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NATIONAL WHOLESALE DISTRIBUTOR
28 Years of Solar Experience

SOLAR ELECTRIC (PV) SYSTEMS
SOLAR WATER HEATING SYSTEMS
SOLAR POOL HEATING SYSTEMS

- Utility-tied and Off-grid Systems
- Network of Authorized Installers
- Team of €ngineers / Technicians

- Complete Pre-packaged Systems
- Assistance with Rebate Filing

- Delivery to Job-site
- Large Inventory
Covering California with 3 Locations

- Corona 800.680.7922
- Petaluma 800.822.4041
- Sacramento 800.221.0101

Dealer Inquiries Welcome

Solar Water Pumping

Complete Packages
Agricultural / Residential

Owner-builder discounts

Homeowners call us at 800 522 4047
for a referral to an authorized installer
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www.solardepot.com



For over 20 years Xantrex has been developing, manufacturing and selling products for
the renewable energy market. Our products are the enabling device for green energy
sources such as solar, wind and micro-hydro, to provide electricity for homes,
commercial, industrial and back up power applications.

When looking for inverters to enable GREEN energy and provide performance,
value and peace of mind, look for Xantrex, the smart choice for power.

xantrex

www.xantrex.com

AAD20070326_homepower-pos-ad



A New Breed of Inverter

Through tireless direct interaction with installers across the country, KACO has realized
the most pressing needs of installers and has transformed those into the 02 blueplanet
series. Our new inverter design is the perfect combination of form and function that

today’s solar installer is looking for.

Fietd selectable grid voliages

(208, 240, 277)

Programmabile LCD display

MEMA IR enclosuns

Plug and play monitoring

blueplanet...

green power

Best quality control measures world wide
» Most reliable product available
* Superior customer support

» Carbon neulral manufacturing

Visit www.kacosolar.com and discover why you should
be using KACOD inverters with your projects today.

Field salactable positive
and negative grounding

Conveclion coolad,
highast reliability

Inverier sceperaies easily
from switch housing

Imtegrated and lockable

AC/DC disconnecls

Sandand R5485 imerace

&
KACO

1002-B OYReilly Avenue
San Franciaca, CA 24129
Tal (Bad) 5TT-6765
Fax: (415) 951-1488
infofkescosalarcom
wiwiw kacosolarcom
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Catch the Clean Energy Wave!

PARTNER WITH AN INDUSTRY LEADER!

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

TRAINING TAILORED TO YOUR NEEDS AT SOLAR 2008!

We invite you to attend our SOLAR SUCCESS training programs during the SOLAR 2008
conference. Teaming up with ASES, we’ve created a dynamic way to share knowledge critical to
your success: Installation & Technical Workshops for Installers; Product Training & System
Design for the Project Manager; Selling & Marketing Strategies That Work; and Business
Management Best Practices. You won’t want to miss this!

NATIONAL SOLAR TOUR - PARTNER WITH US!

Finding qualified customers is one of the toughest challenges you face. Conergy, as the lead
corporate sponsor for the National Solar Tour, is partnering with you, our customer, to develop and
host tours in your local area. What a great way to educate your community and find new customers!

WORK WITH THE WORLD’S LARGEST COMPANY SOLELY DEDICATED TO
RENEWABLE ENERGY!

Conergy is the only U.S. distributor that can assist solar businesses at every stage of their

development. Backed by a renewable energy powerhouse and a full array of premium products,

we provide innovative tools and services including expert sales assistance, just-in-time product l-‘

delivery, expert technical support, and customized financing for complex projects. We’re your
trusted partner and strive to be your preferred choice! COI lEI lG H

OUR WORLD IS FULL OF ENERGY



Join us for the...

1st Annual AEE Solar Dealer Conference in February!

We are excited to announce our 1st Annual AEE
Solar Dealer Conference, February 6-9, in Mesa,
Arizona — sure to be one the year’s top solar events

If you are an AEE Solar dealer, please join us in
Mesa and get the information and inspiration you
need to grow your solar business!

hosted by the fastest-growing distributor in the solar

. If you are not yet an AEE Solar dealer, it is not too
power industry!

late! Call today, or apply online to become an autho-

The conference will feature: rized dealer.

¢ Keynote presentations by industry leaders John
Wiles, Andy Black and David Katz.

— —

Visit our website for complete information
on the conference, including cost, hotel
reservations and much more. You can also
register online at: www.aeesolar.com

* Product exhibit hall open all 4 days where our
top suppliers will demonstrate their latest products.

¢ Dealer training workshops by manufacturers
and AEE Solar, covering everything from product
performance, installation and tech tips to market-
ing, advertising and the use of financing as a
selling tool.

e Special buy programs and incentives, plus
raffles and prizes, a poolside BBQ dinner — also a
golf tournament and solar tours the Sunday after
the conference!

1st Annual AEE Solar Dealer Conference will be held
at the beautiful Hilton Phoenix East in Mesa, AZ.

Solar Energy International will hold comprehen-
sive solar trainings exclusively for AEE Solar deal-
ers February 11-15, the week after the conference.

SO] dar 800-777-6609

8:30 to 5:00 Pacific Time
Monday-Friday

707-923-2277
707-923-3009 fax
sales@aeesolar.com

1155 Redway Drive
PO Box 339
Redway, CA 95560

The Only Wholesale
Distributor You’ll Ever Need
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Reliable partners for 30 years

SolarWorld California’s factory began making sturdy, efficient modules and systems for
off-grid homes in 1977, many of which are still in use today.

While our industry has grown and our products have improved over the last three
decades, we still make the best quality PV modules around, and we still make them right
here in Camarillo, California. As we celebrate our 30th anniversary, we extend our thanks
to the true pioneers of solar energy who have depended on our products for the last
three decades.

Call 1-800-94-SOLAR for assistance.

SolarWorld California

4650 Adohr Lane

Camarillo, CA 93012
service@solarworld-usa.com

SolarWorld. And EveryDay is a SunDay.

www.solarworld-usa.com
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to you

iting...
the Sun

At the time of writing, President Bush is poised to sign the 2007 energy bill. The
original House version of the legislation, the CLEAN Energy Act of 2007, would
have led to a rapid expansion of domestic solar and wind energy generation. But as
the bill ground its way through the Senate, the provisions that supported renewable
electricity were stripped.

In early December, the House version was passed. That progressive energy
legislation that would have:

® Required utilities to source 15% of their electricity from renewables by 2020.

e Provided an 8-year extension of the 30% investment tax credit for commercial/
business solar installations.

e Created a 6-year extension of the 30% investment tax credit for residential solar
installations, as well as increased the current $2,000 cap to $4,000.

e Revoked $13.5 billion in tax breaks for the five largest oil companies, redirecting
this revenue toward tax incentives for RE. (This provision alone would have
offset more than half of the cost of the clean-electricity tax incentives in the bill.)

When the House bill reached the Senate, a majority of senators supported it. But
in the end, it fell a single vote short of achieving the 60 votes required to overcome
a Republican filibuster. Democratic Senator Mary Landrieu of Louisiana broke with
party ranks and voted against the bill. Republican Senator (and presidential hopeful)
John McCain of Arizona was the only senator who chose not to cast a vote.

Regardless, President Bush pledged to veto the bill if it included tax incentives
for renewables, imposed requirements on utilities to increase renewable-based
generation capacity, or altered current tax breaks for oil companies. According to
an Associated Press article, the administration said that “the taxes would lead to
higher energy costs and unfairly single out the oil industry for punishment.” But a
Democrat Party analysis reported that “the $13.5 billion over 10 years amounted to
1.1% of the net profits” projected for the five largest oil companies.

Campaign funding and intense lobbying from global energy companies and
utilities impacts which politicians make it into office and how they vote. Without a shift
toward publicly funded elections, this game isn’t going to change. What is changing
is the accelerating capitalization of the renewable energy industry via the private
sector. Individual investors, venture capital firms, and technology powerhouses (think
Google) are getting serious about investing in renewable energy. “Solar millionaires
and billionaires will emerge...” says Travis Bradford in his book, Solar Revolution.

The dismantling of the Senate energy bill’s support for renewable electricity was
carried out by a minority of congressional representatives, and an administration
backed by oil- and energy-company profits. RE technology will ultimately power our
future. Resource availability and the evolution of technology will see to that. But if
the current boom in RE investment is to continue and rapidly progress, the political
relationship between the energy industry and government must be redefined.

—Joe Schwartz for the Home Power crew

Think About It...
“Government does not solve problems; it subsidizes them.”

—Ronald Reagan

awwvwefllexmax80.com
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Built-in 128 Daysaf |
Data Logging '

Fully OutBack Network .
Integrated and, .
Programmable

Full 80 Amp Output Capacity
in Ambient Temperatures
up to 104°F (40°C)

Easy to Replace,
23.9 Year MTBF
Cooling Fan

Programmable 12 Volt
Auyiliary Output Signal

Advanced Continuous

o Maximum Power Point
Power Systems Tracking Algorithm

IFLEXmax 80

The latest innovation in Maximum Power Point Tracking (MPPT) charge controllers.

www.flexmax80.com
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Experience
matters.

As cute as he is, you wouldn’t hire him to build your house. You’d hire someone
with experience. Why should your solar inverter company be any different?

Fronius has been in business for over 60 years and that experience Unsurpassed quality

shows. With over 800 MW of installed grid tie solar inverters, we have the
Paperwork-free

proof to back up our claims of reliable, efficient, well-designed inverters. warranty support
Fronius stands behind our products with world class customer Full-coverage ten-year
service, a paperwork-free, full coverage, ten-year warranty, and top-tier warranty, standard

technical support for all Fronius customers — no credit cards, points, or T T e o s

rewards programs.
World-class
Take a look at what 60 years of experience can do for you. customer service

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

Nrorius

POWERING YOUR FUTURE



gr Solar’ Coast to Coast, We've
manwres.  @GOE What It Takes

groSolar® is a full-service distributor
whose quality customer support extends
beyond their timely processing of orders
and shipments. Working with them has
been an absolute joy. They will go the
extra mile to ensure that we have what we
need to run a successful business -- on

both coasts.”
--Brian Kelly, President, Sea Bright Solar

SEA BRIGHT
— SOLAR —

Sea Bright Solar is a groSolar dealer
partner with installation offices in
New Jersey, New York, and California.

Partner with groSolar for
success all across America.

New Jersey installation by Sea Bright Solar. Photos courtesy of Sea Bright Solar.

Call us and enjoy the same success as Sea Bright Solar!

800 GO SOLAR (800.467.6527)

groSolar provides project referrals to dealers in our network ¢ www.groSolar.com
White River Jct., VT « Grants Pass, OR « Durango, CO « Barrie, ON « Mystic Islands, N « San Diego, CA « Bozeman, MT « Malta, NY « Bridgewater, MA « Stamford, CT

©2007 Global Resource Options, Inc. All rights reserved. gro, groSolar, and ReadyWatt are trademarks of Global Resource Options, Inc.
All other trademarks are the property of their respective owners. OR CCB Lic. #175283
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Solahart has been
designing and building

e sne HOT W F f he Sun’
heaters since 0t ater ree rﬂmt e “n

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

Qualifies for
Energy Tax Credit!

Dealer inquiries *"""%‘h[
are welcomed! - Water Heatelﬁ-.

built by Solahart

and backed by

Rheem!

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

SRCE) &= i £
Solahart systems
0G-300 certified by SRCC Rheem Water Heating | 101 Bell Road | Montgomery, AL 36117-4305 | www.rheem.com

RH120607



ASK The E.

How Much Battery?
One of the strings in my 11-year-old battery bank (twelve L16s)
is failing. One of the cells needs water every couple of days, and
another in that string is showing similar signs. My system is
twelve 75-watt modules (900 watts) and a microhydro turbine
that runs spring through fall, with an output between 12 and 15
amps at 24 volts (300 to 375 watts).

I'm paring down the battery bank due to the failures, and
wonder whether | should go with eight or twelve batteries

A ERISE

when | decide to replace the battery bank. Two of my neighbors
use eight batteries in their systems, and one of them said that
he felt that | didn't have enough solar capacity to equalize
them properly. One local RE installer recommends 165 watts
of photovoltaic modules per L16 battery, but | do have a 5 KW
engine generator for winter support. | would greatly appreciate
your thoughts on battery bank sizing.

Marc Bruvry - Sausalito, California

Replacing your battery bank is
expensive, and is heavy, potentially
dangerous work. For the greatest
longevity, it pays to size the bank
properly and monitor battery state
of charge.

14

First, congratulations on maintaining your
L16 battery bank so well that it has lasted
eleven years. That’s impressive! I'd say

you’ve more than gotten your money’s
worth out of this battery bank.

When we size a battery bank, we first
perform a load evaluation to determine the
number of watt-hours needed per day, taking
into account system component inefficiencies.
Then we decide how many days of backup are
desired. Typically, we specify three days, but
this decision is also based on the weather in
the area. Next, we calculate the battery bank
capacity required to meet that need, while
not discharging the batteries below a desired
minimum battery state of charge, usually
50%. (Others prefer a higher minimum, such
as 75%.) We also include a derating factor
that accounts for the lowest likely battery
temperature.

We size the PV array based on the
average daily hours of peak solar insolation

and daily watt-hours of load, again from the
load evaluation that accounts for component
inefficiencies. Corrected watt-hours divided
by sun-hours equals the watts of PV required
to meet daily needs with daily sun. Divide
this by the watts each module produces to
determine the minimum number of modules
needed. We use simple spreadsheets for
these calculations. Examples are available
from most RE dealers.

Although you can go through the exercise
of completing the spreadsheets, it seems that
the use and maintenance of your existing
battery bank have shown that it's sized
well for the longest possible battery life. I'd
recommend replacing your existing battery
bank with the same number of new batteries.
But if you're really set on downsizing to
eight L16s, consider the average and deepest
depth of discharge (DOD) for your current
battery bank based on information from your
system’s amp-hour meter. If the average

DOD is 25% or less (75% of battery capacity
remaining), eight L16s might be sufficient.

Battery equalization should not play too
heavily into your battery capacity decision.
As far as battery equalization goes, if your
PV and hydro inputs cannot equalize the
battery bank because of heavy appliance
loads, you can always equalize with your
engine generator.

A final consideration is that most
installers prefer no more than two series
strings of batteries, with three (like yours)
being the absolute maximum. Too many
strings can create charging inequalities
between the strings. To reduce the number
of strings, one needs to use higher-capacity
industrial batteries. They are more expensive
than most L16s but should last even longer.

Randy Brooks, Brooks Solar Inc. ®
Chelan, Washington
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sASKthe EXPERTS:

Propane vs. Electricity

| am a full-time solar dealer in California. Prospective solar-
electric customers concerned about how to make the best use of
energy in their homes often ask me whether they should swap
their propane house furnace for an electric one. | have been very
reluctant to support this idea, since my understanding was that
an electric furnace would use too many kilowatt-hours to make
this a better solution financially, and that propane was simply
more cost effective. However, | continue to get the calls, and
propane continues to get more expensive. Are there any current
studies that have compared costs between propane and PV-

FLAMMABLE

16

based electric home heaters?

Rick Burkhard, Alternative Power Solutions Inc. *

This used to be a no-brainer. Historically,
in most parts of the country, propane heat
has been somewhat cheaper than heat from
utility-supplied or PV-generated electricity.
Lately, however, the cost of propane has
skyrocketed, eliminating its economic edge
over electricity for home heating in many
places.

Propane contains 91,547 Btu per gallon.
A typical furnace will convert about 85%
of that to heat, which means that 1 gallon
of propane provides about as much heat as
23 kilowatt-hours of electricity.

If propane costs $2.40, then electric
resistance heat is cheaper if grid electricity
costs 10 cents per KWH or less. An air- or
ground-source heat pump could multiply
the electrical energy into two to four times

Selling Back
with a Generator
I've always wondered if | could sell
electricity back to the utility using my
biodiesel-fueled backup engine generator.
It sits unused 99% of the time. The solar
installers I've asked (thinking they would
have the technical know-how) have
either said, “No,” or “Yes, but it is too
expensive.” | know large power plants do
it cost effectively, but is it possible for a
homeowner to do? What does it take and
what’s the relative cost involved?

Jeff Van Horn « Shoreline, Washington

Sonora, California

as much heat, making electric heat even
more competitive. But air-source heat pumps
are only recommended for mild climates,
and ground-source pumps can be costly to
install. To run your own numbers, download
this spreadsheet: www.eia.doe.gov/neic/
experts/heatcalc.xls.

How about using solar, hydro, or wind
power for heat rather than propane? For
decades, cheap propane has been the dirty
little secret of “independent living,” the
convenient, flexible fuel that can run a
generator, fridge, clothes dryer—you name
it. But cheap propane, like cheap oil, is gone
and probably not coming back.

Would it ever make sense to use solar
electricity rather than solar thermal and
passive solar design for heat? Perhaps, if you

003571
()
.

owned a small, super-insulated house in a
moderate climate, although the economics of
this are a stretch. But off-gridders who own
a large wind or hydro generator could use
their surplus this way.

Looking ahead, I expect the price of
propane to increase more rapidly than that
of electricity. Propane is a by-product of
natural gas production. Although 30,000
gas wells were drilled in the United States
last year, domestic production has fallen
since 2003. The question of how best to heat
buildings is destined to be a big topic in
decades ahead. Those towering skyscrapers
in big cities? The truth is that no one has any
idea how they will be heated in 2050.

Randy Udall e Carbondale, Colorado

First, kudos for fueling your generator with biodiesel, rather than petrodiesel. Second, to address

your question: Although it is possible to sell generator-made electricity back to the utility, it is

usually not practical, cost effective, or even desirable. There are several reasons why:

Your engine generator will have larger costs per KWH generated compared to other
sources of electricity. Compared to utility-scale generators, the size and efficiency of a home
generator will most likely make the income earned less than your total expenses for fuel,
maintenance, and permits.
Specialized equipment or a special generator will be required to synchronize your system’s
output to the grid, and to automatically and quickly disconnect it when problems occur on
the grid, like outages or out-of-spec power.
Net billing laws apply to renewable energy sources, and engine generators do not usually
qualify. That means that you would have to establish your generator under a power
purchase agreement, which usually pays at an “avoided cost”—about $0.02 to $0.03 per
KWH. It also means jumping through lots of regulatory hoops.
Your engine generator may not meet clean-air regulations, so it should not be used except
when absolutely necessary.

Michael Welch e Home Power
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Chosen

as one of our 500,000 inverters installed worldwide.

Customers rely on the long-term performance of our solar
inverters. That's why SMA inverters are producing 1,500
MW of power around the world. Our innovative engineers
have developed a complete range of inverters, all designed,
manufactured, and tested in Germany.

New product line now available

Complete range of 2007-UL-compliant inverters from 700
to 7000 watts, featuring integrated disconnect switches with
easier conduit knockouts, and the Sunny Tower, handling
36 to 42 kW, for simplified commercial installations.
10-year warranty now standard on 2007 inverter line.

Call us: (888) 476-2872 ‘ JMZ '
www.sma-america.com Rock Solid Solar A /A




sAskine EXPERTS:

Low-Wind Turbines
Maybe I've just missed the articles, but you have seemed to avoid talking about some of
the less-conventional energy technologies. For instance, why not discuss the benefits and
disadvantages of vertical-axis wind generators? People in low-wind areas might well benefit
from a wind turbine that can provide usable juice when the wind is too low to even turn a
conventional turbine’s blades. Also, I've heard that the vertical-axis machines don’t seem to
kill as many birds and bats, and can handle higher wind speeds more easily.

J. David Neher - San Diego, California

There’s so little energy in low-speed winds that it’s
really not worth designing a machine to capture them.

I would caution you to look very carefully at manufacturers’ claims and the supposed “advantages”
of their products. Low-speed winds have very little energy in them. The power available in the wind
is related to the cube of the wind speed. So if you take a 10 mph wind, you end up with 10 X 10 X 10 =
1,000 units. A 20 mph wind yields 20 X 20 X 20 = 8,000 units. If you have only a 5 mph wind, you
get 5 X 5 X 5 =125 units. In fact, there’s so little energy in low-speed winds that it’s really not worth
designing a machine to capture them.

Though building quality vertical-axis machines is possible, there is no magic in the design that
makes them better than state-of-the-art, three-bladed wind generators. The bird-kill issue is wildly
exaggerated in general (the number of birds killed by commercial wind turbines is dwarfed by the
number killed by habitat destruction, cars, windows, or cats), and verticals have no advantage in
that realm anyway. Also, verticals can have problems with both start-up and shutdown. See Robert
Preus’s article in HP104 for more perspective on vertical-axis wind turbines.

Ian Woofenden e Home Power

Glycol in Drainback

18

I’'m planning to install a combination solar hot water and space
heating system that will be ground-mounted. | am hoping to
install a drainback system so | can high-limit it, but | need
to put the drainback reservoir by the flat-plate collectors in
an unconditioned space, so | want to use glycol for freeze
protection.

Tom Lane’s book, Solar Hot Water Systems: Lessons Learned
1977 to Today, says that you can use a 33% glycol solution and
that any film left in the collectors will vaporize back into the
reservoir. Bob Ramlow’s book, Solar Water Heating, does not
recommend this, and warns that every time the system drains
back, a thin film will dry and leave a bit of residue, which will build
up and degrade efficiency and the collector. Which is correct?

Steven Parsons - Williamsburg, Massachusetts

They are both right to some degree. The glycol added to the
drainback tank will cause some residue to be burned on the inside of
the collector riser and header tubes. I've never encountered a system
with degraded performance to any degree, but I have seen the fluid
turn into a brown, viscous muck over time. I would imagine this is
the burned residue mixing with the glycol solution.

You will probably want to change the fluid every few years
because the buffers in the glycol that keep it from becoming acidic
will be affected by the collector’s high temperatures. I have seen
many systems like this, and except for the fluid condition, they are

still working fine after decades of use. You could probably prolong
the life of the solution by using a product called Dowfrost HD, since it
contains buffers that don’t break down at temperatures below 325°F.
Other propylene glycol buffers can break down at about 285°F.
Another thing that helps with glycol-based drainback systems
is to slope the collectors toward the inlet as much as possible. It is
just common sense to give the header tubes the most slant possible
to drain as quickly as possible. Fluid degradation is typically worse
in systems that are modestly sloped (less than 1 inch of rise per foot
of run). I doubt the riser tubes in any system retain much residue
because of the normal tilt of the collectors. If you are concerned about
any residue buildup, you can always flush the collectors out every
decade or so with trisodium phosphate, an industrial cleaner that is
also used as a boiler treatment for calcium buildup.
Chuck Marken e Home Power

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

write to: asktheexperts@homepower.com

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

Published questions will be edited for content and length. Due to mail
volume, we regret that unpublished questions may not receive a reply.
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SunWize pre-packaged grid-tie systems and grid-tie systems with
battery backup contain everything you need for a complete installation.
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The Economic Future

Hydro-electric 42%

Hydro-electric 75%

Graph Gaffe

| get my copy of Home Power in the mail and give it the quick
thumb-through before | start the detailed cover-to-cover read.
It was during the thumb-through that | was stopped by the
chart on page 106 of HP722. Could that be correct—40% of the
electricity generated in the United States is from petroleum
and 23% is from coal? After an Internet search of your source,
the Energy Information Administration, and some careful
reading, | found the problem: Your chart is correct; it is
just labeled wrong. The title should be something like “U.S.
Energy Consumption by Source.” The chart for “U.S. Electricity
Generation by Energy Source” is very different. (At left is 2006
data from the Energy Information Administration.)

It is very interesting to compare petroleum in the charts at
left. Petroleum plays a big part in our “energy” consumption,
but a small partin our “electricity” generation and consumption.
When it comes to electricity generation, think coal, not oil.
Thanks for an excellent publication, keep up the good work.

Carl Berger - East Aurora, New York

Thanks to you and a few other readers who wrote in to point this out.
The label was correct for what we wanted to portray, but we grabbed
the wrong graph to accompany it.

Michael Welch e Home Power

that is known today occurred because the

20

of Renewables

People tend to overestimate technological
accomplishments ten years in the future
but underestimate what will occur in
twenty. An economic projection to the
year 2030 cannot possibly account for the
cumulative innovations and their effects
over that time period.

Americans were solo actors in
the renewables scene until the 1990s.
Today, the number of people at work
on various aspects of the problem span
the continents. While a lot of this work
may appear redundant, one can imagine
(for example) that thousands of minor
variations in the way semiconductors are
fabricated could yield an unusual process
insight at any time.

“Business as usual” following the
accumulated effects of exponential
growth in present manufacturing capacity
multiplied by the increasing yield per

unit would put the United States at a
100% renewable economy by 2020. The
production of RE has to only increase
by two orders of magnitude to saturate
the American market. The installed
base only has to expand one order of
magnitude (from 7% to 70%) to account
for most of the power production in the
United States. At 20% to 30% annual

Pentagon needed a longer-lasting satellite,
a longer-range rocket, a more sensitive
radar, a faster airplane, or a better-aimed
bomb. The sustainability mantra of the
RE community is echoed in the military’s
intent to keep troops alive and effective in
the middle of deserts, mountains, at sea,
and in arctic wastelands.

People tend to overestimate technological
accomplishments ten years in the future but
underestimate what will occur in twenty.

growth rates, an increase of one order of
maghnitude occurs in five to seven years.
While this is politically incorrect and
particularly provocative today, military
research is almost invariably interested in
how energy is accumulated, stored, and
delivered. Vast amounts of the RE work

The semiconductor industry has
always been power sensitive, with
efforts made continually to reduce
heat, increase battery life, and shrink
components. The fact that this is green
is a side effect. In the bigger picture,
consumers choose products and services
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POWER. DURABILITY. PERFORMANCE.

Depend on the Power of Maroon for your most
demanding off-grid and grid-tie backup applications:

¢ Building the most trusted deep cycle flooded batteries in the world since 1925

e The next generation of Deep-Cycle Gel™ and AGM batteries for maintenance free
cycling and backup applications

Our signature deep cycle construction and durable Polyon™ casing are available through
Trojan Battery’s worldwide distribution network.
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BATTERY COMPANY
Clean energy for life,

For live technical support, call 800-423-6569 or visit us at www.trojanbattery.com.



based on their overall effects. Transistor
radios were bought because they were
portable; the fact that they ran on a
9-volt battery was incidental. Laptop
computers supplant desktop machines
for the same reason. Do people like
new jet aircraft because of their energy
efficiency or because they make far less
noise?

Energy issues get folded into
everything else, and the votes that count
occur with dollars. Promising voters a
“more RE” future is a totally free ride. What
politicians are saying will happen is more
often than not already accomplished.

Meredith Poor - San Antonio, Texas

There are so many components to building a
home that the homeowner must rely heavily on
the design and building team.

Apricus Systems

v Collector(s)

v Controller
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v Expansion Tan
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v System Schematic
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Easy Installation
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Qualified Design/Build Team
As much as | promote do-it-yourself
projects, there are some things that most
people can‘t figure out in a short amount

of time, and that includes building a
home. The expert response (“Resource-
& Energy-Efficient Building,” Ask the
Experts, HP122) nailed it by advising
readers to “assemble a qualified design
and building team.”

The big question that the public
seems to be struggling with is what
makes someone “qualified?” As a design
and building consultant, I've struggled
with this same question—how do | show
homeowners, architects, and builders
that what | do is of great value and is
critical in achieving the goal of a high-
performance, sustainable home, and that
I am qualified?

What I've found is that third-party
certification is the best way to assure
homeowners of a specific quality.
Leadership in Energy and Environmental
Design (LEED) certification for homes
and Energy Star certification are two
methods that are nationally recognized
and endorsed by many.

Some builders and architects will
act as the consultants, but a third
party is needed to certify the homes,

Visit www.apricus.com to learn more
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which, | believe, is the key to the
validity of how sustainable, green, or
high performance a home is. There are
self-certifying programs out there, but
from my point of view, they don’t hold
water because they are self-serving to
the builder.
| would recommend finding a builder
or an architect who is knowledgeable or
willing to learn how to build a LEED-
certified home. Depending on the
components used (and if built well), the
home shouldn’t cost that much more up
front, and will have lower operating and
maintenance costs.
Jim Olson + McCall, Idaho

New Jersey RE Policy

I read your article on solar electricity in
New Jersey (“Profiting from PV,” HP121),
and enjoyed how thorough and concise
it was. | thought you might be interested
in knowing about the recent policy
changes for solar energy initiatives in
the state. New Jersey Governor Jon
Corzine recently announced a goal of

having 20% of New Jersey’s electricity
come from renewable resources by
2020. Today, less than 2.5% of the state’s
electricity comes from renewables.

New Jersey Governor Jon Corzine recently
announced a goal of having 20%

of New Jersey’s electricity come from
renewable resources by 2020.

The new state program will scale
back the current rebate program, which
provides homeowners and businesses
grants to cover up to 70% of the cost of
a solar-electric system. Instead, the new
program will encourage private investors
to pick up the cost of installations,
and give homeowners and businesses
increased financial incentives in the
form of renewable energy certificates.
Home and business owners will be able
to recoup a portion of their investment
by selling the certificates to big energy
users.
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Under the current system, New
Jersey homeowners pay an average of
about $14 per year to fund the solar
rebate program. The new program,
slated to be launched in 2009, should
initially lessen the financial impact
for the typical homeowner to about
$5.35 per year. However, the cost is
expected to rise to about $33 per year
by 2020. Currently, there are no rebates
offered for newly installed solar-electric
systems in New Jersey, since funds for
the existing rebate program have been
exhausted. | thought that you and your
readers would be interested in knowing
about these changes in the New Jersey
solar energy situation.

Jaime J. Brownell - via e-mail

We have solarized two homes, both of which...
provide all our electrical energy needs, with
excess given over as manna to the grid.

medel D308

..'rﬂrmmrmn‘q-mrr*mmﬁmm

See our complete AGM battery line up at

WWW.FULLRIVERDOCBATTERY.COM

Inspired & Solarized

Thank you for a great, helpful, sane,
delightful, just
plain wonderful magazine. You have

stimulating, and
inspired us throughout the years as
we have solarized two homes, both of
which, through energy auditing and
conservation, provide all our electrical
energy needs, with excess given over
as manna to the grid. Indeed, we have
also reduced our propane and natural
gas usage by three-fourths, by using
electricity more for cooking and heating,
and solar-heating water.
John & Janet -
San Francisco & Gualala, California

Artesian Hydro

You have a great magazine, and | have
learned a great deal from every issue
thus far. However, | feel required to
correct a misstatement made in
HP122’s Ask the Experts column. An
individual was asking about designing a
microhydro system to run off a flowing

artesian well.

From China's Premier Quality
manufacturer - Fullriver Battery
Mfg. Co. Lid.

e True Deep Cycle Performance
and Longer Life

* Perfect for Solar, Back Up
Power and all RE Applications

e Non Hazardous - Non Spillable
Dual Terminals and Handles

e In stock in warehouses Coast to
Coast. Other unigue models
and sizes are also available.

Contact us for a distributor near you.
phone:

1-800-522-8191
e-mail:
sales@fullriverdcbattery.com
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First, the calculations are in error—1
PSI equals 2.31 feet of head, not the
other way around. Second, from a
“green” standpoint, letting an artesian
well run 24/7 is a waste of critical water
resources. An aquifer yields water under
artesian pressure because it is storing
potential energy. That energy was
delivered to the aquifer via a recharge
area located at a higher elevation than
the well. It often takes tens to perhaps
hundreds of years for water to flow from

recharge to discharge. Using artesian
water for electricity generation would
contribute to depressurizing the aquifer,
which would result in lower yields to
the well used and neighboring wells.
In extreme cases, depressurization
can ruin an aquifer. The result is that
further withdrawals constitute mining
(withdrawals with no replacement).
Once the mineral skeleton compacts
and realigns due to depressurization, the

aquifer can no longer replace withdrawn

Courtesy Mark Berry
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water at original rates. This can also lead

to subsidence. Not a green scenario!
Jon Kaminsky, licensed hydrogeologist -
Lander, Wyoming

Local Incentive
We installed this 5.4 KW system for a
client in Port Penn, Delaware, a few
weeks ago (see photo at left). The Salem
nuclear generating station near Salem,
New Jersey, is right across the river
from the site—perhaps your readers

might enjoy the photo.
Mark Berry, KW Solar Solutions -
Newark, Delaware

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

mailbox@homepower.com
or
Mailbox, ¢c/o Home Power
PO Box 520, Ashland, OR 97520

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

Apollo Solar T80 Charge Controller

www.homepower.com
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SOLAR TRACKING &
SOLAR PUMPING SYSTEMS

Highest Energy Yields:
ETATRACK Solar Tracking Systems

Solar tracking greatly increases the en-
ergy yield of your modules by up to 20-
35% per year depending on the location.
LORENTZ provides solar tracking mounts
for off-grid systems of up to 177m2/180sqft
(approx. 2.5 kWp) size. No use of failure
prone light sensors or wind sensors. For
solar power plants LORENTZ offers a cen-
tral control system to operate and moni-
tor enough trackers to reach several MW
size.

Reliable Water Supply:
PS Pump Systems

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

Crystal-clear Water:
PS600 BADU Top12 Pool Pump

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

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

LORENTZ

Heidekoppel 16

24558 Henstedt-Ulzburg, Germany
Tel. +49.(0)4193.7548 -0

Fax. +49.(0)4193. 7548 - 29
www.lorentz.de




Advance Solar

AEE Solar

Carmanah Technologies Corporation
Northern Arizona Wind and Sun
Solatron Technologies

SunWize Technology

Wholesale Solar

Dealer and distributor inquiries welcome

707-485-0588
800-777-6609
877-722-8877
800-383-0195
888-647-6527
800-817-6527
800-472-1142

Deliver.

Period.

Let’s face it — the best inverter in the
world won’t do you any good if you

can't get it delivered.

With Magnum Energy, not only can
you choose from quality products like
our MS-AE 120/240V Series Inverter/
Charger that provides 120/240 volt
split phase output in one unit, but
there is no waiting. We're shipping

the MS4448AE and MS4024AE now.

Visit www.magnumenergy.com to
download our complete catalog, or
call your local distributor or dealer for

more information.

BANMSRAINIRS
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www.magnumenergy.com
Phone: 425-353-8833
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by Christina Ammon

In their modest,
600-square-foot
home, the Dolphins
have brought solar
energy to the
mainstream.
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ig things can happen in small,
B ordinary spaces. Kathy and

Gene Dolphin’s tidy bungalow
in the storefront-lined Normal
Heights neighborhood of San Diego
is proof in point. The stucco cottage,
hugged by small gardens and fruit
trees, effectively challenges the solar
stereotype referenced by California’s
clean-energy advocate Bernadette Del
Chiaro, who said, “Solar power has,
for a long time, had the stigma of being
something for a backwoods hippie or
a Malibu millionaire, as opposed to
something for Main Street.” In their
modest, 600-square-foot home, the
Dolphins have brought solar energy
to the mainstream, setting an inspiring
example of clean and efficient energy
generation and use for everyday
people.

