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Welcome to the land of the free

Free yourself from the tyranny of rising energy prices with American-made
SolarWorld Sunmodules.

From silicon to modules, kits and systems, SolarWorld is the largest PV
manufacturer in the US since 1977. With the SolarWorld Sunmodule®, you
get US-made quality that outperforms the competition day in and day out.
And, SolarWorld’s 25 year warranty frees you from worrying about your
energy future. Call 1-866-226-5806 to find a SolarWorld reseller in your area.

service@solarworld-usa.com

SolarWorld. And EveryDay is a SunDay.
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www.solarworld-usa.com
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Conergy is a full-service wholesale distributor dedicated to your success. One
in ten solar energy systems has been deployed by Conergy in the past decade --
more than one gigawatt worldwide. Whether you are an experienced veteran or new
to the industry, our local expertise powered by our global strength makes Conergy
your ideal solar energy partner.

Build a strong relationship with a partner you can count on:
| Best service and support in the industry
| Field and business skills training
| Financing and project management tools

Easily conduct business on your schedule:
| Secure online ordering 24/7
| Inventory look-up and account management
| Real-time order tracking

Experience unbeatable supply chain and logistics support:
| Multiple warehouses
| Low shipping costs
| Scheduled delivery available

Discover Solar Energy:
www.conergy.us | info@conergy.us | (888) 396-6611

years of

Conergy

Don’t miss the Solar Success!
Training Event:

| Solar Success for Start-ups
| Solar Success FastTrack
| Solar Success ProTrack - New!

Co-located at the ASES National
SOLAR Conference, Phoenix, AZ,
May 17-20, 2010

cOoneRnaGay

OUR WORLD IS FULL OF ENERGY



Productive | Reliable | Smart | Safe‘

With 100,000 Enphase inverters
shipped in one year, you've made us
the fastest growing solar inverter
company in the industry.




With Trojan Battery, you just may forget
you're off-the-grid.

With over 85 years of experience, Trojan Battery offers a complete line of flooded, GEL and AGM
deep cycle batteries for reliable power and long life in the toughest off-grid locations.

Trojan Battery is the most trusted name in deep cycle technology:
« Even longer life
« Superior charge performance
« 5 year limited warranty: Best-in-class for Renewable Energy applications

Visit www.trojanbattery.com to see our selection of Renewable Energy batteries or call
800-423-6569 for the nearest Trojan Battery partners near you.

Trojan batteries are available through Trojan’s Worldwide Master Distributor Network and
Renewable Energy Wholesalers. For the nearest partners, call 800-423-6569 or visit us at
www.trojanbattery.com/RE

=
Receive your FREE Technical Brief on Deep Cycle Technology: %
visit our website at www.trojanbattery.com/RE007 % rOIan®

BATTERY COMPANY



POWER WHEN YOU NEED IT! WWW.SUNXTENDER.COM

WHEN THE SUN SETS
SUN XTENDER SHINES

Sun Xtender® Batteries are Design Specific Concorde’s advanced AGM designs out-perform flooded
. (wet), gel and other AGM brands — And here’s why:
for Renewable Energy Applicationsl Engineered » Sun Xtender's AGM design is the original Absorbent Glass

Mat battery technology adopted by the U.S. Military.

and Produced for Consistent, Dependable, . .
» VRLA - Valve Regulated Lead Acid construction.

Long Life Power Requirements for Solar, PV » Maintenance Free — Never requires water

replenishment — ever.
and Wind - Off Grid and Grid Tied Systems.

» Non-spillable — can be used upright, on its end or side.

» Deep Cycle — Unique high density plate technology
provides superior reliability, power & extended life cycle.

gﬁ;cgrgen?::z‘??c’tizrteﬁe » Pure Lead-Calcium Grids ~Thicker plates than the indus-

producing these sizes try standard for longer life and power.

AT EL, FEE T ey » Proprietary PolyGuard™ Microporous Polyethylene

Separators are used around the positive plate & AGM to
prevent shorting from shock and vibration. Sun Xtender
is the only manufacturer providing this added layer of
protection.

PVX-9150T, 2V PVX-3050T, 6V » Low impedance design facilitates excellent charge

GC2 Tall Size GC2 Tall Size acceptance.
1062 AH @ 100 Hrs 354 AH @ 100 Hrs R '
- » No current limit with controlled voltage charging.

Recharge is quick and complete in a minimum of time.

» Shockproof copolymer polypropylene high impact
reinforced case restrains from bulging.

» Copper Alloy Terminals are corrosion free and allow for
maximum conductivity.

» Sun Xtender AGM designs produce higher rates
of discharge over flooded & gel designs.

Sun Xtender products are fully charged at the factory, ready
to install upon delivery and transport Hazmat Exempt via
land, air or sea.

» NEW RELEASES

PVX-12150T PVX-4050HT PVX-1530T
L16 Size L16 Size 30H Tall Size
1329 AH @ 100 Hrs. 443 AH @ 100 Hrs. 176 AH @ 100 Hrs. ...the heart of your solar system®

» See our website for the complete Sun Xtender product line m

» Providin fe, reliable and long lastin wer since 1987
° ¢ it ool el Lo SR (e & s 1 MANUFACTURED BY CONCORDE BATTERY CORPORATION

Crafted for Quality in the U.S.A.
» Sun Xtender is an Underwriters Laboratories
Registered Component 2009 San Bernardino Rd, West Covina, CA 91790 USA | 626-813-1234

» Environmentally Friendly & 100% Recyclable




Over the past 30 years, we have built our reputation on:
» Supplying high performing pre-designed systems
« Stocking a wide range of quality products at competitive prices

+ Providing superior customer service and on-time jobsite delivery
« Offering the most comprehensive solar training in the industry

Solar PV / Solar Water Heating / Solar Pool / Radiant Floor

Wholesale Distributor / System Integrator

fs0LAR DERPDT
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36 neighborhood cnergy

Kelly Davidson

A nonprofit group in New Hampshire offers a neighbors-helping-
neighbors approach to installing SHW systems and creating
energy-conscious communities.

42 solar incentives

with Mo Rousso

Federal, state, and utility incentives for renewable energy systems can
help make your solar dream a reality.

buyer’s guide
Justine Sanchez

Before you buy, have the latest look at the solar-electric modules on
the market.

geothermal
John Vastyan

An inefficient log cabin in west-central Pennsylvania gets an energy-
efficiency overhaul.
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Lighthouse Solar install a 100 kW PV
system at Movement Climbing &

Fitness in Boulder, Colorado. 8
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from us to you

Tightening Up

While Home Power focuses on both renewable energy technologies and energy
efficiency, we have to admit that it’s easy to get fixated on the shiny hardware. PV
arrays are gorgeous, solar hot water system plumbing can be intoxicating, and
spinning wind generators and hydro turbines get us pumped up.

Energy efficiency is the unsung hero on the path of sustainability—the energy
strategy that usually offers the lowest cost and the biggest return. But caulk,
insulation, and compact fluorescent lightbulbs don’t have the glitz of the active
techie gear we shell out the big bucks for. But moving toward higher energy
efficiency is a move toward using less energy, which means our energy-generating
systems can be smaller, cheaper, leaner, and meaner—and that is truly exciting.

In most parts of North America, heating and/or cooling are the biggest energy loads
in a home. And while the heating component is rarely served by electrical sources
(and therefore not directly affected by our choice to use solar-, wind-, or hydro-
SmartRE electricity), it often makes up the largest portion of a home’s energy footprint. That’s
why thermal energy efficiency is crucial to lowering your energy costs and your
household’s environmental footprint.

My family recently began a process of finishing and tightening up the home we
began to build in the early 1980s—a leaky, rambling, owner-builder structure.

After the initial blower-door test, our insulation and building-envelope consultant
announced, “You have a 500-square-inch hole in your house!” All the cracks, holes,
broken windows, poorly sealed doors, and uninsulated areas added up to one giant
void. It was like having a 20- by 25-inch window left open all the time!

We've since cut that number in
half, and are moving further in
the process of tightening up our
home by insulating, filling holes,
weather-stripping doors, and
general air sealing, which will
dramatically reduce the amount
of fuel (wood, in our case) we

use to heat with, and will also
dramatically increase our comfort.

As another winter approaches,
we hope you'll focus on your
home’s thermal efficiency, and
reap the benefits this winter and
for years to come.

—Ian Woofenden
for the Home Power crew

GTFX & GVFX LA Series

Think About It...

= “If I were emperor of the world, I would put the pedal to the floor on
[OI energy efficiency and conservation for the next decade. ”
POZWYER J

—Steven Chu, U.S. Secretary of Energy

www.outbackpower.com
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Power You Can Count On,
From the People You Trust.

OutBack Power Systems is a leading manufacturer of inverters, charge controllers, and balance of system components
for renewable energy. OutBack’s rugged inverter/chargers are designed to survive in environments that would
normally cause other inverter/chargers to fail, without compromising outstanding performance and reliability. No
matter where your location, no matter what your power source, OutBack Power has the solution for you. With industry
leading customer service and customizable True Sinewave systems from 2 to 36 kW, find out why more home owners

count on OutBack Power than any other company for their energy independence.

POWER

Corporate Office 360.435.6030 | Technical Support 360.618.4363



“Our Solar
Pros help
you do
solar right.”

— David Hughes,
founder of
Affordable Solar,
co-author of
The Idiot’s Guide to Solar

What’s Our
Success Formula?

v’ Proven equipment at
competitive prices

v’ Customized turnkey
installation kits

v’ Our staff of seasoned Solar Pros
to guarantee a successful job

affordable solar
1-800-810-9939

affordable-solar.com
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Prices You Can Afford, |
Expertise You Can't Affordto Miss

Evergreen 195 :chott Poly 220 Meet Our
Blemished Panel 634 (pallet pricing)
$496 (pallet pricing) $2.88 per watt SOIaI P T10S

$2.54 per watt “After 1,500 solar

designs, each one

ASG Power ASG Power 2.1 kW GT Kit I §Ey s still unique and
Kyocera The All American Kit Pl exciting.”
4.9 kW GT Kit with Basic Mounting & . — Jonathan
$20,213 $8,933 S Jimenez
$4.11 per watt H $4.36 per watt
Enphase Southwest Windpower Our 22 solar designers
Micro-Inverter Air-X Land
M190-72-240-S11, f‘# 12V Wind Turbine and engineers have
512,513 e ) $699

= = <199 a wide range of

See our website for hundreds more bargain prices! overlapping specialties

and skills to apply to
10,000+ our customers’ needs.
grid-tie and
off-grid systems
delivered
since 1998!

5 kW PV system
San Luis Obispo, California

Complete Turnkey Systems  Your Choice: DIY or Call our Solar Pros today

. . for a FREE, no-obligation
Affordable Solar has helped thousands Professional Installation consultation!
of people and businesses design and
install dependable, profitable solar
PV systems. We serve:

We help do-it-yourselfers with
complete kits plus technical
guidance on everything from

v/ DIY homeowners system design to on-the-roof
v Electricians and solar installers troubleshooting. A
v/ Commercial developers F
or customers who want fast, 1 800 810 9939
v/ Small business owners turnkey solar, we provide referrals

v’ Industrial users to local professional solar installers.

affordable solar

WE STAND BEHIND OUR PRODUCTS AND SERVICES 100%
affordable-solar.com
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Americans used more solar, nuclear, biomass, and wind
energy in 2008 than they did in 2007, according to recent
energy flow charts released by the Lawrence Livermore
National Laboratory (LLNL). The nation used less coal and
petroleum during the same time frame and only slightly
increased its natural gas consumption. Geothermal energy
use remained the same.

The estimated U.S. energy use in 2008 equaled
99.2 quadrillion Btu (“quads”), down from 101.5 quads in
2007. (A Btu or British Thermal Unit is a unit of measurement
for energy, and is equivalent to about 1.055 kilojoules.)

