, LLC High quality solar thermal
systems; sales, consulting, engineering & installation.
Distributors of Apricus solar products; affiliated installers
statewide. Residential & commercial applications for radiant
heat, baseboard, forced hot air, pools, spas, & domestic hot
water. Complete pre-packaged systems available. www.
solarwaterworks.com. 908-477-8551 info@solarwaterworks.com

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

SC Solar designs/installs PV systems—residential, US
military, solar lighting, water pumping, traffic management
power systems. Custom UPS systems for off grid. Installation
area: NC,SC,VA,GA. For more info & credentials: 866-856-
9819 www.scsolar.com CCR# & Cage Code #1SLJ5.

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.
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Oregon

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

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

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

Pennsylvania

Advanced Solar Industries, LLC. Specializing

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

Appalachian Wind Systems, LLC has been serving
PA, WV & MD for 6 years. Distributor for Cyclone wind
turbines, Synergy wind turbines, Sun solar panels, LED
lighting, stand alone & grid tie inverters and other products.
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

South Carolina

SC Solar designs/installs PV systems—residential, US
military, solar lighting, water pumping, traffic management
power systems. Custom UPS systems for off grid. Installation
area: NC,SC,VA,GA. For more info & credentials: 866-856-
9819 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

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 Energg & 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
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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

Virginia

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

Washington

Mzr. 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

Seraphim Energy, Inc. Full service electrical contractor
serving the Columbia River Watershed. We specialize in

on and off grid wind, sun and water powered systems,
meeting all your design, installation and procurement needs.
From 100W to 100GW, plug into Seraphim Energy. WA#
SERAPEC971IMG, 800.265.6288, www.seraphimenergy.com,
re@seraphimenergy.com

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

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

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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OUR STANDARD LABEL

-+

> < CAUTION
(ONE MEAN BATTERY

Rolls has been producing premium batteries
specifically designed for the renewable energy market since 1984.

That’s why those who can’t afford to go without power know they

can’t afford to trust anyone else.

BATTERY ENGINEERING

Superior Cycling | Dual-Container Construction | Widest Range of Specs
Largest Liquid Reserves | Easiestto Install | Longest Life Span | Premium Warranties

T. 1.800.681.9914 E. sales@rollsbattery.com www.rollsbattery.com




{:} bp solar

Wwhy are we generating

It's simple...our BP Solar electric system
enables us to:

e lower our monthly electric bill

e guard against future rate hikes

* increase the value of our home

e reduce greenhouse gas by using a
clean energy source that produces
no carbon dioxide (CO;) 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.