By employing technological fixes, such as solar-electric
and solar water heating systems, and adopting new energy-
use habits, Gene and Kathy have made their on-grid abode
so energy efficient that their utility meter spends more time
spinning backward than forward. Effectively, their home
produces more electricity than it uses each year. Despite their
home’s Spartanlike use of electrons, Gene and Kathy live with
all the modern conveniences—including a clothes washer,
computers, a big-screen LCD TV—even heated towel racks.
“Guests who come to our house are amazed beyond belief
that we are meeting our energy needs without sacrificing
creature comforts,” says Kathy.

Seeing the Light

The Dolphins” first introduction to solar power occurred
during an annual celebration hosted by their local food
cooperative. Kathy and Gene were struck by the solar-
powered stage—the sound system and fans all run by the sun.
“It really left an impression on us,” explains Kathy.

Then, while browsing the bookshelves at the co-op
one day, Kathy happened upon a solar cooking book. She
bought the book and, using the plans, she and Gene built a
simple solar oven made with cardboard boxes and a glass
front. Being amateur astronomers, they first used the oven
at an informal gathering of telescope makers in Riverside,
California. At dinnertime, the Dolphins shared their sun-
cooked meal with conference-goers, and the oven was an
instant hit.

This experience, along with a belief in conservation
and outrage over the rate-tripling California energy crisis
in 2000 and 2001, inspired Gene and Kathy to seek ways
to shrink their energy footprint. “My first reaction was
to pull every plug in the house,” says Kathy. Though
they had long researched energy efficiency and solar
energy—Kathy had even once researched local PV system
installers—they were now inspired to put their ideals into
action.

www.homepower.com

Gene and Kathy Dolphin.

mainstream solar

Rethinking Energy

Kathy and Gene started with the small,
easy stuff. They replaced incandescent
bulbs with compact fluorescents,
reducing their electric lighting energy
requirements, and sought out phantom
loads—appliances such as remote-
controlled TVs and computers that
constantly draw electricity, even when
they’'re turned off. Kathy says that
having phantom loads is “like leaving
the faucet running all day because you
might want to geta drink at some point.”
To eliminate this unnecessary energy
drain, the Dolphins purchased a handful
of plug strips to conveniently—and
completely—turn off home electronics
that were once phantom loads.

As their original appliances began
to wear out, Kathy and Gene replaced
them with more efficient models. In
place of their old refrigerator, they installed an Energy Star
model that uses 493 KWH per year—about one-third of
the energy required by their old fridge. Their old washing
machine, which used 50 gallons of water per load, was
replaced by a more efficient Staber machine, which uses only
16 gallons per load, reducing their household’s water heating
demand. For cooking, they upgraded to a gas range that does
not use a continuously burning pilot light.

A solar light tube in the kitchen brings in ample natural
light, reducing their need for electric lighting during the day.
The tube admits sunlight through a diffuser, which helps
distribute daylight within the room while minimizing glare.
The solar tube’s design does not result in overheating interior
spaces during the warm months like skylights often do. At
night, the solar tube offers an additional benefit—when the
moon is up, it serves as a nightlight.

Thin-film PV modules produce 100% of the Dolphins’ electricity.
A solar light tube provides daylighting for the home’s interior.




mainstream solar

San Diego’s mild coastal climate
offered the opportunity for the Dolphins
to forego one of a household’s biggest
summertime electricity loads—air
conditioning. Instead, they actively
manage ventilation through the house,
opening the windows in the evening
when the air is cool, and closing them
in the morning to keep out the heat of
the day. On the hottest summer days,
they also rely on a workshop-type,
350 W fan placed near an exterior door
to quickly draw cooler air into the
house from the outside.

Investing in Solar Energy
Appliance upgrades and simple
changes in their daily habits cut the
Dolphins” household energy use. Still,
they had long been dreaming of using
solar energy, so when their old water
heater broke, they seized the opportunity to integrate solar
water heating into their energy mix. Local installer Mark
Naylor installed a 40-gallon solar batch heater on the roof
and replaced their old water heater in the garage with
a more efficient gas-fired tank heater for backup during
cloudy weather. Together, the two tanks provide a total
of 90 gallons of hot water storage. The total cost for the
upgrade was $2,090.

Upgrading to more efficient appliances
was one of the ways that Gene and
Kathy reduced their electric bill. As

Pleased with the simplicity and
success of their solar-heated water
system, Kathy and Gene decided to
invest in PV. Through a referral from
the People’s Co-op, they called on
Martin Learn, owner of Home Energy
Systems. When he arrived and inspected
Gene and Kathy’s energy bills to size
a suitable solar-electric system, he was
amazed: The Dolphins had reduced their
electricity use by 65% just by switching
to compact fluorescent bulbs, using
power strips, and replacing their old,
inefficient appliances, making their goal
of covering all their electricity needs with
PV easy to reach. They bought a 2.1 KW
PV system, which, after rebates and tax
credits, cost about $6,900.
summer approached, the

Dolphins were thrilled as they watched

their daily energy generated by the PV
system climb from 10.6 KWH in February to surpass 12 KWH
by April. That first year, the system generated 3,000 KWH and
sent 1,100 KWH of excess energy back to the grid.

Although Gene says that they were told initially not to
expect the system to produce more than 7 KWH per day
during the winter, their solar power plant had no problem
exceeding that on most days. Gene says that they were so
excited to see how well the system actually worked that he

30

The Dolphins’ solar batch heater reduces their
water heating costs by half.

Cold in

Dolphin Solar Hot Water System

Batch
Heater:
Single tank,
Servamatic,
40 gal.
_ Solar Backup
isolation isolation  \jixing
valves valves el
Hot to
Check e
valve
Cold to
house

Backup Heater:
Gas-fired, A.O. Smith,
50 gal.
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Dolphin On-Grid Photovoltaic System

Photovoltaics: Thirty-three Uni-Solar US64, 64 W each at 16.5 Vmp, wired in
three 11-module series strings for 2,112 W total at 181.5 Vmp

Inverter: Sunny Boy

1800U, 400 VDC KWH
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began charting daily measurements from the inverter’s digital
display and comparing them to the utility meter readings.

“l was particularly interested in seeing if the original
energy production estimates were true, and if true, how long
it would take to roll back the meter to the January 7 meter
reading—when the system was first installed,” says Gene. “It
took less than a month. We use about 4 to 5 KWH per day,
and this system takes care of us very nicely.”

Small Obstacles
Though the journey was mostly a smooth one for the Dolphins,
they did encounter a few minor (albeit tall) obstacles—two

looming palm trees that cast a shadow on the south side of
their house, blocking solar exposure to the PV array. True to
form, Kathy and Gene’s commitment to conservation kicked
in to overcome this hurdle too. They acquired a removal
permit and called a relocation service that replanted the trees
elsewhere—for the same price it would have cost to just cut
them down.

There was also the question of what to do with the excess
energy the PV system was generating. California offers
annualized net metering and the Dolphins would not get paid
by their utility, San Diego Gas & Electric (SDGE), for anything
they generated over their annual KWH usage. So, they put

An SMA America Sunny Boy inverter converts the DC electricity
produced by the PV array into standard AC household electricity.

www.homepower.com
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mainstream solar

Overview
Location: San Diego, California

Solar resource: 5.7 average daily peak sun-hours

Photovoltaics

Average monthly production: 250 AC KWH

Utility electricity offset annually: More than 100%
Modules: 33 Uni-Solar US64, 64 W STC, 16.5 Vmp

Array: Three 11-module series strings, 2,112 W STC total,
181.5 Vmp

Array installation: Two Home Energy Systems mounts on
south-facing roof; one on north-facing roof and one on flat
garage roof; all oriented south with a 22-degree tilt

PV & SHW Tech Specs

Inverter: Sunny Boy 1800U, 1.8 KW rated output, 400 VDC
maximum input, 156-350 VDC MPPT range, 120 VAC output

System performance metering: Inverter display and utility
KWH meter

Solar Thermal

System type: Batch (integral passive solar-assisted)
Hot water produced annually: 50%

Collector: Servamatic, rooftop batch heater, 40 gal.

Collector installation: Mounted on south-facing roof at
22-degree tilt

Backup DHW tank: A.O. Smith, gas-fired, FGR 40 242, 50 gal.

their excess electricity to work by installing luxuries that
they would otherwise never consider—heated towel racks,
an electric fireplace, a fountain that flows all day and night,
and a freezer in the garage. They also run electric heaters in
the winter, instead of relying on the home’s gas-fired floor
heaters. Kathy acknowledges that some of these appliances
are a little ridiculous, but the thought of the power company
profiting from their surplus energy angers her. “It’s unjust,”
she says. Until they come up with more creative uses for the
rest of the surplus, they begrudgingly send about 50 KWH
per year back to the grid.

Looking at the Bright Side

After seeing their small changes have such a dramatic
effect on their energy use with little or no inconvenience,
Kathy admits that the general lack of understanding
most Americans have of their energy consumption can be
frustrating, but says, “What we can do is be an example for
people.”

And they’ve done just that through their actions—both at
home and in their community. In addition to generating their
own electricity and using it more efficiently, the Dolphins
streamlined their whole lifestyle. “When you are aware of one
kind of waste [energy], it makes you think about how other
things are wasted too,” Kathy says. Through careful recycling
and composting their food scraps, the Dolphins reduced
their garbage to one small bag per week. With their compact
gardens, they also grow some of their own produce, cutting
down on the energy costs of trucked-in, store-bought food.
And when SDGE sponsored a compact fluorescent lightbulb
exchange program, the Dolphins inspired their church to
trade out their incandescent lights.

In a land known for McMansions, Kathy and Gene’s
old-fashioned stucco house might seem Spartan. But for

them, it brings pride and the simple happiness that comes
with having just enough: a garden, fruit trees, a comfortable
home—and plenty of energy.

Their experience has taught them that the technology
is readily available to generate your own electricity, and
to do it at home. It's the mind-set that needs to change. As
Gene explains, “We have to look at resources as something
important, and to think of our needs versus our likes and
desires.”

Access

Christina Ammon (www.christina-ammon.com) approaches life
one word at a time in beautiful Ashland, Oregon. Drawing on her
experiences as a vineyard worker, farmer, skier, and adventurer,
Chris explores a broad array of topics in her writing. She is a recipient
of an Oregon Literary Arts fellowship for literary nonfiction.

Mark Naylor, Solar Specialists, 7930 Arjons Dr., Ste. C, San Diego,
CA 92126 e 858-695-9465 e solarspecialist@thenaturallife.com e
www.naylorsolar.com e SHW system

Martin Learn, Home Energy Systems Inc., 6996 Convoy Ct., San
Diego, CA 92111 e 858-278-2300 ® info@homeenergysystemsinc.com e
www.homeenergysystemsinc.com @ PV system

System Components:
Servamatic ® www.servamaticsolarparts.com e Solar water heater

SMA America ® www.sma-america.com ® Inverter

Uni-Solar ® www.uni-solar.com ¢ PV modules
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%%5@ Proud Distributor of SHARP Solar Energy Products

SHARP Solar Racking System (SRS):

¢ Integrated grounding + Shared rail design
* No protruding screws  Ultra low profile

» No cutting, no drilling  * Covered rails

e Fast, simple installation e« Economical

To order the new Sharp SRS Syslem
call us at 800-967-6917

DC Power Systems

Full spectrum of solar energy products, in-house tech support, product training,
financing solutions and unparalleled product availability

Become a DC Power Systems dealer today

30 C Mill St Healdsburg, CA 95448 phone B00-967-6917 fax 707-433-5698
info@dcpower-systems.com www.dcpower-systems.com
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This past October, solar energy occupied the
spotlight at the nation’s capital, when 20 homes,
entirely powered by the sun, took up temporary =~
residence just footsteps from the Capitol building.
The occasion: The 2007 Solar Decathlon, an
international competition sponsored by the U.S.
Department of Energy.

Courtesy Christian Stufg
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eld every other year since 2002 in Washington, D.C.’s

National Mall, this progressive competition challenges

collegiate teams of budding engineers, designers, and
architects to build and operate solar-powered homes that
can generate enough energy with solar technology to satisfy
a typical household’s energy appetite. The team that best
blends aesthetics and modern conveniences with maximum
solar energy production and optimal efficiency wins.

Here’s how it works: Rules restrict the size of the houses to
800 square feet and stipulate that the main energy generation
and storage devices, such as PV modules, solar thermal
collectors, and batteries, must be located within this footprint.
With only a few exceptions, anything goes for architecture
and engineering, though the ultimate goal of a market-viable
home for 2015 keeps the designs grounded in function and
efficiency. One catch is that the structures and their energy
systems must be transported to the National Mall, often piece
by piece, and reassembled in less than one week.

Almost overnight, a small “solar village” emerged on
the lawn between the Capitol building and the Washington
Monument. One by one, cranes, flatbed trucks, and moving
vans rolled onto the scene. Hard-hat-wearing solar decathletes
scrambled, anxiously cracking open cargo containers and crates.
Before long, the buzz of power tools filled the air, as crews
worked tirelessly to assemble their homes before the competition
got underway and the event opened to the public.

The Main Event

The three overall winners in the Decathlon are determined by
points scored in ten contests: architecture, engineering, market
viability, communications, comfort zone, appliances, hot water,
lighting, energy balance, and getting around. With 200 points,
the most in any of the contests, the architecture category was the
one to win. A panel of professional architects scrutinized each
home for its structural integrity, materials, ingenuity, and overall
design strategy. Nearly as critical were the market viability and
engineering contests, with a maximum of 150 points each. A
jury of engineers examined everything from the insulation to the
kitchen plumbing, while experts in building energy simulation
crunched the energy stats and evaluated how effectively the
teams used simulation tools in the design process.

The heart of the competition is the performance of each
house’s energy systems during the ten days on the Mall. Each
must maintain a steady comfort zone, between 70°F and 78°F
and 40% to 60% humidity. Using only the electricity produced
by the house’s solar-electric system and water heated by its
solar thermal system, teams must carry out normal energy-
consuming activities: cooking meals, washing dishes, doing
laundry, taking showers, running a computer, and operating
an entertainment system. For the “getting around” part,
teams earned points for how many miles they drove an
electric vehicle charged by their house’s PV system.

Behind the scenes, team engineers strategized ways to
maximize energy production and stretch every last watt-hour
of energy. An unusually hot and humid week for October
put cooling and moisture-control systems to the test, while
a stretch of sun and partially overcast days boded well for
electricity production and solar water heating.

www.homepower.com

Courtesy Kaye Evans-Lutteradt / Solar Decathlon

solar decathlon

Above: The University of Maryland’'s innovative Green Wall—
a vertical surface of living plants—
helps capture and direct water to a garden.

Opposite: The winning home by T.U. Darmstadt incorporated
amorphous PV technology into the louvered shutters
for additional electricity generation.

But in the end, three homes edged out their competitors
to earn the best overall scores. With a total of 1,024.85 points,
first-time competitor Technische Universitat Darmstadt went
into the last, cloudy day with the most energy in their batteries,
and secured the top spot with a sleek design that showcases
German technologies and materials. Local favorite University
of Maryland took second place with a climate-adapted home
designed to handle the gamut of weather experienced in the
Chesapeake Bay watershed. Santa Clara University captured
third place with their California contemporary home that
seamlessly integrates high-tech systems with natural materials.

All the teams put their own spin on creative solar design
and eco-friendly architecture, pushing the envelope in terms
of energy- and resource-efficient building—and giving the
public a peek into home construction techniques and RE
equipment innovations that may soon hit the mainstream. For
a look at what captured the experts’ eyes and imaginations
this year, check out the winning homes, profiled on the
following pages.

Access

Kelly Davidson (kelly.davidson@homepower.com), Home Power
Associate Editor, was one of more than 100,000 people to attend the
2007 Solar Decathlon.

U.S. Department of Energy Solar Decathlon e www.solardecathlon.org
T.U. Darmstadt ® www.solardecathlon.de

University of Maryland ® www.solarteam.org

Santa Clara University ® www.scusolar.org
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first place

Courtesy www.architektur.tu-darmstadt.de/ee/

)
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TU. Darmstadt

With the mantra, “The cheapest KWH is the one which is
not needed,” as its guiding design principle, T. U. Darmstadt
took the Decathlon by storm, winning the architecture and
engineering contests, and also earning a perfect score for
energy balance.

Although their design strategies—insulating for high
efficiency, optimizing solar irradiation and internal energy
gains, and eliminating air infiltration—were typical, their
design approach was anything but. Each carefully planned
layer of the T. U. Darmstadt’s house reveals a distinctively
European approach to efficient, functional design. The post-
and-beam structure supports an outer shell of louvered
oak panels, which fold open along the north side to expose
the main entry and a wall of quadruple-pane windows
with insulated oak frames. To the south, a series of folding,
louvered shutters encloses a porch covered by a roof of
translucent photovoltaic modules.

A favorite among the jurors and crowd, the motorized
solar-electric louvers automatically adjust to a optimal angle
for receiving sunlight and complement production from the
discretely angled arrays on the roof. The team’s goal was to
show that a solar roof can be seamless and stylishly integrated
into a modern building design.

The real test for this team was designing a building that
would perform wellin Washington during the competitionand
in Darmstadt afterward, since the house will be permanently
installed on the university’s campus for continued research.
The team enlisted special software to simulate how different
weather conditions and sites affect the house. A touch-
panel computer control system allows homeowners to track
and adjust lighting, temperature, humidity, and electricity
consumption.

The First-Place Winner

Courtesy www.architektur.tu-darmstadt.de/ee/

Electricity Generation: Forty SunPower 210 W PV modules
on the roof provide the bulk of the home’s electricity,
along with the PV louvers and translucent Sunways
modules that cover the porch roof. The energy generated
by the PV arrays is converted to AC using multiple SMA
batteryless inverters. These are synchronized with an SMA
Sunny Island battery-based inverter that charges a 48-volt,
2,000 amp-hour Hoppecke battery bank.

Powerful Shutters: As the seasons
change, the shutters can be opened or
closed as necessary to capture or shield
passive solar heat gain. The true genius?
Equipping the louvers on the east, south,
and west facades with Schott amorphous
silicon PV cells to maximize electricity
production.

home power 123 / february & march 2008
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Courtesy Christian Stumpf, TUD

Get Glowing: Inside, the fi I'St p/aCe

walls of the bathroom form
the central core of the floor
plan. The walls’ white plastic
architectural glazing allows
daylight to filter through to
the bathroom. By night, a mix
of interior lighting, including
LED lights recessed behind
translucent wall shelves,
creates a silvered glow.

Courtesy www.architektur.tu-darmstadt.de/ee/

The T.U. Darmstadt Team

(some members not pictured)

Courtesy www.architektur.tu-darmstadt.de/ee/

Uber-Performance: Triple-pane sliding doors and

windows, along with highly insulated walls, floors, and
ceilings made from R-71 vacuum panels, seal the building’s
envelope. Wax-based microcapsules embedded in gypsum
plasterboard serve as thermal mass, passively storing solar
heat and releasing it when temperatures drop.

Floor Plan

Courtesy Christian Stumpf, TUD

Clever Hideaways: With a built-in bed and couch recessed
beneath the floor, the design takes “multifunctional” to a new
level. For maximum flexibility within the 542-square-foot space, G ———
chairs and two tables fold flat and stow away into a storage
drawer in the sublevel couch.

www. homepower.com 37



second place

University of Maryland

With its passive solar design and other solar technologies,
use of local and natural materials, and heavy reliance on
daylighting and water-conservation strategies, University of
Maryland’s goal was to reconnect human-made shelter with
the natural world.

Nature’s inherent adaptability is the model for the
LEAFHouse’s dynamic interior structure. Walls double as
built-in cabinets and pullout storage closets, and a queen-size
bed folds down to create an instant bedroom. The great room,

Light Tricks: At the ridge,
in a gap between rows

of PV modules, a 40-foot-
long skylight made

from translucent, highly
insulating Nanogel-filled
panes provides daylighting
throughout the interior.

consisting of a kitchen, sitting area, built-in desk nook, and £
dining area, opens to the outside deck via a south-facing wall 5
of floor-to-ceiling glass doors, located behind exterior shutters g
that are specially louvered for optimal shading in the summer ~ £
and heat gain in the winter. g

Well-appointed with innovative technologies, LEAFHouse E
makes a solid case for integrating smart engineering and
strong architectural solutions. A network of sensors inside Eco-Friendlier Materials. A mix
the house connects to a Web-based control system to monitor of FSC-certified eastern white

. o . . pine and corrugated metal

and optlmlze enell'gy use, huml.dlty, llghtlng, and. v.vater finishes the structure. Soy-based
consumption. Radiant-floor heating and a high-efficiency spray-on foam (R-5.5 per inch)
ductless system can heat or cool the air using ozone-friendly insulates the walls, floors, and
refrigerant as the heat-transfer fluid. An energy recovery roof, lending to the home’s
ventilator exchanges stale, interior air with fresh, outdoor air high thermal performance.

without significant heat loss or gain from the outside. What
appears to be an atmospheric waterfall built into the west
wall is actually a liquid desiccant system that uses calcium
chloride to absorb moisture from the air.

Other nature-based details, like a maple countertop
fashioned from a local fallen tree and an exterior wall of plants
for filtering rainwater to a greywater garden, wowed the
crowd, helping the house win the People’s Choice award.

Courtesy www.solarteam.org

The Second-Place Winner

Courtesy Amy Gardner / UMD

Www.jimtetro.com
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Courtesy www.solarteam.org

Changing Spaces: Moveable translucent
fiberglass wall panels, complete with a
honeycomb core consisting of expanded
aluminum and glass cloth, slide open
along a track to add space to the great
room for entertaining. Similar panels
open to the bedroom or close to isolate
the bathroom for privacy.

Solar Solutions: The south-
facing roof accommodates 50
evacuated-tube collectors for

the radiant heating and solar hot
water systems. Thirty-four Sanyo
HIT modules (6.97 KW) feed three
OutBack MX60 charge controllers.
Four OutBack 48-volt inverters
provide AC for the house.

second place

Courtesy Kaye Evans-Lutterodt / Solar Decathlon

Floor Plan

The University of Maryland Team

(some members not pictured)

Courtesy www.solarteam.org

High-Tech Moisture
Management: An indoor

waterfall charged with liquid
desiccant (calcium chloride)

removes latent humidity
from the home’s interior,

reducing the air-conditioning
load. It also serves as a cool

visual design element.

www.homepower.com
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third place

Santa Clara University

Santa Clara University’s (SCU) third-place victory was made
even sweeter by the fact that this team almost didn’t make it
to this year’s event. As the twenty-first school picked by the
selection committee, the team only entered the competition
after another team dropped out. But all their hard work
almost went for naught when the truck transporting their
house broke down in Nebraska. When the truck finally
arrived—three days late—the crew worked through the night
and still managed to finish construction on time. Despite
the transport problems, and having the smallest school of
engineering and no school of architecture, SCU earned its
place among the top contenders.

The house really shines for its renewable energy
systems. SCU scored a perfect 100 points in both the hot
water and energy balance contests. For heating, cooling,
and hot water, two flat-plate solar thermal collectors
mounted on the home’s south-facing roof are combined
with a prototype absorption chiller. The chiller transfers
thermal energy from the solar collectors to a heat sink
through an absorbent fluid and a refrigerant, cooling by
absorbing and then releasing water vapor into and out of a
lithium bromide solution.

The home was designed for off-grid use but features
modular PV systems to allow for easy downsizing and
grid-connection. The photovoltaic array, for example, can be
reduced from 34 modules to 25, and still maintain sufficient
energy output for grid-tied use, shaving nearly $8,000 from
the system’s cost. The electricity generated by the PV system
was only needed to power the appliances, lighting, and car.
This key difference helped the team score well in the energy
balance portion of the event and enter the final days with
excess energy stored in their batteries.

The Third-Place Winner

www.jimtetro.com

Courtesy www.scusolar.org

Courtesy Charles Barry / SCU

Structural Sustainability: Innovative bamboo

|-joists, developed by Dr. Mark Aschheim and the
SCU team, are the first of their kind in the United
States. Fabricated out of compressed bamboo,
they can support up to 10,390 pounds.

Thermal Ingenuity: A solar hot water
system paired with a prototype high-
efficiency absorption chiller uses hot
water—instead of electricity—to provide
all the heating, cooling, and hot water for
the home.

Courtesy www.scusolar.org

Envelope Efficiency: A highly insulated
envelope and passive solar principles
maximize the home’s energy-saving
potential. Layers of recycled denim and
cotton fiber batts provide R-24 insulation
in the walls, while blown-in cellulose
achieves R-37 in the ceiling.

b
o
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Courtesy www.scusolar.org

Floor Plan

LMVIKG DO
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PV Performance: Thirty-four
SunPower 215 W photovoltaic
modules on the roof feed two
SMA batteryless inverters in
this AC-coupled system. A pair
of SMA battery-based inverters
charges a 48-volt, 3,346-amp-
hour battery bank, sized to
provide about five days of
backup.

third place

Courtesy www.scusolar.org

www.homepower.com

The Santa Clara University Team
(some members not pictured)

Elemental Shelter: Keeping with the team'’s
goal of blurring the boundary between the
indoors and outdoors, a south-facing wall
of triple-pane, folding glass doors opens
the living room to a trellised front porch.
This shaded porch shields the interior from
heat gain while providing a comfortable
outdoor dining area.

Courtesy Charles Barry / SCU
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Midnite Solar offers indoor battery enclosures in three sizes. All
include locking doors. When you need a listed enclosure for your
sealed AGM or Gel battery bank, consider MidNite Solar.
Stay tuned for outdoor rated enclosures coming soon.
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rebuilt & fully loaded for 2008

For more than twenty years, Home Power magazine has inspired and
educated readers with practical, reliable information about renewable
energy and sustainable living technologies. Homepower.com now enables
you to conveniently browse, download, and print the best of that content
online, anytime, for just $24.95 (one year).

Membership to homepower.com includes:

Access to a growing pool of more than 1,250 feature articles, columns, Q&As, and more
Advanced search and filtering functionality to quickly find what you’re looking for
Access to three years of complete back issues in PDF, exactly as published

E-mail notification when each new issue of Home Power is available for you to download
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The option to add a subscription to Home Power’s print edition for just $9.95 per year!

Already a subscriber to the print edition of Home Power? Add an online membership for
just $9.95 per year.
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How fo Read a Home Power Wiring Diagram

by Benjamin Root

lectrical schematics (“skizzes” for

short) have been a key element

in Home Power since its launch
more than 20 years ago. These detailed
drawings help newcomers under-
stand system concepts, instruct do-
it-yourselfers on proper procedures,
and document the creative solutions
of individual renewable energy (RE)
system installers and owners.

Schematics are useful in system planning and design,
keeping things straight during installation, proving a system’s
viability and safety to electrical and utility inspectors, and, later,
maintaining or troubleshooting your RE system. (However, if
you're just needing to get your system rubber-stamped, most

Typical Single-Line

Schematic

GENERATOR
PV Array
Modules: Silicone Industries model SUN-1
10 modules; 2 series strings of 5 modules
200 W each, 2,000 W total
Located on south roof of garage

INVERTER

Black Box model T

Serial Number: 00001 INCOMING

+/- N Max. Output: 2.5 KW UTILITY
Output Voltage: 240 VAC  ggRVICE

Built-in array disconnect
Located inside garage

PRODUCTION METER
Located 2 ft. to left of O UTILITY SERVICE
Utility Service Meter; METER

Load .

Meter polarity as shown

DISCONNECT SWITCH MAINS PANEL/
Located directly left SERVICE ENTRANCE
of Production Meter 200 A panel

Breaker position: 11/13
Located inside garage

Changes in Color Coding

In the early days of homemade RE, almost everything
was powered by direct current (DC) electricity. PV
modules make DC, batteries store DC—even alternators
rectify to DC. Back then, inverters to convert DC to
standard household alternating current (AC) were
expensive, inefficient, and unreliable. The solution was
to use DC loads like car taillight bulbs for lighting and
truck-stop appliances with cigarette lighter plugs. For
years, DC wiring in home RE systems reflected the
wire-color standards used in automotive systems: Red
was hot (positive) and black was chassis (negative). DC
conductors in Home Power’s schematics followed this
standard.

However, as RE technologies hit the mainstream and
inverter technology came of age, more and more RE
homes ran all their electrical loads on standard alternating
current. In the world of AC wiring, black wires are hot
with respect to ground, and white wires are neutral (tied
to ground). As a result, RE systems with both DC and AC
wiring could have black wires specifying two different
things (negative or hot).

After years of designating the DC and AC circuits of RE
schematics with mixed color-coding standards, we’re
dropping the automotive red-and-black color-coding and
using the National Electrical Code (NEC) standard colors
of black for DC positive and white (light gray on our
white pages) for DC negative. This may make visually
separating AC and DC circuits tricky at first, but in the
long run, it will better represent the standards in the
industry, the NEC, and the wire color you should use in
your own system.

Obsolete: New:
No longer used NEC standard

SRR
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wiring diagrams

permitting agencies only require simple line diagrams that Mui or sys'em c Omp onenis

show general connections between components—see the

example single-line drawing on the previous page.) Photovoltaic Array: Drawn to resemble modules used in system
(shown wired in series, with frame grounds)

!

Home Power's Approach
Our “full-wire” schematics are designed to educate and
demonstrate, so they typically show all the electrical
conductors and every element in an RE system. While this
can seem a bit overwhelming at first, as your knowledge of
RE components grows, the details in these schematics will
help you understand the relationships between various pieces
of equipment and RE systems as a whole.

Home Power schematics combine a classic electronics-
style schematic with pictorial representations to help with

. . 5 Wind Generator: Drawn to Hydro-Electric Turbine: Drawn to
component recognition. And to help you better visualize the resemble turbine used in system resemble turbine used in system
whole system, the parts in the diagram resemble their real-life
counterparts.

Where to Start - (= ,
If you are new to Home Power, use the key to familiarize yourself \

with the typical elements that appear in our schematics. When QQ
reading a skiz, first scan the diagram to familiarize yourself

with  the major components. NeXt’ Startlng at the energy Charge Controllers: Drawn to resemble brand and model;
producers (PV modules, wind or hydro turbines, etc.), follow Shown (L to R): Morningstar; Xantrex; OutBack ’|||M”
i

the wiring through the system: through charge controllers to
the batteries (in the case of battery-based systems), then to
the inverter, then to the load distribution panel, and finally to
household loads and perhaps the grid.

Batteries: Drawn to resemble brand used in system

What a Schematic Diagram EJ@@@@@_

Won't Tell You

Is there enough information in a Home Power schematic

to design and install your own RE system? No! Our

di f t t d th .. Inverter: Drawn to resemble brand and model; Shown (L to R): OutBack;
iagrams focus on system components an e wiring SMA America

paths that tie them together. Our wiring diagrams do not

cover these important system design variables:

2-volt cells 6-volt batteries 12-volt batteries
(wired in series) (wired in series) (wired in parallel)

*  System sizing and component choices

+  Component placement and physical relationships
+ Terminal positions on components
»  Electrical boxes and other hardware specs Metering: Drawn to resemble brand and model;

Shown (L to R): Bogart Engineering; Xantrex; OutBack; utility KWH; shunt
+  Wire types, sizes, and lengths

» Electrical connector types (nuts, split bolts, terminal
blocks)

TO0RUH o o
e E——

+ Conduit types, specs, and use

You'll need to get familiar with many other elements
before embarking on a system installation. Learn the Backup Engine Generators: Drawn to resemble brand and model;
details of electrical wiring and local electrical codes. Hire Shown (L to R): Kohler; Winco

a professional if necessary—you might be surprised at omen
N (GCF I

what you didn’t know you didn’t know.
www. homepower.com 4 5




wiring diagrams

Basic Wires, Connections & Paris

Standard Wires: Current-carrying or Switches: Single pole, double pole, transfer; mechanical style and amp rating
equipment ground, common amperage, not specified o

AC or DC o

Large Cables: Current-carrying, high Breakers: Single, ganged; amp rating noted —~ @b}
amperage, usually DC from batteries to & e =3
inverter or battery interconnects —e ' o—

Fuse: Amp rating noted

Small Wires: Current-carrying or signal only; G d Rod |
round Ro

meters, sensors, and control equipment e
) ) ) AC Mains Panel / Service Entrance: Combiner Boxes
Terminal Blocks: Wire connections to equipment; ©) ™ Neutral & ground bus bars, 120V breakers, =~ & Other Enclosures:
DC positive, DC negative, AC hot 1, AC hot 2, and 240V ganged breakers Size and specs not shown
neutral, ground
Connected Wires: Electrically & mechanically —_ ( )
joined; ground bus bar (green) — —.—f\
— o } <+
/! /!
(IR S S VER)
| S ]

Wires, Not Connected: Wires pass each other o _o9—Ne o
without electrical connection | o o —9-e.0

o e e

e'e—oo0'e

@) [T
% [
Lru1J ® [
|
Lightning Diversion Load: Air or Diode Bridge Rectifier: Battery Charger: Transformer:
Arrestor water heating element AC to DC AC to DC AC to AC
As you trace these paths of electricity, notice the minor Access
components as you pass by: parallel connections in combiner Benjamin Root has been a graphic designer with Home Power for
boxes, overcurrent protection (fuses or breakers), disconnects more than 12 years, and has been the art director since Publisher
and transfer switches, and shunts for metering. Following the Richard Perez started giving out titles. Ben faces a constant battle in
path of electricity will help you understand how the system making his 1930s Ashland, Oregon, bungalow energy efficient, and
functions. wishes he could wield a hammer as skillfully as he runs a mouse.

Steca PF 166
Solar Fridge / Freezer N
m Automatic switch on 12 V or 24 V

system voltage

/ieca

m Unit runs on a single 70 W module www.stecasolar.com

in most climates

m Digital temperature setting and display

m Power outage display

m Fast cooling due to compressor speed control

m Patented Stop-Frost system to
reduce condensation

~ - .
Steca GmbH | Germany | Phone +49 (0) 8331 8558-0 | Fax +49 (0) 8331 8558-12 | info@stecasolar.com
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alternatlve energy store

www.altenergystore.com/hp123
Shop online 24/7 or call now (M-F, 9AM-7PM EST)
Toll-free: 1.877.878.4060 or Direct: +1.978.562.5858

Xantrex XW6048

Inverter/Charger
Y Successor to the robust,
well-regarded SW series.
Provides you both 6000 watts
of off-grid and on-grid ability
plus built-in AC charging. High
efficiency inverter, charger
and unprecedented high surge.