Energy use in the industrial and transportation sectors
declined by 1.17 and 0.9 quads respectively, while commercial
and residential use climbed slightly. The drop in transportation
and industrial use—which are both heavily dependent on
petroleum—can be attributed to a spike in oil prices in
summer 2008.

Last year saw a significant increase in biomass with the
recent push for the development of more biofuels.

“This is a good snapshot of what’s going on in the
country. Some of the year-to-year changes in supply and
consumption can be traced to factors such as the economy
and energy policy,” said A.J. Simon, an LLNL energy systems
analyst who develops the energy flow charts using data
provided by the Department of Energy’s Energy Information
Administration.

Simon said the increase in
wind energy can be attributed to
large investments in wind turbine
technologies over the last few years
as well as better use of the existing
turbines.

Nuclear energy also saw a slight
increase from 8.41 quads in 2007 up
to 8.45 quads in 2008. While no new
nuclear power plants came on-line
in 2008, the existing plants had less
downtime. Over the last 20 years,
the downtime for maintenance and

Shifting Energy Sources

The chart also shows the amount of energy rejected by
the United States. Of the 99.2 quads consumed, only 42.15
ended up as energy services. Energy services are “things
that make our lives better,” Simon said. “That’s the energy
that makes your car move and that comes out of your light
bulb.”

The ratio of energy services to the total amount of
energy used is a measure of the country’s energy efficiency.
The remainder, explained Simon, “is simply rejected. For
example, some rejected energy shows up as waste heat from
power plants.”

“I'm really excited about the renewed push for energy
efficiency in this country,” he said. “Because once that energy
is rejected, it’s no longer useful.

But more-efficient power plants, automobiles, and even
lightbulbs really do reject less energy while providing the
same energy services.”

Lawrence Livermore National Laboratory has helped to
visualize the Energy Information Administration’s U.S. energy
datasince the early 1970s. Founded in 1952, Lawrence Livermore
National Laboratory is a national security laboratory, with
a mission to ensure national security and apply science and
technology to the important issues of our time.

Source: Lawrence Livermore National Laboratory
www.lInl.gov

Estimated LS. Energy Use in 2008: <997 Quads

refueling at nuclear power plants had

been decreasing.

“There’s an incentive to operate as
much as possible,” Simon said. “It’s a
smart thing to do. You can’t earn revenue
by selling electricity when you're down.”

Courtesy U.S. DOE and Lawrence Livermore National Laboratory

home power 134 /december 2009 & january 2010



Renewables Hit New High

According to the latest issue of the “Monthly Energy Review” by the U.S.
Energy Information Administration, production of renewable energy for
the first third of 2009 (i.e., January 1 through April 30) was 6% higher
compared to the same period in 2008. In April 2009 alone, renewable
energy sources accounted for 11.1% of domestic energy production and
exceeded the amount contributed by nuclear power.

More specifically, domestic energy production for the first four months
of 2009 totaled 24.394 quadrillion Btu (quads) of which renewable sources
(biofuels, biomass, geothermal, solar, wind, and water) accounted for 2.512
quads. In April 2009 alone, though, total U.S. energy production was 5.980
quads with 0.664 quads (11.1%) coming from renewable sources; nuclear
power provided .620 quads (10.4%).

Fossil fuel use is dropping sharply, and nuclear power is essentially stagnant
while, month after month, the mix of renewable energy sources continues to set
ever-higher records.

For the first four months of 2009, U.S. renewable energy production
included hydropower (34.6%), wood and wood wastes (31.2%), biofuels
(19%), wind (9.3%), geothermal (4.7%), and solar (1.2%). Most of these
sources grew compared to the first third of 2008, with wind expanding by
34.5%, biofuels by 14.1%, hydropower by 8.2%, and geothermal by 2.6%
The contribution from solar sources remained essentially unchanged while
wood and wood-waste energy declined by 4.9%.

Total U.S. energy consumption fell 5.7% during the first four months of
2009 compared to the same period in 2008 with fossil fuel use accounting
for almost the entire decline.

“As Congress continues to debate energy and climate legislation, it
would do well to take note of the clear trends in the nation’s changing
energy mix,” said Ken Bossong, Executive Director of the Sun Day
Campaign. “Fossil fuel use is dropping sharply, and nuclear power is
essentially stagnant while, month after month, the mix of renewable energy
sources continues to set ever-higher records.”

Source: Sun Day Campaign ® www.sun-day-campaign.org

Efficiency Rules

Energy efficiency has remained America’s cheapest, cleanest, and fastest
energy source for five years running. At least that’s the conclusion of a new
study from the American Council for an Energy-Efficient Economy. The
study—"Saving Energy Cost-Effectively: A National Review of the Cost
of Energy Saved Through Utility-Sector Energy Efficiency Programs”—
shows that the utility cost per kWh of energy efficiency has held steady or
even slightly declined at about 2.5 cents over the last half decade, even as
the costs for new coal, nuclear, and other supply-side energy alternatives
have risen. In 2008, pulverized coal cost between $0.07 and $0.14 per kWh;
combined-cycle natural gas cost between $0.07 and $0.10 per kWh; and
wind electricity cost between $0.04 and $0.09 per kWh.

Source: KleanIndustries ® www kleanindustries.com

www.homepower.com
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PV Modules:
It's a Buyer's Market

A massive oversupply of PV modules,
combined with slowing global demand
for large-scale projects, has forced PV
manufacturers to lower prices to unload
backlogged inventory.

In 2009, one out of every two modules will
not be installed but rather stored in inventory,
according to industry analysts at the market
research firm iSuppli Corp.

For now, consumers are reaping the benefits.
According to Solarbuzz, overall industry
average suggested retail prices have fallen
since the end of 2008, down to about $4.38
per watt. They are expected to continue
declining into next year, according to Thomas
Maslin, a senior analyst for Emerging Energy
Research, a consulting firm. Last summer,
one respected brand of UL-listed crystalline
module dipped below $3 per STC-rated watt,
retail street price.

“For homeowners, it"s a great time to invest
in solar; the best time in a long while.”

Manufacturers of balance-of-system equipment
are also expected to lower prices. Increased
competition and larger scales of production
to meet demand also will contribute to lower
system costs.

Lending to favorable market conditions
in the residential sector is the recently
expanded federal tax credit, which offsets
up to 30% of the system cost and is no
longer capped at $2,000. While federal tax
credits are expected to stay in place, state
and local programs have begun to decrease
their payouts as a result of lower overall
system costs, lowering the potential system
savings overall.

But Glenn Harris, chief executive officer of
SunCentric, a solar consulting group, says,
“For homeowners, it's a great time to invest in
solar, the besttime in along while. Consumers
are jumping at the chance to go solar, taking
advantage of lower prices to get the solar-
electric systems they have wanted but could
not afford until now.”

—Michael Welch & Kelly Davidson
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Got Sun? Go Solar!

Rex A. Ewing and Doug Pratt (PixyJack Press, 2009)

Know someone who is thinking about implementing solar
technologies at their home? This updated version of an old favorite
is a bookshelf-must for any budding RE practitioner. Authors Ewing
and Pratt cram nearly three decades of firsthand RE wisdom and
technical know-how into this easy-to-read paperback. Retaining the
successful format of the first edition, the text is revised to include
the latest advances in the field. The book covers battery backup
versus batteryless systems, as
well as equipment needed and
installation considerations. New
sections cover solar space and
water heating, and geothermal
heating and cooling. Other
topics include legal and safety
issues, incentives and rebates,
and permits and paperwork. A
lengthy appendix provides state
energy offices, system sizing
worksheets, and much more.

EASYFLEX

“ Solar Line System

Careers in Renewable Energy

Gregory McNamee (PixyJack Press, 2008)

Want to give someone a leg up in seeking a
rewarding career in renewable energy or green
building? This handbook explores the many job
opportunities available and offers tips on how
to break into the field. Each chapter provides an
overview of the different job sectors and career
paths, complete with salary information and
education requirements. The sectors covered
include: solar and wind energy; biofuels; hydrogen
energy and fuel cells; geothermal energy; hydro
energy; green building; climate study; and energy
management and efficiency. An extensive appendix
features a list
of schools,
workshops,
and training
programs,
as well as
professional
associations and
job-search Web
sites.

fittes Enetigg

Insulated Flexible
Stainless Steel

Installation
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A COST-EFFECTIVE SOLUTION
TOTIEINTO THE GRID WITH EASE

EXELTECH’S XLGT INVERTERS

XLGT SERIES

Transformerless grid-tie inverter

= 1800 watts
= 96% efficient

= 200 - 600 VDC input

= Compact

= Made in the USA

= Low cost, high quality

= Simple, one person installation
= Natural convection cooling

= Weighs just 14 lbs

= No transformer — means greater efficiency,
lower cost, and less weight

= Built-in AC/DC disconnect switch further
reduces the total installed system cost

= ETL certified to UL1741

= Housed in a NEMA 3R indoor/outdoor enclosure
for maximum environmental safety and protection

7317 Jack Newell Boulevard North
Forth Worth, Texas 76118-7100
817-595-4969 voice, 817-595-1290 fax

800-886-4683 toll free
www.exeltech.com web site



A Evergreen Solar ES-C Module with J-Box

In the fall of 2009, Evergreen Solar (www .evergreensolar.com) began offering the
ES-C series PV modules. They are designed to maintain high-enough voltages
for battery charging, even under high-temperature conditions, making them well
suited for off-grid applications. These modules are offered in 70-, 80-, 110-, 115-,
120-, and 125-watt models, and each module contains two bypass diodes, helping
reduce energy loss from partial shading.

Evergreen’s new modules feature J-box terminals rather than plug-in connectors
and leads, allowing the use of conduit between modules. This is a requirement
for accessible arrays with maximum system voltages of more than 30 V per the
2008 National Electrical Code’s Article 690.31(A).

Modules feature multicrystalline string-ribbon solar cells, which Evergreen says
have a 12-month energy payback.

—Justine Sanchez

Courtesy www.evergreensolar.com

-
o
@]
=3
Ao
-

Call or Click Today for Details.

gl
prower-one-

Changing the Shape of Power

PVI-6000 PVI-3.0/3.6/4.2

1-800-678-9445 or (+1) 805-987-8741 (OUTSIDE U.S.)
EMAIL: aesales-us@power-one.com

WWWw.power-one.com
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Blue Oak PV Products
Disconnecting Combiner Box

Courtesy www.blueoakpvproducts.com

BIEAL

Blue Oak PV Products (www.blueoakpvproducts.com) has
introduced an ETL-listed (to UL Standard 1741) disconnecting
solar combiner box. This allows installers to combine series
strings and de-energize arrays at the array location without
having two separate enclosures. The disconnect switch has
lockout capability and is load-break rated to prevent the
arcing from disconnecting high-voltage DC sources, like
strings of PV modules.

The disconnecting combiner is rated at 600 VDC and
comes in 8-, 16-, and 24-pole versions. The 8-pole version
has a maximum continuous DC output current of 100 A, and
the 16- and 24-pole versions are rated at 150 A. Both the 8-
and 16-pole versions can be ordered with either a fiberglass
or steel enclosure, and the 24-pole combiner has a steel
enclosure. The positive bus and terminals are covered with a
clear, rigid-plastic cover to prevent accidental contact.

—Justine Sanchez
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Cooking a multi-pot meal on a four-burner range or
reheating last night’s leftovers in the microwave are
conveniences that most of us take for granted, and it’s easy

to forget that not everyone has such amenities. For hundreds

of millions of people around the world, cooking a meal or
even just boiling water is a laborious chore.

The majority of families in developing countries live without
electricity, gas, or utilities, and rely on open fires or stoves fueled
by wood or dung to cook their food. Some families may have
the “luxury” of a fossil-fueled burner or stove, but they end up
spending much of their meager income on fuel, or having to
trade a portion of what little food they have for fuel canisters.