$3,488

Southwest Windpower
Air Breeze Wind Turbine

Quieter, more efficient, and
| precision engineered to

\ deliver more energy at lower
1 wind speeds than any other
1 wind generator in its class!

b Visit our site or give us a
call for updated pricing

Blue Sky Solar Boost
25A MPPT Charge Controller

Increase charge current from your solar
panel array up to 30%! Great way to improve
your system’s
efficiency during
the low sun
winter months.

$205

SunMate™ Hot Air Solar Panel

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

“Making renewable do-able”

The Alternative Energy Store is
the premiere retailer of renewable
energy goods. We provide not only
the expertise and the technical
service the Do-It-Yourselfer needs,
but also a place for learning &
sharing with others who have

$1,593

.

store

“l google stumbled across The Alternative
Energy Store and called for simple product
availability. The rest of the afternoon |
spent perusing the site sorting through
the incredibly useful categories. The next
day | called for a similar reason and was
blown away by the level of helpful service
and attention to my specific needs.
The Alt Energy Store has an incredibly
informative site, excellent service and
some of the best prices around. Thanks!
I’'ve already been recommending it to
coworkers and random people. “
- Jon Cotton
Mount Washington Observatory

Midnite Solar E-Panel Power Panel

. —with 4000W MagnaSine Inverter

| Midnite Solar’s E-panel will save time,
== money and space. Fits a single inverter

| or multiple in modules. $3 239
> 3

= Solar Panels
Call today for updated pricing
and availability on your favorite
solar module brands!

SANYO “i
| more!
We even have...

218
MFanels
by rive)

Hsiiet
Solar Starter Package

An ideal collection of items
. ™ for the “solar beginner!”
Package Includes a Kill-A
Watt Meter, “10-Minute
Energy Saving Secrets - 250
Easy Ways to Save Big Bucks
Year Round”, “Photovoltaics
Design and Install Manual”
#and a Solar Pathfinder with

8 case included. $353

the same passion.
We make renewable do-able.

Now Offering
Renewable Energy Workshops!

Renewable Energy Basics ¢ Introduction to Solar Electric Systems ¢ Intermediate Solar Electric Design « More to come!

Visit us online at: www.altenergystore.com/hp123
Call toll-free: 1.877.878.4060 to sign up today! Remember to use code HP123 for an extra discount!

Great Prices ¢ Friendly Service « FREE Online Educational Materials « NEW! Public Renewable Energy Training Workshops
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2008 Energy Fairs

Spring and summer bring us renewal
after a long winter—and what better
time to renew your interest in energy?
Renewable energy fairs offer the

perfect opportunity to get the scoop

on the latest gear, take advantage of
educational workshops, and tap into
local RE expertise in a casual, festive
atmosphere. Most events are family-
friendly, with activities to kindle

young ones’ interest in all things solar.
Admission prices are friendly as well—for
the cost of a night at the movies, you can
get your solar start, have a great time
with other like-minded folks, and maybe
even walk away with sweet deals on
renewable energy equipment.

P> Northwest Solar Expo
Portland, Oregon; April 17-20
www.nwsolarexpo.com

P> North Country Sustainable Energy Fair
Canton, New York; April 25-27
www.ncenergy.org

P> Saratoga Environmental Expo
Saratoga Springs, New York; April 26-27
www.saratogaexpo.com/event/events.cfm

En
ere

P> Rhode Island Sustainable Living
Festival & Clean Energy Expo
Coventry, Rhode Island; June 7
www.livingfest.org

P> RE & Sustainable Living Fair (aka
MREF)

Custer, Wisconsin; June 20-22
www.the-mrea.org/energy_fair.php

P> Michigan Energy Fair
Onekama, Michigan; June 27-29
www.glrea.org
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Courtesy www.solwest.org

P> SolarFest
Tinmouth, Vermont; July 11-13
www.solarfest.org

P> Shoreline Sustainable Living & RE Fair
Shoreline, Washington; July 18-19
www.shorelinesolar.org

P> SolWest
John Day, Oregon; July 25-27
www.solwest.org

P> lllinois RE & Sustainable Lifestyle Fair
Oregon, lllinois; August 9-10
www.illinoisrenew.org

P> SolFest
Hopland, California; August 16-17
www.solfest.org

P> Southern Energy & Environment Expo
Fletcher, North Carolina; August 22-24
WWW.Seeexpo.com

P> lowa Renewable Energy Expo
Solon, lowa; September 13-14
www.irenew.org/expo.html

P> Rocky Mt. Sustainable Living Fair
Fort Collins, Colorado; September 20-21
www.sustainablelivingfair.org
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P> Solar Fiesta
Albuquerque, New Mexico;
September 20-21
www.nmsea.org

P> Pennsylvania RE & Sustainable Living
Festival

Kempton, Pennsylvania;

September 20-21
www.paenergyfest.com

P> RE Roundup & Green Living Fair
Fredericksburg, Texas;

September 26-28
www.theroundup.org

For the Pros
& the Public

RE industry professionals and those
who want to launch their RE careers
should mark their calendars for two
particular industry events: Solar
2008, the official conference of the
American Solar Energy Society; and
Solar Power 2008, presented by the
Solar Energy Industries Association
and the Solar Electric Power
Association. There will be a variety
of training opportunities, workshops,
and an array of exhibits.

p> Solar 2008

San Diego, California
May 3-8
www.solar2008.org

P> Solar Power 2008

San Diego, California

October 13-16
www.solarpowerconference.com
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Puzzled? We've Got the Solution.
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A well designed renewable energy system is much more than a pile of hardware.

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

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

Installing RE and looking for a competent distributor?

Why talk to a sales technician when you can talk

to an electrician? We know what works and how it
works. We offer technical support, system design help,
prompt shipment, fair pricing and NO BULL. Local
referrals always. Electrical competence required.

Bob-0 Schultze rFa Y

CA Electrical Lic# * GEATIER'Y, | PWPowereg ¥ mavsumicss
613554 Solnr %,- AW ELECTRIC

Chasges for i Mivrer

OR CCB Lic # [
149724 \."‘—' Authorized Distributor Authorized Distributor Authorized Distributor

WE PROVIDE COMPLETE SERVICE:
e Solar

e Wind

e Micro-hydro

e Water Pumping

e Load Analysis

* Local Site Survey

e System Design & Installation

e User Training & Tech Support

Trust

Authorized Distributor

800.945.7587 toll free

www.electronconnection.com online catalog
P.O. Box 203, Hornbrook, CA 96044 U.S.A. ¢ Voice/Fax: 530.475.3401 ¢ E-mail: bob-o@electronconnection.com
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An Overview

Dmitry Kutlayev

Space heating is the largest energy expense in most homes, accounting for
35% to 50% of annual energy bills. Upgrading your heating system could
reduce your bills significantly. But how do you know what system is right for
your home? Here’s an introductory look at the options available today.

A blower door
test, part of a
typical energy
audit, can help
identify air leaks
in your home
that reduce the
effectiveness

of your heating
system.

Selecting a System

If you can’t seem to stay comfortable or keep your heating
bills down, first hire a qualified home performance or heating
contractor to help evaluate your home’s existing system
and determine the best actions to take. It may be that a
component of your heating system was improperly installed
or needs a tune-up. In many cases, they may find that your
heating system isn’t the problem, but rather that your home’s

insulation, windows, weatherproofing, or ducts need help.

Sizing the system. How much heat you need depends
on the size of your house and how well it keeps heat in.
Never figure out how big a system you need by basing it
on the size of the old system. A heat-loss analysis is the
only way to properly size a new heating system. (A possible
exception exists when replacing steam or hydronic systems:
The boiler needs to be sized to the existing radiators you
have or plan to add.) A heat-loss analysis should include
measurements of wall, ceiling, floor, and window areas and
account for insulation levels and weatherization features,
including any energy improvements that have been made.
Online calculators and free software are available to make this
task easier (see Access).

home power 123 / february & march 2008
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Thermal imaging can help locate areas of heat leakage to
address with weather stripping or insulation.

A new heating system should be sized no more than 25%
over the peak heating demand. For example, if your home’s
peak heating demand is calculated to be 60,000 Btu per hour,
you should select a heating system with a heating output
between 60,000 and 75,000 Btu per hour.

Efficiency recommendations. The efficiency levels you
want to look for vary according to the type of system and
fuel, as indicated in the “Selecting a Heating System” table
on page 54. If you live in a cold climate and your house is
well sealed and insulated, it usually makes financial sense
to invest in the highest efficiency system available. Your
heating contractor will help you determine the financial
payback periods of the highest efficiency unit compared to
lower efficiency ones.

If your home is still in the design phase, passive solar
heating will offer the greatest up-front efficiency and long-
term savings. Make sure to orient your home to utilize the
energy the sun has to offer and specify appropriate amounts
of thermal mass and south-facing glazing, and optimal
insulation levels. This design strategy will generally allow
you to install a smaller-than-typical backup heating system at
a reduced cost and increased lifetime savings.

Common Systems

Forced-air furnace. The majority of North American
households depend on a central furnace to provide heat.
A furnace works by blowing heated air through ducts that

COMMON SYSTEM TYPES

Courtesy www.rheem.com
Courtesy www.htproducts.com

A forced-air furnace uses natural gas,

propane, oil, or electricity to heat air

and an electric blower to circulate it
throughout your home.

www.homepower.com

A boiler works like a forced-air furnace,
but heats and circulates water,
instead of air, to radiators
or hydronic floor loops.

heating options

deliver the warm air to rooms throughout the house via
air registers. This type of heating system is called a ducted
warm-air or forced-air distribution system. The air can be
heated by natural gas, propane, fuel oil, electricity, or even
biodiesel.

Furnaces and boilers (described below) are rated on their
“annual fuel utilization efficiency” (AFUE), which includes
start-up, cool-down, and other losses that occur in real operating
conditions. The higher the AFUE, the more efficient the furnace
or boiler. The AFUE rating for an all-electric furnace or boiler is
between 95% and 100%. Units installed outdoors have a lower
AFUE because they have greater jacket heat loss. A typical gas-
or oil-fired furnace has a hard time keeping valuable heat from
escaping up the flue, but “condensing” furnaces are designed
to reclaim much of this escaping heat from exhaust gases.
High-efficiency oil- and gas-fired systems (85% or greater
AFUE) are typically condensing models.

Although it’s frequently overlooked, the electricity drawn
by a furnace to power its motors and blow air through the
house can be considerable—more than 1,200 kilowatt-hours
(KWH) per year for some models, adding up to $100 or more
to annual electricity costs. This power consumption is not
factored into the AFUE ratings, so motor power and efficiency
should also be considered when choosing a new furnace.

Boilers are special-purpose water heaters. While furnaces
carry heat in warm air, boiler systems distribute the heat in
hot water or steam, which gives up heat as it passes through
radiators or radiant floor heaters in rooms throughout the
house. The cooled water then returns to the boiler to be
reheated. In a hot-water system, also called a “hydronic”
system, the water is typically heated to about 180°F (or less
in a high efficiency system). In steam boilers, which are much
less common in modern homes, the water is boiled and steam
carries heat through the house, condensing to water in the
radiators as it cools. Instead of a fan and duct system, a hot-
water boiler uses a pump to circulate hot water through pipes
to radiators.

A heat pump removes heat from the
outside air or the ground using phase-
change materials. They can work in
reverse to provide cooling in hot weather.

S1



heating options

Electric radiant floors typically
consist of electric cables built into the
floor. Mats of electrically conductive
plastic are also available, and are
attached to the subfloor, below a floor
covering (usually ceramic tile). Because

T

of the relatively high cost of electricity,
electric radiant floors are usually

T EE R S

only cost effective in small areas like

Designing new homes or additions using passive solar design strategies
can reduce heating costs and increase comfort.

Oil or natural gas is commonly used to heat water in
boilers; as with gas- and oil-fired furnaces, boilers can be
designed to condense water vapor in the exhaust pipe to
reclaim some escaping heat.

Radiant floor heating generally refers to systems that warm
the floor, either with electric elements or, more commonly,
by circulating warm water in tubing in or under the floor.
This warms the room gently, without the noise of blowers
and air rushing through ducts. These systems are fairly easy
to configure in separate zones, with controls for heating
individual rooms. Hydronic (liquid-based) systems are the
most popular and cost-effective radiant heating systems for
cold climates. For added efficiency, the circulating water
can be heated by solar hot water collectors, with the boiler
providing a temperature boost, if needed.

HYDRONIC HEATING
WITH SOLAR & BOILER

Heat Storage Tank

Solar Thermal
Loop

Boiler

Hydronic Floor Loop

Note: Pumps and other components not shown.

bathrooms, or if they include thermal
mass, such as a thick concrete floor,
and your electric utility offers time-of-
use rates, which allow you to “charge”
the concrete floor with heat during
less expensive, off-peak hours. If the
floor’s thermal mass is large enough, and your home is well
insulated, the heat stored in the thermal slab will keep the
house comfortable for several hours without any further
electrical input.

Courtesy www.sunplans.com

Heat pumps are just two-way air conditioners. During
summer, an air conditioner works by moving heat from

These hydronic heating loops are awaiting the pour that will
embed them in concrete slabs. They can also be installed
between floor joists or in specially designed subflooring panels.

i

Electric radiant mats can be installed between the subfloor
and many types of floor surfaces.
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AIR-SOURCE &
GROUND- SOURCE
HEAT PUMPS

Inside Outside
Heat Exchanger:

Air handler in forced-air
system or water tank
in hydronic system
Ak

Heat Exchanger:
Radiator with fan in airsource
system or hydronic loop in
ground-source system

Compressor

Hb“! ¥ \\A Cool

Gas

Cold Air

Heat Heat
Released: | Gained
Phase

change

L1
Cold <>

Gas i
Cool Air j

Warm Air

Expansion Valve:
Phase change

Note: System is reversible to cool house in summer.

the relatively cool indoors to the relatively warm outside.
In winter, a heat pump reverses this trick, scavenging heat
from the outdoors and discharging that heat inside the house.
Almost all heat pumps use forced warm-air delivery systems
to move heated air throughout the house.

Air-source heat pumps use the outside air as the heat
source in winter and heat sink in summer and are installed
much like a central air conditioner. Heat pumps are far more
energy efficient than electric furnaces, and they can be used
for both heating and air conditioning. But before deciding to
replace your present system with a heat pump, you should
carefully look into whether it makes sense in your climate.
Because air-source heat pumps rely on the outside air as the
heat source in the wintertime, the colder that air, the worse
the energy performance. Air-source heat pumps make more
sense in warmer climates, where summer cooling loads are
considerable. Cold-climate air-source heat pumps, which
are specially designed for optimal winter use, are currently
offered by some manufacturers, and are in field trials by
several utilities.

Because underground temperatures are nearly constant
year-round—warmer than the outside air during the winter
and cooler than the outside air during the summer—a ground-
source heat pump (also called geothermal, GeoExchange, or
GX) can be much more efficient than an air-source unit and
appropriate for both warm and cold climates. These heat pumps

www. homepower.com

heating options

require that a pipe loop (typically, polyethylene) be buried in
the ground, usually in long, shallow (3- to 6-foot-deep) trenches
or in one or more vertical boreholes, from 100 to 400 feet deep.
Alternatively, some systems draw in groundwater and pass it
through the heat exchanger instead of using a refrigerant. The
groundwater is then returned to the aquifer.

According to the U.S. Department of Energy’s Energy
Efficiency and Renewable Energy Information Center (EERE),
even though the installation price of a geothermal system can
be several times that of an air-source system of the same heating
and cooling capacity, the additional costs are made up in energy
savings in five to ten years. Inside components should last at
least 25 years and the ground loop, more than 50 years.

Wood and pellet-burning heaters. Wood heating can make
economic sense in rural areas if you enjoy stacking wood
and stoking the stove or furnace. But for fuel efficiency and
cost effectiveness, it is important to properly size the heater
to the space, otherwise your heating plans will just go up in
smoke—literally. All wood heaters sold today should bear a
U.S. Environmental Protection Agency certification sticker,
which specifies that they meet emissions standards. Higher-
efficiency heaters (typically 63% to 78% efficiency) produce
fewer emissions and are often safer, since complete combustion
helps to prevent a buildup of flammable chimney deposits.

Pellet stoves, which use small pellets made of sawdust
and wood chips for fuel, have lower point-of-use emissions
than wood heaters and offer users greater convenience,
temperature control, and indoor air quality, along with
combustion efficiencies between 78% and 85%. One drawback
is that they require electricity to run fans, controls, and pellet
feeders. Under normal usage, they consume about 100 KWH
of electricity per month.

MASONRY FIREPLACE

Courtesy www.tempcast.com

Quick, hot fires
coupled with
thermal mass
to absorb this
heat lend to the
efficiency of a
masonry heater.



heating opftions
SELECTING A HEATING SYSTEM

Fuel Current System

Replacement Options

Recommendations

Condensing furnace

AFUE > 90 (Energy Star)

High-efficiency furnace fan

Sealed-combustion preferable

May require new flue lining for water heater or new power vent water

Forced air heater
Non-condensing furnace Mild climates (deep South, Pacific NW) only. High-efficiency furnace fan
Expense may preclude unless part of large-scale renovation
m Switch to hydronic system | Better option where mild summers make central air conditioning
m unnecessary
c Non-condensing boiler Mild climates (deep South, Pacific NW) only
AFUE > 85 (Energy Star)
. . Sealed-combustion preferable
. Condensing boiler - -
Hydronic Insist on outdoor reset or equivalent controls

Consider indirect water heater tank

Switch to forced air

Consider this option if you have a single-pipe steam system and central
air conditioning

Combination space/
water heater

Explore this if you also are looking to replace your water heater

Oil

Forced air Furnace AFUE > 83 (Energy Star)
AFUE > 85 (Energy Star)
) . Sealed-combustion preferable
Hydronic Boiler

Insist on outdoor reset or equivalent controls

Consider indirect water heater tank

Switch to gas

(See “Gas” options)

Switching to natural gas may save you money and allow for a more
efficient system

ty

Resistance system:
furnace or baseboard

ICl

Switch to heat pump

Cheaper option especially if you have forced air and are replacing a
central air conditioner

Switch to gas

Consider if you have a gas line and a central air conditioner in good
condition

Supplemental direct heat

Not recommended as replacement option

Only use in rooms that are remote from the central system

Heat pump

Electr

High-efficiency air-source
heat pump

Energy Star-rated or better; quality installation is important

Ground-source heat pump

Energy Star-rated or better; quality installation is important

Specify integrated water heating

Adapted from the Consumer Guide to Home Energy Savings, 9th edition

Although gas (and most wood) fireplaces provide a warm

Renewable Fuel?

glow, they are not an efficient heat source. Fireplace-heated
homes generally lose more heat than they provide, because
heated air is drawn through the unit and must be replaced by
cold outside air. However, if the fireplace has a tight-sealing
glass door, its own source of outside air for combustion, and a
good chimney damper, it can provide some useful heat.

According to the EERE, masonry heaters produce more
heat and less pollution than any other wood- or pellet-burning
heater, reaching combustion efficiencies of 90%. Masonry
heaters include a firebox, a large masonry mass (such as
bricks), and long twisting flue channels that run through the
mass. A small, hot fire built once or twice a day releases heated
gases into the flue tunnels that, in turn, heat the masonry. This
heat slowly radiates outward into the home.

S4q

Burning natural gas, oil, propane, cordwood, or pellets in your
home with a high-efficiency furnace or boiler can be a very
efficient way to deliver heat to your home. Of these, natural
gas has the fewest direct emissions. Some fuel-oil furnaces
or boilers can also burn biodiesel—a more sustainable and
low-pollution solution. Be sure to check with your system’s
manufacturer first.

Electric resistance converts electricity directly into heat,
which means on-site efficiency for electric heaters is very high
and there is no point-of-use pollution emitted. But when the
inefficiency of electricity generation by the power company and
transmission losses are taken into account, it is actually pretty
inefficient to heat with electric resistance. Roughly one-third of
the heating value of the fuel burned in a power plant is delivered

home power 123 / february & march 2008



HEATING SMALL
SPACES

Small space heaters are typically used when the main
heating system is inadequate or when central heating is
too costly to install or operate.

Solar air collectors can be installed on a roof or an
exterior (south-facing) wall for heating one or more
rooms. Factory-built collectors for on-site installation
are available, and do-it-yourselfers may choose to build
and install their own collector.

Gas-fired space heaters include wall-mounted,
freestanding, and floor furnaces, and are most useful for
warming a single room or contiguous areas. Better models
use “sealed combustion air” systems, with pipes installed
through the wall to both provide combustion air and carry
off the combustion products. A warning: Ventless gas
heaters can expose occupants to combustion by-productss
and oxygen depletion, as can stand-alone kerosene,
propane, and oil heaters. Because of these hazards, at least
five states prohibit vent-free heaters in homes, and many
individual cities have banned them as well.

Electric space heaters. Portable (plug-in) electric heaters
and electric baseboard units convert electricity directly
into heat. Generally, these systems have low or no
installation costs. With baseboard heaters, individual
room thermostats can be installed so you can turn down
the heat in rooms that aren’t being used. Operating costs,
as for all resistive heaters, are generally very high.

as useful heat in your house—the remaining two-thirds are lost
to generation and transmission inefficiencies. On the other hand,
electricity is used to run heat pumps, which have the benefit of
producing more energy than the electricity they consume and
can balance out the efficiency losses at the power plant.

In many cases, surplus electricity from an off-grid solar-,
wind-, or hydro-electric system can be routed to a heating
load, such as an air or water heating element. This can be
one effective application of heating with renewably produced
electricity. If your home has a large enough grid-tied RE-
electric system, the electricity produced may be enough to
offset a significant portion of the energy consumed by an
electric heating system. If avoiding utility-powered electric

www.homepower.com

Shawn Schreiner

Solar thermal collectors can efficiently heat your home,
and large PV systems can offset some or all of the energy
used for electric heating.

heating is not an option, consider purchasing enough “green
tags” or green energy credits from your utility to offset your
electrical heating energy use.

Of course, the cleanest fuel for heating (and possibly
cooling) your home is solar energy, which produces no on-
site emissions at all. New homes in cold or moderate climates
should be designed to take advantage of passive solar
heating. Active solar heating systems can be used in new or
existing homes and are compatible with many conventional
heating systems. Homeowners can use either solar air heating
collectors for preheating of ventilation air or solar water
heating collectors to supplement water heating systems.
Solar energy can also be used to boost the performance of
heat pumps, and an absorption heat pump will allow you to
power an air conditioning system with solar energy.

Access

Adapted from the Consumer Guide to Home Energy Savings, 9th
ed., by Jennifer Thorne Amann & Alex Wilson, with permission
from New Society Publishers (www.newsociety.com), and from
EERE's Consumer Guide to Energy Efficiency & Renewable Energy ®
WWW.eere.energy.gov

Online home heat loss calculator ® www.builditsolar.com/
References/Calculators/HeatLoss/HeatLoss.htm

Info on efficient furnaces, boilers, and heat pumps ®
www.energystar.gov

List of clean-burning wood heaters & fireplaces e
Wwww.epa.gov/woodstoves



SOLAR ENERGY
INTERNATIONAL

SEl's |NTERNATIONAL PROGRAM

e developing world,

in the developlng world'

RENEWABLE ENERGY for the DEVELOPING WORLD
Rancho Mastatal Costa Rica ¢ Jan 21 - 27, 2008
Renewable Energy in the Tropical Rainforest

overview of RE technologies * build solar ovens < install pv
build a methane biodigester

SOLAR ELECTRICITY for the DEVELOPING WORLD
Fundacion Durika Costa Rica ¢ Feb 2 - 10, 2008
Special sustainable community experience!

learn how to design & install PV for the developing world

NOTE —a

ECOLOGY, PERMACULTURE and RENEWABLE ENERGY

Ecuador ¢ March 6 - |3, 2008
Sustainable Agriculture and Renewable Energy
stay at an organic farm < install PV * build a methane biodigester

APPROPRIATE TECHNOLOGY for the DEVELOPING WORLD
Chiapas, Mexico * April 20 - 27, 2008
Resource Management and Renewable Energy
work with a local NGO -« install PV « build a methane biodigester
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Also Available
Solar Hot Water Heaters

65 Gallon Svstem Grid Tie Systems
y Solar Cabin Systems

o“‘. ‘h-""':: . SunMaxx Flat Plate Collectors Wind Energy Products
Heat Exchanger (Tankless) RV Solar Chargers

‘e < olar Batter argers
&S‘ae&\‘s v $1,400 Solar Battery Charg

Solar Garden Lights
= | Solar Sign/Flag Lights

“es “ Solar Landscape Lights

e““ N &v 120 Gallon System SSF'aL'hPOD gEargerS
C S\'\ = SunMaxx Evacuated Tube Collectors olarrhone Lhargers
‘%\._ Portable Power Kits

Heat Exchanger (Tankless) Commercial Solar Cells

$2 299‘ Scrap Solar Cells
4

. Solar Energy Books
—— Solar Fountains
Solar Waterfall Pumps
Amorphous Solar Panels
Flexible Solar Panels

SPECIAL SAVINGS
5% OFF
Use Coupon: HP2008

ig _
From Blue Sky Ene

rgy

We’ve done it again. Blue Sky Energy g

is proud to announce Dusk to Dawn -
Solar Lighting control for all of our
*IPN based Charge Controllers.

" q - *FOR NEW PRODUCTS WITH SOFTWARE VERSION 2.0
s
B - Features include... Z e ;
=l * Patented Multi-Stage MPPT Charge Control ' . [ 5;-_-:_ J
S CE TR * Fully adjustable Post Dusk & Pre-Dawn timers ... =~ _-'
From industrial to consumer, we have - |
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QUALITY....RELIABILITY....BLUE SKY ENERGY, CHANGING THE WAY SOLAR IS USED EVERYDAY
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a product that’s right for your needs.

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

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

by Kelly Davidson

The elements of nature, architecture, and science meéet seamlessly in Kathy and
Tom Carstens’ southwest Oregon home. A model of sustainable design and green
innovation, their contemporary hillside home elegantly expresses the couple’s
environmental conscience. On this Applegate Valley homestead, where the-natural
contour of the land offers a sense of seclusion, renewable energy technology

~-masterfully blends with recycled and reclaimed materials to achieve a resource-
and energy-efficient retreat.
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elegant

nce you take time to understand
that you can save the Earth’s
resources, save money, and live
comfortably doing so, there’s no other
way tolive or build,” says Tom Carstens,
a 6l-year-old former marine pilot who
describes himself as a “conservative,”
putting special emphasis on its root—
conserve. “It just makes sense.”

Above: The Carstens’ home sits on a southwest-facing
hillside in southern Oregon, a location where seasonal
temperature extremes make a well-designed home a
necessity.

Left: The open floor plan ties the kitchen, dining, and living
areas together.

Below: Kathy's kitchen is a showcase of resource
efficiency, including Energy Star appliances and
1..-—- countertops made from recycled plastic, glass, and paper.

Shawn Schreiner (4)

The decision to build a high-performance home was
largely inspired by Tom'’s interest in renewable energy (RE)
technology and environmental studies, which blossomed
after taking a green-building course at the Southface Energy
Institute in Atlanta, Georgia, where he and his wife Kathy
resided before retiring to Oregon.

Right from the start, the Carstens knew what they wanted
from their home’s design—plenty of natural light and an energy-
efficient building that would offer thermal comfort with little
reliance on mechanical conditioning systems. In shaping their
vision, Tom and Kathy drafted a list of design and construction
principles that detailed everything from wheelchair accessibility
to materials specifications. To help carry out their wishes, Tom
found architect Andre DeBar of Portland, Oregon, the recipient
of the National Association of Home Builders 2003 Green
Custom Home of the Year award.

“I got lucky,” Tom admits. “There are a lot of architects
who say that they’re green but aren’t actually green. I went
into this cold and, without too much legwork, found an
architect with the expertise I needed.”

www.homep




Large, southwest-facing windows admit low-angled sunlight
in the winter. Sufficiently large overhangs prevent rooms from
overheating in the summer.

Challenges at the Site

Perched on a knoll above a thick stand of pine and madrone,
the already-established building pad came with a wide-open,
southerly exposure, ideal for solar energy production. But the
treeless hillside offered no protection for the house during
summers that often see the mercury soaring between 90°F
and 110°F. Plus, the best views from the site are to the west.

Deep overhangs on the home’s west side shade windows from
the summertime sun while still allowing for fantastic views.

Shawn Schreiner (4)

Orienting the main face of the home toward the mountain
vistas would have challenged the home’s ability to keep
cool in the summer and capture the optimal solar gain in the
winter. But Kathy and Tom wanted the best of both worlds—
an energy-efficient home and gorgeous sunset views.

Preserving the sweeping views while preventing the
home from overheating during the summer months was
one of Andre’s biggest design challenges. Knowing that the
steadily declining angle of the sun would make any west-
facing windows difficult to shade, Andre devised a solution
that would buffer the home from the direct sunlight: an
open porch along the west wall of the house covered with an
11-foot-deep overhang. During hotter months, the overhang
adequately shades the porch and windows along the wall—
limiting the heat gain from this exposure. As a result, the
home experiences only one or two hours of direct sunlight
from the west during the late evening in summer.

Large windows placed strategically, and clerestory
windows above the dining area in the great room and at the
peak of the roof above the main entry allow ample natural light
into interior spaces, eliminating the need for artificial lighting
during the day. When open during the warmer months, the
clerestory windows also provide passive ventilation, offering
an escape route for warm, rising air.

fNDING AN ECO-FRIENDLY ARCHITECT

Point & click. Use the U.S. Green Building Council’s online
database to generate a list of local LEED-accredited architects
who have “demonstrated a thorough understanding of green
building practices and principles.” www.usgbc.org

Find useful links to American Solar Energy Society (ASES)
regional chapters and their member directory that searches
by city, state, and expertise (i.e., architecture). www.ases.org

Search Co-op America’s “Green Pages” for eco-friendly
architects and designers who have been screened
and approved by this national nonprofit organization.
Www.coopamerica.org

Window-shop. Solar home tours—such as the National Solar
Tour organized by ASES—are great ways to browse for
architects and ideas, and meet with homeowners who have
been through the process.

Subscribe. Keep your eye on the business sections and home
and garden features in regional newspapers and magazines.
An article might turn you on to a rising star or an established
pro who suits your needs.

Talk, listen & learn. A good referral trumps traditional
advertising any day. Don’t be fooled into thinking that the
best architects always have the biggest ads. Many talented
architects rely on word-of-mouth endorsements from
homeowners.

3 / february & march 2008



fl UNIQUE SLEEP

“Given the choice between a traditional bedroom or
a tent,” says seasoned camper Tom, “we’d choose
to be outside under the stars, in the fresh air.”

Taking Tom’s cue, Andre modeled the master
bedroom after a tent. The gable-formed bay—
tent-like in its look and feel—extends to the north
from the home’s main rectangular base. Because
the bedroom was physically isolated from the
rest of the house, it was also able to be thermally
isolated. The common wall between the bedroom
and main house was insulated so that the
bedroom’s windows could be opened throughout
the year without affecting temperatures in other
interior spaces. During the day, three walls of
windows provide ample daylighting. At night,
the large window above the built-in bed provides
stargazing access. Exposed beams and built-
in furnishings made from salvaged Douglas fir
complete the connection between this indoor
space and the outdoors.

elegant cfficiency

The bedroom is thermally isolated, allowing the Carstens to sleep with windows

open without affecting the temperature in the rest of the house.

Maximizing Performance with Materials

With afternoon temperatures known to reach 110°F in July
and August, special attention was paid to insulating the
structure to avoid using lots of energy for cooling. Insulated
concrete forms (ICFs) used for the exterior walls were cost-
effective and achieved good efficiency. The home’s Durisol
wall-forms feature interlocking blocks made from cement-
bonded wood shavings and chips—a fire-resistant, vapor-
permeable material.

For additional insulation, an insert of mineral wool fiber
was added to each block, for a whole-wall R-value of about
R-20. Once in place, the cavity of each wall was filled with
poured concrete for a strong wall that functions as thermal
mass and insulation. The result of the combination is a more
continuous R-value throughout the walls, minimal thermal
coupling between the inside and outside, and minimal air
infiltration.

Structural insulated panels (SIPs)—panels of polystyrene
foam sandwiched between two layers of oriented strand
board—were used to construct an R-38 roof. The galvanized
steel roofing panels are made from 30% recycled steel and
painted with a performance finish, which helps mitigate heat
by reflecting up to 70% of the sun’s light. Gaps between the
roof and Durisol wall forms were sealed with urethane spray
foam or plugged with recycled denim fiber filler.

For thermal envelope performance, high-efficiency double-
pane casement windows complete the seal. A heat recovery
ventilation system in the small attic space helps keep fresh air
circulating in the house and controls humidity.

Peak Performance
The Carstens’ all-electric home relies on several systems to
maximize efficiency: a grid-tied solar-electric system, sized

EFFICIENCY 1N THE DETAILS

Tom and Kathy were committed to minimizing the
home’s environmental footprint every step of the way. As
the self-appointed “waste manager” for the construction
site, Tom kept busy cleaning up and sorting material for
reuse, recycling, or disposal. He even repurposed some
of the scraps into makeshift furnishings for the porch and
hired a local craftsman to fashion leftover beams into a
bench for the entry.

Kathy oversaw the finer points of the interior, which
features exposed, rustic beams that were reclaimed
from a 100-year-old church in Portland and other natural,
local materials, like a river-rock mantle around the wood
heater and madrone flooring. Throughout the home,
natural linoleum and eco-friendlier countertops made
from recycled plastic, glass, and paper make colorful
conversation pieces. Energy Star appliances, low-
flow fixtures, and dual-flush toilets and urinals in the
bathrooms pair up for good energy and water savings in
the home. Kathy also tended to the xeriscape landscaping
plan, which utilizes drought-resistant native plants to
minimize watering.

www.homepower.com
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QETTING MO GREEN BUILDING

Though long-time home builder Gary Dorris was a seasoned professional with 20 years in the
industry, the Carstens’ home was his first venture in resource- and energy-efficient building.

“Working with the new materials and techniques was by far one of the most difficult
things I've ever done in construction, but certainly one of the most rewarding,” says
Gary, who became certified as an Energy Star builder for the project. He also joined Earth
Advantage, a nonprofit organization devoted to green building education and training in
the Northwest, and supplied each of his workers with Energy Star handbooks on energy-
efficient construction techniques.

Construction challenges came with procuring building materials that weren’t available
locally, as well as becoming familiar with the wall-form system. Subtle inconsistencies in
the shape and size of the block made the wall assembly difficult at times, and raising the
heavy blocks required a fair amount of coordination and muscle, Gary says. “Running the
electric and making changes was not easy with the Durisol,” he adds. “For the wiring, you
have to run plastic conduit through the blocks’ hollow spaces, which are then filled with
concrete. That means you have one chance to get the wiring right.”

As a newcomer to green building, Gary researched each step thoroughly and approached
every task as an opportunity to hone his skills. “It didn’t take me long to realize that the
process is not all that different from conventional building,” he says. “The difference is
that green building raises the quality. It's all about building a better home and focusing
on the details.”

Gary's attention to detail paid off. He won an award from the National Association of Home
Builders for his work on the Carstens’ home. Thanks largely to referrals from Tom and
Kathy, more than 75% of Gary’s current business is building new homes or remodeling
existing ones using Earth Advantage and Energy Star practices. “Builders do what we're
told and follow the plans we're given,” Gary says. “So, | can only hope that more and more
architects will get on board and give us [builders] more opportunities to build green.”

Courtesy Tom Carstens (3)

to generate up to 4,164 KWH of electricity annually; a solar
hot water system that provides 65% of their household hot
water needs; and a high-efficiency geothermal, closed-loop
heat pump.

The couple received three rebates through the Oregon
Department of Energy’s residential energy tax credit program
and the home earned nearly $12,000 for its RE technologies
from Portland-based Energy Trust of Oregon, a nonprofit
organization that promotes energy efficiency and renewable
resources for customers of Pacific Power, Portland General
Electric, and NW Natural.

Lower utility bills will help Tom and Kathy recoup the
remaining up-front costs for the RE systems. In one year, from
November 2005 to October 2006, the household’s electricity
bills averaged about $25 per month, with a high of $83.04 in
Above: 3.3 KW of February and a surplus of $15.81 in July. For a 2,544-square-
Isofo_ton modules foot, all-electric home in southern Oregon, where cloudy
provide more winters mean low solar thermal and solar-electric output, the

than half of the
Carstens’ yearly systems have performed well.

Shawn Schreiner (2)

electricity needs. The payback doesn’tend there, though. The Carstens received
Left: A Xantrex $3,650 in federal tax credits for 2006, as well as a total of $3,600
GT3.0 inverter in state tax credits for 2005 and 2006. Tom couldn’t be happier
ties photovoltaic with his investment. “I'm living on a military pension, and I

power to the

o . have few monthly expenses for this home. My bills are so low
utility grid.

that I barely notice when energy rates go up,” says Tom. “The
cost of energy is only going to get more and more expensive,
but with this home, the rate increases are easier to absorb.”

home power 123 / february & march 2008




PV & SHW TECH SPECS

Overview
Location: Applegate, Oregon

Solar resource: 4.93 average daily peak sun-hours

Photovoltaic System
Average monthly production: 347 AC KWH

Utility electricity offset annually: 53%

Modules: Twenty-two, Isofoton 1-150/24, 150 W STC,
34.6 Vmp

Array: Two 11-module series strings, 3,300 W STC total,
380.6 Vmp

Array installation: Power Rail by Direct Power & Water;
mounts installed on south-facing garage roof, 20-degree
tilt

Inverter: Xantrex GT3.0, 3 KW rated output, 600 VDC
maximum input, 195-550 VDC MPPT range, 240 VAC
output

Solar Thermal System
System type: Closed-loop, antifreeze

Production: 357 KWH per month (average)
Hot water produced annually: 65%

Collectors: Two, Heliodyne, Gobi 408, 32.3 sq. ft. each
(4 x 8 ft.)

Collector installation: Mounted on south-facing roof,
24-degree tilt

Heat transfer fluid: Propylene glycol

Circulation pump: Grundfos UPS 15-58FC

Pump controller: Heliotrope Thermal Delta-T

Tank: Ruud Pacemaker, 80 gal.

Heat exchanger: Ruud 81V80HE1

Backup DHW: Rheem Marathon, MR50245, 50 gal.
Thermometer: Watts & Weiss Instruments (top of tank)

Flow meter: Pentair

Elegant Efficiency

“The [home] design and RE systems work together to keep
the interior temperature comfortable all year,” Tom says.
“We're proud to tell people that we only turned on the air
conditioning three times last summer. We find that, even
when the temperatures are in the 80s, we can leave our
windows open all day, and the inside of the house stays cool
and comfortable.”

Originally, Tom thought he might need to supplement the
heating system in the winter with a small EPA-certified wood
heater. However, the heater is used more for aesthetics and
ambiance than warmth. The heat recovery and geothermal

efficiency

CARSTENS O-GRID PV SYSTEM

1 d Photovoltaics: Twenty-two Isofoton 1-150/24,
2 150 W at 34.6 Vmp, wired for 3,300 W at 380.6 Vmp
PV Combiner Box: Inverter:
Two 10 A fuses Xantrex GT3.0, 3 KW,
I R 600 VDC max. in,
240 VAC out
DC Disconnect: —
’\ 600V switch oo
HNEEGE
To Utility:
240 VAC
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Meter e 100 KUH
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Entrance
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Note: All numbers are rated, manufacturers’ specifications,
or nominal unless otherwise specified.

heat pump systems effectively circulate heat through R-10-
insulated ductwork. As needed, four energy-efficient,
reversible ceiling fans help keep air moving and rooms
comfortable.

When asked if they’d do anything differently, Kathy agrees
enthusiastically with Tom: “It’s just perfect. Knowing what we
know now, we can’t imagine living any other way.”

Access

Kelly Davidson, associate editor for Home Power, is saving all her
pennies to buy land and realize her green dream—a solar-powered,
superinsulated, barn-style home built with reclaimed and recycled
materials.

Alternative Energy Systems Inc.,1700 Neil Creek Rd., Ashland, OR
97520 © 541-482-1136 ® PV system

www.homepower.com
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Andre DeBar, DeBar Architecture, 1035 SE 9th Ave. Ste. 5, Portland,
OR 97214  503-232-7807 ® www.debardesign.com e Architect

Gary Dorris, Dorris Construction, 2209 Old Stage Rd., Central Point,
OR 97502 e 541-821-4199 e www.dorrisconstruction.com ® General
contractor

Pacific Heating and Cooling Inc., 6090 Crater Lake Ave., Central
Point, OR 97502 e 541-826-7773 ® Heating & cooling system

The Solar Collection Inc., PO Box 295, Talent, OR 97540 e
541-535-5364 e Solar thermal system

Other Resources:
Earth Advantage ® www.earthadvantage.com

Energy Star ¢ www.energystar.gov
Energy Trust of Oregon ® www.energytrust.org
Southface Energy Institute ® www.southface.org

RE System Components:
Climatemaster ® www.climatemaster.com ® Heat pump

Direct Power & Water ® www.power-fab.com e PV module mounts
Heliodyne ® www.heliodyne.com e Flat-plate SHW collectors
Isofoton ® www.isofoton.com ® PV modules

Rheem e www.rheemac.com e Backup DHW

Ruud e www.ruudac.com ® SHW tank & heat exchanger

Xantrex ® www.xantrex.com e Inverter

Shawn Schreiner

Tom and Kathy Carstens.

Green Building Materials:
Bonded Logic ® www.bondedlogic.com e Recycled-cotton insulation

Durisol Building Systems Inc. ® www.durisolbuild.com e
Block forms

Evergreen Roofing Inc. ® www.evergreenroofinginc.com e
Steel roof

Green Mountain Woodworks Inc. ®
www.greenmountainwoodworks.com e Madrone flooring

Loewen e www.loewen.com e Windows

Structures NW e www .structuresnw.com e
-
Structural insulated panels

SUPERIORMENIRE I ETeR

SUNFRAME
CLEAN ENERGY NEVER
LOOKED THIS GOOD

Our SunFrame PV module mounting system is
engineered for exceptional function and design.
Whether you are planning for your home or
business, make an architectural statement while
taking your environmental stand.

Visit to find a distributor near you.

WN-RAE ' sTANDARD IN PV MOUNTING STRUCTURES ™
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it's as clear as | |EH. € LURVLTLE

EnersSys, the largest manufacturer of industrial Solar-One Batteries 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 Energy Indusiry.

EnerSys and Northwest Energy Storage offer the  [RelslbETEe R BT Gl R T AT E T T T R= It feTh)]
best 10 year batiery warranty in the industry 845 AJH - 1690 A/H. Many sizes in stock. FREE
7 year free cell replacement 3 year prorated. shipping in the lower 48 states.

It's as clear as black and white, Solar-One Solar-One Battery users described the Solar-One
batteries set the standard for Renewable Energy.  [EESEEN E17=5 T V=Nl =T ([T = fale] il o {=1TF=Tal ool

Morhvwwest Enargy Storage 800-718-8816 or robi@ nwes . com (o ar ARl E gt ebiley fu R e p R BE =1 g TP Ll e g

POWER LEVELS FROM 1KW TO 60KW SE RI E
% A

OUTPUT VOLTAGES OF 100,120,230 @

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

REMOTE CAPABLE aa

"HOT” SWAPABLE

7317 JACK NEWELL BLVD. NORTH,
FORT WORTH, TEXAS 76118-7100
TOLL FREE: 800.586.4683
VOICE: 817.595.4969 FAX: 817.595.1290
WEBSITE: WWW.EXELTECH.COM
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Solar Thermal Collector Guide . Va

f you're shopping for a solar hot water system, arm

yourself with the information you need to get the best

collector performance for your hard-earned dollar. This

guide provides a comprehensive listing of solar water
heating collectors certified by the Solar Rating and Certification
Corporation (SRCC)—the recognized authority for certifying
and rating solar thermal equipment in the United States. It's
this qualification that you'll need to claim the federal tax credit
for installing a solar hot water (SHW) system.

In the late 1970s and early '80s, many claims were made
by solar heating collector manufacturers that were difficult
to substantiate. To keep the industry honest, a standard
testing protocol for performance and durability was agreed
upon to ensure an apples-to-apples comparison. Accredited
and independent labs perform the testing, and the SRCC
compiles the results. Today, you can access the test data
online or download the catalog of certified collectors for easy
comparison (see Access).

How to Use This Guide

Collectors included in this article’s table have been certified
under the SRCC’s Operating Guideline 100 (OG-100). The

Courtesy www.heliodyne.com

collectors listed are from the SRCC rating guide, which is
updated on a continuous basis. However, some collectors
have been omitted from the table because they are identical
(or have only cosmetic differences) to the collectors listed.
Individual solar pool-heating collectors are not included
in the table since they all perform nearly identically, but a
generic example is included for comparison purposes.

Note that many of the collectors listed also are components
of complete solar water heating systems, which are certified
under the SRCC’s OG-300 standard. A future SHW system
buyer’s guide will discuss these complete systems—including
integral collector storage (ICS) units.

Design & Performance
Two general types of SHW collectors are available today:
flat-plate collectors and evacuated-tube collectors. The
performance of each type depends largely on size, absorber
material, absorber coating, outer cover, insulation, and frame.
Understanding the role of these factors is the first step in
evaluating the collector’s performance (see “Specs” sidebar).
Certified flat-plate collectors all share similar designs. The
real difference is in the materials that make up the frame,

home power 123 /february & march 2008




Structural

insulation, absorber and absorber coating, and transparent
glazing. The frame has little to do with performance but a
great deal to do with the collector’s longevity, as it is the
main structural component. Among the flat-plate collectors
listed, the insulation is predominantly isocyanurate, a
rigid-foam that offers high insulation values per inch
and a relatively high service temperature. Some flat-plate
collectors are insulated with fiberglass, which has a lower
insulation rating per inch of thickness. For glazing, most
flat-plate manufacturers have adopted the current standard:
one piece of low-iron tempered glass, which passes about
90% of the light to the collector’s interior. With few
exceptions, the absorber and absorber tubes are made of
copper. The absorber coatings for all collectors are either
black paint or selective surface (a coating that has high
absorption capabilities, similar to black paint, but also has
low emissivity, or radiance, to retain the absorbed heat).
These specialized coatings help improve the collector’s
ability to capture solar energy.

Evacuated-tube collectors are available in five different
configurations. Four designs use a tube within a tube—a
double-glass tube. Between the two layers of glass is the all-
important vacuum, which limits heat loss and provides an
insulation value that far surpasses that of flat-plate collectors.
The twin-glass design works much like a thermos bottle, with
the vacuum between two cylinders of glass that are formed
together. Many of the evacuated-tube collectors included in
the table use a thermos design, a selective-surface absorber,
and borosilicate high-transmittance glass. Some collectors
use a single glass cylinder with the vacuum filling the entire
cylinder, instead of the space between double-glass cylinders.
In all cases, the key to high evacuated-tube performance is the
vacuum, which provides outstanding insulation.

Flat-Plate Collector
Construction

Courtesy www.synergysolar.com

Perimeter
Insulation

Copper
Frame Header

Back

Glazing Absorber Insulation

Plate

SHW buyer’s guide

SPECS...

Size: Length, Width, Depth
If south-facing roof space is limited, knowing a collector’s

physical dimensions will help determine which collector or
collectors will be the best fit.

Gross Area (Ft.2)

The collector’s length times its width. The gross area is the
total size of the collector, not just the part gathering heat.

Dry Weight (Lbs.)

This is the collector weight without fluid. Although this is
useful information to have for the installation, roof-loading
calculations need to include the weight of the fluid as well.

Warranty (Full/Ltd.)

Full- and limited-coverage warranties do have specific
conditions, so check the documentation thoroughly to
understand what is covered and what is not.

Absorber Material

An absorber material is used to collect the heat from the sun.
Copper is the most common material due to its conductive
properties.

Absorber Coating

Coatings on the absorber material assist in heat collection.
Black coatings are common, as black absorbs heat. Selective
surfaces add low emissivity for better heat retention than
black paint.

Cover/Glazing

The cover is mainly for protecting the collector from damage
but does add some insulating qualities. It should allow as
much light as possible through to the absorber while helping
slow heat loss.

Frame

The frame is an important structural component of the
collector. High-quality materials ensure a longer collector
life, which is more critical for coastal environments where
salt water may cause certain metals to corrode.

Thousands of Btu

This is the measured energy output of the collector under
clear, mildly cloudy, and cloudy conditions. The data in the
table is for Category C locations typical of the contiguous
United States (see “Operating Categories” sidebar).

Y-Intercept

This represents the efficiency of the collector when the circulating
fluid entering the collector is the same temperature as the outside
air. Used to assess heat-gain performance, it corresponds with
the highest point on a collector’s efficiency curve.

Slope (Btu/hr./ft.2/°F)

This represents the efficiency of the collector as the
temperature difference between the circulating fluid and the
outside air increases. Used to assess heat-loss performance,
it shows the steepness of a collector’s efficiency curve.

www. homepower.com 67



SHW buyer’s guide

Evacuated-tube collectors,
like this 30-tube heat-pipe design
Thermomax, offer good performance
in cold and cloudy climates.

A thermosiphon system is the simplest of the thermos
designs. The collector-loop fluid, usually potable water, fills
the entire inner tube. The painted, black absorber takes in the
solar energy that hits it after passing through the transparent
outer glass. This type of evacuated-tube collector is usually
inserted into a special unpressurized tank/manifold that will
accept many individual tubes. The water inside the evacuated
tubes heats up when the sun is shining, which initiates the
thermosiphon effect: Hot water moves into the small holding
tank above the collectors, pulling cold water through the
inside of the collector to be heated. This is technically an
ICS system, which will be addressed in the future guide to
complete SHW systems.

Heat-pipe design collectors use a copper pipe, closed at both
ends, which contains a solution that vaporizes when heated.
The hot vapor rises to a heat exchanger located in a manifold

Heat-Pipe Type
Evacuated-Tube
Collector Construction

Collector Return (hot) Z ¥ Collector Supply (cold)
“ ,'-' r ! \\>

Vacuum Tube f _? S " 4

Heat Pipe

Cold Liquid

Hot Vapor

Heat Exchanger (condenser)

Absorber
Courtesy www.solarthermal.com

at the top of the tubes, which transfers heat to the solar fluid
(water or glycol) to be circulated through the SHW system.
Upon giving up the heat, the vapor condenses back to a liquid
and falls to the bottom of the tube to repeat the cycle.

A direct-flow design circulates the collector-loop fluid
through a tube bonded to a metal absorber within the inner
glass. The design of a direct-flow tube and absorber is similar
to the design of a flat-plate tube and absorber, except it’s more
efficient with the supreme insulating qualities of a vacuum.
Direct-flow can be more efficient than the heat-pipe design
because it eliminates the additional step of heat exchange
between the heat-pipe fluid and the collector-loop fluid.

Another thermos-type design uses a mirrored surface to
reflect sunlight onto a black target tube that collects the solar
energy. By concentrating more energy on the target tube,
these collectors can produce higher temperatures than other
evacuated-tube designs.

A more traditional design for evacuated tubes is a single
glass tube with a vacuum inside. These are usually designed
as direct-flow collectors with a copper heat pipe or water-
flow pipe bonded to a metal-plate absorber. They can also
be designed as a heat pipe with a heat exchanger. Vacuums
are difficult to seal with common gaskets and sealants.
Maintaining the seal between the glass and the copper
tube that circulates the fluid has been a problem with these
collectors. An evacuated tube without a vacuum is kind of like
a car with flat tires—it won’t set any performance records.

Interpreting Collector Performance

Surface area aside, heat gain and loss influence collector
performance most radically. The “Typical Collector
Performance Slopes” graph (opposite page) shows collector
efficiency as it relates to the difference between the ambient
and collector inlet temperatures.

The Y-intercept value for each collector corresponds to a
point on the graph where it intersects the Y-axis. This value
represents the efficiency of the collector (as a percentage) when
the outside temperature is the same as the fluid temperature
entering the collector inlet. It's an excellent indicator of
the heat gain potential of each type of collector. Higher
Y-intercept numbers will result in higher output performance
numbers in the SRCC matrix of collector output.

The graph’s X-axis (bottom axis) reflects temperature
difference: delta T (AT), the difference between the ambient
temperature and the inlet temperature of the collector loop
fluid. As the inlet temperature increases in relation to the
ambient temperature, all collectors suffer a loss in efficiency,
some more dramatically than others (see “Heat Loss” section).

The steepness of each slope (the diagonal colored lines on
the graph) represents how quickly the collector loses heat as
AT increases. The slope represents heat loss in Btu per hour
per square foot per degree Fahrenheit.

Heat Gain...

For heat gain efficiency, unglazed swimming pool collectors
come out on top. Collectors used for swimming pool heating
consist of a simple absorber plate without any glazing or
insulation, so there’s nothing to impede heat gain compared

home power 123 /february & march 2008



Why Y?

The Y-intercept values for collectors are from calculations
based on the gross area of the collectors, which includes
parts of the collector that are not collecting heat
(insulation, enclosures, manifolds, etc.). This has been
the standard for almost three decades and will likely
remain so for years to come, since it best reflects real-
world practices in sizing a system to fit a certain space.
But what really counts is the output for the buck—Btu
produced per dollar invested. This, along with durable
construction and a pleasing cosmetic appearance,
should be the deciding factors for an informed buyer.

to other collector types. When no difference exists between
the collector inlet and ambient temperature, unglazed pool
collectors have the greatest gain.

Although the single pane of glass cuts the energy received
by roughly 10%, for collection efficiency, flat-plate collectors
with a selective absorber come in a close second to unglazed
pool heaters, at nearly 75% efficiency (75% at the Y-intercept).
The collector’s selective surface allows for a greater retention
of radiation compared to black-painted absorbers. Black
paint has high absorption properties but also has high
emissivity. Flat-plate collectors with black-painted absorbers
have efficiencies of about 70%.

Evacuated-tube collectors lag behind the others in
heat absorption, with an average efficiency of about 50%.
The double glass in the thermos-type collector designs is
responsible for some of this gap on the Y-axis because each
layer of glass cuts the light by at least 10%. Other variables,
like the absorber coating, integrated
heat exchangers, and the bonding of
the tube to the absorber plate may also
play a role in the lower efficiencies at
a AT of zero (the Y-intercept).

...Heat Loss

But efficiency at a AT of zero doesn’t
give the whole picture, and collectors
perform more or less efficiently
depending on their ability to retain
heat as the temperature gap widens.
Take unglazed pool collectors as the
most radical example. Even small
temperature changes between the
ambient temperature and collector
inlet temperature cause a pool
collector’s efficiency to plummet:
A 35°F difference can drop the
collector’s efficiency to near zero,
while this same AT can cause only
a minor shift in efficiency (about
10%) in an evacuated-tube collector.
Collectors with selective surfaces,

SHW buyer’s guide

Typical Collector
Performance Slopes

Category C: Category D:
36°F 90°F

100
90 Normal year-round ;
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water heating in i
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Efficiency (%)

o \ ™~
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
AT (°F)

Flat Plate (Selective Absorber)
Flat Plate (Painted Absorber)

0

Evacuated Tube

Unglazed Pool

which have high absorption and low emissivity properties,
and those with superior insulation, which also limits heat
loss, have a relatively flat slope compared to the steep slope
of an unglazed pool collector.

When it comes to limiting heat loss, evacuated-tube
collectors come in first. The insulation properties of a vacuum
are undeniable, and the performance numbers prove it.
Selective surface coatings on the absorber further limit the
collector’s heat loss by limiting the high radiant heat loss that
is common for any black surface.

The best choice of collector type depends on the local climate,
as well as your household’s hot water temperature and quantity needs.

Courtesy www.synergysolar.com
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ermaljCollector,

|: | O -I- P | O -I-e Length Width Depth Gross Area Dry Weight Warranty
Model (In.) (In.) (In.) (Ft.2) (Lbs.) (Yrs.: Full/Ltd.)
ACR Solar 20-01 72.2 20.0 3.0 10.0 19 0/20
www.solarroofs.com 20-01 144.3 20.0 3.0 20.1 38 0/10
AE-21 85.2 35.2 3.1 20.8 74
AE-24 97.2 35.2 3.1 23.8 84
AE-26 77.2 47.2 3.1 25.4 90
AE-28 85.2 47.2 3.1 28.0 99
AE-32 97.2 47.2 3.1 31.9 113
Alternate En.ergy AE-40 121.2 47.2 3.1 39.8 153 .
Technologies MSC-21 86.0 385 3.1 21.5 82
parastslagcor MSC-24 98.0 38.5 3.1 245 102
MSC-26 78.0 50.5 3.1 26.0 102
MSC-28 86.0 50.5 3.1 28.7 120
MSC-32 98.0 50.5 3.1 32.7 133
MSC-40 122.0 50.5 3.1 42.2 159
Conergy F4000 79.1 42.1 3.5 23.2 97 5/0
Www.conergy.com
EnerWorks Inc. COL-4X8-NL-SG1-SH10US 46.3 96.3 3.3 30.9 111 0/10
www.enerworks.com COL-4x8-TL-SG1-SD10US 48.0 96.0 3.0 30.9 111 0/10
Genersys 1000-10 N/A N/A N/A 21.9 86 0/20
www.genersys.com
Heliod Gobi 3366 88.6 43.6 4.0 26.8 108
eh'l‘_' dy"e Gobi 408 97.6 476 4.0 32.3 133 10/0
www.neflodyne.com Gobi 410 121.6 47.6 4.0 40.3 160
]
Marathon International Baxi S-SPC 18 76.5 38.6 37 20.6 72 0/10
www.wallhungboilers.com
Sunpro 21 85.1 35.1 4.0 20.5 88
R&R Solar Supply Sunpro 24 97.1 35.1 4.0 23.4 97 1270
808-842-0011 Sunpro 32 97.1 47.1 4.0 31.4 123
Sunpro 40 121.1 47.1 4.0 39.2 170
308C-HP 97.1 35.1 3.0 23.7 78
308P-HP 97.1 35.1 3.0 23.7 75
408C-HP 101.6 45.8 3.0 32.3 105
Radco Products 408P-HP 101.6 45.8 3.0 32.3 102 5/10
www.radcosolar.com 410C-HP 125.6 45.8 3.0 39.9 129
410P-HP 125.6 45.8 3.0 39.9 125
412C-HP 152.1 45.8 3.0 48.3 155
412P-HP 152.1 45.8 3.0 48.3 150
Premium V, H, LA 84.7 49.3 3.6 29.1 121
Schuco USA niu oL
www.schuco-usa.com Slimline V, LA 80.3 44.9 2.2 24.9 90
STS 410BC 122.3 48.1 3.3 40.9 138
STS 410BP 122.3 48.1 3.3 40.9 138
Sensible Technologies L
www.jtgmuir.com STS 48BC 98.3 48.0 3.3 32.8 105
STS 48BP 98.3 48.0 3.3 32.8 105
Bt 76.6 40.2 3.0 21.4 69 0/10
J 76.6 40.2 3.0 21.4 90 5Ltd. wh,
q 10 Ltd. w/F
Solahart Industries R
www.solahart.com.au Kf 76.6 40.2 3.0 21.4 90 10 Ltd. w/F
L 76.6 40.2 3.0 21.4 69 0/10
SD8-21 N/A N/A N/A 20.8 74
Solar D I ' SD8-26 N/A N/A N/A 25.4 90
olar e‘l"z opmen SD8-28 N/A N/A N/A 28.0 99 N/A
www.sofardev.com SD8-32 N/A N/A N/A 31.9 113
SD8-40 N/A N/A N/A 39.8 153

1) 2,000 Btu / Ft.2 / Day; 2) 1,500 Btu / Ft.2/ Day; 3) 1,000 Btu / Ft.2/ Day; 4)Btu/Hr./ Ft2/°F; 5) Warranty varies with system configuration
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Materials Thousands of Btu Per Day
Absorber Mildly
Tube Plate Coating Glazing Frame Clear ' Cloudy?2 Cloudy3 Y-Intercept Slope 4
Copper Copper Fin izt ol Aluminum 8 6 3 0.602 10663
pp pp Surface Polycarbonate 17 11 6 0.604 -0.657
21 14 8 0.706 -0.865
24 16 9 0.706 -0.865
25 17 9 0.706 -0.865
28 19 10 0.706 -0.865
32 22 12 0.706 -0.865
Copper Copper Selective Low-lron Anodized 40 27 15 0.706 -0.865
PP Fin Surface Tempered Glass Aluminum 21 15 8 0.706 -0.865
24 17 9 0.706 -0.865
26 18 10 0.706 -0.865
29 20 11 0.706 -0.865
32 22 12 0.706 -0.865
42 29 16 0.706 -0.865
Copper Copper SSeIectlve Tempered Glass Aluminum 24 17 10 0.667 -0.629
urface
- iti - 37 26 15 0.768 -0.711
Copper Aluminum Halper Deppsmon el Galvanized Steel
Selective Tempered Glass 32 22 11 0.726 -0.901
Copper Aluminum Metallic Oxide el Aluminum 19 13 7 0.591 -0.704
Tempered Glass
L | Extruded 30 21 12 0.734 -0.825
ow-lron xtrude
Copper Copper Black Chrome Tempered Glass Aluminum 37 25 14 0.737 -0.805
46 31 18 0.737 -0.805
Selective Low-Iron Extruded
Sefejprzt Clfget Surface Tempered Glass Aluminum 20 = g WEEE 07D
20 13 6 0.708 -1.077
Copper Copper Mod. Selective Low-Iron Anodized 23 15 7 0.708 -1.077
PP pp Black Paint Tempered Glass Aluminum 30 20 10 0.708 -1.077
38 25 12 0.708 -1.077
Black Chrome 26 18 10 0.778 -0.875
Flat-Black Paint 23 15 8 0.764 -1.323
Black Chrome 36 25 13 0.779 -0.841
Copper Copper Flat-Black Paint Low-Iron Aluminum 30 20 9 0.768 -1.276
A4 2 Black Chrome Tempered Glass 45 30 16 0.779 -0.841
Flat-Black Paint 38 25 11 0.768 -1.276
Black Chrome 54 37 20 0.779 -0.841
Flat-Black Paint 46 29 13 0.768 -1.276
Copper Copper Sl ARl Aluminum 3 22 12 0718 0754
PP PP Cermet Tempered Glass 27 19 11 0.715 -0.704
Black Chrome 42 29 16 0.714 -0.727
Mod. Selective
Copper Copper Black Paint Low-Iron Extruded 40 28 15 0.682 -0.800
Black Chrome Tempered Glass Aluminum 34 24 13 0.714 -0.727
Mod. Selective
Black\Paint 32 22 12 0.682 -0.800
Copper Copper Titanium Oxide 23 16 8 0.750 -0.858
Polyester
None Steel Flat-Black Paint 22 14 7 0.772 -1.473
Lo leL) Aluminum
None Steel Black Chrome Tempered Glass 23 16 9 0.759 -1.045
. Polyester
Copper Aluminum Flat-Black Paint 15 10 4 0.625 -1.316
21 14 8 0.706 -0.865
Selecti L | Anodized 25 17 8 0.706 -0.865
5 elective ow-Iron nodize
Copper Copper Fin Surface Tempered Glass Aluminum 28 19 10 0.706 -0.865
32 22 12 0.706 -0.865
40 27 15 0.706 -0.865

www.homepower.com
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|: | O-I- P | O -I-e (CO n -I- ) Length Width Depth  Gross Area Dry Weight Warranty
. Model (In.) (In.) (In.) (Ft.2) (Lbs.) (Yrs.: Full/Ltd.)

SE-21 84.0 36.0 2.9 21.9 90
s I E SE-24 96.0 36.0 2.9 24.9 102
o ‘“I' nergy SE-28 84.0 48.0 2.9 27.0 109 0/10-15
R IR AT SE-32 96.0 48.0 2.9 30.9 124
SE-40 120.0 48.0 2.9 38.6 154
SLCO-30 74.4 47.4 4.0 24.5 78
SLCO-32 96.5 47.4 4.0 31.8 106
Solene SLCO-40 118.0 47.4 4.0 38.9 132 OO
www.solene-usa.com SLCR-30 86.5 50.4 3.6 30.3 110
SLCR-32 97.4 47.1 3.6 32.0 108
SLCR-40 121.6 47.4 3.6 40.1 152
(3
Stiebel Eltron Sol 25 Plus 87.9 48.1 3.1 29.4 108 5/0
www.stiebel-eltron-usa.com
Empire EC-21 76.1 40.1 853 21.2 71
Empire EC-24 98.3 36.1 3.3 24.7 81
Empire EC-32 98.3 48.1 88 32.8 105
SunEarth Empire EC-40 122.3 48.1 3.3 40.9 138 0
www.sunearthinc.com Empire EP-21 76.1 40.1 3.3 21.2 71
Empire EP-24 98.3 36.1 853 24.7 80
Empire EP-32 98.3 48.1 853 32.8 105
Empire EP-40 122.3 48.1 3.3 40.9 138
TC-19.78 78.0 36.0 N/A 19.8 78
Synergy Solar .
www.synergysolar.com TC-26.52 78.0 48.0 N/A 26.7 108
3
Thermo Dynamics G Series G32-P 97.4 47.4 3.4 32.1 96 10/0
www.thermo-dynamics.com
{]
Viessmann Manuf. Co. Vitosol 100 SV1, SH1 94.0 41.8 35 27.2 97 10/0
www.viessmann-us.com
American Solar Works ASW52B 75.0 64.0 5.0 30.8 138 100
www.americansolarworks.com ASWS52B Stretch 75.0 84.0 5.0 42.0 188
AP-10 77.9 SIS 6.1 14.5 77
Apricus Solar AP-20 77.9 58.8 6.1 29.2 125 0/10-15
www.apricus-solar.com AP-22 77.9 64.4 6.1 32.1 157
AP-30 77.9 86.4 6.1 43.6 182
10-10 AS/AB 76.2 36.6 7.4 18.1 88
10-20 AS/AB 76.2 73.2 7.4 36.5 165
1-16 83.7 75.6 6.9 43.0 221
Beijing Sunda Solar
1-8 83.7 37.8 6.9 21.5 104 1070
Energy Technology 2-16 83.7 75.6 5.9 44.1 221
R 2-8 83.7 37.8 5.9 21.9 110
5-16 AS/AB 83.7 75.6 6.9 44.1 232
5-8 AS/AB 83.7 37.8 6.9 21.8 108
BTF Solar Patriot SP-20 77.9 65.3 6.6 33.1 122 5/0
www.btfsolar.com
°ven'r°p OV 5-16 AS/AB 87.9 76.4 7.4 441 232 10/0
www.oventrop-na.com OV 5-8 AS/AB 87.9 38.6 7.4 21.8 108
o
Solargenix Energy Winston Series CPC WS0503 || 815 41.9 3.4 24.1 107 3/10
www.solargenix.com
Mazdon TMA-600-20 80.0 59.0 6.3 32.9 135
Thermo Tech./Thermomax 0/5
www.solarthermal.com Mazdon TMA-600-30 80.0 87.0 6.3 49.3 197
viessmunn Munu'. c°. Vitosol 300 Type SP3, 2 m?2 78.5 55.8 4.8 31.0 127 10/0
www.viessmann-us.com Vitosol 300 Type SP3, 3 m? 78.5 83.8 4.8 46.2 150
= Typical pool collector Average model | | - | - | - | 47.0 | 25 | | -

1) 2,000 Btu / Ft.2 / Day; 2) 1,500 Btu/Ft.leay; 3) 1,000 Btu / Ft.2 / Day; 4)Btu/Hr./Ft2/°F
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Materials Thousands of Btu Per Day
Absorber Mildly
Tube Plate Coating Glazing Frame Clear ' Cloudy?2 Cloudy3 Y-Intercept Slope 4
22 15 8 0.704 -0.790
Selecti L | 25 17 9 0.704 -0.790
. elective ow-lron .
Copper Copper Fin Surface Tempered Glass Aluminum 28 19 10 0.704 -0.790
32 22 12 0.704 -0.790
39 27 15 0.704 -0.790
E ded 27 18 10 0.782 -0.811
PG 35 24 13 0.785 -0.810
L | Aluminum 42 29 15 0.787 0.810
. ow-Iron b -0.
Copper Copper Fin Black Chrome Tempered Glass 23 23 1 0.735 0.915
Aluminum 35 25 14 0.735 -0.945
44 31 18 0.735 -0.945
Sputtered Titanium Low-Iron Extruded
Lepgizr Clojgjzr Nitride Tempered Glass Aluminum = el e e B
22 15 9 0.714 -0.727
26 18 10 0.714 -0.727
Black Chrome 34 24 13 0.714 -0.727
Copper Copper Low-Iron Extruded 42 29 16 0.714 -0.727
PP pp Tempered Glass Aluminum 21 14 8 0.682 -0.800
Mod. Selective Black 24 17 9 0.682 -0.800
Paint 32 22 12 0.682 -0.800
40 28 15 0.682 -0.800
e eraaay Hin Sputtered Aluminum Low-Iron AT 19 13 0.686 -0.809
PP PP Nitride Tempered Glass 26 18 10 0.697 -0.806
Copper A || e S ks A Aluminum 29 19 10 0.700 -0.870
Paint Tempered Glass
Copper Copper Fin Sputtered Cermet Tempered Glass Aluminum 30 21 12 0.720 -0.616
i 22 16 10 0.481 -0.291
Copper Aluminum Sputtere(.:l Alumlnum Elizae aoum Stainless Steel
Nitride Tube 29 21 13 0.481 -0.291
12 8 5 0.418 -0.206
Copper & Sputtered Aluminum | Glass Vacuum . 23 17 11 0.418 -0.206
steel (CIEE Nitride Tube Stainless Steel 26 19 12 0.418 ~0.206
B5) 25 16 0.418 -0.206
14 10 6 0.462 -0.276
Sputtered Aluminum 28 20 12 0.462 -0.276
Nitride 35 26 16 0.529 -0.299
G Glass Vacuum . 18 13 8 0.529 -0.299
Copper Aluminum Souttored Selective Tube Stainless Steel 18 35 22 0.628 0.303
P 24 17 11 0.628 -0.303
Sputtered Aluminum 36 26 16 0.492 -0.339
Nitride 18 13 8 0.492 -0.339
Glass Aluminum | Sputtered Aluminum | - Glass Vacuum | gioi 066 Steel 23 17 1 0.345 -0.203
Nitride Tube
. Sputtered Aluminum | Glass Vacuum ) 36 26 16 0.492 -0.339
Copper Aluminum . Stainless Steel
Nitride Tube 18 13 0.492 -0.339
Mod. Selective Black Low-Iron .
Copper None Paint Tempered Glass Aluminum 18 12 6 0.600 -1.001
o 26 19 12 0.530 -0.250
Copper Copper Fin Black Chrome lienrfee Gl Stainless Steel
Vacuum Tube 40 29 18 0.530 -0.250
Copper Copper Fin S Sl o Aluminum 26 19 12 0-509 0.193
Cermet Tube 39 29 18 0.509 -0.193
Polymer None None = None || 23 1M | o 0.800 -2.900

www.homepower.com
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Operating Categories

Most locations will not fit precisely into a single SRCC
operating category. Collectors will typically operate in the
B and C categories in the morning, when cooler ambient
temperatures are closer to the inlet temperatures. As a
typical day progresses, inlet temperature outpaces the
ambient temperature, and the collector operates in the C
and D categories.