In many places, women and children walk miles and
spend between six and eight hours each day collecting
fuelwood. As the perimeter of the resultant deforestation
grows, the task becomes that much more time-consuming—
forcing them to walk greater distances, and ultimately,
leaving the family with little time to pursue other things,
such as education and income-generating activities.

The problem is compounded by health concerns.

Smoky fires and poor ventilation contribute to respiratory
diseases among women and children. And, because fuel and
firewood shortages often make water boiling impractical,
millions of people become sick and die every year from
waterborne diseases.

Solar Cookers International (SCI) is harnessing the power
of the sun to help rural communities develop safer and more
efficient ways of cooking. Since 1987, the Sacramento-based
nonprofit has helped thousands of families in multiple countries
to cook food and pasteurize water with simple solar cookers.

SCI’s efforts are largely concentrated in eastern Africa, where
the group has a satellite office, and conditions are prime for solar
cooking. Through demonstrations at marketplaces, churches, and
other public places, the group raises awareness of solar cooking
and solar water pasteurization, and helps women develop and
run solar cooking businesses in rural communities.

Key to SCI's program is its signature “CooKit” solar
cooker, which is distributed with a black pot and oven roasting
bags. For water pasteurization, the CooKit is paired with a
water storage container and a reusable water pasteurization
indicator that helps users determine when water has reached
pasteurization temperatures. The group also has developed an
easy-to-use, inexpensive laboratory kit that allows communities
to test local water sources for 25 contaminants.

The group’s “integrated cooking” approach encourages
the use of solar cookers when the sun is shining but also
promotes more efficient methods for fuel-based cooking.
One of the more popular methods is the use of simple
baskets or boxes lined with straw, sawdust, or blankets.
Much like a Dutch oven, these baskets keep food warm and
even allow food to continue cooking after being removed
from a heat source, thereby reducing the amount of fuel or
firewood necessary.

ru

—Kelly Davidson
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MidNite Solar offers a range of PV Combiners from our MNPV3 to the MNPV16. This range of
combiners accommodates PV systems as small as a two string off grid cabin up to 16 strings for a
100KW commercial grid tie inverter. The MNPV series of combiners are the result of 20 years of
design and manufacturing experience in the renewable energy industry. Each unit has the same
quallty features such as:

Aluminum rainproof type 3R enclosure

* Internal plastic injection molded dead front covers

* Knock outs that accept waterproof strain reliefs, conduit
or panel mount MC type connectors

* Knock outs for lightning arrestors

* Uses 150VDC & 300VDC breakers or 600VDC fuses
depending on model number

* ETL listed to UL1741for use in the US and Canada

* Adaptable for two seperate inverters or charge

controllers on certain models

Fhotovolinic
!

Eumbriner

18 + 458 T 8 #109113

Configured for 150VDC Breakers (Offgrid)

Been mooned lately?

www.midnitesolar.com
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17722 - 67th Ave NE, Unit C, Arlington WA 98223 - Ph 425.374.9060 Fax 360.691.6862
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Wild About Solar

at Salt Lake City"s Hogle Zoo Hospital

In 2009, new arrivals at Salt Lake City’s Hogle Zoo included
a snow leopard cub, two golden lion tamarinds, an elephant
named Baby—and 21 kilowatts of PV modules at the zoo’s
animal health center.

The LEED-certified hospital facility is the second zoo
facility with solar-electric modules. A year ago, a 15 kW
array was placed on the Elephant Encounter building. The
z00’s efforts to “go green” will also include an educational
kiosk to educate the public about renewable energy.

For this project, the main challenge was to avoid array
shading from the HVAC units. Existing rooftop components
and obstructions were mapped using a robotic surveyor.
The rooftop layout was then plotted in three dimensions
using ArchiCAD, a computer modeling program. Modules
were then placed in the model to evaluate potential
shading. Modeling permitted the best possible use of space
considering not only shadows, but HVAC equipment access
and trip hazards from system conduit. The assessment
revealed the best location to place the array and limit
shading during the peak solar window.

Ninety-nine 215-watt modules were installed in three
series strings, with 33 modules for each inverter. The racks
were custom-built using standard strut, fittings, and cinder-
block caps, and engineered to withstand a 90 mph wind
speed. Strut components also act as built-in wire gutter,
conforming to NEC 384, which satisfies NEC 690.31 (A),

a requirement that stipulates placing readily accessible
circuit conductors in raceways rather than “zip-tied” to rack
components.

The installation went on-line this fall, with production
anticipated to meet about 30% of the hospital’s electricity
needs. Along with its PV system, the hospital also uses
natural lighting through well-placed windows to reduce the
need for artificial lighting, and passive solar to offset some
mechanical heating. The zoo has an aggressive plan for
modernization that will continue to include renewable and
sustainable energy projects.

—Ken Gardner

PROJECT: Hogle Zoo Hospital
System: Commercial grid-direct PV

Installer: Gardner Engineering,
www.gardnerengineering.net

Date commissioned: September 2009
Location: Salt Lake City, Utah, 41°N

Solar resource: 5.3 average daily sun-hours
Array size: 21.3 kw STC

Average annual production: 31,000 kwh AC
Average annual utility bill offset: 30%

EQUIPMENT SPECIFICATIONS
Modules: 99 REC SCM-215, 215 W STC

Inverters: Three, SMA America Sunny Boy
SB7000US

Array installation: Custom-built, ballasted rack on a
flat PVC membrane roof; oriented at 182° azimuth

home power 134 /december 2009 & january 2010
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SMA_SB3000HF_094011

www.SMA-America.com

Where innovation and experience meet
form and function: the next generation Sunny Boy.

Designed specifically for the North American market, SMA's revolutionary Sunny Boy high
frequency solar inverter features a slim-line enclosure for surface-mount installations or placement
in between wall studs, making it perfect for new residential construction as well as retrofits where
space is paramount. The reduced-weight Sunny Boy also possesses an improved graphic display,
wide input voltage range, simplified grounding and industry leading efficiency. Experience the
latest from the world leader in solar inverter technology.

The Sunny Boy high frequency models: SB 2000HFUS, SB 2500HFUS, SB 3000HFUS
Ask for them by name.

9 The Future of Solar Technology ‘
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Determining Average W

If you want to make an intelligent estimate of how much
energy you can make with a wind generator, you must
have a good idea of your wind resource. For the purposes
of home-scale systems, the wind resource is measured as

an average wind speed. For residential sites, the highest
average wind speed is about 14 mph—much lower than you
might predict.

An average wind speed is not your casual observation of
“it always blows 20 mph” or “I saw it blow 55 mph once.”
It’s not an instantaneous wind speed, but an average of all
the winds your site gets. And it’s not something that can be
observed. It needs to be measured.

The average wind speed needs to be measured at the
proposed wind generator’s “hub height.” It’s crucial to get an
accurate number, because the relationship of energy potential
to wind speed is cubed. You'll likely have only a 3 to 6 mph
average wind speed just above your rooftop, but you might
have a 10 mph average on a 100-foot tower that’s 40 feet
above the tallest trees. The difference in energy potential
between 10 mph and 5 mph is eight to one.

The average wind speed needs to he measured at the proposed
generator’'s “hub height.”

So how do you obtain this hub-height wind speed at
your property? Unfortunately, it’s not usually easy to
come by. If we were surveying sunshine, we could consult
tables, check the shading, and come up with a number
of “peak sun-hours” available. This number is the solar
equivalent of an average wind speed. But with wind, it’s
not so easy.

e The best strategy is to measure the wind speed at hub
height for a year or more. This is what wind farmers
do, and it’s the only way to get a completely accurate
measure of the average wind speed on your specific site.
The drawbacks are cost and time: Homebrew methods of
setting up an anemometer may drop the cost to between
$1,000 and $2,000, depending on the tower height
needed. A professional setup will likely cost three to five
times that (or more).

e Use local data. Sources include other wind energy users,
weather bureaus, airports, newspaper historical weather
data, and local weather enthusiasts who have their own
monitoring stations and keep tabs on other local data.
Mapping the data you have, plus characterizing similar
sites, may give you some idea of your resource.

Courtesy lan Woofenden (2)

¢ Professional wind mapping (found at
www.awstruewind.com and other sources) is used by
wind farm developers. This method is based on existing
data and modeling, and can be a fairly accurate way
to estimate real-world values. However, this data is
developed for much taller towers (60 to 100 meters), and
must be scaled down to home-scale system heights using
a tool like the one at www.greenjury.com/shearcalc.php.

e Without access to objective data, using more subjective
resources becomes better than nothing. One common
method is gauging wind speed by the deformation of
coniferous trees, as quantified by the Griggs-Putnam
wind energy index. Interviewing longtime locals for
anecdotal comments about the winds in the area is
very low on the list of quality methods, but not entirely
useless, since it may deter you from trying to capture
wind energy at a poor site.

In the end, it’s best to use all available methods, take
an average of the results, and then round down. It's much
better to predict lower wind speeds and be pleasantly
surprised than to predict unrealistically high wind speeds
and be disappointed.
—Ian Woofenden
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You save time, because
we take the time.

Customer Service

System Design After the Sale

& Consultation

Pre-wired, Pre-tested Off-G rid,

Plug‘n Play

Solar Power Centers Grid-Tie & Unique
Solar Projects

Assistance with Rebates ™ Referrals to Qualified
\ e - Installers
Permit Ready HEOR = / .
Diagrams ™ Quick Delivery

Let Wholesale Solar’s technicians assemble and test
your inverter(s), charge controller(s), safety disconnects,
lightning arrestors, breakers and meters. We match
them to a sleek Midnite Solar E-Panel or OutBack
Flexware housing—ready to hang on your wall.

Our clients include:
« Homeowners Electricians
Installers - Boat/RV Owners

Ca" 1 (800) 472'1 142 :Contractors « Schools

- Businesses + Government & Military

www.wholesalesolar.com
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SOLAR-POWERED WHEELS FOR KIDS
My grandson Evan wanted to build a solar-powered car. We bought a used Jeep
Power Wheels by Fisher-Price to save time. By adding a 20-watt PV module, crash

bumpers on the module, a charge controller, and a volt meter, we made a solar-
powered car that can be driven all day. At the California Center for Sustainable
Energy’s Street Smart event, which featured the new Tesla, Prius, and Honda
Insight, we let the kids ride in miniature solar-powered Jeeps.
They drove the cars non-stop.
We have now converted five Power Wheels Jeeps and

use them at educational events to help kids understand solar
energy. The batteries stay charged when the Jeeps are parked
in the sunshine (and the kids do not use them). When the kids
are ready to drive, the solar-powered Jeeps are charged and
ready to go.

Barry L. Butler e Butler Sun Solutions

OFF-GRID APPRECIATION

I'loved Allan Sindelar’s article on off-grid planning (“Toast,
Pancakes & Waffles: Planning Wisely for Off-Grid Living” in
HP133). My husband and I are planning to go off the grid this
fall. We recently moved back to the Four Corners area to our
farm, where we are going to build our dream green home. For
the short term, we have to live in our very inefficient mobile
home until we finish construction.

The estimate to tie to the tribal utility grid was $10,580,
which was shocking. So we said, “Why not just spend $15,000
and buy our own system—and never have to pay anyone for
Courtesy Barry Butler electricity?” Easier said than done...

We recently added a little one to our family, so there are three of us who will
be living in this home. We have planned this move for the past three years while
trying to learn everything we can about solar anything. It never seems enough.

Your article helped me to see what I need to do. Now I know I will definitely
need a propane tank for our heating, cooking, and hot water. I am shopping for a
big tank because I want plenty of hot water, heat, and hot food.

It’s funny—we live between two power plants, and we are going solar. My
husband works for an oil refinery and I work at a coal mine, and we are going solar.