As a general rule, if you must pick a single category of
operation in any location, the C category will be most
accurate year-round in all but the very coldest climates
in the United States. Many systems will operate closer to
the D category in the winter, but will predominately be
closer to the C category in the spring, summer, and fall.
For collector performance in other operating categories,
refer to an individual collector's SRCC data sheet.

An important consideration in examining how the
collector types perform is the intersection of the slope
lines in the graph. As AT increases, all three of the glazed
collectors quickly surpass the unglazed collector in terms
of performance. As the temperature difference continues to
increase, the evacuated-tube collectors pass both types of flat-
plate collectors at a AT of approximately 100°F. This indicates
that the evacuated-tube collectors will perform better than
the flat-plate collectors in conditions of extreme cold and/or
when an application requires elevated temperatures.

Regional Choices

Because they have high efficiencies at low ATs, unglazed
collectors are optimal for heating swimming pools only in
certain seasons when temperatures are warm and don’t
fluctuate. In places where the weather is consistently warm—

Collector Costs

The one thing missing from the specifications table is
price. That's because the cost of collectors is difficult to
nail down. Prices vary by dealer and whether the cost
includes installation. Plus, the cost of key materials—
copper, aluminum, and glass—has fluctuated nearly
as much as gasoline prices. Btu produced per dollar
(output per cost) is the criteria | recommend for the
best value. Don’t be impressed with gizmos or claims
of performance other than the SRCC catalog data. SRCC
provides the best source of independent testing data
for all certified collectors and, like it or not, the U.S.
Congress has made the SRCC the authority by requiring
their certification for receiving federal tax credits.

for instance, in parts of Florida or Arizona—this characteristic
means solar pool heating can occur almost year-round.

Flat-plate and evacuated-tube collectors can be tougher to
evaluate in colder or cloudier locations. For heating domestic
water to 130°F, glazed flat-plate collectors can produce more
heat than evacuated-tube collectors of similar size, during
most of the year, in almost all of the contiguous United
States. This is shown in the table as Btu output (sunny, mildly
cloudy, and cloudy). It is also reflected by the graph, as the
evacuated-tube collectors don’t outproduce flat plates until
after a temperature difference of about 100°F or so. If you
want to make exact comparisons, review the complete SRCC
data sheet for each collector you're considering.

In solar water heating applications, evacuated-tube
collectors start to outperform their flat-plate cousins in
northern latitudes and colder climates like Canada and Alaska.
They are less affected by larger temperature differences than
flat-plate collectors. Because evacuated tubes can also get
fluids hotter, they are well suited for higher temperature,
less common applications such as absorption-cycle air
conditioning.

Choosing Your Collector

The bottom line (or X-axis to rocket scientists) is that you can
get some real-world performance data from the intercepts and
slopes when you factor in the collector size. The specifications
table includes three columns of performance data extracted
from SRCC data sheets. SRCC’s Category C “warm climate”
classification, which assumes a temperature difference
between ambient and collector inlet of 36°F, is the category
used in the table since it best represents the “average climate”
in most of the United States. The Sunbelt (southwest United
States and Florida) predominantly has sunny conditions.
The Midwest and middle coastal areas generally fit into the
“mildly cloudy” category, and the northern coastal areas are
typically classified as “cloudy.”

A collector’s output is an important consideration in
collector selection, but it isn’t everything. Also factor in a
manufacturer’s reputation and track record, as well as the
materials used in collector construction. With few exceptions
(i.e., pool collectors), all the hot water collectors in this guide
are made with durable metals, glass, and high-temperature
insulation—materials with proven track records.

Access

Contributing editor Chuck Marken (chuck.marken@homepower.com)
is a New Mexico-licensed plumber, electrician, and heating and air
conditioning contractor. He has been installing and servicing solar
thermal systems since 1979. Chuck is a part-time instructor for Solar
Energy International and the University of New Mexico.

SRCC e www.solar-rating.org
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For an earth restored and a world at peace.
Solar * Wind ¢ Hydro

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

ACKWOODS

------- 335 PACE Visit us or write:
CATALOG / PLANNING GUIDE Backwoods Solar Electric Systems,

Free to Home Power readers 1589-HP Rapid Lightning Creek Rd,

in the U.S.A. Sandpoint, Idaho 83864 USA

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

/mfmc&a/}g/
ADVANCED GEL TECHNOLOGY

Power Battery Company's Advanced Gel Technology(patent pending] is a

hybrid technology that combines the best features of Absorbed Glass Mat
(AGM) and Gel info one battery. Here's how Advanced Gel Technology
can enhance your battery application:

1. The gelled electrolyte in the AGM separator and plates retains the sulfate ion that leaves
the plates on recharge. This prevents or drastically reduces acid stratification which
extends battery cycle life compared to standard AGM Batteries.

This hybrid battery with its manufacturing method, provides better oxygen recombination
efficiency and improved water conservation. Standard gel batteries use low porosity,
leaf separators which are more resistant to oxygen diffusion and greater water loss.

3. The gelled electrolyte acts as a heat sink which greatly improves the thermal properties
of the battery allowing for operation in more severe climates.

4. The gelled electrolyte facilitates greater plate to acid contact to enhance the amp hour

capacity of the battery while providing consistency of operation.

; RN Contact Power Battery
. for further information
=!. on the next generation
! i = Em = in sealed battery technology.
— .
a Power Battery Co., Inc. Paterson, NJ
m www.powerbattery.com ® solar@powbat.com

800-966-4135
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Resurrecting a

Courtesy Kevin A. Schumacher

A restored, 1950s-era Jacobs wind generator flies again.

by Willi Hampel

turbines hit the market, one of the most sought-

after wind generators was the pre-Rural Electrification
Administration direct-drive machine made by Jacobs Wind
Electric. It’s rugged, powerful, and reliable when maintained
well. When I was growing up, my father and I flew five
different homebuilt wind turbines, and I had always dreamed
of someday flying a “Jake.” I kept my eyes peeled in my
travels around the Midwest, hoping for a find.

In September 2003, I spotted an old Jake sitting idly on
a tower only a few miles from my family’s home in Merton,
Wisconsin, and immediately thought to myself, “I need to
get this machine running again.” I also had the feeling that,
decades ago, I had once read about this particular machine.

Searching through some of my old periodicals, I found
an article from nearly three decades earlier describing the
history of the machine that I had spotted. In 1976, then-U.S.
Representative Henry S. Reuss installed the 32 VDC, 1,800
W, direct-drive Jacobs Wind Electric generator at his summer
home in North Lake, Wisconsin. The wind generator was
connected to the utility grid through a Gemini synchronous
inverter.

After striking a deal with the current owner of the wind
generator, I began assembling the necessary equipment
to remove the machine from the tower. I devised a ladder
arrangement to access the tower safely. Some friends and I
constructed a 12-foot-long gin pole, made of 3-inch seamless
steel tubing, to remove the wind turbine. Removing a
400-pound wind generator from atop a 72-foot tower can be

Several decades ago, before modern small-scale wind

challenging, but we did it and lived to tell the tale. The next
step was to rebuild the generator and put it back into action.

We Can Rebuild It!

Although the machine was in poor shape from years of
neglect, that didn’t deter me. From the circa-1976 photos, 1
could see that the original flyball-type governor had been
changed to a blade-activated governor. Both types use the
centrifugal force of the rotating machine to actuate. With the
flyball governor, higher rpm cause spring-loaded weights
to move outward, decreasing the rotor speed by increasing
the pitch of the blades through gears. With blade-activated
governors, the blades are spring-loaded, and the blade pitch
is increased as they move out on their shafts.

After gently heating up the governor casting with a
propane torch, I removed the housing from the tapered
generator shaft with a three-pronged gear puller. Liberally
applied solvent helped remove the gummed-up grease on the
blade shafts and spider casting, and a lot of wire-brushing
removed the rust. My friend Jim machined new ball joints
to replace the badly worn originals. After several coats of
corrosion-inhibiting paint, the blade-activated governor was
ready for many more years of service.

The Model 45 Jacobs generator (rated at 45 A, 40 VDC)
had to be completely disassembled. We steam-cleaned
the armature to remove dirt, debris, and other potentially
conductive contaminants, and then oven-baked the windings
to remove all moisture before varnishing. The insulation
resistance (conductor-to-ground) tested “good,” as did
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Prepping and pouring the footings for the tower. Far left: The excavated holes, with rebar cages in place. Center: Detail of rebar cages.
Right: Tubular concrete forms are filled to form the upper 8 feet of the tower foundation.

the commutator. The commutator bars were polished and
undercut, and the windings coated with insulating paint. The
armature bearings were replaced with sealed bearings. The
stator was wire-brushed to remove the rust and painted with
several coats of antirust paint.

Having rotten tips, the Jake’s wooden blades required
major refurbishing. Also, the tail vane had broken, causing the
tail to overshoot its parked position. This allowed one of the
blades to smash into the tail, putting a cut in its leading edge.

The blades were sanded down to the bare wood and
any rotten wood replaced. Next, epoxy resin was spread
onto every wooden surface and forced into the wood grain
with a heat gun. After sanding, a fiberglass mesh, soaked in
more resin, was applied to each blade. After three additional
resin coats, with sanding between, each blade was given a
final hand-sanding. Two coats of marine-grade epoxy
paint were applied with a spray gun. Finally, the rotor was
assembled with the governor and static-balanced.

Some miscellaneous parts needed attention too. The
turbine tail vane and a generator bearing housing were

Left: The original Gemini
synchronous inverter in
its new home.

Below: The restored
Model 45 Jacobs
generator—

as good as new!

www.homepower.com

cracked and required welding. A new tapered roller bearing
was installed—it supports the entire weight of the wind
generator on the tower. Various other Jacobs components had
to be purchased to complete the restoration—blade-actuated
governor springs, a tail vane spring, a yaw slip ring and
brushes, and generator brushes.

The Gemini synchronous inverter was not part of a
standard Jacobs wind-electric system. When interposed
between a variable-voltage DC power source (such as a wind
generator) and an AC grid, it converts DC electricity to AC
and interties it—similar to modern grid-tie inverters.

The Gemini was caked with sawdust, so I completely
disassembled it and cleaned it with acetone, alcohol, and
flux remover. Some friends and I determined that several
components needed to be replaced. One rectifier was bad,
the voltmeter didn’t work, and the generator-field-excitation
circuit board was shot. (We guessed that the damage was
caused by a lightning strike.) We ordered parts from various
suppliers and eventually got it running again.

Tower Installation

To minimize the view of the tower by the immediate neighbors,
I decided to place it among several trees on the property. A
pier and pad footing was chosen for the 120-foot-tall Radian
SSV self-supported tower. Three 6- by 6- by 10-foot-deep holes
held rebar cages. Tubular cardboard concrete forms were
centered on each protruding rebar cage for the upper 8 feet of
the foundation. Anchor bolt assemblies were positioned and
leveled inside the tubes, and the tubes filled with more than
11 cubic yards of concrete. A backhoe filled and compressed
the dirt around the footings. Leveling nuts to support the
tower were screwed onto the anchor bolts.

If you loved playing with erector sets as a kid, putting
together a self-supported tower is about as much fun—just
bigger—and you get to play with a crane to boot. The crane
operator visited the site to discuss logistics, such as where
to bring in the crane, the crane’s location during the lift, the
lifting capacity needed, and where to assemble the tower on
the ground. Preparation was key to a successful tower lift as
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wind redux

Assembling the top tower section.

The crane lifts the 3,200-pound, 100-foot-tall tower section.

well as keeping the costs down: At $150 an hour for crane
rental fees, I wanted to minimize lift-day delays.

Friends helped me assemble the tower in two sections—
the top 100-feet and the bottom 20-feet—to allow use of a
smaller crane. The tower legs were laid out and leveled on
concrete blocks. Starting from the top and working down, we
put together most of the top section in one day. Without jacks,
a scaffold, or an A-frame, putting the tower together on the
ground is definitely a three-person job. Once the top section
was bolted together, we mounted 2-inch conduit along the
length of the section and pulled the electric cables.

The Jacobs generator saddle, slip ring, and brush assembly
were then attached to the top of the tower. Finally, the wiring
was attached to the slip rings, which allow the wind turbine
to yaw, or move into the wind, while transmitting energy to
the wiring running the length of the tower.

Assembling the bottom 20-foot-tall tower section onto the
footings without a crane required a lot more people power,
since each of the three vertical legs weighs 180 pounds. Six
people tilted each leg to a vertical position while three other
people held ropes attached to the top of the legs, making sure
the section didn’t tip over. The cross-braces were mounted,
and everything fit perfectly!

Once the crane was set up, the boom was extended toward
the top of the horizontal 100-foot-tall tower section. Three
slings were rigged to the three tower legs, approximately 20
feet down from the top of the tower. Then, the lifting began.

Once the tower was vertical, the crane operator lifted the
upper section over some fruit trees and positioned it directly
above the bottom section. Three of us harnessed ourselves
onto the legs of the bottom section and guided the top legs
into place. They lined up perfectly—we just dropped in the
bolts and torqued the nuts. I then climbed up the tower
to detach the lifting slings, and waited to mount the wind
generator atop the newly placed tower.

Hampel Wind
System Costs

Description Cost
Tower $10,600
Legal fees 3,640
Cement, paint, steel, aluminum, etc. 2,220
Wind turbine 2,120
Miscellaneous 1,860
Equipment rental 1,360
Balance of system 1,250
Labor 870
Grid-tie equipment & inverter repair 460

Total | $24,380

Less Wisconsin Focus on Energy rebate | -$5,940

Final System Cost | $18,440
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Regulatory Hurdles

With the wind generator and inverter refurbished, | had to
work on getting approval for installing the system. First,
an expert from Wisconsin Focus on Energy, which works
with residents and businesses to install cost-effective
energy efficiency and renewable energy projects,
performed a site assessment. Focus on Energy requires
that the entire wind turbine rotor should sit at least 30
feet above any obstruction within a 500-foot radius of the
tower. Remembering that trees grow and towers don't,
| estimated tree heights for the next 20 to 30 years to
determine the tower’s height. My 1.3 acres has a 70-foot-
tall tree to the west, and to the east is a 40-acre white pine
forest with trees that will probably reach 75 feet. The site
assessor recommended a minimum tower height of 112
feet, and | rounded up to 120 feet.

Unfortunately, my proposed tower location didn’t meet
property-line setback requirements, so | had to request a
variance through the Merton Zoning Board. In September
2005, | had to attend a public hearing before the Merton
Zoning Board of Adjustment (BOA). After | described
the project and answered questions from the board
members, the meeting was opened to the public. The
concerns were declining property values, audible noise,
and visual impact to the neighborhood. Our suburban
neighborhood homes are about 30 years old and sit on
1- to 3-acre partially wooded lots.

My request for a variance was denied—but after all the
elbow grease and sweat I'd put into bringing the Jake
back to life, | was determined to see it fly. With the help of
an attorney who is recognized as an expert in small wind-
turbine legal issues, | appealed the decision.

After numerous discussions between my attorney and
the town attorney, and four more public hearings, the
BOA granted my variance—but with fifteen conditions
attached (including a 70-decibel noise limit at the
closest property line, and a requirement that a structural
engineer verify that the tower was installed according
to the manufacturer’s specifications). After almost six
months of effort, | finally received a building permit to
erect the wind turbine.

Back In the Saddle Again

Then came the moment I'd been dreaming about—getting the
wind generator into the air. The crew on the ground attached
the generator to the crane, and the 14-foot-diameter blade
rotor was attached to the generator. The governor springs
were fastened and tensioned, and the crane hoisted the whole
assembly to the top of the 120-foot tower.

The challenge was that a Jake generator with its rotor
assembly attached doesn’t hang perfectly level from the
lifting eyebolt—the weight of the rotor assembly causes the
generator to tilt downward at the rotor end. At 120 feet in
the air, I had to exert a lot of ergs of energy to get the three
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wind redux

Mounting the rotor assembly to the generator. Temporary
coverings protect the blades from damage.

The crane lifts the Jake skyward to its new perch.

'

mounting bolts to align. Luckily, we had tied a 150-foot rope
to the generator before lifting it to the top of the tower. That
way, my helpers on the ground were able to pull the rope to
help me get the assembly level, so I could attach the generator
to the saddle.

With the generator and rotor assembly secure, the final
lift was the tail vane. The trick was to properly tie a rope to
hold the vane horizontal during mounting, yet still allow the
rope to be easily untied from atop the tower once the vane
was in place.

Once this was completed, I felt an overwhelming sense of
relief. As I 'stood, harnessed at 120 feet, with the very machine
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wind redux

I'had read about all those years ago, I thought that perhaps it
would have also made the late Representative Reuss proud to
see his old Jake ready for action again.

Ironically, from my 120-foot perch, I was able to see
several famous landmarks in the region and also the very spot
from which I had recovered the Jake. The fact that it was now
in place on my property and ready for my family brought
back pleasant childhood memories of time spent with my e
father working on wind turbines. I hope that this experience
also will instill a sense of environmental responsibility in my
son.

Final Touches

Getting the Jake up on the tower wasn’t the end—we
still needed to wire the system. Because this system was
eligible for net metering, an interconnect agreement and site
inspection was required by the local electric utility, and a
sign-off was needed from the local electrical inspector. They
gave their approval—almost three years to the day after I first
set eyes on the old Jake!

An average wind speed of 11.8 mph should generate
about 400 kilowatt-hours per month, providing roughly
two-thirds of our electrical needs. Presently, five loads (see
“Household Loads” table below) account for about 90% of
our home’s electricity use.

With the Jake running, we’re more motivated to see
how we can minimize our energy usage by implementing
conservation measures and upgrading to more efficient
appliances. I am also pleased that since our Jake was erected,

it has generated many positive responses from people in the The restored Model 45 Jacobs wind-electric generator,
rebuilt and reinstalled at the author’s property.

Courtesy Roger W. Hoge

gy A

area. In fact, more than one neighbor has expressed interest in
installing a wind turbine.

Getting an arguably famous Jacobs Wind Electric system
back up and running again was a dream come true. If you
see a turbine standing idle in the wind, stop to imagine the

possibilities of generating your own electricity and helping to
Household Loads make a cleaner world for our children. Then put your dream
Item KWH / Month % of Total into action!
2 Refrigerators 225 37.8% Access
e o
Dehumidifier 90 15.1% Willi Hampel (willi.hampel@gmail.com) is a Wisconsin-based
Air conditioning 82 13.8% professional engineer with more than 20 years of experience
Lighting 75 12.6% designing medical diagnostic imaging equipment. He has more than
ey — 63 10.6% 30 years of experience installing and maintaining residential wind
turbines.
Clothes washer 10 1.7% urbines
Gas clothes dryer (spin motor) 10 1.7% Curtis A. Eggert ® 218-829-4394 e Jacobs parts
Computer 10 1.7% Mid-State Electronics ¢ 920-787-7383  Inverter repair
. o
Television 9 [ Pantec Studio ® 262-692-6157 e pantec2@msn.com ® Blade repair
Well pump 8 1.3%
- Radian Communications Services Corp. ® 309-697-4400
Microwave oven 5 0.8% )
www.radiancorp.com ® Tower
DVD recorder 4 0.7%
Toaster 2 0.3% Sagrillo Power & Light @ 920-837-7523 e msagrillo@itol.com e
Expert advice
Vacuum cleaner 2 0.3%

Schober, Schober & Mitchell S.C. e 262-785-1820 e
Total www.schoberlaw.com e Legal advice
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No matter where you are, depend on Deka Solar.

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

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

, DOMESTIC INQUIRIES: EAST PENN  rernaTionAL INQUIRIES: _
< —> 800-372-9253 ¢ www.mkbattery.com | momriacturing co. ine. 610-682-3263 ¢ www.dekabatteries.com

QUALITY SYSTEM

1S09001 PROVEN PRODUCTS IN DEMANDING PHOTOVOLTAIC APPLICATIONS « U.L. RECOGNIZED COMPONENTS * COMPETITIVE WARRANTY ° MADE IN THE U.S.A.

WE GUARANTEE THE LOWEST PRICES ON IN-STOCK SOLAR-ELECTRIC SYSTEM COMPONENTS

Still Paying For Electricity?

Join thousands of utility customers who Many states are offering substantial rebates and tax credits
have reduced or even eliminated their for both residential and commercial solar-electric systems.
electric bill with clean, reliable energy Don’t miss this incredible opportunity to do something

from the sun! great for the planet, and your wallet!

Best Buy Solar Inc. is not a licensed contractor. We do not offer installation services. We offer what we feel is the
best available equipment at the lowest price. In most states, to receive tax credits and incentives, your system must be installed by a
licensed electrical contractor, and be verified by a tax-credit certified technician.

BEsT Buy SOLAR INC. e TOLL FREE 1-877-498-6527 ¢ WWW.OREGONSOLARREBATE.COM
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One homeowner shares the
challenges and rewards of installing
a solar hot water system at his

home near Naches, Washington.
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DIY solar

hirty-five years ago, when my wife and I were college
students living on a budget, the house we called Top: Backfilling the support posts.
home was a dirt-floored log cabin in northwestern
Montana. We had no modern conveniences—just a cookstove
for warmth, an underground pit for keeping food cool, an

Middle: Drilling holes for bolts that will secure
the crossbeams and add rigidity to the posts.

artesian spring for filling the old cast-iron bathtub, and an Bottom: The floor is stoutly framed to support
outhouse built from a leftover Steinway piano crate. Ah, the the solar hot water storage tank.
good life.

It’s easy to wax nostalgic over those bygone days of
the 1970s, when oil shortages pushed the then-novel idea
of renewable energy (RE) into the limelight. When it came
to RE solutions for the home, most people experimented,
with one eye to basic science and another to the spare parts
bin. We were no different. Back then, our solar hot water
system was nothing more than a black metal barrel in a
wooden box with an old window mounted to the front,
facing south.

These days, as I seek to improve the energy efficiency
of our modern home in Yakima County, Washington, I am
continually amazed by how much the times have changed.
Information is abundant, and prefab parts are plentiful—to
the point of being overwhelming for greenhorns on the DIY
RE scene. When I started researching a solar hot water (SHW)
system for our three-bedroom home, I had no delusions
about the project’s complexity. I knew that installing and
maintaining a modern system would be a tad more involved
than our previous “black barrel” method. For one thing, this
time, my basic plumbing and electrical skills were up against
two existing electric water heaters and 13-year-old plumbing
in hard-to-reach places.

All T can say is thank goodness for the ever-evolving home
improvement genre. Taking notes in the margins of back
issues of Home Power and studying online resources armed
me with more information—and much-needed confidence—
to tackle the task. First up: determining which system would
work best for our home, budget, and site.

Picking & Choosing

In our sometimes-snowy region where winter temperatures
drop below 0°F, the logical choice was a closed-loop
system. Unlike open-loop systems that pump potable water
through the collectors and piping, closed-loop systems
circulate a solution (usually propylene glycol antifreeze)
through an isolated loop between the collectors and storage
tank. A heat exchanger transfers the solar-generated heat to
the domestic water system.

Although I'd considered high-tech evacuated-tube
collectors, the cost-effectiveness of flat-plate collectors won
me over, and I already knew what I wanted: low-iron
tempered glass for good sunlight transmission and longevity,
a selective coating for more efficient heat gain, sturdy frame
construction for durability, and polyisocyanurate insulation
on the collector’s sides and back to minimize heat loss. A
number of manufacturers make flat-plate solar collectors
that fit my criteria, so my decision became more about the
manufacturers and their retailers than the collector itself.
I evaluated each on pricing, customer service, Web sites,
and shipping costs. Then, I considered the feedback from

www.homepower.com




articles in Home Power and performance data collected by the
Solar Rating and Certification Corporation.

Collectors and storage tanks come in many sizes, and the
most appropriate ones for your application will depend on your
household hot water usage and the amount of solar radiation
at your site. The average American uses about 20 gallons of hot
water per day, so it seemed reasonable to assume that 40 square
feet of collectors and 80 gallons of hot-water storage would be
ample for a two-person household in the Pacific Northwest. But
because our country lifestyle entails heaps of dirty work clothes,
bathing muddy dogs and horses, and hot baths after a long day
of chores, I decided to supersize the system rather than rely on
our existing electric hot water tanks to make up for production
shortfalls. I settled on 80 square feet of flat-plate collectors and
selected a 120-gallon storage tank for extra storage capacity, to
tide us over during cloudy spells, winter months, and high-use
periods.

After specifying the collectors and storage tank, I needed to
choose a circulation pump for moving the antifreeze solution
through the system (see “Pick the Right Pump” in HP121). Without
circulation, temperatures in the collectors can climb as high as 400°F
and overheat the antifreeze solution—causing the glycol to break
down. As a result, the system loses its antifreeze protection, and the
solution must be drained and replaced.

The framework—
ready for insulation and a roof.

PV Module:

Uni-Solar, |n0llye SOIar HOt

21W

Water System

Potable
Hot
Backup Isolation Water
Valves Outlet

‘ Pump: Collectqrs: Two, Alternate Energy
March Technologies, AE-40, 4 x 10 ft., flat plate
809-BR,

12 VDC Solar Heat
Exchange Tank:

Rheem,

120 gal.

Isolation
Valve

Potable

Hot
Water
4 Outlet
(Q) Drain/Fill Valves (Q) Mixing Valve
Insulated
Expansion  Pressure Pressure
Tank Gauge Tank

Cold In From
Well
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DIY solar

The less expensive option is a standard 120-volt
AC pump, switched by a controller that receives
input from two or three temperature sensors, one at
the collectors and one or two at the storage tank. The
more expensive option up-front is a 12-volt pump
driven by a solar-electric module that powers the
pump when the sun shines. Though both of these
pumping strategies reportedly work well, I put my
faith in the sun and a 21-watt PV module. In our
remote location, where utility outages can be counted
on, the sun is a more reliable power source.

Solar Siting

Oncel’d specified the components, deciding where
to mount the collectors was tricky. A variety of
factors came into play, including limiting shading
of the collectors, roof strength, insulation, and
aesthetics. In our area, getting a local building
permit to add weight to an existing roof is either
difficult or impossible. With retrofitting out of
the question, and to preserve views and avoid
disturbing some nearby landscaping, I decided

to mount the collectors on the roof of a purpose- The almost-complete closed-loop The completed plumbing, wrapped
built shed just south of our home. plumbing. The original spring-type with high-temperature insulation
check valve was replaced. and equipped with a swing-type
check valve.

The well-insulated shed was sized just large enough to
accommodate the tank and mechanicals.
The shed’s insulated interior accommodates the storage

tank and other mechanicals. This saved space inside the
house and simplified the plumbing between the collectors
and storage tank, making it shorter and limiting heat loss.
As an unexpected benefit, the collectors” position on the shed
allows the early morning sun to hit the exposed backside of
the collectors, which causes a slight temperature rise in the
closed loop even before the sun hits the glazing.

\ J Lessons Learned
e Although no two DIY installations are ever identical, systems
do share some similarities. The first mantra for a successful
installation is that good planning goes a long way. Here are
some valuable lessons I learned from my installation.

Map out your plumbing route. Put some thought into
how your new feed line will run from the SHW storage tank
to your pre-existing hot water tank. Look for a route that will
provide short-term benefits (ease of installation) and long-
term dividends (shorter lines for less heat loss).

While connecting the two existing tanks and the new tank
in the shed, I spent a lot of time getting cozy with tight crawl
spaces while soldering pipes, pressure-testing connections,
adding support for and insulating the pipes, and then
installing temperature sensors. If possible, use an above-floor
route that is more installation-friendly than mine.

Prepare for high heat. The hot closed-loop exchange
pipes between the collectors and the solar storage tank call
for special insulation that can withstand high temperatures.
Ordinary foam insulation sleeves are not designed to hold up
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The flat-plate collectors in place, but not yet plumbed.
The collectors were canted slightly to the right to facilitate
drainage and thermosiphoning.

against the higher temperatures produced by solar collectors.
UV-resistant rubber pipe insulation rated up to 220°F works
well but can be difficult to find locally. The piping coming out
of the storage tanks is not subjected to the high temperatures
present in the closed loop, and ordinary pipe insulation
works well.

Keep the heat. Insulating your existing hot water tank will
keep heat loss to a minimum. I added fiberglass insulation
blankets to both storage tanks.

Consider your source. The warmer your source of
domestic cold water, the hotter your output from a solar
hot water system. Our home is fed by a 98-foot well with
50°F water. Originally, our well’s pressure tank had no
insulation. As a result, the cold-water temperatures would
drop significantly in winter. When replacing our leaking
pressure tank, I wrapped the new tank with 6-inch-thick
fiberglass insulation, added several inches of solid foam-
board insulation on top, and enclosed the tank in a draft-
free wooden box. Now, in the winter, I get 45°F water
feeding the house and the solar storage tank, and no longer
have to heat the pressure tank with a 120-volt heat lamp to
keep it from freezing.

Pay Now, Save Later
As is true of most RE systems, the financial rewards for
solar-powered hot water trickle in slowly over the system'’s

Fundamental SHW Lessons

Check the valves. The package | purchased came with a spring-
controlled check valve, which has the advantage of working
either vertically or horizontally. However, this particular one
required more opening pressure than the circulation pump
could provide. After diagnosing the problem, | cut the pipes,
redesigned some of the routing, and switched to a swing-
type check valve. Though swing valves won't work vertically,
they open with less pressure and are more reliable over time.
Spending the extra $6 for this check valve at the start could
have saved me both time and money.

Avoid overheating. During low- or no-use periods, the glycol
solution in closed-loop systems can overheat if hot water in
the storage tank is not being drawn out for household use.
Our oversized system will sit idle occasionally when we are
gone on vacation. To avoid overheating, | added a manually
operated “vacation bypass” on the closed loop. In vacation
mode, this ball valve routes the antifreeze mix around the check
valve. This allows heat from the storage tank to thermosiphon
upward and radiate through the collectors at night, cooling the
water in the tank so it won't overheat the next day.

Check your thermostat. Before installing our SHW system, we had
to keep our electric tank-type heaters’ thermostats set relatively
high (145°F) to produce enough hot water to fill the bathtub. Now
that the electric tank is fed from the SHW storage tank, we found
that its thermostat could be turned down to 120°F.

Temper your hot water. Domestic water from SHW systems
can reach temperatures of 160°F or more, which is dangerously
hot for human use. A tempering valve mixes enough cold
water into the hot water line to prevent scalding water. Make
sure to place one where the hot water exits your final hot water
tank, and that will cover all the taps in the household.

Let the air out. Air bubbles in the closed loop can hamper the
flow of the antifreeze solution. Though | was careful about
filling the closed loop, some air bubbles lingered in the system.
A manual ball valve (to preclude leaks) topped with a Schrader
valve (to purge trapped air) allows you to manually release
trapped air without losing antifreeze. Place the two valves
at the highest point in your closed-loop system, where the
antifreeze solution exits the collector and air bubbles will
collect. You'll only need to use the valve once or twice after
filling the closed loop.

Calculate your optimum mix. The percentage of glycol in your
heat-transfer fluid depends on your local temperatures. Too
much glycol makes the mix more expensive and less efficient;
too little glycol leaves your system vulnerable to freezing and
breakage. For our local temperatures, the ideal mix is a 40%
glycol solution, which | determined based on recommendations
in Bob Ramlow’s book, Solar Water Heating.
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lifetime—which can range from 20 to 30 years. All said and
done, this project, including shed construction and mechanical
installation, took three months of spare evening and weekend
hours, and cost almost $7,000.

Since the system only came online in September 2007, it’s
too early to accurately predict our monthly savings, but I can
say that it has required little backup so far. By staying attuned
to the weather and running the big laundry loads on sunny
days, we minimize the number of kilowatt-hours we consume
from the grid to heat our water.

Compared to our monthly electric bills for the past six
years, the first three months of operation with the new system
show that our average usage has dropped by 547 KWH per
month. At our current rates ($0.07 per KWH), that reduction
amounts to a savings of $38.29 per month.

After accounting for the $2,000 federal income tax credit
and lower monthly bills, I suspect that we’ll likely have
recouped the expense of installing the solar hot water system
in eleven years—although it could be longer, depending on
future repairs. That payback time is more than reasonable
when you take into account that electricity rates have gone
up 19% in the last two years and will continue to climb, and
considering that I liberally sized my SHW system. Plus, the
new system nixed my plan to spend at least $1,000 on a new
front-loading clothes washer, which would have used less
hot water.