Thank you so much for your valuable information—you saved us from
freezing.

Yolanda Littletree ® Nenahnezad, New Mexico

EFFICIENCY EDUCATION

Doug Stevens is looking for some simple efficiency examples that even young children
can understand (“Efficiency & Solar Education Ideas” in Ask the Experts, HP132).1
work for an appliance manufacturer (Fisher & Paykel) in New Zealand. Our washing
machines have highly efficient, brushless permanent-magnet motors. When old
machines with these “smart-drive” motors come through our recycling facility, we
collect the motors and supply them to a company (www.ecoinnovation.co.nz) that
gives them second lives as alternators for wind or water turbines.

The company gave us a unit that they had fitted with a crank handle. They set
it up to power either or both of two individually switched desk lamps. One lamp
has a standard incandescent bulb while the other has a compact fluorescent. We
all know that the CFL uses about 25% of the energy of the other. But I have yet to
see anybody, experienced engineers included, who really has a good feel for what
that means—until they tried cranking the handle while somebody else flicked the
switches. Doug would find that such a demonstration would be a very effective
way of really getting the message across, to any age. The photo shows George
Gray, our recycling facility manger, trying out the demonstration unit.

Lindsey Roke e Fisher & Paykel

Courtesy Lindsey Roke
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The NEW Mini Magnum Panel (MMP)

Think

The new MMP is an inclusive, easy-to-install panel designed to
work with one Magnum MS-AE, MS, RD or other non-Magnum

inverter/charger.

Features:

= Small footprint: only 12.5”
wide x 18” tall x 8” deep

= Money-saving design:
not only is the MMP less
expensive, but it is pre-wired
for fast installation, saving
labor costs

= Easy access: front-mounted
breakers and remote (optional)

= Choices: can be wired for 120
VAC or 120/240 VAC output

= Inclusive: works with non-
Magnum inverter/chargers
(stand-alone parts included)

= Listed: ETL listed to UL1741
and CSA C22.2 107-01

Includes:
= One DC breaker — 175A or 250A

= One AC bypass breaker — 30A
dual pole or 60A single pole

= One AC input breaker — 30A
dual pole or 60A single pole

= 500A/50mv DC shunt

= DC buss bars for battery
positive and negative

= Din rail for optional DC mini
breakers — will hold up to
six breakers

To learn more about
this new product visit
www.magnumenergy.com

Now Shipping

BAMSAIIIRS
NVESE SN & VN
E N E R G Y

The Powerful Difference
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SOLAR HURDLE

I have just finished reading the article
on calculating PV return (“Money
Matters: Does an RE System Make
Economic Sense?” by Dan Chiras and
Don Richter in HP131). I appreciate the
different methods of proving PV to be
a good investment and look forward
to using some new ways to share the
long-term investment that a PV system
offers with my clients.

Here in Hawaii, I have been
experiencing a hurdle that I can’t seem
to get over on the commercial side of
the PV industry. I work with many
Associations of Apartment Owners
(AAOs) that are interested in installing
solar energy to help relieve some of
their common-area electrical costs. They
can easily see the benefits of installing
solar hot water systems on buildings
that have hot water usage (laundry
rooms, etc.), but are timid about
investing money when considering
buildings that only need PV.

One primary problem is that the
AAOs have no tax liability because
they are nonprofit organizations.
Therefore, they cannot receive the 30%
federal nor the 35% state tax credits.

So my question is whether Home
Power (or any of its readers) is aware
of other ways to make a PV investment
attractive to those without tax liability.
I would appreciate any advice,
recommendations, or referrals.

Alex Thomson e
Hawaiian Island Solar

ELECTRIC TRIKE

It all started when my 75-year-old
mother-in-law wanted to ride the
12-mile-long bike trail with my 10-year-
old son last summer. I bought a six-
speed adult tricycle with 24-inch wheels.
After assembly, I took it for a ride and
found it to be difficult to pedal—much
harder than an ordinary bicycle.

An electric motor assist would have
been of great help to my mother-in-law,
but no motorized vehicles are allowed
on the trail. After some searching on
the Internet, I discovered the Federal
Electric Bicycle Law, HR727, which
states that a two- or three-wheeled
bicycle with a 750-watt (1 hp) electric
motor or smaller that travels at 20 mph
or less is not considered motorized.

Next, I had to do some math to fit
the motor to the 24-inch tricycle and
keep the speed in check. You can use
this formula for any size wheel or
motor—just substitute your numbers
into the calculations. Using a 24-inch
(2-foot) diameter wheel: pi times 2 feet
(3.14 x 2) equals 6.29 feet per complete
turn of this wheel. Dividing 5,280 feet in
a mile by 6.29 feet equals 839 complete
turns in one mile. If you want 20 miles
per hour, you'll have 16,780 revolutions
(20 x 839) in one hour. Now divide by
60 to convert revolutions per hour to
revolutions per minute (16,780 + 60),
which equals 280 rpm needed for this
wheel to go 20 mph.

My motor is a 24 VDC, 3,000 rpm,
1 hp Scott, so the reduction to get the
maximum speed I wanted was just
about 11 to 1. I attained this reduction
in two steps, using a belt as the
primary and a #35 roller chain as the
final reduction.

I bought two 12 V, 50 Ah batteries
to power it, and a thumb throttle for the
275 A motor controller. What a ride! The
torque is amazing. From 0 to 20 mph, it
would keep up with most motorcycles.
Also, it does not slow down on hills. I
have not fully tested the range yet, but
I expect it to be about 75 miles—more
if you pedal along and add your 100 to
250 W of human power. When gas hits
the $4 mark again, I might be riding this
to work...

Denny Markley
Canfield, Ohio

ERRATA

The string inverter specifications table
published in HP133 listed Power-One
and Magnetek as co-manufacturers of
the Aurora line of string inverters. The
Aurora PVI-3.0, 3.6, 4.2, 5000, and 6000
string inverters are manufactured by
Power-One.

T0 CONTRIBUTE

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.
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DC POWER SYSTEMS

trains more installers than any other solar distributor nationwide.

DC Power Systems is a full service distributor of renewable energy solutions. Working with our
national network of qualified dealers and installers, we design and supply solar electric and wind

N power systems for business, residential and government applications. We offer training programs
DC Powe r' for renewable energy dealers and contractors with support from our manufacturing partners. The

Systems training sessions include seminars at supplier facilities, at our headquarters in Northern California,

‘/ and at various locations across the country.

WWW.DCPOWER-SYSTEMS.COM/TRAINING | 800-967-6917




Wind Force

I'm trying to calculate the force the wind will exert on a 6-meter-diameter wind turbine,

to design a tower. | see that a wind speed of 80 kilometers per hour would exert a force

of 279 kilograms per square meter (on a flat surface), but | have no idea as to how this

relates to blades on a wind turbine. Can you tell me how to go about that calculation?
John Meyer < Midland, Ontario, Canada

You can use those surface pressure calculations to determine the wind loading on the tower
itself, but the wind turbine blades are not at all like a static flat surface. The blades fly across the
wind like the wings of a plane, generating a lift force that pushes back at the airflow and slows it
down. Slowing the wind extracts its energy and drives the turbine. It's possible to calculate the
ideal amount of force to achieve this goal, but the reality is likely to be different, so it’s advisable
to include a healthy safety factor.

When the wind gets stronger than necessary for full power, the turbine will have to protect
itself by one of a number of possible strategies that also affect the thrust loading. For example,
some turbines will stall their blades. This spoils their ability to capture energy, but it may not
reduce the thrust very much. Others yaw sideways to the wind, dodging its force, but it takes
time to yaw, and so a gust can create a high peak thrust.

If the turbine were still converting wind energy into electricity in 80 kph winds (50 mph; 22
m/s), it might produce up to 50 kW. The ideal thrust would be about 132 kg per square meter,
approximately half of the figure you quote, adding up to 740 kg over the area of the rotor. It’s
unlikely that the turbine would be designed to work like this. It's more likely that it would
start to furl or govern at about half of this wind speed, when the thrust would only be one-
quarter as much. The actual working thrust could be around 180 kg, but for various reasons,
the peak thrust would be quite a bit higher. Therefore, it would be wise to apply a safety factor
of perhaps five times to that, which yields a nominal peak thrust closer to 1,000 kg of force for
the purpose of tower design.

Designing a tower is really a job for an engineer. The calculations are based on the highest
wind speed that the tower will experience. They include an element of wind thrust on the
tower itself and also the thrust on the turbine. The critical load on the tower is usually the
bending load at the highest supported point. For a guyed tower, this is the top guy level. For a
freestanding tower, the bending load is at ground level. Bending moment is the force multiplied
by the radius of action, so tall towers without guys need to be very strong. It's wise to also factor
in the gyroscopic moment that arises when the turbine yaws sharply around the tower top in
turbulent conditions. The force calculations can also reveal the tension in the guys and the uplift
forces on the anchors. In many cases, the designer will consider the natural frequencies of the
tower in relation to the speed of the blades so as to avoid resonances.

Hugh Piggott, Scoraig Wind Electric ® Scoraig, Scotland

A Ventera VT10, 22-foot-diameter
wind generator on a Rohn tower
engineered for the maximum wind
load it will receive.

Courtesy www.venteraenergy.com

“Designing a tower is really a job for an
engineer. The calculations are based on the
highest wind speed the tower will experience.”
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The Fronius CL PV central inverter system
For commmercial installations

Available in 36, 48, or 60 kW output configurations, the new Fronius CL combines high-yield power
electronics with a practical, modular system designed for planning flexibility.

Smart, efficient MIX™ technology
ensures maximum energy harvest even
on cloudy days and extends the service
life of the system.

Unsurpassed reliability: using 9, 12, or 15
identical power modules, the system will
continue to operate in the unlikely event one
power module needs service.

Highly efficient with automatic transformer
switching and exact MPP tracking.
Compact design: with base, the

Fronius CL is only 72” tall, allowing it

to fit into smaller spaces.

Innovative ventilation and cooling system.

Easy installation: simply remove the
power racks for a lightweight installation.
And generous connection areas makes
the rest of setup easy.

Field programmable to positive or
negative ground.

Wide input voltage range from

230 to 500 volts.

Field programmable for 208 Delta,
240 Delta, and 480 Delta / 277 WYE
with no loss in output power.
Standard 10-year warranty,
upgradable to 15 years.

Visit www.fronius-usa.com or call 810-220-4414 for more information on this innovative new line in the Fronius family.

POWERING YOUR FUTURE
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Thermal Sensor Placement

For a solar thermal system, where should the collector sensor
be located? Older collectors had a dry well for the sensor
in the hot pipe coming out of the collector. However, the
collectors used in my recent installation don’t have these
wells. Instead, a 10K sensor was strapped onto the collector’s
output pipe.

I would expect that monitoring the heat would be quicker.
Our six-collector glycol system has a 300-gallon storage tank
with another sensor at the bottom. Two pumps feed a plate
exchanger.

David Miller « via e-mail

In any solar hot water system, we want one sensor to measure
the temperature of the hottest fluid coming out of the collector(s).
Most sensors are thermistors that vary their electrical resistance
with changes in temperature. They are encapsulated in a 1- to 1.5-
inch-long, 1/4-inch-diameter copper tube. The tube sometimes
has a flattened end, which should be attached to the pipe it is
measuring with a hose clamp, assuming copper tubing is used
on the collector loop.

Securely clamping the sensor to the collector’s hot outlet pipe—
and as close as possible to the collector edge—will help the sensor

m

Courtesy Chuck Marken

accurately measure the temperature of the hot fluid. The sensor
should be well insulated.

Although it would seem that a sensor immersed in the fluid would
be more accurate, this isn’t necessarily the case. The combination of
the relatively low thermal conductivity of the collector-loop fluid and
the thermistor encapsulate (plus the thermistor’s accuracy) makes
an immersion sensor unnecessary for the accuracy of the differential
control. However, an immersion sensor can increase accuracy if the
piping is some type of plastic with low conductivity.