DIY solar

But the ultimate reward is a good sun-heated bath for
my aching joints after a long day of work—and knowing
that we are doing our small part to reduce demand on non-
renewable resources.

Access

Bob Inouye (email@inouye.us) lives with his wife Carol in the
foothills of the Cascade Mountains in Washington. The couple
happily shares 180 forested acres with horses, mule deer, elk,
turkeys, beaver, salmon, and steelhead. Solar hot air collectors are
next on their RE drawing board.

System Components:
Aero ® www.aeroflexusa.com e Pipe insulation

Alternate Energy Technologies ® www.aetsolar.com e Collectors,
circulator pump

The Alternate Energy Store ® www.altenergystore.com ¢ SHW
storage tank, thermometers, propylene glycol

Uni-Solar ® www.uni-solar.com ¢ PV module

Solar Water Heating, A Comprehensive Guide to Solar Water and
Space Heating Systems, by Bob Ramlow with Benjamin Nusz e
www.arthaonline.com/bookpage.html

World’s Leading Solar Lighting Conitrelics

Over 60,000 Sold
and Installed in
Over 40 Countries

* For street and security
lighting, parking areas,
bus stations and signs

e Provides 10 different lighting options

e Unique ON/OFF/ON option conserves
energy when the light is not needed

e Strong industrial design including
epoxy encapsulation

For further information, contact your
nearest PV distributor or Morningstar.

&) MORNINGSTAR

corporatlon

1098 Washington Crossing Road

Washington Crossing, PA 18977 USA

Phone: +1-215-321-4457 Fax: +1-215-321-4458
info@morningstarcorp.com

www.homepower.com
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with more capability

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

Is data logging really useful
in a system monitor?

When an offgrid system is first
installed everything usually starts
out working OK. But after awhile

it may not work quite like it used
to. Bad battery cell2 Solar panel
developed a problem? You can
download the last few weeks of
logged data to your computer and
compare it fo data recorded earlier
when everything was working

OK. Or email the file to some
other “expert” who can analyze it
without even coming to your home.

system data to help users

y care, increase conservation
ystem maintenance.
mp-hours ¢ Min/Max volts

ed ¢ Battery % full
¢ About $169

Bogart Engineeringe (831) 338-0616
Www.bogartengineering.com
19020/Two Bar/Rd: Boulder Creek, CA 95006 USA

The TriMetric

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

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

iherRentaMetin

SolLAR CONVERTERS INC.

We design mmmmm for your Renewable Energy Systems!

o

Linear Current

DG Battery Linear Voltage Generator
Boosters Autotransformers Desulphators Boaosters Starters

Increases Solar Purmp BiDirectionad DEDC Keaps 8 Constant Bapery | | Stans / Sfops Gensels Bated

Performance Canverior Extends Batiery Life Voifage io your Eguipmend on Batfory Charge
12N Y@ T amps » Bialinry Bialancer | Equalizer | | + Recovers Solphated Bafteries | | « Change a Batiary from & * Single unil 12 0 48V
'MPPT « Comvarts Balliey Powed o « Sirgls il 1216 4B Y Liowwster Veriae Biafeery o P « Cawilriia avy Ganarstsr
* Voltage Limiled Diferent Voltages « Adustable Puise Sirergm « Witer Pump Booster and = Tomp. Compensated
 Fused Ouiput +Up | Deren Corverter Certroder
aL=o... ~MPPT Power Tracker™ Charge Controllers - Voltage Controlled Switches

= Cathodic Protection Controllers = Solar Lighting Controllers

Please visit www.solarconverters.com for MORE products and details
€4-199 Victoria Road 5., Guelph, ON, N1E 679, Canada Phone: 519-824-5272 Fax; 519-823-0325 E-mail: info@solarconverters.com
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Remote Homes, Water: thpmg, RVs
L and Telecommumcat!ph 5575{.11’5'

Call'one of our: ™
§ % . SolarDesigngliechnicians to
e help aleagn the right 5y5tem for: you =

P i v s s

c %\T!?HEHEHABLEB

Best value
Fully featured
Easiest to install

1 GRID-TIED INVERTERS

1.8kW, 2.5kW, 13.2W, BOKW, B2HW, B5kW

tel 67 E.683.6700
fax:978.683.9702

hp@isolren.com

www.solren.com

www.homepower.com

Quality First!

T™
Inc.

SOLAR PUMPING PRODUCTS

Brushless DC Submersible Pumps
up to 2 HP. Heads up to 650 feet
and flow rates up to 250 GPM.

SCS SERIES
BRUSHLESS DC

SDS SERIES

SUBMERSIBLE PUMPS

SUBMERSIBLEIEUMPS Diaphragm Submersible

Pumps with heads up to
230 feet and flow rates
up to 5 GPM.

SCB SERIES

Centrifugal Booster Pumps
from 24 volt battery home
pressure systems to 180
volt panel direct systems,
6 GPM to 30 GPM.
BOOSTER PUMPS

SC-P SERIES

DC Pool Circulating Pumps
from %> HP to 1 ¥ HP,
20 GPM to 100 GPM.

PCA & PCB SERIES

-lf..n Micro-processor based pump
F controllers up to 3 HP.

Current boosting and voltage
boosting models available.

SHARP

For more products and services
check our web site on-line at:

www.sunpumps.com

1-800-370-8115
(928) 348-9652
Fax: (928) 348-9653

PUMP CONTROLLERS

Phone:
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Bogart Enclnesering

App'ication-'The PentaMetric is a three-channel

DC monitor that can record energy produced and used in DC
systems, as well as battery state of charge (SOC).

System.' We installed a PentaMetric in my family’s
complex, off-grid renewable energy system, to independently
monitor the production from three wind generators.

Operating a renewable energy system without metering is like
driving a car without instrumentation. Can you imagine not
knowing how fast you're going, what your fuel level is, that
your alternator is not functioning, or that your oil pressure or
engine coolant temperature is at a dangerous level?

Good metering is also important in a renewable energy
system. In one common configuration, Bogart Engineering’s
PentaMetric DC monitor provides in-depth information on
the SOC of your battery pack, and also independently
monitors two additional RE inputs, such as a PV array and a
wind turbine.

entaiVletric

Battery Monitor

by lan Woofenden

The Importance of Good Metering
An off-grid RE energy system can have a variety of needs for
metering, including:

*  Battery SOC

* PV, wind, hydro, or engine generator charge amperage,
wattage, and watt-hours produced

* Load amperage and wattage

Battery SOC metering is essential in battery-based
systems. It shows you how much energy you can use, and
when you need to conserve energy or start the backup
generator. General SOC information is usually displayed
as a percentage of “fuel” remaining in the battery bank. In
addition, some battery monitors track historical data, like
the last time the battery bank was fully recharged or how
many days it has been since you've equalized the pack.
Good information is an important tool for maximizing the
life span of your battery pack.

While most off-grid systems use a battery monitor to
track battery SOC, separate production metering is useful
for verifying that your generating sources are working as
expected and within specifications. Without it, you may
not even know if your whiz-bang wind generator is barely
producing, or that you are not getting full output from
your PV array, which could indicate a bad connection in
your wiring.

Load metering is also a good tool, helping you know how
much energy your appliances are consuming. While most or
all of the appliances used in off-grid homes these days are
AC, if you are running DC appliances like a freezer or pump,
the PentaMetric can track their energy use independently.
It can give you a clear picture of whole-house or specific
appliance energy use. And you can monitor the benefits of
energy-efficiency upgrades to your home. The PentaMetric
is only capable of DC load monitoring and/or whole-system
monitoring of the DC output to a battery-based inverter—it
will not monitor AC circuits.

Company & Products

Bogart Engineering is a small family business in northern
California that has been making electronic equipment for the
RE industry for almost 15 years. Owner Ralph Hiesey has a
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RE

List Price: $418 for input and display; $100 additional for
computer interface

Warranty: 1 year

Compatible with 12 to 48 V nominal battery banks
Total draw of both units is 1.5 W, maximum
Input and display units are each 41/4 x 61/2 x 13/4 inches

Computer interface is 4 x 2 x 1 inches

Voltage—two battery banks
Amperage—three channels
Amp-hours—three channels
Cumulative battery amp-hours—two channels
Watts—two channels
Watt-hours—two channels

Battery SOC—two channels

Days since charged—two channels
Days since equalized—two channels
Temperature—max. and min.
Aucxiliary relay

Audible and visual alarms

Comprehensive datalogging
Three-channel capability
Many features

PC interface

Audible low-voltage alarm

Many features—complex

Less than user-friendly interface and documentation

background in math and electrical engineering, and has lived
off grid with a PV system since 1985. Early on, he realized
the importance of understanding his system and decided to
design a meter to help him do this. In 1993, he introduced the
TriMetric battery monitor, which has been widely used in RE
systems over the years. It monitors voltage, amperage, and
amp-hours, along with a range of additional data, via a single
shunt (see “What’s a Shunt?” sidebar, above right).

About two years ago, Bogart released the PentaMetric,
which can monitor information from three individual shunts.

A shunt is an electrical device

that has a precisely measured

resistance. It is normally

wired into the negative lead

of a renewable energy system

between the battery and its

charging sources and loads. The large lugs on the shunt
provide a means to wire it in series with the circuit to be
measured. The small screws (Kelvin terminals) receive
the sensor wires that go to the meter.

Measuring voltage drop across the shunt’s precisely
calibrated resistance allows a meter to calculate the
amperage through the shunt, using Ohm'’s law (Amps
= Volts + Ohms). So a meter can become a “bean
counter,” using internal programming to calculate the
charges (amp-hours) and therefore energy (watt-hours)
moving in the system.

Many off-grid renewable energy systems are hybrids, with
more than one energy source, and the PentaMetric makes
it convenient to concurrently monitor, for example, battery
SOC, solar-electric input, and wind-electric input.

Physical installation and wiring of the PentaMetric was
straightforward. The meter includes an “input unit” to
collect and process the data obtained with its nine-pin wiring
connector and the display unit. Shunts and sensor cabling
were not included with the meter. We flush-mounted the
display unit in a large, metal enclosure that houses additional
metering for our system, and we surface-mounted the input
unit inside the same box.

We already have a TriMetric functioning as a battery SOC
meter. Since we wanted to monitor three wind generators,
we didn’t use the battery SOC function on the PentaMetric.
We installed three 100-millivolt/100-amp shunts in the
negative runs between the wind generator DC outputs and
the battery pack. The sensor wiring took some delicate work,
but the diagram in Bogart’s detailed manual clearly showed
us what to hook up where.

Setting up the PentaMetric’'s programming was less
straightforward. This unit, as the extensive manual admits, is
“complex.” Iwould say that it’s too complex for most RE system
owners, techno geeks aside. Its many features are undoubtedly
useful, but for me, understanding and programming all of
them seems like a complicated chore. We initially had trouble
getting the meter to function properly but eventually figured
out that we needed to switch an obscure setting to get all three
channels to read production accurately.

www. homepower.com



view

PentaMetric designer Hiesey says that one explanation
of the “Penta” in the product name is that there are five
main buttons across the display unit. (It also has five input
channels—two for voltage and three for amperage.) These
buttons allow you to display five categories of data, including
volts, amps, amp-hours, watt-hours, SOC, and number of
days since charged. These fields are user programmable, and
the display has handy plastic pouches for labels—your own
or the ones provided with the meter.

We set up our meter to measure voltage, amps, and
amp-hours, the appropriate categories for monitoring our
three wind turbines. I was initially excited to read that the
PentaMetric would display charging data in both watts and
watt-hours, but this feature is limited to only two of the
three meter channels. I hope that in future versions, we'll see
watts and watt-hours on all three channels, since these are
the measurements most people are used to working with.
After all, we buy and sell electricity in kilowatt-hours, and
measure the rate of energy use and generation in watts.

One great feature we did not use is the optional computer
interface, which allows you to program the meter and log
data via a Windows-based computer. Since we’re a Mac
household, I haven’t tried this, but I gather it makes the
programming and information analysis much easier. The
computer interface can store months of data, depending on
the frequency and number of measurements taken.

Don’t expect this meter to be plug and play, or completely
intuitive. It is indeed complex, and the documentation, while
complete, is not easily comprehended. Hiesey is the first to
admit that this meter is not for everyone. Bogart’s TriMetric
battery monitor will serve the needs of most off-grid RE
system owners, who primarily need to keep track of battery
SOC. For more complex systems, and for system owners
who want to quantify the energy produced and used in
their systems, the PentaMetric can do the job. Check out the
product instructions on the Bogart Engineering Web site to
see if it’s appropriate for your system. We've found it to be
a useful device for comparing wind generator outputs, both
instantaneous and cumulative. The PentaMetric is a good
addition to our stable of meters, and the company gives great
support when needed.

lan Woofenden (ian.woofenden@homepower.com) lives off grid
in Washington’s San Juan Islands, and spends a bit too much time
watching the meters on his solar-electric, wind-electric, and solar
hot water systems.

Manufacturer: Bogart Engineering, 19020 Two Bar Rd., Boulder
Creek, CA 95006 ® 831-338-0616 ® Fax: 831-338-2337
bogart@bogartengineering.com ¢ www.bogartengineering.com

2008 workshop schedule coming soon!

Topics include:

0O PV (Solar Electric)
0 Wind Electric

O Solar Water Heating

midwest renewable energy assocation

O Solar Space Heating
O Biodiesel & Veggie Fuels O Energy Efficiency
0 Alternative Construction

O General Renewables

0 Sustainable Living

call 715.592.6595 or click www.the-mrea.org for more information
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Get Solar Access and Shading Data On-Site

with the Touch of a Button!

SunEye” GPS Module

- Automatic location detection for each skyline

The Solmetric SunEye’is all you need.
« Integrated fish-eye lens and digital camera

« Instant on-site sunpath images and bar charts « Easily add to existing SunEyes in field

- Accounts for panel tilt and orientation ..
P Now shipping the new SunEye-110
with twice the camera resolution
and 4 times the memory!

Solmetric

1-877-263-5026
info@solmetric.com
www.solmetric.com

Energy Efficient . . o

Refrigerators and Freezers

Availablein 12/24V DC or new 120V. AC
Runs on 70 watt panel and 110 amp/battery in most climates!

- Simulates removal of shade-causing obstructions
- Automatically generate reports and archive data
« Fully compliant with EPBB rebate requirements

' D___| 2007 Top-10

Green Building Product
‘ % GreenSpec® LISTED |

www.BuildingGreen.com

Contact us at FEATURES:

(915) 821-0042 « Thickpolyurethane!insulation
Yvww.SunDanzer.com + Patentedilow;frostisystem
infe@SunDanzer.com . Automatic operation

« Easy/tolcleanlinterior
o Interiorlight

Muti Stage DC- DC Converters

Pure Sine Wave Battery Chargers
Inverters with
Commerclal Grade transfer switch
Pure Sine Wave

Light Duty Inverters NEW BATTERY MONITOR :
Pure Sine Wave p——
Modified Sine Wave Inverters iy
Inverters - L
k...
Samlex America Power Conversion Solutions are available through: —
™ alternative energy store M Wm‘l .EK‘IIEHE & TEEEEH www.samlexamerica.con|
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Independence s
IN NICARAGUA

Several remote communities along Nicaragua’s Caribbean coast now enjoy the benefits of
clean energy produced by PV and wind-electric systems.

n the hills
Nicaragua's Caribbean

along

coast, hand-built wind turbines
spin with the seaside winds,
providing remote villages with
clean electricity for lights, CB
radios, and small appliances.
In these communities, where
indigenous Mestizo and Creole
people live in thatch-roofed
huts, even a small amount
of clean electricity can have a
huge impact on their quality
of life.

With nearly half the world’s inhabitants and only a fraction of the world’s
wealth, developing countries such as Nicaragua are more susceptible than
developed nations to the crippling financial effects of rising fuel prices. Unlike the
coal-based United States, Nicaragua is particularly vulnerable, since nearly 80%
of its electricity is fueled by imported oil. Along the country’s Caribbean coast,
where approximately one-tenth of the country’s population lives, the situation is
particularly grim. More than 70% of the region does not have electricity, according
to Nicaragua’s Ministry of Energy and Mines (MEM).

As the poorest region in the country and the second poorest in the Western
Hemisphere, Nicaragua’s Caribbean coast suffers from high unemployment,
illiteracy, and primitive health care. A thick jungle to the west and inadequate
infrastructure—a lack of roads and bridges within the region and connecting
to inland points—isolates the coastal communities from fruitful commerce,
contributing to massive migration to the country’s bigger cities.

But one nonprofit organization—blueEnergy—is making a difference in this
region by providing affordable and sustainable energy solutions that empower
these small communities and the people in them. Because blueEnergy manufactures
wind turbines and other key components locally, they can keep energy costs low
and improve equipment serviceability, while boosting employment where it is
desperately needed. And, with this less expensive energy, they can also help foster
sustainable economic growth. Fourteen local men and women are employed at
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blueEnergy’s locations throughout Nicaragua, receiving on-
the-job training, RE know-how, and computer skills.

A Shift to Sustainability

“With diesel fuel more than $5 a gallon and difficult to
transport, and no hydro power nor geothermal resources,
wind is a natural and preferred choice for Nicaragua’s
Caribbean coast,” says Mathias Craig, the executive director
and cofounder of blueEnergy.

The organization got its start in 2002 as a class project
at the Massachusetts Institute of Technology before being
incorporated in 2003 and opening offices in France, Nicaragua,
and the United States. Its mission is to develop a model
of low-cost, sustainable electrification of remote, off-grid
communities that can be replicated around the world.

For now, the organization focuses its efforts exclusively
on project development in Nicaragua, where the MEM
expressed interest in using blueEnergy wind turbines
countrywide for unmet energy needs. BlueEnergy maintains
offices in Managua and Bluefields, and the organization
has built and installed eight energy systems along the
Caribbean coast.

In the Meskito community of Kakabila, a new
system—200 watts of solar-electric modules and a
1-kilowatt wind turbine mounted on an 80-foot tilt-
up tower—provides electricity for two schools and a
community center. Further north, strong and smooth
coastal winds propel a new 1 KW turbine on a 40-foot tilt-
up tower, which provides primary power for a school in
the small fishing community of Set Net.

“The solar resource on the Caribbean coast of Nicaragua
isn’t stellar, but it’s good,” Craig says. “We use small amounts
of solar electricity to supplement energy production during
low-wind months. This allows us to size our wind system
optimally and use smaller battery banks for energy storage,
thereby reducing life-cycle cost.”

Wind at Work

BlueEnergy’s systems are assembled locally at a wind-
powered shop on a campus of the National Technical
Institute, a government-sponsored secondary school for
aspiring engineers, mechanics, and technicians. In June,
the crew completed its third and largest energy system
installation at the Bluefields location—a 12-foot-diameter,
1 KW turbine mounted on a 100-foot lattice tower.

In the shop, equipped with two welding machines, an
air compressor, an acetylene torch, and other modern
shop tools, a crew of local employees and international
volunteers work year-round, fabricating hybrid wind/
solar systems. Wind turbines are based on wind guru
Hugh Piggott’s design, which uses locally available
metal and parts. Other equipment is purchased from
nongovernmental organizations and RE distributors in
Managua (see “Sustainable Energy at Monkey Point”
sidebar).

www. homepower.com

A blueEnergy volunteer carries a PV module down a narrow
jungle path to the installation site.

In addition to electrifying schools and community centers,
blueEnergy’s systems serve as community battery-charging
stations. With a loan of approximately $400 through a local
microfinance agency, community members can purchase
battery kits, which include a 12-volt, deep-cycle, 105-amp-
hour battery and a battery box. These batteries can power
lights, radios, and small appliances at homes or businesses.
Users pay a small fee to charge their batteries, with the
cost determined jointly by the community and blueEnergy.
Revenue earned goes into a community energy fund, which is
used to operate and maintain the renewable energy systems.

Community Collaboration

BlueEnergy relies heavily on word of mouth and community
meetings to attract new projects. In most cases, the villages seek
out blueEnergy after seeing a system in a neighboring village.

The process begins with an assessment to determine
if an RE system would be appropriate for the community.
Based on established criteria, blueEnergy evaluates the local
electrification need, site-specific wind and solar potential,
and most critically, how the community organizes itself and
handles community responsibilities.

BlueEnergy systems are custom designed for every
application, with costs typically ranging from $10,000 to $20,000
for an installed system. This cost is expected to go down as
blueEnergy expands its operations. Through grants and private
donations, the nonprofit currently bears all the monetary costs
associated with manufacturing and installing the systems.
Instead of cash, the community contributes a fair amount of
equity in labor, food, lodging, transportation, and, occasionally,
materials for sheds or storage buildings to house components.

“It is absolutely critical that the community understands
that they have to give something up to get the system,” Craig
says. “We give them the ideas, but they have to be willing to
work for it and take ownership of the system.”

(continued on page 98)
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Mathias Craig remembers the night last summer when the lights came on in Monkey Point,
Nicaragua. “l was in awe,” the 29-year-old blueEnergy cofounder says, recalling the laughter
and excited chatter that rang throughout the crowded school building after the community’s
hybrid wind- and solar-electric system was up and running.

For the 300 residents of Monkey Point, a remote village roughly 30 miles south of Bluefields on
Nicaragua’s south-central Caribbean coast, the moment marked the first step toward freedom
from generators and lanterns fueled by expensive, imported diesel fuel. The hybrid wind-PV
system, the community’s first renewable power source, provides about 150 kilowatt-hours
(KWH) of electricity per month—enough to power lights for the school and a community radio,
and to charge batteries for the health clinic and eight homes.

Configuring Components

A blueEnergy team member flew to Managua to purchase the PV modules, batteries, and other
electrical components. This equipment arrived days later after first traveling by bus and, then,
by supply boat on the Rio Escondido. Meanwhile, back in Bluefields, the crew got to work
constructing the wind turbine and tower. Here's a look inside their process:

Electrical. The electrical assembly is key to transforming the wind into electricity. The wind
generator’s stator, a metal plate embedded with twelve copper coils and sealed with resin, is
precisely positioned between two metal plates (“magnet rotors”) embedded with powerful
neodymium magnets. As the blades of the turbine spin, the magnetic flux created between
the magnet rotors cuts through the copper coils, inducing the flow of electricity. The wild
alternating current (AC) produced by the turbine has variable voltage and variable frequency,
which is rectified into direct current (DC). In the power shed, the DC goes through a charge
controller to a battery bank that stores the wind-generated electricity. An inverter converts the
DC into AC needed for common appliances.

Preparing to lower the tower.

Village children help carry conduit from the boat. BlueEnergy’s Nicaragua director Guillaume Craig (center)
works with community members to attach blades to the turbine.
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In the shop, blueEnergy team members test the stator (left) and
set rotor magnets in resin (right).

Mechanical. The turbine’s three blades start out as thick,
rectangular blocks of locally harvested caoba hardwood. Over
three days, woodworkers use a mix of saws, drawknives, planes,
chisels, and sandpaper to shape the each block into a sleek
airfoil—6 feet in length to match the size and power of the
alternator. To protect the wood from the elements, the blades
are then painted with multiple coats of fiberglass resin. The
blades, magnet rotors, and stator are bolted to a metal frame
that workers fashion from welded angle iron. Layers of plywood,
fiberglass, and resin form the tail vane that is attached to the
back of the turbine body on an angled hinge. Together, the tail
and hinge make a passive furling system that turns the turbine
out of high winds to protect itself.

Tower. BlueEnergy’s metal workers assemble the tilt-up tower
from domestically available 20-foot sections of steel tubing,
about 4 inches in diameter. At the shop, the 5/16-inch steel cables
used to anchor the tower at the site are cut and then painted to
protect the cables from corrosion.

At the Site

Monkey Point is only accessible by a five-hour boat ride across
often-rough waters, and crew and equipment were transported
in traditional open-top wooden boats. Torrential rains and wicked
winds plagued several of the voyages, leaving blueEnergy’s crew
members scrambling for refuge beneath garbage-bagged gear
and any covered nook or cranny in the boat’s well.

After hours of bailing water from the bottom of the boat, crews
arrived to face the greatest challenge of the installation: carrying
30 bags of cement, an 80-foot tower, hundreds of feet of cable,
and all the other components and tools up the muddy, steep path
to the top of the hill.

Several of blueEnergy’s most industrious members had helped
the locals prepare the site weeks before the equipment and
rest of the crew arrived. For six days straight, this team worked
through unforgiving heat and humidity, digging five holes—
about 6 feet deep, 6 feet long, and 3 feet wide—for the anchors
and the tower’s foundation.

Four anchors for the guy cables were fashioned out of 10-foot
lengths of 3/4-inch rebar, which were bent at the workshop to form
a hook at one end. The hooked end was connected to a rebar grate
at the bottom of each hole and surrounded by about 100 pounds of
concrete. After the holes were backfilled with dirt, only the top piece
of each anchor protruded from the ground. Pre-drilled, triangular-

Children proudly gather around a wind turbine that provides
pollution-free electricity for their community center.

shaped metal pieces were welded to the rebar to serve as the
connection point for the guy wires that support the tower.

A few weeks after the anchors had been placed, the full blueEnergy
crew, about 12 people, arrived back at the site. Over several days,
the system was assembled on the hilltop, which offered another
challenge: stringing the power transmission cable safely through
150 feet of thick jungle. The method of choice: tying a rock to one
end of a string and launching it through Y-shaped branches along
the path, then pulling the wire with the string. Four machete-
wielding volunteers braved spiders and lizards to clear the way for
the wire, while launching lines through the forest canopy.

Since the villagers had already constructed a storage shed for the
balance of system components, mounting the PV modules on the
roof and making the final connections was fairly straightforward.
The highlight of the installation came on the last day in one
glorious moment, when more than 20 volunteers and community
members secured the guy wires to their respective anchors, and
raised the tower and wind gennie into the air.

Powerful Potential

With some wind, a little sunshine, and the flick of a switch, life
in Monkey Point is changing. A school building that once sat
vacant after sundown now serves as a community center for
meetings, celebrations, and late-night church services. Families
that once relied on jars of diesel fuel with burning rags for light
now read by electric fluorescent lights or listen to worldwide
events on the community radio. “We are living in an historical
time,” says Pearl Watson, a resident and nurse in the community.
“Having electricity in Monkey Point is truly something great for
our development.”
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remote energy

To this end, blueEnergy asks the community to form an
energy commission, made of six to eight members who are
elected by the populous. This group serves as a tool through
which the community manages the system.

It is the community’s responsibility to maintain the system
once it has been installed. Regular preventive maintenance
involves lubrication, stripping off corrosion from the turbine
housing, sanding down any defects in the blades, and
repainting the body of the turbine. The blueEnergy team
provides an extensive training program that prepares
community members for these tasks, and commits to helping
local operators work through problems and repairs.

“By the time we leave, the communities understand how
to fix and care for the system, but whether they choose to
follow through in the long term and adopt renewable energy
as a way of life, only time will tell,” Craig says. “So far, the
people have taken good care of their RE systems.”

Effecting Real Change

By providing power to schools and community centers,
blueEnergy hopes that RE-generated electricity will improve
the standard of living and empower people to work together to
coordinate future clean energy systems. With electricity comes
hope that these communities can open night schools, where
those who must work in the fields during the day can learn
to read and write—under lamps lit with renewably generated
electricity. Someday, additional turbines in these communities
may also support refrigeration for freezing fish and systems for
purifying contaminated well water. And in time, blueEnergy’s

systems may help promote cottage industries, and allow the
region’s primitive health clinics to improve with new technology
and top professionals.

As one of its first moves after winning the elections in 2006,
the Sandinista government prioritized energy as a key national
issue. With the deteriorating condition of old petroleum-
based power plants worsening an already significant energy-
production deficit, the MEM is actively searching for ways
to meet energy needs with new investments in renewable
generation. Craig says that the MEM has invited blueEnergy
to the discussion table, and that they are in the process of
discussing how blueEnergy’s electrification model could be
replicated throughout the coastal region.

“I feel tremendous satisfaction when I see that—four years
after our humble beginning—people are starting to believe
in our vision, and are starting to think about the future and
the importance of sustainability,” Craig says. “The attitude is
infectious, and we can see it spreading in all facets of the lives
of our employees and the community members we serve.”

Access

Andreas Karelas (andreas@resource-solutions.org) has a dual
master's degree in International Affairs, and Natural Resources and
Sustainable Development. He lives in San Francisco and works for
the Center for Resource Solutions with the Green-e Energy program.

BlueEnergy ® www.blueenergygroup.org

Hugh Piggott ® www.scoraigwind.com ¢ Homemade wind

generator plans

ELECTRO AUTOMOTIVE

Electric Car Conversions Since 1979
Books —= Videos —== Kits —==Components

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

—=z="Convert It"

We wrote the book on electric car conversions - literally!

Send $30.00 postage paid for this hands-on how-to conversion manual,
written in plain English for the home hobbyist mechanic.

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

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

P.O Box 1113-HP, Felton, CA 95018-1113 — 21> 831-429-1989

WWW.ELECTROAUTO.COM

ELECTRO@CRUZIO.COM
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« Eachsegment weighs 200ibs.
or less for easy handling with
just 2 men and a truckl

« 33 & 50 Foot Models Availablel

Green Ridge now offers a
NEW permanent hinge plate
that is used as the foundation
template. A safe removable
hinge plate is also available!

(Call 1-88B- TEC-WIND,

1-888-832-0463
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“Déaler near you
£ pr visifas'at:
I, GreenRidgeEnergy tom

www.homepower.com

DR

A =
PV PERIPHERIALS
Simple......

acme conduit entry (ACE)

hassle free wire transition, any conduit type

-

Avalible for: Professional e
Solar, UniRac, DP&W

Power Rail, Two Seas,

Schuco

washer, electrical equipment bond (WEEB)
bonds modules to racking for safer grounding
listed to UL 467

Secure......
o acme cable clip (ACC)
; easy install;.atilon, non cl:orrosive
— Availal::af:)? uessézsaﬁepv Wire
Accurate......
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acme solar site evaluation tool (ASSET)

solar site evaluation with user friendly software

WILEY

ELECTRONICS LLC

T Far Energy

www.we-llc.com= - 845.247.2875 or 845.633.2065
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Ground-Fault Protection
iIs Expanding

John Wiles

Sponsored by the U.S. Department of Energy

In 1984, engineers at the National Fire Protection Association
(NFPA) directed the PV industry to propose Section 690.5 for
the 1987 National Electrical Code (NEC), which would require
a ground-fault protection device (GFPD) on PV systems
installed on dwellings. This requirement resulted from a
presentation by engineers from a national laboratory that
showed a PV module that had been subject to a ground fault
and had subsequently caught fire and melted down. The
engineers failed to mention that this was a prototype, unlisted
PV module, the module was on a concrete pad, and that
ground faults in PV systems were somewhat rare. So it’s not
surprising that these firefighters concluded that PV ground
faults lead to fires, and directed the engineers to submit the
proposal. However, when the requirement was established,
no GFPDs existed for PV systems.

In 1989, I joined the PV industry as a full-time employee at
the Southwest Technology Development Institute. One of my
first projects was to develop prototype hardware that could be
used to meet the new Section 690.5 requirement. In the 1987
Code, the requirements for this fire-reduction device were to:

Ground-Fault Current Paths

Positive
Ground Fault

Metal Conduit

1. Detect ground faults in PV arrays mounted on the roofs of
dwellings

Interrupt the fault current

Indicate that a ground fault had occurred

Disconnect the faulted part of the PV array

o~ wN

“Crowbar” (short-circuit) the PV array

The original GFPD prototype was developed in two
versions that were similar except for voltage rating. The
basic concept was to insert a 0.5- or 1-amp circuit breaker in
the DC system-bonding conductor. This device connected
the grounded circuit conductor (usually the negative) to the
grounding system (the point where equipment-grounding
conductors and the grounding-electrode conductor are
connected together). Any ground-fault currents must flow
through this bond on their way from the ground-fault point
back to the driving source—the PV module or array (see
illustration). When the current in this bond exceeds the rated
0.5 or 1 amp, the circuit breaker trips to the open position.
This action interrupts the fault current, even when the fault is

DC Inverter
Disconnect

1
1
|
1
Ground |
1
1
1
1

Conductors

DC Bonding
Connection and
0.5 -1 amp GFPD
Fuse or Circuit

Negative Breaker
Fault Equipment
Grounding

DC Grounding
Electrode

----- Example positive conductor faulted to PV module frame. Path of positive ground-fault currents—return to source.
----- Example negative conductor faulted to metal conduit. Path of negative ground-fault currents—parallel negative current paths.

Note: All ground-fault currents must flow through the DC bonding connection.
Any time positive or negative ground-fault currents exceed ground-fault fuse/breaker rating,

that device opens and ground-fault currents are interrupted.
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Clockwise from upper left:
One-pole, ground-fault
protective device for a
48-volt PV system.

Two-pole, ground-fault
protective device for a
48-volt PV system.

Four-pole, ground-fault
protective device for a
48-volt PV system.

many feet away—on the roof of the building, for instance—
and indicates that a ground fault has occurred. These actions
satisfy requirements 1, 2, and 3.

This small circuit breaker is mechanically linked to
between one and four large, 100-amp circuit breakers that
open when the smaller, fault circuit breaker opens. These
added breakers are connected in series with each of the
incoming ungrounded conductors from the PV array and
they disconnect the PV array from the rest of the system,
thereby meeting requirement 4.

Requirement 5 was added to reduce the PV array voltage
to zero by shorting the positive and negative conductors
together to minimize a potential shock hazard. In the original
GFPD design, this was accomplished by using either a
motor-driven circuit breaker on 48-volt systems or by using a
solenoid-driven (closed) shunt-trip breaker on higher-voltage
systems. This fifth shorting requirement was later removed
from the NEC when it was determined that it might be
possible to damage a “new technology” PV module by short-
circuiting it. Although that module never materialized, the
crowbar requirement was not reintroduced—even though the
PV wiring can handle the worst-case short-circuit currents,
being oversized by a factor of 125%. It is an impressive
demonstration (with a bright flash and a loud bang due to
the DC arc) when circuit breakers rated at 750 volts close
and short-circuit a 100-amp PV array that has an open-circuit
voltage of 600 volts.

Modern Ground-Fault Protection Devices
Early GFPD prototypes were released to the PV industry
in 1991. In 1997, a GFPD was manufactured for 48-volt
(and below) PV systems. Other ground-fault devices for
low-voltage systems soon followed, as off-grid, PV systems
became more common and were inspected more frequently.
As higher-voltage, utility-interactive PV inverters became
available in the late 1990s, using a 0.5- or 1.0-amp fuse as the
sensing element and the inverter’s control electronics to monitor
the fuse was more cost effective. The inverter’s fault lamp or
display indicated that a ground fault had occurred and the
inverter shut down, effectively disconnecting the equipment.

www.homepower.com
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Coming in 2008

The 2008 NEC will require GFPDs on nearly all PV
systems, including those mounted on commercial buildings
(nondwellings) and on ground or pole mounts. This
requirement was added to the NEC because an uninterrupted
ground fault on PV arrays can continue as long as the sun
is shining and may not be detected until significant damage
has been done. The possible arc from the ground fault and
the overloaded equipment-grounding conductors each pose
serious hazards.

Sizing equipment-grounding conductors using NEC
Section 250.122 for PV systems with fuses does not always
result in a conductor size that can withstand continuous
ground-fault currents. The conductor and overcurrent sizing
requirements for PV source and output circuit and the
current-limited nature of PV module outputs do not ensure
that overcurrent devices will open properly in a very short
time as they do on AC circuits. Therefore, a requirement
was added to interrupt the ground-fault currents on all PV
systems when they exceed the 0.5- or 1-amp trip value.

The overcurrent trip value for larger systems (greater than
10 KW) will be higher than for smaller systems and is still
under study. Before May 2007, inverters larger than about
10 KW had only partial GFPD functionality. They detected
the ground faults, indicated that the fault had occurred, and
shut down. However, they did not interrupt the fault currents.
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Ground-fault fuse location on a high-voltage inverter.

Now, with a change in UL Standard 1741 for PV inverters
and the 2008 NEC, all utility-interactive inverters will have
full functionality for ground faults and will act in a manner
similar to the smaller residential devices. Off-grid PV systems
with batteries operating at 48 V nominal or less need to have
a charge controller with GFPD built in, or an external device
will have to be added.

Small (two series strings or less) off-grid systems that
have no DC wiring inside or on a building will be exempt
from the GFPD requirement. A water-pumping system with
all circuits located away from a building is one example of
such a system. A few nonresidential installations, where
the equipment-grounding conductors are oversized by a
factor of about two above the circuit conductors, may be
exempt as well.

The AC Ground-Fault Issue

Common AC ground-fault circuit interrupters (GFCI) are not
designed to be backfed. The output of a utility-interactive
inverter connected to the load terminals and backfeeding
a receptacle or breaker GFCI, a 30-milliamp equipment-
protection, ground-fault breaker, or even a 600- to 1,200-amp
main breaker with ground-fault elements may damage that
device with no external indication of a problem. Any time
a utility-interactive PV system is installed, the entire AC
premises wiring system—from the PV inverter output to the
service entrance—should be examined to ensure that there
are no ground-fault devices in a circuit that may be subject to
backfeeding. Some of the newest ground-fault breakers in the
1,000 amp and larger sizes are listed as suitable for backfeeding,
but be sure to confirm that by reading the product literature.
Usually in a residence, the PV currents do not flow backwards
(load to line) through any ground-fault circuit interrupters
and there would be no problems. However, many commercial
buildings have main breakers that are ground-fault breakers,
and a PV system on such a building could subject the breaker
to backfeeding and possible damage.

Arc-Fault Circuit Interrupters
In some ways, arc-fault circuit interrupters (AFCI) are similar
to GFCIs and should not be backfed by PV inverters unless

listed and identified for backfeeding. The AFCI detects an
arcing line-to-line fault in a house’s AC wiring, in some cases
even in an extension cord, and shuts off power to that circuit.
The 2008 NEC requires their installation throughout the house
to increase the safety of electrical systems. DC arc-fault circuit
interrupters are not currently available.

However, a line-to-line fault in the DC wiring of a PV
array can pose danger. The PV industry and Underwriters
Laboratories are studying the issue to determine the
characteristics of a typical DC arc originating from a PV
system and how, if possible, to detect, control, and extinguish
that arc. This is not an easy task because the electrical sources
(the PV modules) in any system are widely dispersed and
numerous.

Finding Faults, Improving System Safety

In the United States, the number of PV installations
continues to increase year by year. Nearly all PV systems
will soon be required to have a GFPD. Efforts are
continuing to enhance the safety of PV systems for the
general public through revisions and additions to the NEC
and UL Standards. The goal is to have safe, reliable, and
cost-effective PV systems. The future of renewable energy
must be a safe one.

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 contact me. See the SWTDI Web site (below) for more
detailed articles. The U.S. Department of Energy sponsors my
activities as a PV industry support function under Contract
DE-FC 36-05-G015149.

Access

John C. Wiles (jwiles@nmsu.edu) works at the Southwest
Technology Development Institute, which provides engineering
support to the PV industry and provides industry, electrical
contractors, electricians, and electrical inspectors with information
on code issues related to PV systems. A solar pioneer, he lives in a
grid-tied, PV-powered home with full-house battery backup.

Southwest Technology Development Institute, New Mexico State
Univ., Box 30,001/MSC 3 SOLAR, Las Cruces, NM 88003
505-646-6105 ® www.nmsu.edu/~tdi ® See the Web site for
PV/NEC presentations

Ward Bower, Sandia National Laboratories, Dept. 6218, MS 0753,
Albuquerque, NM 87185 e 505-844-5206 ® wibower@sandia.gov ®
www.sandia.gov/pv ® Sponsor

The 2008 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
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and solar thermal installers. NABCEP’s high
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Renewable Energy Education
Jfor a Sustainable Future
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Presidential Energy

Walk into any bookstore, stop by any newsstand, or turn on the
television, and it’s undeniable. Finally, everyone’s talking about
the energy crisis—and just in the nick of time for campaign
season. All the buzz is fueling the ongoing conversation about
U.S. energy policy and forcing the candidates to go beyond
the normal lip service. But even with the green spotlight
shining brightly these days, getting the politicians on track to
a renewable energy future—one with climate change arrested
and reversed before it is too late—may not be easy. One of the
best ways to help is to get out there and exercise your vote.

When it comes time to select the next President, the
majority of Americans will choose between a Republican and
a Democrat. Why? Tradition, allegiance, ignorance, or perhaps
to make sure the lesser of two evils ends up in the White
House, sculpting our next of most critical steps in achieving
energy independence and reversing climate change.

Party Power

At the end of August, the Democrats will choose their nominee
for President at their convention in Denver. Days later, in
Minneapolis-St. Paul, the Republicans will appoint their
nominee. The party platforms adopted by the delegates at the
national conventions are the official statements of each party’s
position on a variety of issues. Not surprisingly, the individual
policy positions of the candidates often echo the philosophies of
the party from which they need support to win the nomination.
Only after the candidate earns the party nomination does he or
she have more power to set the party agenda. Understanding
these philosophies and platforms is key to understanding the
candidates and how this election will play out.

by Michael Welch

Republican Party. Known for its open allegiance to
business interests, the party leans toward the capitalist
principle that problems are better fixed by the hands of
business than by government involvement. The current
party platform from 2004, entitled, “A Safer World and a
More Hopeful America,” focuses largely on winning the
war on terror. Only a few paragraphs pay respect to the
environment. In the quest for “affordable, reliable, more
independent energy supply,” the platform pushes for oil
drilling in the Arctic National Wildlife Refuge (ANWR),
and encourages the construction of nuclear power plants as
an affordable, emissions-free means for addressing climate
change. In the alternative energy arena, the party promotes
research and investment, “to realize the enormous benefits of
a hydrogen economy and put the United States on the cutting
edge of energy technology.”

Democratic Party. Although the Democrat’s allegiance to
business is strong, it is tempered somewhat by an underlying
belief that government can make a positive difference in peoples’
lives. The party platform from 2004, “Strong at Home, Respected
in the World,” presents strategies for defeating terrorism and
promoting democracy before shifting to a discussion of energy
independence. The platform touts the need for RE and more
energy-efficient vehicles, including hydrogen and hybrid cars.
The party line for global warming seems to be “cap and trade,”
which limits greenhouse gas (GHG) emission totals, and allows
companies to bid for the right to pollute. The environmental talk
concludes with a promise to “protect Nevada from the high-
level nuclear waste dump at Yucca Mountain, which has not
been proven to be safe by sound science.”

The Candidates

Barack Obama ¢ www.barackobama.com. A media favorite
and one of the top “energy” candidates, Obama is calling for
GHG emissions to be cut 80% below 1990 levels by 2050 through
cap-and-trade auctions, rather than giving away pollution
credits for free to coal and oil companies. His energy plan details
everything from phasing out incandescent bulbs to reducing U.S.
oil consumption. According to his Web site, he will invest $150
billion over ten years to advance fuel technology, commercialize
plug-in hybrids, develop commercial-scale renewable energy,
and control pollution from power plants. He believes in the
continued use of nuclear energy, but he tempers that position
by toeing the party line against the disposal of nuclear waste at
Yucca Mountain.

Bill Richardson ¢ www.richardsonforpresident.com. This
candidate put it on the line, saying, “I am calling for a New
American Revolution—an energy and climate revolution.”

While other Democrats are holding at 80%, Richardson is
calling for a 90% reduction in GHGs by 2050—20% by 2020,
80% by 2040. Like most of his counterparts, he suggests a
cap-and-trade system to create incentives for the electrical
and industrial sectors. Though he voted in favor of the 1987
measure that designated Yucca Mountain as a nuclear waste
dump, he now says he opposes the project but supports
nuclear power as an energy option. As governor of New
Mexico, he enacted landmark legislation that requires utility
companies to generate 10% of their energy from renewable
sources by 2011.

Chris Dodd ® www.chrisdodd.com. This fifth-term senator
from Connecticut puts climate change on equal footing
with energy independence. He is among the crowd pushing
to reduce GHGs by 80% before 2050. True to his word,
he cosponsored the Global Warming Pollution Reduction
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Act, a climate bill that would establish a strict cap-and-
trade system for GHGs. His 14-point energy plan funds
research and development of RE and energy efficiency
(EE) with a corporate carbon tax—a bold position taken by
few. He opposes coal-to-liquid technologies and nuclear
power, and instead, advocates “historic” investments in
biofuels and other clean energy technologies. Like several
other candidates, he suggests that the government lead by
example by using hybrid and plug-in vehicles that run on
clean energy, and equipping all government buildings with
“the greenest technologies.” He voted “no” to drilling in the
Arctic National Wildlife Refuge and consistently votes for
the environment.

Dennis Kucinich ¢ www.dennis4president.com. As a five-
time re-elected Ohio congressman, Kucinich calls for a new
energy initiative as ambitious as President Kennedy’s effort
to send a man to the moon. He proposes a “Works Green
Administration” similar to the Great Depression’s Works
Progress Administration, to put people to work at green-energy
jobs. He would rejoin and implement the provisions of the
Kyoto GHG treaty, an international protocol for climate change
ratified by every participating country except the United States.
He talks openly about “sustainability” as the key to human
survival on Earth. He calls nuclear energy “unsafe, unreliable,
and unsustainable,” and has spoken out against the plan to
transport nuclear waste from nuclear sites to Yucca Mountain,
exposing millions of people to the hazards and risks. He votes
for any bill that promotes RE and energy efficiency, like the
recent Clean Energy Act of 2007, and consistently votes against
drilling in ANWR.

Duncan Hunter ¢ www.gohunter08.com. Though this
Southern California congressman hails from the land of
sun and surf, energy and environment are apparently not a
priority. He says he’d like to achieve energy independence,
yet his track record says otherwise. On energy issues, he
generally votes the party line or not all. Not only did he
neglect to vote on three of the last four energy-related
bills, but he voted against the Clean Energy Act of 2007. A
disbeliever in the science of human-caused climate change,
he says, “Few people in global warming can tell you exactly
what’s happening.” He voted for an Energy Bill amendment
to raise auto fuel economy standards, and he voted against an
amendment that would prevent drilling for oil in ANWR.

Fred Thompson ¢ www.fred08.com. This lawyer-turned-
actor-turned-Senator from Tennessee talks about reducing
GHGs, but his record doesn’t suggest a strong environmental
and energy conscience. Among the nonbelievers in the science
of climate change, he told talk-show host Paul Harvey, “Some
people think that our planet is suffering from a fever. Now
scientists are telling us that Mars is experiencing its own
planetary warming.” A supporter of nuclear waste disposal at
Yucca Mountain, Thompson also voted in favor of drilling in
ANWR, and defunding solar and renewables. In a December
speech promoting drilling in ANWR, he also called for more
“coal and nuclear power.”

www. homepower.com
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Hillary Clinton ® www.hillaryclinton.com. This New York
Senator and former firstlady says we need to take “sensible first
steps,” such as “clean coal,” biofuels, renewable technologies,
and improved auto fuel efficiency, to slow down climate
change. Her plan to reduce GHGs and oil imports relies on
a 100% auction of pollution credits through a cap-and-trade
system. She’d jump-start clean energy development to the
tune of $50 billion with a strategic energy fund partially
supported by taxes on oil companies and fees for drilling on
public lands. Also, a new loan program would help low- and
middle-income families buy and build more energy-efficient
homes. Against moving nuclear waste to Yucca Mountain, she
has voted for and/or cosponsored some positive Senate bills
like the Global Warming Pollution Reduction Act of 2007.

John Edwards ¢ www.johnedwards.com. Senator Edwards is
serious about building a new energy economy and recognizes
global warming as an immediate crisis. By 2020, his plan aims
to produce 65 billion gallons of ethanol and biofuels per year,
generate 25% of electricity from renewable energy sources,
and reduce carbon dioxide emissions by 15%. His plan phases
out coal-fired power plants, and imposes taxes and fees on
pollution to generate a $13-billion-a-year fund to be spent on
renewable energy and other incentives. A step farther than
most, he calls for mitigation of agricultural greenhouse gases,
more powerful pollutants than carbon dioxide. He voted for
big increases in car mileage and against drilling in ANWR.
Though he voted in favor of Yucca Mountain in 2002, he soon
after changed his position and is now in opposition to opening
the repository.

Joe Biden ¢ www.joebiden.com. “We must act!” says this
Pennsylvania senator. He absolutely wants to fix climate change
and goes beyond many other progressive candidates by calling
for a return of the United States to global climate change
negotiations. His plan supports RE on all levels, including a 20%
RE portfolio standard for utilities. He does favor biofuels, and
wants 25% of all gasoline filling stations to provide alternative
fuel pumps by 2017. He’'d raise fuel mileage standards for
new cars to an average of 40 mpg, and he’s very big on energy
efficiency for both the public sector and the government,
targeting a 30% decrease in energy use in federal buildings. In
the Senate, he cosponsored a bill to reduce GHGs to 80% below
1990 levels by 2050, via an emissions cap-and-trade system.

John McCain ® www.johnmccain.com. Breaking party ranks,
this Arizona senator acknowledges that human-caused climate
change is a real threat. He cosponsored the well-known
McCain-Lieberman Climate Stewardship Act of 2003, which
ended up with little support from environmentalists because
there were stronger bills in the Senate. Plus, he included
his favorite global warming response—new nuclear power
plants. McCain feels that fixes to climate change should come
through market forces. His votes and bill sponsorships in
the Senate generally reflect his concern about GHGs. But he
also has voted against an energy bill amendment that would
have increased vehicle fuel economy, while voting for other
legislation that would increase mileage.
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Mike Gravel ¢ www.gravel2008.us. A former senator from
Alaska, Gravel would “act swiftly to reduce America’s carbon
footprint by initiating legislation to tax carbon at the source and
cap carbon emissions.” On his Web site, Gravel states that “global
climate change is a matter of national security and survivability
of the planet.” He’d also “initiate a massive scientific front” to
end dependence on oil. His platform calls for working with
other major polluting nations, like China and India, so that
fighting climate change will be a global effort. He doesn’t have a
recent voting record, since he left the Senate in 1981, but his most
famous energy-related victory was the building of the Alaska oil
pipeline—whoops.

Mike Huckabee ¢ www.mikehuckabee.com. This former
governor of Arkansas does not necessarily believe in human-
caused climate change but did state that we could use
technologies that do not produce GHGs. As for the existence of
global climate change, he says, “Whether there is or there isn't,
it doesn’t release us from the responsibility to be good stewards
of the environment.” He’s in favor of energy independence (who
isn’t?), but lumps nuclear in with solar and wind, and likes the
idea of something like the Manhattan Project for “alternative
energy sources” to move toward energy independence. On the
kind-of plus side, as Arkansas’s governor, he signed the state’s
Renewable Energy Development Act of 2001, which includes
a net metering law, and supported the National Governors
Association climate change policy position.

Mitt Romney ® www.mittromney.com. A former Massachusetts
governor, this candidate has an interesting mix of energy positions.
He’s not sure how much global warming is human-caused, and
wants to err on the side of “no regrets”—but not unless all
the other countries implement GHG reductions, fearing unfair
business advantages. He wants energy independence and less
reliance on oil, but would accomplish this by drilling in ANWR,
building up liquefied coal as a fuel, and fast-tracking nuke
plants. As governor, he proposed the Climate Protection Plan
of 2004, which would have extended the previous governor’s
participation in limiting the state’s GHGs. On the other hand, he
backed out of the Regional Greenhouse Gas Initiative pact with
other northeastern states, because it might increase energy costs.

Ron Paul ® www.ronpaul2008.com. With “free-market” as his
mantra, Paul says that “the environment is always better taken
care of with strict property rights. Under property rights, you
are never allowed to pollute.” He wants no federal tax money
to go toward efforts to address RE, energy efficiency, or climate
change, but also none for oil, gas, war, and nukes. In the House,
he voted against the moratorium on drilling in ANWR and
against raising auto fuel standards. In fact, he votes against or
doesn’t vote at all for nearly every energy spending bill that
comes up, regardless of the party in power—probably because
that would mean spending tax dollars, and he is against such
subsidies.

Rudy Giuliani ® www.joinrudy2008.com. Though energy and
environment are not among the twelve issues that form his
campaign base, Giuliani hosts a Web page devoted to energy

independence that provides an overview of any and every kind
of energy option. Apparently, energy diversity is his theme, but
his law firm has a history of working and lobbying for huge
energy companies, including coal-fired power plants. He calls
for easing and hastening permits for more nuclear power plants,
liquified natural gas ports, and oil refineries. His company’s
recent lobby actions speak volumes. Large energy firms like
Southern Co. and American Electric Power Co. have hired his
firm and other lobbyists to defeat a provision in the 2007 Energy
Bill that would require them to use 15% renewable energy.

Tom Tancredo ® www.teamtancredo.org. This representative
from Colorado blames immigration for human-caused climate
change (and other stuff), and has no developed energy policy.
As for fixing global warming, he says, “Look, it really doesn’t
matter. The thing we must do is reduce our reliance on
potentially violent countries.” However, he wants you to know
that on any issue, “Tom stands for America.” Flag-waving
aside, in the House he votes the party line, including against
higher mileage standards and for drilling in ANWR. He most
recently voted against the Clean Energy Act of 2007. The only
energy spending bills he has voted for are those that came out
of Congress when it was controlled by his party.

The Future is Ours

There’s a vast difference between the candidates, though party
affiliation typically carries through to individuals” proposed
energy policies and past practices. We could easily end up
with candidates who are so beholden to energy companies that
not much would be different from the current administration.
Or, we could end up with candidates who would try to make
energy and climate change the national priority.

Can any presidential candidate make the differences we
need? With the kind of control that big business has over
our government, who knows. But without a president who
supports a progressive energy policy, our hope for protecting
our environment and humanity itself is not as great.

So vote your conscience in this primary, but just moderate
it by a strong dose of reality: Consider which candidates you
feel could actually win the presidential election if nominated.
Just be sure to vote, that is the best way your voice will be
counted. And if you have the time, get in there and roll up
your sleeves (and maybe put on your waders) to work for and
help get out the vote for your preferred candidate.

Access

Michael Welch (michael.welch@homepower.com) has not missed
voting in an election since he came of age. He's been working for
a clean, safe, and just energy future since 1978 as a volunteer for
Redwood Alliance and with Home Power magazine since 1990.

Sources:
Democratic Party ® www.democrats.org

Republican National Committee ® www.gop.org
Grist ® www.grist.org/feature/2007/07/06/candidates/
The New York Times ® http://politics.nytimes.com/election-guide/2008/

Project VoteSmart ¢ www.votesmart.org
()
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WIND DATA LOGGER

for wind site assessment,
turbine monitoring,

and weather station
applications

High performance and very low
cost. Supports multiple anemo-
meters, wind vanes, temperature,
relative humidity, light level,
voltage and current, and many
other sensors.

Logs directly to removable Secure Digital card. PC and cell phone
interfaces available to capture live data and send to the internet or
through e-mail. Ready to go packages available — just give us a
call or visit our website!

APRS World, LLC
Phone: +1-507-454-2727 Web: www.winddatalogger.com
902 East Second Street, Suite 320, Winona, MN 55987

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

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

BZ Products, Inc.

/./' 314-644-2490 » www.bzproducts.net * bzp@bzproducts.net
7914 Gravois, St. Louis, MO 63123, USA

E Light SAFETY RECALL
All Models
E-Light-Recall.com
866-522-1368

Electrical component failure may cause Risk of Fire.
Remove from service immediately. Return for Refund.

N} <, simmonsnaturals.com
o) ko)
& SNbg, D MAKING
S ) v o EVERYDAY
) %E o SPECIAL
611/ D sOF Off the grid since 1982
4RD A SUSTAINABLE FUTURE - 48

Zomeworks Corporation
Phone: 800-279-6342 www.zomeworks.com

K .,

Cool Cells® & Battery Boxes
Universal Track Racks_T""

s and
estructive
g harshest

er eather and
" insures s at least SO%@pamty in
_ cold weather.

Cool Cell® model CCHF544456-4T4R
Photo courtesy of Carmanah Technologies, Inc.

The BEST Tool for Solar Site Analysis

JUST GOT BETTER!

\ The original Solar Pathfinder

-\\ with its reflective properties

. gives an excellent “instant solar
., blueprint” of the prospective site.

| Now, the NEW Solar Pathfinder
| Assistant software, and

your digital camera, carry
| that shading information
| into a concise, thorough,
' professional-looking solar site
~analysis report in just seconds.

USER FERIENDLY S
\S] GGURATE‘ "

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

Solar

ASSISTANT

RAISING THE STANDARD IN SOLAR SITE ANALYSIS

3953 Marsh Creek Road, Linden, TN 37096 * 317-501-2529 e Fax 931-589-5400
info@solarpathfinder.com ¢ www.solarpathfinder.com

www.homepower.com
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Our 21st Year Offgrid!

We provide excellent service & technical support.
Residential Power  Water Systems « Communications
Wind ¢ PV ¢ Hydro * Custom Design ¢ Installation

: All Major Brands

Don Loweburg ..

—

NABCEP Certified Installe

OFF LINE

“Leading the World Since 1980

Manufacturing Cost-Effective Water: ’ 5 .
9 eratn Located in the central Sierra, near Yosemite
erdators
e-mail: ofiIn@aol.com ‘
www.psnw.com/~ofln by K4OCERT

P.O. Box 231, North Fork, CA 93643 """

(559) 877-7080 Wi=

CA Lic. #661052

LH1000

”! ! owey !OY COOd

"Snlargenix_“le 'Industrial/Residential
= Water Heating
en"gnlenen annmach ‘Domestic Space
to thermal energy.” A Jeating /’ﬁ\
*Air Conditioning e
‘Patented receiver tube -Swimming Pool WA—] FSU N ™
with non-imaging and Spa Heating =moolL SR T FRacciEEss
Flopt]ii:al retlector ‘Snow Melting
‘I'lexible operating i
temperature (80°F-100°F) |- Other Products—-- - @ A diverse line of quality trackers for:
*Adjustable orientation Sol Pac Heat o Grﬂ—l“h[fﬁ' Cummml w‘nﬁm’
‘Integrated mounting - Exchatige Y o F
cootom Module . Remote Homes and Water Pumping.

@ Trackers from 150 W to 15 kW,
@ CDI'I'IFIIH;& pre-englneemd TracKits™ available,

| SO ARGENTE ENE L i)
— DEALER AND INSTALLER OPPORTUNITIES AVAILABLE - Hw mndm‘
»»» Solargenix Energy @ 15 years of solar tracking exparience.
3622 South Morgan St. .+ -
Chicago, IL 60609 Array Technologies, Inc
773.847.8333 -
Al Epsiai] SUBainGR www.solargenixchicago.com S05-BR1-T7587 www. watlsun.com
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SUNDA Evacuated Tubes

Aarospace Technology for
sSolar Water Haating

Alordable vasuum tubs collaciors
for supsior performance & all

SEASONS aNd Climates
Devmigstic Hiot Waar & Heena Heating
Foois & Spas urn
Commarcial § lnsliniona oot
Agricoimural | Indusirial
Available nationadly throwgh an Sun Spod Solar
expanding dealor nobwork PO Box 55
Join sur feam | Dol Wator Gap, P& 18327
Tralning ard techalcal suppart ET0.422 1792
provided infof@sssalarcom | wessssclarcem

AUTOMAGIC BATTERY WATERING

[ WE MAKE WATER FROM YOUR GAS

| Hydrogen and moygen baflery gas calalfically recombined inbo pure

| waler and returned to each battery cel. Meaps batiery toppad off kor

| extended periods of time and reduces maintenance costs, Exploaive

| hydrogen gas i virualy eliminated from fhe batiary area. Comosive

| spray and fumes are contained and washed back into aach battery cell
| Elactrolyie kept strong langer, exiending the usefil powsr and B of the
| battery. HYDROCAP Vents simply replace the baftery’s caps. Battery

| maintenance i greatly reduced. Wike or call for more infcamation

5 305-696-2504
% ca 975 NW 95 St.
'-h-\-;nr:-;'i-:-'l' ’

Miami, FL 33150

www.homepower.com

208 Charge

Tracker

Ready for use in
Stand-Alone Systems

As seen in Hi

and HP 103, pg 72
Dealer Inquiries

Welcome

Rellable . Qulet . Rugged Elegant
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 i L
—

2 = Toll Free! 877-682-4503 ot
PO Box 2511, Truckee, CA 96160
info@solarwindworks.com ¢ www.solarwindworks.com
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Whither Weather

& Water

by Kathleen Jarschke-Schultze

We know the oceans and the Earth are warming. Polar ice
caps are melting. Climate change is inevitable. Even I've been
seeing a change in the weather, here in Siskiyou County,
California, where I've lived for 22 years. My husband Bob-O,
who has lived here for 35 years, says he has witnessed a
pronounced change.

The Snow Goes

We live in a mountainous area. Around us is the southern
end of the Cascade Range, the Marble Mountains, the Trinity
Alps, and the jewel in our crown, Mt. Shasta, at 14,179 feet.
Mt. Shasta used to be covered in snow at least a third of
the way down from the summit all year long. Now, every
summer for the last eight years or so, the black volcanic bones
of the mountain are laid bare—less snow left every year, more
mountainsides exposed. This doesn’t look right; it doesn’t
look like our mountain.

You can see Thompson Glacier in the Marbles from
the Salmon River. And, although the glacier has been a
perennial sight since recorded history in the county, it is
just about gone now. Next summer’s heat will take it out. In
the late ‘80s, when we lived on the Salmon River, we would
take the pass through Callahan Summit to get to town. The
snow would be 4 to 6 feet deep. The county kept the road
plowed as well as they could, so it was mostly passable.
I did not grow up around snow, so I liked it. Bob-O can
remember when the snow on the pass was so high that the
passage was through what seemed like a tunnel cut in the
15- to 20-foot drifts. No more.

On our way through the drifted pass we would see one
of my favorite things. When a tree branch drops a blob
of snow on a snowy, steep mountainside below, it will
sometimes roll downslope, gathering more snow as it goes.
This wheel of snow gets larger as it travels, and then will
catch and stop at the bottom of the drift. At the very center
of the snow wheel is the most amazing turquoise color of
the bluest tropical ocean. It has been 15 years since I've
seen a snow wheel.

These anecdotal observations are backed up by official
measurements recorded by the government. Tests done by
the Klamath National Forest in May 2007 showed the snow
depth to be 46% to 0% of average at several locations.

The River Flows
“Whiskey’s for drinkin’, water’s for fightin’.” Mark Twain
said that. He was in California at the time. That was in the

mid-1800s, and the situation has not improved. The lakes and
rivers around here are lower and slower. No one recalls ever
seeing the water level in Lake Shasta sink to the depths that
it did in 2007.

Water use from the Klamath River, a major river in
southern Oregon and northern California, has gained national
attention in the past few years, with the contenders being
farmers, who want the water for agricultural use, and the
environmentalists, fishermen, and Native American tribes,
who want the water to remain in the Klamath and its feeder
streams for salmon and wildlife habitat.

There also are seven hydro-electric dams owned by
PacifiCorp. on the Klamath River. Four of those dams are
up for relicensing. It has been a bitter battle. The dams
produce enough electricity for 70,000 homes. The dams
also block 300 miles of habitat needed to revive failing
salmon populations. A toxic algae bloom has appeared in
Iron Gate Reservoir, which is the last dam on the river.
Below Iron Gate, the Klamath runs free to the sea. At this
point, it looks like the salmon are going to win, but it will
take at least ten years to remove the dams responsibly.
This means taking care to deal with the silt buildup and
other concerns.

Since we drive around the reservoir to get to our home,
this will mean changes for us. We’re not sure how we will
be affected. We are in a bird migration path here, and the
reservoir is a popular stopover for many species. In the
spring, I look forward to seeing the American white pelicans
feeding around the edges of the water on my morning
drives. There is one particular boat dock I pass where I
always look for the “tai chi” heron. He is usually there, at the
end of the dock, the mist of the morning lake rising around
him. He stands on one leg and contemplates his world. I will
miss him for sure.

The Rain Slows

All the small municipalities in Siskiyou County were on short
water supplies this year. Post office bulletin boards sported
public announcements threatening water rationing if people
could not conserve water on their own. The water table here
has dropped alarmingly over the last 20 years. Wells are
going dry. People are worried, and rightly so.

We have two digital rain gauges here at Chateau Schultze.
One reads a little more exuberantly than the other. We call
one the Republican and the other the Democrat. I won't say
which is which. We keep track of our annual rainfall from
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October 1 to September 30 of the next year by averaging the
individual totals from the gauges and calling it good. Our
rainfall last year was 18.5 inches, which is about average for
us now. The year before that we got 24 inches, which for us
was phenomenal. In the ‘80s, 20 to 24 inches was typical.

The Creek Grows

Our creek is seasonal. It regularly dries up in the summer
heat. When the trees start to turn colors in the fall and stop
drawing creek water up their roots, pools begin to form
along the creek bed. Even if it doesn’t rain, the pools get
bigger and deeper. Then we will hear a soft tumble of water
over the rocks. This is when we call our neighbor Stan, who
lives down creek. “The creek is at our house,” we say, like
it is a living entity arriving for a long visit. Three days later,
Stan will call back: “The creek is here now.” Stan lives a half
mile away.

This year, the trees turned and the pools began forming.
This is the time of year when we are pretty power-skinny:
Cloudy days with little sun, the daily downslope, down-
canyon winds have stopped, and the creek not running yet.
Without solar-, wind-, and microhydro-electricity, we put
6 gallons of gas through our Genny DC generator to charge
our batteries over the space of two weeks.

www.homepower.com

One evening the sky was very dark and rain was predicted,
and I told Bob-O the creek would come back “tonight.” He
thought maybe, but not enough to turn the hydro on. “No,”
I insisted, “The creek is coming back.” It rained 2 inches in
24 hours. We woke up to a roaring, brown creek. All the fallen
leaves were sluiced downstream. Within a day, the water was
running clear and we had hydro power again. O, happy day.
We've never seen that happen before.

Who Knows?

What does it all mean? Shoot, I don’t know. These are the
things I see in my world. I'm lucky enough to live in the
country and observe these changes. I'll adjust to the changes;
I'll adapt to my environment. But I have the feeling that
we're all going have to tighten our water belts and treat
this resource with the respect it deserves. Our oceans cover
three-quarters of the Earth and water gives life to every
living thing. As the freshwater disappears, so will we. Hey,
after all, aren’t we mostly water ourselves?

Access

Kathleen Jarschke-Schultze (kathleen.jarschke-schultze@
homepower.com) is assembling and prepping her drip irrigation
system for spring at her off-grid home in northernmost California.
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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

Wi Enerqy Store

Top quality, efficient, do-it-yourself wind turbine components

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

7, HYDROSCREEN CO. LLC

* Self Cleaning Precision Wedge Wire

e Easy Installation
carbon = - . Coanda Screens
B * High Capacity for Hydro, Agricultural, and

o) \Warming * No moving parts e .
N g p Domestic Diversions from

¢ Pipe, ramp and
box mountings 10 gpm to 500 cfs

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

info@ GorillaVehicles.com Gorilla Vehicles
PLEASE SEE OUR WEBSITE 5842 McFadden Ave UnitR

Huntington Beach, CA 92649
or call for a brochure package (714) 377-7776

WWW. orillavVe ICclesS.com

Visit us at www. hydroscreen com

solar Panels - Wind Turbines . DC Lighting

ABS Alaskan, Inc. | U !-
L |

Alternative Energy & Remote Power
2130 Van Hom, Fairbanks, AK 9970)
folf frow: BO0-235-065% fux: HHT-451-1949

WWW.abs ."'!'l K COm

Alaska Barrery Anchorge, AK mhe S0T-562-494% far: H07-563-4500
- Distribution Center Benton, WA ph: 425-251-5745 fov? 4252515748

1 1 6 home power 123 /february & march 2008



Boost Battery Health:

Equalize 24/7 with BattEQ™

Reduces voltage variations
within a string of batteries.

7 models: $69 to $399
Wholesale, Retail, OEM
Call Toll Free:
800-222.7242

w.abrahamsolar.com,

Digital Power Meters

20-GTR: Measures AC Power up to 10
kW, 100-250 vac single or two phase.

New USB plug in meter, up to 1 gig of flash memory!

ONEMeter: Standard Features include Multiple AC or DC power
channels, PC interface, internal logging. Options include Web
Interface, Weather Monitoring, and lots more.

4-1850WK: Special meter for Refriggrator Replacement All products are California
Programs. Detects Defrost Cycle, displays cost/kWh-hrs/yr. CEC eligibl

Other Models available. Check our website or call for details. eligible meters
Brand Electronics
421 Hilton Rd.
Whitefield, ME 04353

info@brandelectronics.com

Ordering or Information call

(207)-549-3401

www.brandelectronics.com
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Four SunPipe-13's in 25 x 35 living room.

The Best Daylight Pipe
The Brightest Daylight Pipe
No Heat Gain, Roof Leaks or Electricity

The Original

High Solar 1.Q.
Take Control with RESOL® !