Chuck Marken e Home Power Solar Thermal Editor

Importing Solar Gear

I recently began teaching a class on weekends at the Bronx
Community College on off-grid and grid-backup systems, with
emphasis on systems for international locations. Many students
in the class (mostly from Latin America and Africa) are interested
in purchasing renewable energy system components that can be
used in their home countries. Several in particular have asked for
contacts for distributors.

I'm wondering if you have any basic information | could
share with the students about the ease (or difficulty) and costs of
importing RE components into such countries as the Dominican
Republic, Peru, Brazil, Nigeria, and Senegal. | imagine that every
nation has its own set of tariffs and complicated rules. Do you
have any literature that would help explain them?

Jim MacDonald, Solar Energy Systems « Brooklyn, New York

Import-export rules and regulations vary country by country. Unless
individuals are importing to their country as a regular part of
business, little incentive exists to try this for one project. Importing

gear for the purpose of a single system will likely be more trouble and
cost compared to buying equipment locally. The lessons learned in
the one-time transaction will be far more expensive than purchasing
though an established local supplier who already knows the best way
to move freight, clear customs, etc.

Most longtime international clients in the renewables industry
have established relationships with freight forwarders who have
operations both in the United States and their home country. I view
this scenario as a win-win situation—my responsibility is to ship
to the forwarder warehouse in the United States and the customer
has direct contact with the forwarder from that point on.

It is most efficient for customers to use their own regular
forwarder for all equipment, otherwise they will always need to
go through their U.S.-based supplier to get the information they
need on a particular shipment. Encourage those students who
are going into the RE business to establish relationships with
trustworthy freight forwarders who have experience shipping to
their respective countries.

Dean Middleton ¢ SunWize Technologies Inc.

“In any solar hot water system, we want one
sensor to measure the temperature of the
hottest fluid coming out of the collector(s).”

home power 134 /december 2009 & january 2010



AEE Solar is the exclusive North American wholesale distributor of solar modules R E C
from Norway-based REC, the world's most integrated solar energy company.

HUGE SALE on REC AE-US Solar Modules

S i/ We will beat any verifiable, written offer on
modules of comparable size and quahty

[ ——

To get a quote for your
residential or commercial
project, call 866-717-6527.

If you are already an AEE Solar dealer,
have your dealer number ready.

If you are not yet an AEE Solar dealer
but you are a licensed contractor,
solar dealer or PV installer, ask for
the "REC module sale".

AEE Solar sells only to licensed solar
installers and resellers. If you are

interested in top-quality REC solar 2nd Generation
panels for your home or business, REC AE-US PV module
please contact us for a dealer near you.  a New junction box design

= Uses 100% American produced,

high-grade polysilicon
To make room for the new black- = Manufactured in Scandinavia to

framed AE-US modules coming from exacting standards

REC in Q4 2009, we are offering m Acid-etched cells for higher energy
yield; optimized for low light conditions

unprece.dent.ed prices on the 2nd = 10-year 90%, 25-year 80% power
generation silver-framed AE-US output warranty
REC modul 8 modules - exactly the same = 63 months materials &
modules are Bu ,
, y except the color of the frames. workmanship warranty
American Act compliant. = Available in sizes from 210 to 225 watts

These prices are the best in the industry, regardless of the size of your installation.
The bigger your project, the lower your price. Don't miss this opportunity!

The Only Wholesale Distributor You'll Ever Need www.aeesolar.com

800-777-6609 707-923-2277 1155 Redway Drive
8:30 to 5:00 Pacific Time 707-923-3009 fax PO Box 339
Monday-Friday sales@aeesolar.com  Redway, CA 95560



-.Ask the EXPERTS!

PEEs &

b= ¥

Have you Bean
Mooned Lately?

17722 - BTth Ave NE
Unit &
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Fax 360.601.6882

Batteryless or
Battery-Based?

I am interested in installing a grid-tied
PV system on my home. | would like to
keep installation costs down and was
hoping to install a batteryless system
first and then add battery backup at a
later time.

| recently heard from a dealer that
this was not possible without changing
inverters (at the minimum). Of course, |
assume that a controller would need to
be added, but is it true that there is not
an inverter that could be interfaced with
the grid and also accommodate power
from a battery bank?

Tom Craig ¢« Asheville, North Carolina

This is a one-or-the-other choice to make.
There is no single-inverter system that
can be switched between a battery-based
system and a batteryless system (though I
recently saw a prototype inverter designed
to do this very thing). About the best you
could do to meet your needs would be to
invest in the battery backup equipment
up-front, but with only the minimal battery
bank as sized in the inverter specs. Later,
you could expand the battery bank if your
backup needs require it. However, most
in your situation would just start with the
full-sized battery bank.

Keep in mind that the inverter and
balance-of-system equipment for a battery
backup system will cost about twice that
of a batteryless system. Installation costs
will be greater too. And you'll have the
ongoing cost of battery maintenance
and replacement, plus somewhat lower
efficiency from the system over its
lifetime.

If you install a modern batteryless inverter
now, when you want to switch to a battery-

based system later you will likely be able to

W PV Cambinars from aur MNPV 1o the MNPVIE, This

TAeE
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recoup about half of the inverter price by
selling it used. Switching to a battery-based
system later may require rewiring the PV
array to meet different voltage requirements.
Batteryless inverters generally work at high
DC voltages (up to 600 VDC), whereas
battery-based systems work at lower voltages
(typically 24 to 48 VDC).

It is possible to design a multiple
inverter solution that would meet your
goal of starting out with the batteryless
inverter. In the future, that inverter could
be “AC-coupled” with a battery-based
inverter that would work in conjunction
with your existing system—without
having to rewire your array. However,
these systems are significantly more
expensive and complex. (See “The Switch
from Urban to Rural” by Kelly Davidson
in HP133 for an example.)

Regardless, work with your installer
to make sure that the PV array is the right
size for both systems, and that it can be
rewired if necessary to be used with the
new application.

Michael Welch e Home Power Senior Editor

5

Battery Spill

A friend of mine has an ancient off-
grid system (now out of commission),
with two L-16 batteries. | assume that
the two L-16 batteries self-discharged
over time, then froze, cracked, and
spilled all the electrolyte into the rubber
containment tub. Amazingly, it seems
to have held there.

What is the best way to clean this
up? How do | neutralize the acid before
trying to do something with it? With
baking soda? How much neutralizing
agent would be required? Will it foam
up like a science-fair volcano exhibit?
Even once neutralized, | assume that
I can’t just dump it into the woods.
What then?

Ben Branch - Newdale, Idaho

Put on your old clothes, goggles, and gloves,
and use baking soda (sodium bicarbonate) to
neutralize the spilled electrolyte. Get a case of
it, because you will need more than 10 pounds
to neutralize the amount of acid contained in
two L-16s.

HIGHEST
CEC
EFFICIENCY!
ALL MODELS
96%

lren.com www.salren.com PH 976,65

Includes:
IE‘WHHHW
AC Disconnect

el it

www.homepower.com

The acid will foam up grandly when the
soda is added, so add it slowly. Once the
reaction is complete, the neutralized acid can
be composted, since the resulting chemicals
(sodium bicarbonate and sodium sulfate) are
benign—the rest is mostly water.

Take the broken battery cases to a battery
dealer for recycling. The lead in the cases is
dangerous to the environment, and worth a
buck or two.

Richard Perez e Home Power Publisher

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.

RENEWABLES

3.9700 FAX 978.683.9702 CA 562.608.8913
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Become a
groSolar dealer

and join America’s premier solar network.

Deliver your customers the world class service, premium products, industry intelligence and engineering
expertise of groSolar. Position your business for success by becoming a groSolar dealer and tapping into
the Nation’s premier solar power company. Along with our partners we've been pioneering solar for almost
30 years. Get so much more than quality products. Empower your customers to enjoy the financial benefits
of solar power and become a dealer of the Nation’s leading solar power solutions.

As one of the largest solar power distributors in N. America we invite you to leverage our strengths
to grow you business:

- Industry-leading online account management-ordering system and collateral portal

- Competitive pricing on modules, components and pre-engineered PV and SHW packages

- Outstanding technology including Motech inverters, groEnergy Watch

monitoring and Canadian Solar modules ®
- Nationwide warehouse network for faster service g r O a r

About groSolar
groSolar is North America’s premier distributor, installer and integrator of solar

energy solutions for residential and commercial installations. Founded in 1998, What the World Needs.
groSolar is the largest 100 percent U.S.-owned distribution company in the solar

industry. The company has offices and warehouses across the US, distributing 866.GRO.SOLAR

solar electric and solar hot water systems from offices in VT, NJ, NY, CT, MA,

MD, DE, PA, CO, MT, and CA. g roSolar.com / hot




Zep Solar

Zep Solar’s low-profile precision mounting
systems look great, require no rails, and
offer a faster, safer, and less expensive
way to install solar on residential roofs.

It's hot up there, make it easy.

Learn more at our website:
www.zepsolar.com
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GREENIN

by Kelly Davidson

the neighborhood

Courtesy www.plymouthenergy.org

A PAREI “energy raiser” crew (with codirector Peter Adams, second from left) takes satisfaction from another successful

solar hot water system installation.

startling revelations about the coming depletion of

the world’s oil reserves, New Hampshire advertising
executive Peter Adams answered the call to action. He started
by bringing a group of like-minded friends and neighbors
together just to talk about what he’d learned. The prospect
of an energy crisis struck a chord among residents who rely
on oil to heat their homes through the long winters, and
pay thousands of dollars each year for heating. Discussions
during those potluck dinners soon evolved into finding ways
to help each other prepare for the inevitable crisis.

I n 2003, after reading The Party’s Over, Richard Heinberg’s

From those humble beginnings came the Plymouth Area
Renewable Energy Initiative (PAREI). Adams, who had
practically no experience with RE systems, was inspired by
the do-it-yourself projects he’d read about in Home Power, and
enlisted friend Sandra Jones to help get the organization off the
ground. Jones put her experience with nonprofit management
and community organizing to work. Within 10 months of
incorporating PAREI as a tax-exempt nonprofit in 2004, she
secured a $35,000 grant from the U.S. Department of Energy
that enabled the group to hire her as a part-time administrator
and open an office in Holderness, New Hampshire.

home power 134 /december 2009 & january 2010
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Solar Supplemental Heating

One of the group’s more complex energy raisers took place at
the home of Kevin Frank and Caryn McHose in Holderness, New
Hampshire. Increasing propane costs motivated the couple to
integrate solar thermal into the existing radiant floor heating
in their 2,000-square-foot house and the 1,700-square-foot
adjacent studio, which houses the couple’s body-movement
and therapy practices.

Frank turned to PAREI for guidance and supplies. Even though
he did not have any previous experience with solar hot water,
he was well versed in energy-efficiency techniques from his
years as a professional builder and felt confident that he
could complete the first phase of the project on his own. And,
since there were no rebates available through the local utility
at the time, working with a licensed installer—a requirement
to receive most rebates—was not necessary.

In addition to adding a wood-fired boiler to the heating system,
he installed three Sun-Earth flat-plate solar thermal collectors
on the house’s roof. Hot water from the collectors is routed
into a concrete storage tank in the basement. Laying the
groundwork for the second phase, Frank also constructed
a concrete storage tank in the studio basement and laid the
underground, insulated PEX loop between the two buildings.
The two original propane backup boilers were kept to provide
supplemental heating, if needed.

For the next phase, Frank called on PAREI and signed on for an
energy raiser. Three, 30-tube Apricus collectors were installed
on the studio roof, piped to heat exchangers and pumps in
the basement storage tank for domestic water and space
heating. Prior to the day, Frank and a few other members

At a time when state and local programs for RE were
lacking, the initiative set out to provide area residents and
businesses with access to the resources and education they
needed. “It was a very different atmosphere a few years
ago,” says Adams. “The state was not very supportive nor
was the infrastructure in place for people to readily get solar,
so we decided we had to take matters into our own hands.”
The group started by focusing on solar water heating, since
several members had some basic knowledge of those kinds
of systems.

Cooperative Learning
“We were not experts in renewable energy, and we were
learning right alongside of our members. We ended up
educating each other, reading books, taking classes, and then
sharing what we’d learned at our meetings,” Jones says.

“Once word got out about what we were trying to do,
people came out of the woodwork to share what they knew
and to learn from others. Homeowners, electricians, property
managers, carpenters, and plumbers all had something to
contribute, and beforelong, we had members helping members
build wood boilers and develop plans for homemade solar
water heating setups,” she adds.

The group’s mix of community-mindedness and moxie
has proven to be a winner. In just a few short years, its

installed the heat exchangers in the tank and plumbed to the
tank. They also installed some staging on the roof and built
a mount from pressure-treated lumber for the Apricus. The
rest—installing the collectors and rack, finishing the plumbing,
and configuring the controls for the system—was tackled by a
25-person crew that turned out for the day.

Frank estimates that the first phase—including the tanks’
construction, wood boiler assembly, trenching, and Sun-Earth
system—came to more than $17,000 after the federal tax
credit. Thanks to the discounts and free labor through PAREI,
the cost of the second phase was considerably less. The
Apricus system for the studio totaled $3,909 after state and
federal rebates.

Frank says the time, energy, and investment was well
worthwhile, and credits PAREI for empowering him to tackle
the project. Today, the couple’s propane dependency is down
from 800-plus gallons to roughly 50 gallons per year—most
of which is used for cooking, clothes drying, and some
intermittent space heating in the studio’s second floor, which
is not equipped with radiant floor heating. During cloudy
spells, Frank stokes the fire in the wood boiler as his first line
of defense and, only when necessary, kicks on the two original
propane-powered water heaters for backup.

“PAREI changed the way we use energy, and the group is truly
revolutionizing this little part of the granite state,” Frank says.
“Knowing that wood and solar are the primary sources for
both the space heating and domestic hot water makes it easier
for me to turn up the heat, and make our clients and family
more comfortable.”

PAREI volunteers gather for an end-of-the-day
celebration after their thirty-second energy raiser.

www. homepower.com
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neighborhood cenergy

of. at a discounted rate. The group also

stocks several system components that
are not readily available at the local
retail outlets.

But the savings do not end there.
The typical SHW systems, which
supplement the homeowners’ existing
water heating systems, can reduce an
average household’s water heating
bills by 60 to 80% and offset up to
4,000 pounds of carbon emissions per
year. Adams estimates that his SHW
system, installed as part of PAREI's
inaugural energy-raiser, saves his family
of four 200 gallons of fuel oil per year.

o . I'_#""_ =

PAREI's Process

For the Adams’ installation, 27
volunteers, including curious neighbors
and local tradespeople, worked together
to mount the 22-tube collector on the
roof and install a 45-gallon solar storage
tank in the basement. Although Adams
says this first energy-raising event was

Courtesy Eric D'Aleo

In barn-raising style, PAREI members flock the roof of Kevin Frank’s studio
to help install 90 evacuated tubes.

membership base has grown to include more than 300
families and businesses, and the group has hired two

38

additional part-time staffers. And, while the state’s new
incentive programs and progressive net-metering laws have
helped further its cause, PAREI has won recognition from
both state and federal government agencies for its role in
transforming the area’s virtually nonexistent RE market into
a burgeoning solar economy.

To date, PAREI has coordinated or assisted with
115 PV and solar thermal installations, with nine more
scheduled for the coming year. As a result of their
influence, regional technical schools now offer classes in
solar thermal and solar-electric installation. Local hardware
stores also expanded their inventory to include some
supplies frequently required for solar energy installations
and energy-efficiency upgrades.

Neighborly Savings

Key to PAREI's success has been its neighbors-helping-
neighbors approach, modeled after the community tradition
of an Amish barn-raising. At “energy-raiser” events, teachers,
students, tradespeople, and homeowners alike gather for a
day of work and socializing to install a solar hot water
(SHW) system.

By working together, they accomplish what no single
homeowner could do alone. The labor provided by volunteers
translates to thousands of dollars in savings. Plus, through
PARE], the installation satisfies the requirement for state and
federal rebate eligibility. PAREI reduces the costs even further
by buying collectors in bulk and selling them to members

Goop, Shake & Pass
the Tube

The Apricus solar collectors used by PARElI have some
unique installation requirements, as fully explained in
their manual. The systems have a proprietary rack for the
collectors, which is a straightforward assembly in most
cases. The collectors are manufactured to be assembled
in a modular fashion, allowing for easier installation and
smaller crews compared to larger flat-plate collectors that
typically require more hands and extra equipment to lift
them to the roof.

After the rack is assembled, the header assembly is
attached to the rack and the tubes are installed one at
a time. Prior to the tube installation, the condenser at
the top of the heat pipe in each tube is “gooped” with a
heat-transfer paste supplied by the manufacturer. Each
heat pipe contains a small amount of copper powder that
helps heat transfer and provides protection from freeze
damage. To ensure the powder is in the bottom of the
heat pipe where it is needed, the tube is turned upside-
down, and then right-side up and shaken, then inserted
into the header. With several people involved in the
installation, such as at an energy raiser or workshop, the
tube may be passed hand-to-hand, like a bucket brigade,
leading to a quicker installation. Anyone handling the
tubes should wear gloves to protect from injury in the
event a tube should break.

—Chuck Marken
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“pure chaos,” the work-team persevered. “By the end of the
day, after many trips to the hardware store,” he says, “the
system started generating PAREI's first clean and renewable
hot water.”

Now the energy raisers are far more systematic, says
Jones. Prior to the event, team leaders meet for a “setup
night,” at which time the solar storage tank is placed and the
pipe layout determined. On the day of the event, volunteers
are organized into five teams. A roof-and-ground team
attaches the rack of evacuated tubes, overseeing the “goop,
shake, and pass the tube” assembly line (see “Goop” sidebar).
The solar pipe-run team installs the pipe from attic to tank,
and connects the thermostat wire and differential controller.
A tank team connects the pipe to the heat exchanger, and
installs the pump and gauges. The attic team routes pipe
through the roof, while the communications team stays on the
ground to answer questions from spectators.

The complexity and scope of each system varies. Collectors
have been mounted on roofs, walls, and the ground. The
group has installed one- and two-tank systems, typically
using 80- or 119-gallon solar storage tanks, but these systems
tend to be too costly for the majority. Most often, homeowners
choose a system with a smaller, 50-gallon solar tank to add to
the home’s existing water-heating setup.

The goop, shake, and pass-the-tube team at work.

neighborhood cnergy

Solar Savings

When Amy and Todd Bickford built their new home a few
years ago, they didn’t put much thought into integrating
solar technologies. “We knew we could not afford it at
the time, so there wasn’t much sense in exploring the
idea,” Todd says.

But after rising oil prices in subsequent years drove
their heating bills to an “uncomfortable high,” the
couple considered the idea more seriously. They saw
the potential in the southern exposure on their 5-acre
property and wondered whether a solar thermal system
could help reduce their dependency on the oil-fueled
furnace.

“We have great solar exposure and didn’t want all the
solar energy to go to waste. Plus, it was frustrating to
hear the furnace turn on in the middle of the summer
when no one was using the hot water,” Todd says.

With the economy taking a turn for the worse, Todd and
Amy were hesitant to dip too deeply into their savings to
cover the system cost. Even after state rebates, the up-
front investment would still teeter on the higher side of
what they’d hoped to spend.

Todd found the answer one morning while reading the
local newspaper, which featured a story about PAREI.
He attended a free informational session held during
an energy raiser and says that they were “hooked after
that.”

“We loved the sense of community and how everyone
came together to accomplish what one neighbor could
not do alone,” says Todd.

The couple volunteered at three energy raisers before
their system was installed last May. In preparation for the
event, Todd and a few PAREI volunteers disconnected
the home’s old water tank from the furnace and installed
a new 75-gallon electric tank-style water heater. About
25 volunteers turned out for the installation, which was
fairly straightforward but required some concessions on
the part of the homeowners.

Partially bermed by a hillside, Todd and Amy’s house
features a walkout basement—making their home
essentially three stories. The basement access made the
tank installation easier but limited where the collectors
could be placed, since PAREI prohibits volunteers from
working more than two stories off the ground and would
not permit volunteers to mount the collectors on the
roof. Alternatively, the collectors were attached to the
south-facing side of the house. This eliminated the
need to run pipes through the roof but created another
challenge—routing piping down the exterior siding into
the basement. A quick brainstorming session gave way
to a creative solution—disguising and protecting the pipe
run with insulated gutters.

After the local utility rebate and federal tax credits, the
system cost roughly $1,800. The couple expects the
system to pay for itself in three to five years, depending
on the price of fuel oil.

www.homepower.com
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The Bickford home’s SHW rack, almost ready to receive
the evacuated tubes.

How It Works

An annual membership fee (currently $55 per household,
$75 per business, or $15 for low-income households) entitles
a homeowner to either an energy audit or one solar site visit
per year, where a staff member determines the feasibility of
installing a solar thermal or solar-electric system. PAREI helps
homeowners determine an installation plan that suits their
needs—either hiring a professional installer, hiring PAREI’s
professional crew to assist with the installation, working with
PAREI to learn to perform the installation on their own, or
participating in an energy raiser.

“Most homeowners come out for at least one energy
raiser, and then decide which way to go,” Jones explains.
“Some folks fall in love with the immediate gratification
and community spirit of an energy raiser, while others get
the confidence they need to go it alone. Then there’s a good
many that realize a hands-on approach is not for them and
that they’d rather hire a professional. And that’s alright—any
which way they go about it, we’ve accomplished our goal.”

Should a homeowner choose the energy-raiser route, they
must first volunteer for at least two energy raisers prior to
hosting their own—and then pay the favor forward at least twice
afterward. The home must also undergo an energy assessment,
where PAREI staffers and/or volunteers tour the home to
determine ways to reduce the household’s energy consumption
and improve its energy efficiency. “This is an essential step,”
Jones says, “because we want to ensure that these systems
reduce as much fossil-fuel consumption as possible.”

While PAREI does not currently organize energy raisers
for solar-electric systems, the group does refer homeowners
to local tradespeople who provide members with competitive
pricing. Many of these installers, Jones says, sought formal
training and certifications as a result of PAREI's influence. For
each referral, PAREI receives a small consulting fee, which
helps offset the nonprofit’s expenses.

Other PAREI activities include lectures and hands-on
training for the general public. All told, PAREI represents a

Courtesy www.plymouthenergy.org (2)

Homeowner Amy Bickford helps place the last evacuated tube,
with help from energy-raiser volunteers.

new model for “how to grow solar economies in communities,”
Jones says. “PAREI does more than just organize the energy
raisers and provide the necessary volunteer labor. It brings
communities together and illustrates the impact a committed
group working hand-in-hand can have.”

The group is now making it possible for other communities
to replicate its model. Individuals interested in starting
an energy initiative are welcome to visit PAREI in New
Hampshire and participate in an energy raiser. For those who
cannot make the trip, PAREI sells a CD-ROM and DVD “tool
kit” that explains, among other things, how to organize energy
raisers and rally community support. As part of the package,
a PAREI member also serves as an advisor, providing start-up
guidance via e-mail or over the phone.

Folks from Portsmouth, New Hampshire, signed on
and used PAREI’s model to create SEAREI (Seacoast Area
Renewable Energy Initiative) and hosted its first energy raiser
in August. The Renewable Energy Initiative of Portland,
Maine, also got its start with help from PAREI and held its
first energy raiser last March.