Email: infoi@sssolar.com
670.422.1292

| WUFHJ‘

SUOLAR WAND SYSTEMS ARE:
CLEAN; Reduce CO3 by 2,500 lbs
Per Year [=Driving a8 Small Car)
AFFORDABLE: = $1.00/Mharm ar

£0.05/kWh

—

Lh]

Ca3-300

I 5 Year Warranty; FedEx Ground; D--¥ Manual
www.butlersunsolutions.com
[851!} 259-88495
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THERMOMA X
SOLAR WATER HEATING

Commercial « Residential
Solar Radiant Floor

26 years

of industry leadership

New Mazdon HP 200 System

Temperature Limited
Condenser

IT’S ALL INTHE
VACUUM

» Save up to 80% on
Heating bills

« All weather performance

» Low Maintenance

solarthermal.com

zev@solarthermal.com
Call Toll Free

1-888-923-9443

Ask About Dealerships
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RE happenings

u L] s IAI
ARIZONA

Feb. 6-9, '08; Mesa, AZ. AEE Solar Dealer
Conf. Exhibits, meals, social events & trainings
for dealers. Info: AEE Solar « 602-773-6773 «
jspies@aeesolar.com * www.aeesolar.com

CALIFORNIA

Feb. 25-27, '08; Santa Monica, CA. PV System
Design. Producing PV design documents; for
engineers & designers. Info:
www.sunengineer.com/workshops.htm

May 7-8, ‘08. San Diego, CA. National solar
business training event for installation
companies, start-ups, and their employees.
Business-specific training featuring premier
manufacturers and business specialists.
Sponsored by ASES and Conergy Inc. «
www.ases.org/solar2008/

Oct. 13-16, '08. San Diego, CA. Solar Power
2008. Conference & expo. Info: 202-296-1688 «
mglunt@solarelectricpower.org
www.solarpowerconference.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

Jun. & Jul., '08. Crawford, CO. Solar Energy for
Do-It-Yourselfers. Solar ovens, dryers, batch
water heaters, hot air collectors, clotheslines,
greenhouses & intro to PV. Info: Our Sun Solar «
970-921-5529 « www.solarenergyclasses.com

Carbondale, CO. Workshops & online courses
on PV, water pumping, wind, RE businesses,
microhydro, solar domestic hot water, space
heating, alternative fuels, straw bale building,
green building, women'’s PV courses & more.
Solar Energy Intl. (SEI) « 970-963-8855
sei@solarenergy.org * www.solarenergy.org

FLORIDA

Feb. 21-22, '08. Orlando, FL. Efficiency &
Renewable Energy Summit. For industry &
utilities. Info: www.acius.net

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

IOWA

Feb. 20-22, '08. Des Moines, IA. Forum on
Energy Efficiency in Agriculture. Info: ACEEE «
202-429-8873 « agforum@aceee.org *
www.aceee.org

lowa City, IA. lowa RE Assoc. meetings. Info:
319-341-4372 « irenew@irenew.org *
www.irenew.org

MASSACHUSETTS

Mar. 11-13, '08. Boston, MA. BuildingEnergy08.
Conference & trade show. Info: NESEA -
jnokes@nesea.org *
www.buildingenergy.nesea.org

Auburn, MA. Seminars: Solar Basics, PV, Hot
Water, Wind, RE & more. Info: CNE Solar Store *
508-832-4344 - peter@cnesolarstore.com
www.cnesolarstore.com

Hudson, MA. Workshops: Intro to PV; Advanced
PV; RE Basics; Solar Hot Water & more. Info:
The Alternative Energy Store

877-878-4060 * support@altenergystore.com ¢
http://workshops.altenergystore.com

MICHIGAN

West Branch, M. Intro to Solar, Wind & Hydro.
1st Fri. each month. System design & layout for
homes or cabins. Info: 989-685-3527 «
gotter@ma33access.com *
www.loghavenbbb.com

MISSOURI

New Bloomfield, MO. Workshops, monthly
energy fairs & other events. Missouri
Renewable Energy * 800-228-5284 «
info@moreenergy.org * www.moreenergy.org

MONTANA

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

NEW HAMPSHIRE

Rumney, NH. Green building workshops. Info:
D Acres * 603-786-2366 * info@dacres.org *
www.dacres.org

NEW MEXICO

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

NORTH CAROLINA

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

OREGON

Mar. 28-30, '08. Portland, OR. Better Living
Show. Sustainable lifestyle event incl. wind,
solar, hydrogen & geothermal. Info:
www.betterlivingshow.org

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

Philadelphia Solar Energy Assoc. meetings.
Info: 610-667-0412 « rose-bryant@verizon.net ¢
www.phillysolar.org/psea.htm

TENNESSEE

Summertown, TN. Workshops on PV,
alternative fuels, green building & more. The
Farm < 931-964-4474 « ecovillage@thefarm.org «
www.thefarm.org

TEXAS

El Paso Solar Energy Assoc. Meets 1st Thurs.
each month. EPSEA ¢« 915-772-7657
epsea@txses.org * Www.epsea.org

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

WASHINGTON, D.C.

Mar. 4-6, '08. Washington Intl. RE Conference
(WIREC 2008). Trade show & business
conference. Info: ACORE « 202-393-0001 ext.
7582 « weirich@acore.org *
www.americanrenewables.org

WISCONSIN

Amherst, WI. Feb. 21, '08 (again Mar. 5, '08):
Intro to Solar Water & Space Heating System.
Feb. 22-24, '08 (again Mar. 26-28, '08):
Installing a Solar Water Heating System (hands-
on). Info: Artha Sustainable Living Center LLC «
715-824-3463 « chamomile@arthaonline.com
www.arthaonline.com

Custer, WI. MREA '08 workshops: Basic, Int. &
Adv. RE; PV Site Auditor Certification Test; Veg.
Oil & Biodiesel; Solar Water & Space Heating;
Masonry Heaters; Wind Site Assessor Training
& more. MREA ¢ 715-592-6595
info@the-mrea.org * www.the-mrea.org

INTERNATIONAL
AUSTRALIA

Feb. 17-21, '08. Adelaide, S. Australia. Intl.
Solar Cities Congress. Support cities in UN
energy & climate policies by stimulating
interest in RE & energy efficiencies. Info: Plevin
& Associates * 61-8-8379-8222 «
events@plevin.com.au *
www.solarcitiescongress.com.au

AUSTRIA

Mar. 5-7, '08. 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

Apr. 6-10, '08. Vienna. Energex. Congress &
exhibition. Energy for human development

& the protection of the environment: policy,
economy & technology. Info: Aims Intl. GmbH «
Mariannengasse 32 A-1090, Vienna *
43-1-402-77-55-0 * energex2008@aims-
international.com *« www.energex2008.com

BRAZIL

Mar. 23-25, '08. Sdo Paulo. EcoBuilding trade
show & conf. Intl. meeting for architecture &
technologies for sustainable construction. Info:
www.anabbrasil.org/ecobuilding2008

COSTA RICA

Feb. 2-10, '08. Durika. Solar Electricity for the
Developing World. Hands-on workshop. Info:
See SEl in Colorado listing. Local coordinator:
lan Woofenden ¢ 360-293-5863 «
ian.woofenden@homepower.com «
www.durika.org

Adjustable Permanent Magnetic

Brushless Alternator

www.homepower.com

RE happenings

CUBA

Mar. 24-27, '08. Cayo Coco, Ciego de Avila
province. CUBASOLAR 2008. Intl. energy,
environment & sustainable development. Info:
CUBATUR « 205-99-49 « gavilan@cubaenergia.cu *
www.cubaenergia.cu

GERMANY

Mar. 7-9, '08. Stuttgart. Clean Energy Power
2008. Intl. conf. & expo on passive homes,
bioenergy, geothermal & solar. Info: See Reeco
in Hungary listing.

Jun. 12-14, '08. Munich. Intersolar 2008. Solar
developments exhibition & forum. Info:
www.intersolar.de

HUNGARY

Apr. 24-26, '08. Budapest. REnexpo. Industry
conference on RE & EE for central & southeast
Europe. Info: Reeco GmbH ¢ 49-0-7121-3016-0 ¢
duong@energie-server.de ¢
Www.energy-server.com

ITALY

Nov. 7-9, '08. Milan. Casa Energia Expo.
Exhibition on residential buildings that produce
& save energy. Info: Artenergy ¢ Via Antonio
Gramsci * 39-026-630-6866 *
press@zeroemission.eu * www.zeroemission.eu

Send your renewable
energy event info to

happs@homepower.com

s’

Manufactured by Lo Power EngineerinG
P.O. Box: 1567
Redway, CA 95560

Fedbetter
1707-986-7771
delejo@humboldt.net
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marketplace

HYDROELECTRIC SYSTEMS: Pelton
and Crossflow turbines or complete

AC systems for standalone or grid
interconnect operation. Site evaluation
and equipment selection assistance.
Manufacturing home and commercial
size turbines since 1976. Free brochure:
Canyon Industries, PO Box 36HP,
Deming, WA 98244, 360-592-5552. Email:
info@canyonhydro.com Web page:
canyonhydro.com « HP12302

FOLLOW THE SUN! Light seeking single
and dual axis solar tracker controls.
www.theanalogguy.com « HP12303

EDTA RESTORES SULFATED BATTERIES.
EDTA tetra sodium salt, $16/lb. 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. ¢
HP12310

HYDROELECTRIC TURBINES: Custom
sized runners 50W-500kW, 82-400mm
diameter, stainless investment castings
and molded plastic, from $120, site
analysis spreadsheets,
www.h-hydro.com « HP12311

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. «
HP12304

XXXXXXX UNI-SOLAR XXXXXXXX
XXXXXXX 64 Watts $359 XXXXXXX
M55 Siemens panels $225. Almost new
1500 AH AGM 12-volts $1800. TraceX
SW5548 $2850. Ex 2KW inverter SB
$850. Buy, sell New/Used, 760-949-0505 *
HP12305

PORTABLE AND STANDBY
GENERATORS from Honda, Yamaha,
Subaru, Kipor, and More + Wireless
Remote Start Available.
www.hayesequipment.com
800-375-7767 « HP12306

NEMO DC SUBMERSIBLE WELL PUMPS:
$239 Postpaid. New! NEMOSOLAR
15A12/24V CHARGE CONTROL W/

LVD: $56 Postpaid. Immediate Shipping
Worldwide. WWW.NEMOPUMPS.COM
877-684-7979. « HP12307

I AM A SOLAR WHOLESALER looking
for retailers to carry my solar electronic,
educational & hobby goods. Phone #
916-486-4373. Please leave message *
HP12308

GAIN ENERGY INDEPENDENCE Wind
Power - Solar PV - Solar Hot Water -
Renewable Energy Workshops - Biodiesel
- LED Lighting - Edmonton AB Canada
780-466-9034
www.trimlinedesigncentre.com
HP12312

SOLAR CELLS New 5” monocrystal

50 per pack - 125 watts $150.00 make
your own solar panels email for specs:
none1120@juno.com * HP12313

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/year. The Caretaker
Gazette, 3 Estancia Lane, Boerne, TX
78006. 830-755-2300. www.caretaker.org ©
HP12314

DC POWERED CEILING FANS: 12 &
24 volts: The Best in the World: RCH
Fanworks. info@fanworks.com
www.fanworks.com PH: 509-685-0535
HP12309

HYDROS, P.M. BRUSHLESS DC units with
Harris housing and wheel. Up to 70%
efficiency. From $1350.
www.homehydro.com 707-923-3507 CA -
HP12315

SOLAR THERMAL BUSINESS FOR SALE
Well established, good income, growth
potential, in a beautiful area in the Pacific
Northwest. Will train the right person.
Contact: solar4sale@gmail.com « HP12316

LOOKING FOR LAND? Consider a
solar-reliant development in Southwest
Michigan. Provisions for renewable
energy and food production. See
www.sunflowerecovillage.com « HP12317

WILL TRADE SASKATCHEWAN BEAR/
WHITETAIL HUNTS FOR PARTS//
EXPERTISE to build upon gen-verter
system for lodge. Andy Milam
830-833-5764
www.southbayoutfitters.com « HP12318

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 « HP12319

BERGEY BWC Exel 10KW wind generator
used - Includes 120 ft tower with

Bergey Power Sync Inverter. Almost all
accessories included except it needs
new blades. As seen in Home Power 106.
Price: $10,000 picked up in Arizona. Call
928-530-6404 « HP12320

OFFERING STOCK PASSIVE SOLAR
HOME BLUEPRINTS for building a
beautifully simple, cost effective, energy
efficient home. Steve Kawell
970-769-3904
www.durangosolarhomes.com ¢« HP12321

PELTON WHEEL 16", cast steel runner,
twin cup, Circa 1940, 150 Ibs. $2,500.00,
Kitimat, British Columbia,

250-632-1541 « HP12322

ANYTHING SOLAR POWERED: A handy
website for information on energy-
saving products, green living tips, letters,
opinions and photos.
www.AnythingSolarPowered.com ¢
HP12323

?ELECTRICITY? Make your own! Grid-tied
Solar Systems. Rebatable deposit $200.
877-255-4038 « HP12324
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SOLAR, PV PANELS RECONDITIONED
Best price under the sun, guaranteed,
wholesale and retail prices available.
Many in stock for immediate shipping or
pick up. www.pacificrenewablesgroup.
com/products Email:amb@
pacificrenewablesgroup.com Ph:
530-271-2022 (Sacramento, CA area) *
HP12325

DC GENERATORS, 5.5KW-

continuous, Onan/Cummins-LPgas,
automatic start/stop, variable
speed/load, 24VDC/48VDC/120VDC,
250AMPS@24VDC, low hours/ex Telcom,
quiet, remote monitor/alarms, rugged
construction, low shipping $.
www.sagecliff.com/generators,
jerryw1031@yahoo.com « HP12327

PRESCOTT, AZ QUIET 40 AC SOLAR
RANCH NEAR TOWN. Trade rent/salary/
new solar home with option to buy.
Motorhome with hook-up available.
Three large workshops. Handyman
experienced in electric plumbing &
solar a plus. Open for other business

SOLAR POWER OF TEXAS-TWO SW4024
USED TRACE INVERTERS; one new in the
box ProSine 2.5KW - 24 volts; one new in
the box ExelTech 1100 watts 24 - volts;
one new in the box ProSine 1000 watt -12
volts; one modified sine wave 2000 watts-
12 volts. 817-988-1280 « HP12328

marketplace

MICRO-HYDRO POWER Harris W-H4 four
nozzle system with motorcraft alternator,
hydrobase and amp meter. 24-volt
system. $950.00 OBO 907-841-3881 *
HP12329

GLOBAL WARMING T-SHIRTS Cool
clothes for a cooler world! Free Beat the
Heat sticker.
www.ClimaTerraWeatherStore.com ¢
HP12330

Marketplace Advertising
Rates: $2.50 per word. $50 minimum per
insertion, paid in advance of publication.
Submit your ad to marketplace@

adventures. write:
solarlady1@afaz.net « HP12326

JWP- Jan Watercraft Products

Battery Watering Made Easy!
RV, Off Grid

~oo . Marine
"= Golf Carts

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
Call Bob- 1-616 822-7587

www.janwp.com

Ar‘tl-na
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Solar Thermal Services

professional site assessments

- system design and consulting:
commercial & residential, domestic & space heating

hands-on installation training workshops:
on or off site, NABCEP continuing education

-
—

www.arthaonline.com
715-824-346%

we wrofe the book!

www.homepower.com

homepower.com or call 800-707-6585.

BZ Products Model MPPT250
250 watt 25 amp Maximum Power Point Solar Control

Boost charge current up to 30%
Up to 25 amp output current
Microprocessor control

95 % efficacy

250 watt PV input

12 to 24 volt input

Digital metering

PWM float control

Battery temperature sensor
standard

15 amp low voltage
disconnect standard

Aux battery trickle charger standard
Five year warranty

Made in U.S.A.

BZ Products, Inc.

314-644-2490 » www.bzproducts.net ¢ bzp@bzproducts.net
7914 Gravois, St. Louis, MO 63123, USA

WIND POWER

HightQuality, --.,Feliable -“Guaranteed

= Complete s;;‘s}ems
= Blades
" Magnets -

Premium
Do-lt-YourseIf

A&C GREEN ENERGY
PO BOX 941122
Plano, TX 75094-1122

866-WNDPWR-

866-963-7973
www.acgreenenergy.cd

@GREEN ENERGY
Renewable Energy for Life
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installers directory

Experienced renewable energy professionals install high-performance, code-compliant
systems, and will offer you service and support after the sale. As with any home
improvement project, request references and certifications, and compare bids before you
buy. To get your business listed in Home Power’s installers directory, e-mail
advertising@homepower.com or call 541-512-0201.
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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.

Arizona

C & R Solar Quality design, sales and installations of
solar/wind power systems to meet your application. Serving
northwest Arizona since 1989 for remote homes and grid
tied systems. Living off grid since 1980. We achieve customer
satisfaction with over 25 years of experience in renewable
energy. ROC135882. 928-757-7059.

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
Towers, Modular Wiring Unit and Automatic Battery
Watering System for code compliant, worry-free hybrid
renewable energy systems. We install locally or nationally.
Complete licensing for all residential and commercial devices.
Skystream turbines & towers up to 50" now available.

928 636-9864 or idcllc@northlink.com ® www.idcsolar.com

Arkansas

Rocky Grove Sun Company has been serving NW
Arkansas and the surrounding region since 1986. Design,
installation and consultation with two NABCEP certified
installers: Flint Richter and Jimis Damet with over 35 years
combined experienced in PV stand alone & grid-tied, wind and
hydro. Located in the heart of NW Arkansas Ozarks. Contact us
at 479-665-2457 or info@rockygrove.com www.rockygrove.com

Callifornia

Acro Electric is a full service electrical contractor
specializing in solar power. We provide turn-key solutions
for PV, standby power, LED lighting, and more. Approved by
the League of California Homeowners (www.homeowners.
org) & Better Business Bureau (www.midcalbbb.org). Free site
analysis & brochure. (866)711-ACRO e www.acroelectric.com
Quality installations backed by 32 years electrical experience.

Carlson Solar. has been serving Southern CA since

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

Cobalt Power Systems Inc. is a full-service, licensed
installer of PV systems in the SF Bay Area. We offer free
consultations, detailed proposals, professional system design
by an electrical engineer, expert installations, and competitive
pricing. We handle all the paperwork for the client, and we
oversee all inspections. Please contact us at 650-938-9574 or
www.cobaltpower.com.

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

Independent Energy Systems, Serving the

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

Michael Symons Electric, C-10 licensed electrical
contractor. NABCEP certified installer. We design, sell, install
& service both commercial & residential Photovoltaic systems
since 1982. We specialize in grid-tie and stand alone off grid
systems including solar wells. We are located in East San
Diego County serving Southern California and Baja California
Norte. Ph: 619-468-3277 or E mail symonselectric@aol.com

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

REVCO Solar Engineering, Inc. has been serving
Orange County, LA County and The Inland Empire since
1977. We specialize in Solar Pool Heating, DHW and Solar
Electric PV systems. REVCO is actively involved with the
League of California Homeowners, the American Solar
Energy Society and CALSEIA. B/C-46 Lic# 387219.
www.revcosolar.com 800.274.3638

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
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Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.
L L US Distributor for Proven Wind Turbines. We supply
L) all components. Grid-connected or grid-independent.
Truckee, CA 530-582-4503, 877-682-4503, NABCEP
H 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 #
Eulmlv . 86683) with professional installers throughout Canada. Expert
ﬂ“’"‘"‘““’" 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.,Smart. Simple. Sustainable.
Namaste Solar brings clean, reliable, & affordable renewable
energy to homes, businesses, & nonprofits in Denver/Boulder.
A values-based, 100% employee owned company committed
amasté Salyr to maintaining the highest standards of environmental
— Flaevpie— stewardship, customer satisfaction, community philanthropy, &
professional integrity. (303) 447-0300 ® www.namastesolar.com

Solar Solutions Ltd. provides photovoltaic, wind &
hybrid power systems & components for stand alone systems,
grid tied, RV’s & remote water pumping. Committed to

5“": ~ .. 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

Florida

ECS Solar Energy Systems (tel) 352-377-8866
www.ECS-solar.com / tom@ECS-solar.com We service FL, the
Ec Caribbean and the Southeastern U.S. FL's first solar contractor
e Tl el 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.

Solar-Fit is one of Florida’s oldest active solar contractors.
Established in 1975, International Sun Protection, Inc. (dba
Q Solar-Fit), has helped over 8,000 families and businesses
S AR FTT “Plug into the Sun”. Call (386) 441-2299 for FREE information
';-;_-..- on solar electric, solar pool and solar hot water systems, and
solar attic fans, or visit us on the web at www.solar-fit.com
State Certified Solar Contractor #CVC56690.

Idaho

Creative Energies Eastern Idaho’s premiere full-service
RE company. Solar & wind power for remote cabins, homes &
cwrarmwn 1anches, 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

Benchmark Solar PV and solar thermal solutions from
design through construction for residential and commercial
w buildings. NABCEP PV Installer’s Certification; Master

Electrician licensed in Maine, NH, and MA. Master Plumber/
Heating license. Grid-tie, off-grid, hot water and space
heating applications. We also serve the island communities.
Call 1-800-9SOLART1 (976-5271)

www.homepower.com

installers directory

Maryland

Standard Solar Inc,, serving Montgomery and Frederick
Counties, Maryland, Northern Virginia, and Washington, DC.

STAMND/RD since 2004. Specializing in residential solar electric installations.

SOLANR

Visit our Website: www.standardsolar. 202 Perry Parkway
#7, Gaithersburg, Maryland, 20877. Tel. 301-944-1200; email:
metrodc@standardsolar.com

Massachusetts

NexGen Energy Solutions, LLC is a turn-key,
renewable energy integration company serving residential

& commercial clients in Massachusetts & southern New
Hampshire. Our offerings include site assessments, business
modeling, system design, permitting, installation &
maintenance services. Learn more about our Veteran owned &
operated company at 978-688-2700 or at NexGenEnergy.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: 269-236-6179 email: info@BTFsolar.com www.BTFsolar.com

s A [: K E T T Sackett Brick is the mid-west distributor for Tulikivi
K masonry heaters. We have 10 dealers/installers in 8 states:
Indiana, Illinois, Iowa, Michigan, Minnesota, Missouri, Ohio &

FIFﬂlllﬂ[}l} Wisconsin. Tulikivi masonry heaters are a clean and efficient
. way to provide heating, cooking and baking with very little
HHSI!]II wood. Visit www.sackettbrick.com or call 800-848-9440.

Montana

QOasis Montana Inc. designs, sells & installs renewable
energy power systems in North America and also offers
efficient and propane appliances. Call to discuss your project,
&-..—-. e 877-627-4768 or 4778. Web sites: www.oasismontana.com
n FEREEE www.grid-tie.com www.PVsolarpumps.com
www.LPappliances.com www.eco-fridge.com E-mail:
info@oasismontana.com

Nevada

Alternative Energy Solutions, Reno, Nevada. We
design, sell, install and service PV, wind, off grid and grid tie

"h.." : ;-.-" RE systems, Nevada State Licensed and Bonded Contractor,
':_ : NABCEP PV Certified Installer. Xantrex / Trace Authorized

Fa 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

Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.

! i US Distributor for Proven Wind Turbines. We supply all
b components. Grid-connected or grid-independent. Truckee,
CA 530-582-4503, 877-682-4503, NABCEP Certified Installer.
%] NV Contractor’s Lic # 59288.
T chris@solarwindworks.com, www.solarwindworks.com

New Jersey

Solar Water Works, LLC Specializing in high quality
T solar thermal systems; sales, consulting, engineering &
o %__ installation. Distributors of Apricus solar products. Residential
- “ & commercial applications for; radiant heat, baseboard, forced
X hot air, pools, spas, and domestic hot water. Complete pre-
"m_ packaged systems are available. Visit www.solarwaterworks.
com or contact us at: 908-477-8551 Dealer Inquires welcomed!

New Mexico

Positive Energy, Inc. High quality residential and
commercial solar power systems. Grid-tied and off-grid
systems. Licensed, bonded, and insured electrical contractor
serving NM since 1997. Three owners are NABCEP Certified

" s Installers and live on solar power. Company is carbon-

FORITIV

etk

neutral. References on Findsolar. 505-424-1112.
info@positiveenergysolar.com www.positiveenergysolar.com

Remod Solar Service Solar Heating Specialists for over
27 years with thousands of happy customers. Installation,
design & repair. Licensed NM Electrical, Plumbing and
HVAC contractor. Solar space heating, solar water heating,
radiant floor integration and solar pool heating. Old and slow
but at least we're expensive. Remod Inc. Albuquerque Lic. #
26528 © 505-247-4522 chuckmarken@qwest.net
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New York
Solar Water Works, LLC Specializing in high quality

solar thermal systems; sales, consulting, engineering &
installation. Distributors of Apricus solar products. Residential
& commercial applications for; radiant heat, baseboard, forced
hot air, pools, spas, and domestic hot water. Complete pre-
packaged systems are available. Visit www.solarwaterworks.
com or contact us at: 908-477-8551 Dealer Inquires welcomed!

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 is a full-service provider of PV and solar thermal
installations for commercial, residential, and government
customers. Solar water pumping, back-up power, small-scale
wind power. PV installations in NC, SC, GA, FL and CO;
Solar hot water in NC, SC and GA. Information at
www.scsolar.com or 866-856-9819..

Sundance Power Systems, Inc. is the largest
provider of Renewable Energy in Western North Carolina.
Since 1995, Sundance has been providing high quality
Residential and Commercial Design and Installation of PV,
Wind, Hydro, Solar Thermal and Hydronic Heating Systems
throughout the southeast. Phone: 828-689-2080 Email: info@
sundancepower.com Web: www.sundancepower.com.

Ohio

REpower Solutions: Northeast Ohio’s renewable
energy provider for home & business. Design & professional
installation of solar PV & wind systems. Home energy ratings
& small commercial energy audits. Erika Weliczko - NABCEP
Certified Solar PV Installer, OH LIC #44844, Certified Home
Energy Rater WEB: www.repowersolutions.com EMAIL:
power@repowersolutions.com PHONE: 216-402-4458

Third Sun Solar & Wind Power, Ltd. Ohio’s
premier solar and wind power contractor. Complete design
and installation of utility tied or off-grid systems for OH
and surrounding states. Serving commercial and residential
customers. NABCEP Certified PV Installer committed to
excellent customer service & the highest quality systems.
www.third-sun.com 740 597-3111.

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

Trinity Electrical Contractors Corp. A full service
licensed electrical contractor specializing in PV and Wind
system design and installs. Serving all of Central Oregon. We
are proud to be an Energy trust of Oregon Trade Ally. Call
541-923-0556 or visit us at www.trinityelectric.org

South Carolina

SC Solar is a full-service provider of PV and solar thermal
installations for commercial, residential, and government
customers. Solar water pumping, back-up power, small-scale
wind power. PV installations in NC, SC, GA, FL and CO;
Solar hot water in NC, SC and GA. Information at
www.scsolar.com or 866-856-9819.

Sunstore Solar Full service solar systems integrator,
serving Carolinas & Georgia for 30 years. Proud to serve

the community by providing the highest quality product
and excellent customer service. Provide all services needed
from consultation/design to installation on all types of Solar
Systems. 3090 South Hwy 14, Greer, SC 29650 864-297-6776,
www.sunstoresolar.com, info@sunstoresolar.com
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Utah

Alternative Power Systems, Inc. is Southern Utah's
premier Designer & Installer of renewable energy systems. We
provide design, sales, installation & service of Solar Power,
Solar Hot Water, Wind & Back-up Generators. We are the
region’s only NABCEP certified. We are insured & licensed

in Utah #6259909-5501 And Nevada #0068796. Compare our
prices. www.apssolar.com 435-586-9181

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

Vermont

Independent Power LLC Serving Northern Vermont
and New Hampshire with PV design, sales and installation.
NABCEP certified owner David Palumbo has built over 300
off-grid and grid tied systems since 1988. Outback Certified
Dealer. 462 Solar Way Drive, Hyde Park, VT 05655 www.
independentpowerllc.com 1-802-888-7194

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

Seraphim Energy, Inc. Full service electrical contractor
serving the Columbia River Watershed. We specialize in on
and off grid wind, sun and water powered systems, meeting
all your design, installation and procurement needs. Seraphim
Energy: your power provider. WA#SERAPEC971MG/OR
CCB#175837 © 1-800-265-6288 www.seraphimenergy.com,
re@seraphimenergy.com

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

Western Washington Solar designs & installs solar
electric, solar hot water, solar space heating & wind power
systems for residential & commercial clients throughout
Washington. Renewable energy will save you money, add
value to your home or business, & reduce greenhouse gas
emissions. 360-319-6273, www.westernwashingtonsolar.com,
email: info@westernwashingtonsolar.com

Wisconsin

Photovoltaic Systems LLC, since 1980 we have been
designing, installing and servicing solar electric systems
statewide in WI. NABCEP Certified Installer, Xantrex certified
dealer & authorized service cntr.; MREA instructor teaching
basic thru advanced PV systems workshops. James Kerbel
7910 hwy 54 Amherst Wi. 54406 715-824-2069 PVSOLAR@
wi-net.com

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
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ELEGTRIC BIKES

“No better quality at no better price”

800-806-7109

www.iloveebikes.com

) URESN

SOLAR, PV PANELS RECONDITIONED

Best price under the sun, guaranteed,
wholesale and retail prices available.
Many in stock for immediate shipping or pick up.

Ph: 530-271-2022 (Sacramento, CA area)

www.pacificrenewablesgroup.com/products
Email:amb@pacificrenewablesgroup.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

Software & Hardware
for Xantrex Battery Gauges

Meters, Temp Sensors
48V Kits, EV Kits
PC Interfaces, etc.

www.RightHandEng.com (425) 844-1291

www.homepower.com

Lower Your Fuel & Energy Cost TODAY!

- Process, Wash & Dry 80 Gallons a Day
- Make Fuel the Day It Arrives

- Safe, Durable, & Effective

- Completely Assembled and Tested

|| -Handles New or Used Vegetable Oil

- Consultation Services Available

- Monthly Biodiesel Seminars!

ENERGY WISE
SOLUTIONS

Your one-stop
renewable energy

online store
ENERGY WISE
SOLUTIONS 704-678-4122

www.energywisesolutions.net

Break Free From the Pump

Enjoy the freedom of driving electric.
Join the EAA today and declare your
independence from

high gas prices

and imported oil.

ELECTRIC AUTO ASSOCIATION

For more information
visit us at eaaev.org

5% DISCOUNT ON
ALL HUMAN POWER
EQUIPMENT FOR
DECEMBER ONLY.

=\

~

Windstream Power LLC

introduces our newest line of Human Power
Generators. Perfect for off-grid 12 VDC battery
charging and emergency power.

£ ﬁj@m\

Under new ownership

SEE OUR EXTENSIVE LINE OF
RENEWABLE ENERGY PRODUCTS

HUMAN POWER GENERATORS

Phone 802-425-3435 FAX 802-425-2896 sales@windstreampower.com

WWW.W indstreampow €r.com
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A JOINT PROJECT OF GLOBAL EXCHANGE AND CO-OP AMERICA

| I - - H: : now that we’ve gone solar, do we
l&.-__—.m e
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400 exhibits:

green careers/education

green finances

green media
community action

green technology—
natural home & garden
fair trade

renewable energy—{

125 speakers:

john perkins
confessions of an

thom hartmann
cracking the code

paul stamets
fungi perfecti®

riane eisler
the real wealth of nations

v

greenfestival“

socialjustice | €conomic hit man SUSTAINABLE ECONOMY ECOLOGICALBALANCE SOCIALJUSTICE
eco-fashion | @My goodman You want to be green, but you have questions.
natural health and body | d€Mocracy now! Is solar finally cost competitive? Why would | want to mow my roof? What'’s

greener: a hybrid or biodiesel?

At Green Festival you'll find real answers, great food and live entertainment
that’ll leave you feeling rather groovy.

seattle april 12/13

WASHINGTON STATE CONVENTION & TRADE CENTER

conservation/recycling—| sharif abdu"ah = |
green films commonway institute Ch Icago mav 1 7 1 8
organic food/agriculture glﬂord pinchot "| CHICAGO’S NAVY PIER

connection hub

green kids’ zone

bainbridge graduate institute

SPEAKERS VARY BY CITY

j/ R WORKING ASSETS’

green

www.greenfestivals.org

=
Planderra Chunook Book HOME m Yogd.. @ne i
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People

Who: Michael Parfit & Suzanne Chisholm
Where: Near Victoria, British Columbia, Canada
When: 2003 to present

What: Solar-electric system

Why: Necessity & environmental consciousness

Michael Parfit and Suzanne Chisholm are communicators. They
write, edit, and produce articles, books, and documentary films
about nature and other topics with their company, Mountainside
Films. Suzanne was trained as a development economist, and now
is a videographer and still photographer who travels the world.
Michael is a journalist who in 2005 penned the cover story for
National Geographic. The article explored the world’s energy plight
and considered various solutions. Michael wrote about the big
picture, and also included his personal experience.

Just before starting to work on the “Future Power”
article, Michael and Suzanne moved to an off-grid
island near Victoria, British Columbia, Canada. Needing
electricity for their home and film production office, they
installed a 1,500-watt solar-electric system with gasoline
generator backup. So they know firsthand the problems
that the world island faces—how to power our needs
with the resources available, without fouling our nest or
sacrificing convenience and functionality.

While necessity has pushed Michael and Suzanne toward
renewable energy (RE), there’s an underlying fascination
with the technology for environmental reasons as well.
Michael does not see “how civilization, in the idealistic
meaning of the word, can survive on oil for much longer
without a descent even further into chaos than we are in
now.” The promise of home-scale renewable energy is
exciting to him—he expects it to be “as significant a factor

in human lives as the personal computer in a matter of a few
decades.”

R —— e

As is too often the case with new RE system owners, Michael and Suzanne
expected the initial system to power more than it was capable of. The upside
is that RE—and especially PV systems—are very modular, so they will soon
add more solar capacity, or perhaps a wind generator.

The high point of their renewable energy experience so far, says Michael, was
the day their PV system came online. “The feeling of independence, as fragile
and incomplete as it was, was dramatic,” Michael said. “We felt that we were
cutting one of the ties to the long umbilical cord that links every one of us to
ugly politics, ugly treatment of people, and unsustainable, nasty habits. You
can talk about the benefits of renewable energy until the words are all used
up, but there’s nothing like actually seeing energy move into the system.”

—lan Woofenden
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OUR STANDARD LABEL
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> < 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




SANYD Think GAIA
For Life and the Earth
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BIFACIAL SOLAR PANELS!