“It's been a very organic process since the beginning.
We'd try something, and if it didn’t work, then we’d move
on,” Adams says. “But we’ve learned a lot along the way, and
we want other communities to benefit from our experiences
and do their part to prepare for peak oil as well.”

Access

Associate Editor Kelly Davidson (kelly.davidson@homepower.com)
was disappointed that her old clunker did not qualify for “Cash for
Clunkers,” but she's happy that the program got some gas-guzzlers
off the road. Until next time, she's grateful that her 1999 Toyota
Corolla still takes her from point A to point B, and gets 20-plus miles
per gallon while doing it.

Plymouth Area RE Initiative ® 603-536-5030 ® www.plymouthenergy.org

Apricus ® www.apricus.com ® SHW systems

home power 134 /december 2009 & january 2010



we make renewable do-able’

renewable energy gear for DIYers

akin
[¢] "énewape do-able for over 10 years!

—

step 1: learn

» free how-to articles & videos online
 classes in Massachusetts & Ohio

* learn from our active community

—

)
step 2: design
*+ assess your home
« free online system calculators
 design your own system
_

—

step 3: buy & build

* buy your gear

« diy installation tutorials & support
* make your own energy

—

®
E get started today >> www.altEstore.com/HP134
[Use code: HP134 for extra savings] (877) 878-4060



a2

UKE
AV anmbage
off Sollar
Incemdiv:

with Mo Rousso

Federal, state, and utility incentives
make investing in solar energy for
your home more affordable than ever.
Here are some programs that are
available and information on how
you can put them to work for your
pocketbook.

Federal Incentives for Residential Systems

The primary incentive from the federal government is the
investment tax credit (ITC), initially brought into law as part
of the Energy Policy Act of 2005. The ITC was for PV systems,
solar hot water (SHW), and fuel cells, and was calculated as
30% of the qualified expenditure for the system, with a cap of
$2,000 for residences. In late 2008, HR1424 extended the ITC
to include small wind systems (up to 100 kW). Additional
provisions included an eight-year extension of the ITC until
December 31, 2016, and the ability to apply the ITC against
the alternative minimum tax for federal tax returns. The
American Reinvestment and Recovery Act (ARRA) of 2009
removed the $2,000 cap for all PV, SHW, and small wind
systems placed into service after 2008.

So what does this mean for you? A tax credit is applied
against taxes owed. It is not a deduction, which is merely
subtracted from income to determine the amount of tax

to be paid. Credits result in much higher tax savings than
deductions. According to the feds, their PV and wind
system tax credit covers system costs, which besides the
cost of components, may include labor for site preparation
and system installation, and wiring to connect the system
to the home. If the system is for a new home, the “placed in
service” date is when the homeowner obtains occupancy.
If the federal tax credit exceeds tax liability for that year,
the excess may be carried forward (through 2016), until it
is depleted.

SHW systems carry additional requirements for tax-
credit eligibility. First, the equipment must be certified
by the Solar Rating Certification Corporation (SRCC) or a
comparable entity qualified by the state in which the system
is installed. Second, the system must provide at least 50%
of the home’s water heating needs. This credit applies only
to domestic water heating—solar heating systems for pools
and spas aren’t eligible.

Regardless of the technology, the home served by the
RE system does not have to be the taxpayer’s principal
residence to qualify for the credit.

The tax code provision includes another potential
incentive. According to Section 136 of the IRS Code, rebates,
buy-downs, and other subsidies provided by public utilities
are nontaxable. To quote the IRS: “Gross income shall not
include the value of any subsidy provided (directly or
indirectly) by a public utility to a customer for the purchase or
installation of any energy conservation measure.”

home power 134 /december 2009 & january 2010



The term “energy conservation measure” includes
installations or modifications—such as solar- and wind-
electric systems, and solar water heating systems—that reduce
consumption of utility electricity or natural gas. Eligible
dwelling units include houses, apartments, condominiums,
mobile homes, and boats.

Given the IRS’s definition of “energy conservation
measure,” a case could be made that utility rebates for
residential SHW and PV projects may be nontaxable. Consult
with your CPA or a tax attorney if you're considering using
this provision for your PV, DHW, or small wind system
because it makes the calculation of the ITC a bit more
complex. If you and your CPA decide to take advantage
of Section 136 and elect not to include the cash subsidy
in your income, then you must reduce the basis of the
“Qualified Expenditure” on which the Section 25D payment
is computed by the full amount of that subsidy. On the
other hand, if you obtain a rebate or other cash subsidy and
elect to include it in your income, then you do not need to
reduce your “Qualified Expenditure” basis for the purposes
of determining the ITC. It is simply 30% of the “Qualified
Expenditure.”

State, Local Government & Utility Incentives
Beyond the feds, state, city, and utility incentives are available
depending on where you live. These incentives include:

Green Building: Some cities and counties offer permit
fee reductions or waivers for solar energy systems, as
well as expedited permitting. For instance, the City of
Santa Monica, California, not only has waived its building
permit fees for solar energy systems, but has established
guidelines in an effort to standardize PV installation and
inspection procedures.

Leasing or Lease-Purchase: Some municipalities and utilities
now offer low-cost leasing of solar equipment. Santa Clara,
California’s solar water heating program supplies, installs,
and maintains systems for residents. Owned by the city, the
home or building owner simply pays an initial installation
fee, plus a monthly utility fee to lease the system.

Local Loan Programs: Numerous municipalities have
established relationships with finance companies to provide
low-cost loans to their residents. In Berkeley, California, for
example, the loans are repaid over time through an additional
property tax assessment. Typically, homeowners must agree
to an energy-efficiency assessment of their home to qualify
for the loans.

Local Rebates: Several municipalities provide cash rebates
to homeowners who install RE systems. These rebates are
typically in addition to any available utility or state rebate.
In June 2008, the San Francisco Public Utilities Commission
started providing rebates to residents who install PV systems,
and additional rebates for low-income residents. The program
was made retroactive to cover systems installed on or after
December 11, 2007.

www. homepower.com
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Rebate Programs

[l state Only
[ Local and/or Utility
] State and Local and/or Utility

Tax Credits for RE

[l Personal Tax Credits Only’
[[] Corporate Tax Credits Only
[ personal and Corporate Tax Credits

Grant Programs

[l state Only
[J Local and/or Utility
O] state and Local and/or Utility

Map data courtesy www.dsireusa.org
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Check Out DSIRE

The Database of State Incentives for Renewables
& Efficiency (DSIRE, www.dsireusa.org) is a
comprehensive source of information on state, local,
utility, and federal incentives and policies that promote
renewable energy and energy efficiency. Established
in 1995 and funded by the U.S. Department of Energy,
DSIRE is an ongoing project of the North Carolina
Solar Center and the Interstate Renewable Energy
Council.

DSIRE contains lists and links for all of the programs
mentioned in this article and many more. It is sorted by
federal and states and is as simple as clicking on your
state on the map, which brings up a list of all incentives
with detailed information.

Production Incentives: Europe is a leader in implementing
renewable energy, and forward-thinking policy and attractive
incentives have largely been the basis for its success. European
countries have been using feed-in-tariffs (FITs, see Power
Politics, HP133), a legislated tariff that requires utilities to pay
a premium rate over a predetermined period (15 to 25 years,
typically) for all electricity produced by renewable sources
and fed into the grid. Typically, FITs can be three to four times
that of the retail electricity tariff, meaning that homeowners
installing RE systems dramatically reduce their system’s
payback period.

In the United States, the Gainesville Regional Utilities
(GRU), a municipal utility owned by the City of Gainesville,
Florida, was one of the first to offer a FIT for PV systems.
Similar to the German FIT model which legislates utilities to
purchase energy from qualified PV systems via a standard

offer contract, GRU will offer a FIT at set rates for a period
of 20 years. Under GRU’s program, homeowners with PV
systems smaller than 10 kW have the option to enter into a
FIT agreement and sell 100% of their electricity to GRU, or
to net meter and only send the excess electricity to GRU. For
qualified residents who choose net metering, GRU also offers
a rebate. FIT programs are also currently under development
in Vermont and Oregon, according to Rusty Haynes of the
North Carolina Solar Center.

If there’s a program in your area, how do you determine if
a FIT is right for you? Depending on the tariff schedule, energy
consumption profile, and size of your PV system, you may
elect to evaluate which FIT scheme to adopt in two different
ways. First, if you are a relatively low user of electricity and
rarely use enough energy to reach peak tiers, you may get
more financial benefit by selling all of your power to the
utility. Conversely, if you are a heavy user and are space-
constrained so that you end up installing a peak-shaving PV
system, then you may want to opt for the net-metering option
and claim the rebate. Most financial advisors would conduct a
net-present-value calculation, where typically, the more cash
you get up front (i.e., rebate), the better the economics.

Chelan County Public Utilities District in Washington
state also has a variant on a FIT program—Sustainable
Natural Alternative Power (SNAP). It has a variable FIT rate,
depending on the number of customers who pay into their
green pricing program and the overall energy production by
participants. This approach serves a double purpose. First,
the green pricing program allows ratepayers to elect to pay a
slight premium for renewable electricity. Second, the green-
pricing premium helps subsidize the FITs for those who want
to invest in installing green energy systems. In 2008, the tariff
was 25 cents per kWh.

In May 2005, Washington enacted Senate Bill 5101,
establishing production incentives for individuals, businesses,
and local governments that generate electricity from solar
power, wind power, or anaerobic digesters. The incentive
amount paid to the producer starts at a base rate of 15 cents
per kWh and is adjusted by a multiplier, based on the system
type, with larger multipliers for systems using equipment
manufactured in Washington state.

These multipliers result in production incentives ranging
from 12 cents to 54 cents per kWh, capped at $5,000 per year.
Ownership of the renewable-energy credits associated with
generation remains with the customer-generator and does not
transfer to the state or utility.

Property Tax Exemption: Several states offer property-tax
abatements or exemptions. For example, in Oregon, the
added value to any property from the installation of a
qualifying renewable energy system such as PV, SHW,
or wind may not be included in the reassessment of the
property’s value and is exempt from additional property tax.
This exemption is intended for the end users of the property.
Many other states have exempted PV, SHW, and small
wind from additional property taxes, including California,
Texas, Kansas, Massachusetts, Michigan, Tennessee, Indiana,
Nevada, and Rhode Island.
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Sales Tax Exemption: As with property taxes, a number of
states exempt eligible renewable energy systems from sales
tax. As an example, Colorado exempts from their sales-and-
use tax all components used in the production of AC electricity
from a renewable energy source. In addition, effective July
1, 2009, through July 1, 2017, all components used in solar
thermal systems are also exempt from sales-and-use tax. The

Many utilities offer rebates for PV, SHW, and small wind systems.
In California alone, there are 27 utilities offering rebates to buy
down the system’s purchase price. For PV and small wind, the
rebate is usually based on the system size, measured in watts.
For SHW, the rebate is usually calculated on the number or

square footage of the collectors.

exemption only applies to state taxes, not taxes assessed by
incorporated municipalities and counties. However, the state
has granted local jurisdictions the authority to adopt the
exemption for renewable energy equipment at their option.
Other states that have implemented RE sales-tax relief include
Vermont, Washington, Massachusetts, Minnesota, Arizona,
Wyoming, New Jersey, Maryland, Florida, and Ohio.

State Loan Programs: Numerous states offer low-interest
loans for residential renewable energy projects. To illustrate,
the Oregon Small-Scale Energy Loan Program finances
small-scale, distributed generation projects, like rooftop
PV and SHW systems. The state will loan up to $20 million
for a single project, although most loans are for less than
$100,000. Terms are pegged to the expected life cycle of
the technology and are typically five to 15 years in length.
Interest rates vary.

Iowa’s Alternate Energy Revolving Loan Program
provides up to 50% of the cost of a qualifying PV, SHW, or
small wind system, and offers attractive terms of 0% interest
for up to 20 years.

State Rebate Programs: Many
states offer cash rebates for the

solar incentives

Originally, the CSI program provided incentives only to
the customers of the state’s investor-owned utilities. How-
ever, in August 2006, the CSI was expanded to encompass
municipal utility territories and is required to offer
nearly $800 million of incentives beginning in 2008. For
systems less than 50 kW, incentives are awarded as a one-
time, up-front payment based on expected performance,
which is calculated using
equipment ratings and
installation factors such as
geographic location, tilt,
orientation, and shading.
Applicants may choose
to receive their incentives
via the performance-based
incentive (PBI), which is
calculated against the actual
number of kWh generated.
The PBI runs over five years
and is paid monthly. All
installations larger than 50 kW must take the PBI. Rebates
decline per a published schedule once a certain targeted
MW of PV capacity is reached.

Although the CSI primarily funds PV projects, the
CPUC also authorized $2.6 million for a pilot SHW program
(except pool and spa systems). The pilot is managed by the
California Center for Sustainable Energy and is limited to
customers of San Diego Gas and Electric. The maximum
residential rebate is $1,500 and is adjusted downward
based on expected performance. Equipment installed must
carry the SRCC’s OG100 rating.

Utility Loan Programs: Some utilities offer loans that are
either funded from within or through an established finance
company. In New Jersey, utility company PSE&G offers
low-interest loans for PV systems to customers. Residential
customers can receive loan terms of 10 years at 6.5% interest.
The loan may be coupled with the New Jersey rebate for
homeowners and covers 40 to 60% of the system cost.
Customers can repay their loans with a combination of cash

Example Incentives

implementation of residential San Diego, CA Aspen, CO Long Island, NY
Californi PV SHW PV SHW PV SHW
.Pvtindlsiw S.YStf}T s Czl Ofrfma (2kW) (80sq.ft) (2kW) (80sq.ft)  (2kW) (80 sq. ft)
is the leader in this and offers
Cost $15,120 $4,000 $15,000 $4,000 $14,000 $4,000
several types of rebate programs. -
N . Federal tax credit 4,536 1,200 4,500 1,200 4,200 1,200
In January 2006, the California
. s .. Maximum rebate 3,100 1,500 4,000 1,000 7,000 0
Public Utilities Commission
(CPUC)  implemented  the Out-of-pocket cost || $7,484 | $1,300 $6,500 | $1,800 $2,800 | $2,800
California Solar Initiative (CSI) Percent of cost 495% | 32.5% 433% | 45.0% 200% | 70.0%
program, which provides more
than $3 billion in incentives Building permit No charge Fee Fee
for solar-energy projects. The Sales tax Not exempt Exempt Exempt
program’s objective is to have Property tax Exempt Depends on county Exempt, 15 yrs.

3,000 megawatts of PV capacity
by 2016.

Federal tax credits are calculated assuming all rebate funds are claimed as part of the household
taxable income.

www.homepower.com
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and solar renewable energy certificates, with 1 SREC equal
to 1 megawatt-hour of green electricity. Since the state trades
SRECs, the value of the SREC may vary. If it goes higher, then
customers will enjoy the extra benefits.

Utility Rebates: Many utilities offer rebates for PV, SHW, and
small wind systems. In California alone, there are 27 utilities
offering rebates to buy down the system’s purchase price.
For PV and small wind systems, the rebate is usually based
on the system size, measured in watts. For SHW, the rebate
is usually calculated on the number or the square footage of
the collectors.

As an example, California’s Earth Advantage Rebate
Program offers rebates for PV and SHW systems to residential
and business customers of Redding Electric Utility. Rebates
for PV vary from $2.60 to $3.55 per watt, depending on tilt,
azimuth, and whether there is a tracker involved. SHW is
50% of project cost—up to $1,000 for the first collector, $500
for the second, and $250 for the third.

Seize the Solar Opportunity

All homeowners are eligible for the federal incentives—if they
have a tax liability. Additional incentives vary from state to
state, city to city, or utility to utility within the same state. To
capture all the available incentives, do your homework. A
reputable solar or wind installer should be able to help you
reap all the incentives you are eligible for.

We are seeing more and more great incentives, allowing
homeowners to get excellent returns on their PV or SHW
investment. The recession has created a buyer’s market, and
eager contractors and equipment suppliers are selling their
products and services at better-than-ever prices. Low prices,
the current administration’s desire to promote renewable
energy, and the fact that many states are creating market
demands by reducing out-of-pocket costs make this a very
good time to install renewable energy systems.

Access

Mo Rousso (mrousso@heliomu.com) engineered and installed his
first solar energy projectin 1975. In 2001, he founded HelioPower,
a leading solar power integration firm based in California. Mo is
currently CEO of Helio mU, a PV finance company. He holds an
MBA with an emphasis in finance, and a bachelor's degree in
mechanical engineering.

Portions of this article are based on or adapted from the The
Database of State Incentives for Renewables & Efficiency (DSIRE,
www.dsireusa.org) and are used with the permission of North
Carolina State University and DSIRE.

INTRODUCTING

The Most Advanced MPPT Solar Controller

Maximizes energy harvest
Highest efficiency at 99%

On board Ethernet

world’s leading solar controllers

& inverters

MORNINGSTAR

corporation

PHONE: +1.215.321.4457 www.morningstarcorp.com
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UN ELECTR®NICS  (305) 536-9917

Powered by Nature

SUN ELECTRONICS IS THE ONLY SOLAR COMPANY THAT GIVES YOU WEEKLY
UPDATED INVENTORY WITH PRICE PER WATT PRICING ON ALL MODULES.
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SUN-ES-A-200-fa3 - $2.38/* : ,  Xantrex TR1512 - $708.00

SUN-ES-A-205-fa3 - 5238 Xantrex TR2424 - 5888.00
SUN-ES-A-205-faZ - 52.38/" Xantrex TR3624 $998.00

Xantrex XWe048 - $2,918.00
Freedom’s New & Refurb - Callfer Price

SUN-120W - RF TR

SUN-ES-A-210-fa3 - $2.38/wm : 4 Xantrex XW4024 - $2,598.00

SUN-110W $2.78 =
|| SUN-100W - §2.78M 2
SUN-90W §2.78 O xantrex
SUN-85W - $2.78/w 3 Power Systems’ S C35 - $89.00

SUN-50W - 6338wt 3 EM60 - $474.00 *}F#Z c40 - $117.00
FM80 - $584.00 C60 - 5147.00

IKYOCERG .2 .....erreo . sisooo

T 68 e $7M IN STOCK
Ll KD-21$?;ZGK-PL $2mm1 . ® 36 YEARS IN SOLAR
(BRI . e WE SHIP WORLDWIDE

KD-180-GX-LP - $2.68" = e WAREHOUSES IN:

KD-205-GX-LP - 52.68™" 1 PHDENIJ{ me &FUERT{J RICD
KD-135-GX-LP = 5298w 3

#lill1+#|‘1"I‘i'1‘K¢C‘I‘:E|‘3'Df-Ir+I.I:H¢i##'l‘tfﬁﬁ:‘i‘lsl‘%.‘l‘zﬁ?::.rll‘:l*. r
R EC : Hefrlgeratc:rs 5*_-1'1}3 {}ﬂ

REC-SCM-225 - $2.44/n :

(E R RN RN R AR NN

" 1-888-536-9917

Oiffer vahd wnlil 12731772009, See store for dalails.

e S VIS U N ETECIC O

MIAMI, FL 33132 Email: info@sunelec.com




Introducing the UJ6 module series
from Mitsubishi Electric
212 to 235 watts

With the solar industry shifting its focus from $/W to $/kWh, a module’s real-life energy performance is extremely important.
Mitsubishi Electric PV modules have one of the highest PTC ratings in the industry and are well known for exceeding power
output expectations in real life conditions. All of our PV modules have a tight +/- 3% power tolerance, a 25-year power

output warranty, and are known for their exceptional quality and reliability.

In our new UJ6 series, we've not only increased the number of cells per module from 50 to 60, we've also improved the cell
efficiency to bring you more power per square foot. Mitsubishi Electric PV modules have some of the most innovative safety
features in the industry including a triple-layer junction box, 100% lead-free solder, and a back protection bar for extra
support. The new modules range in size from 212 watts to 235 watts and are designed for roof mount or ground mount

commercial installations.

For more information please MITSUBISHI
email pv@meus.mea.com " R
call 714-236-6137 or visit ELECT IC

www.MitsubishiElectricSolar.com SOLAR ELECTRIC INNOVATIONS



LORENTZY'

SINCE 1993

SOLAR
WATER PUMPS

¢ water filled brushless DC motor
maintenance-free

¢ no electronics in the motor
¢ 12-200V DC, 110-240V AC solutions

¢ modular concept: pump end, motor,
controller are seperate parts

¢ all 316 stainless steel,
not thinner than 0.16" (4mm)

¢ 2,000ft (600m) lift ability
¢ pump speed adjustable

¢ remote tank shut off with integrated
timer and pressure switch

L4 largest variety in solar industry:
helical rotor, centrifugal, vane-type,
submersible, surface or floating pump

LORENTZ

LORENTZ Germany
www.lorentz.de

Dealers: CAP Solar Cz a, www.capsolar.com, Tel. (866) 556 8779 (toll free), Fax (403) 556 7799
| - GENPRO US/ w.genpro.us, Tel. (866) 593 0777 (toll free), Fax (605) 341 9918
+ KELLN Solar ada, kellnsolar.com, Tel. (888) 731 8882 (toll free) , Fax (306) 731 2774
Solar Power ump Co. USA, www.togosolar.com, Tel. (866) 246 7652 (toll free), Fax (580) 225 1120
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These are exciting times for the PV module market—due to
political and economic forces at work, the PV industry is on
the move and changing at a rapid clip, and new products are
being added regularly.

Our previous buyer’s guides have focused on module
specifications, and have given detailed information on how to
apply the data to the design process. This guide focuses on the
criteria used to select the modules included in the table, along
with residential PV price trends, specifications definitions,
and general advice to PV module shoppers.

PV Module Criteria

Only crystalline modules 100 watts or larger and 60 watts and
larger for thin-film are included in this guide. They also meet
the following criteria:

¢ Listed on the California Energy Commission’s (CEC) SB1
guidelines-compliant module list, as of October 1, 2009

°  Manufacturers must have U.S.-based sales offices

¢ Available to the residential and small commercial market;
in stock and ready to ship

CEC SB1 guidelines-compliant module list—As of July
1, 2009, the CEC provides incentives only for modules
that have been independently tested and are listed on
the SB1 guidelines-compliant module list hosted by the
Go Solar California Web site (see Access). Prior lists of
modules eligible for incentives in California only had to
be in compliance with Underwriters Laboratories (UL)
1703—a safety standard that doesn’t reflect module
performance.

- | .,

Photo www.topherdonahue.com

Under the CEC guidelines, incentive-eligible modules
must report the following performance parameters, as verified
by an independent testing agency:

*  Maximum power

*  Temperature coefficients

* Nominal operating cell temperature (NOCT)
* Performance at STC and NOCT

* Performance at low irradiance (200 W/m2).

PTC Ratings

Based on a higher cell temperature (about 25 to 30°C
higher) than STC (standard test conditions), PTC (PVUSA
test conditions) testing provides a more realistic module
output value than STC. The higher cell temperature
(which is based on NOCT) is used with the maximum
power temperature coefficient to calculate the PTC
rating.

Before July 1, 2009, NOCT and maximum power
temperature coefficients were simply unverified
values supplied by PV module manufacturers. Now,
independent testing agencies verify these values—a big
improvement to the PV industry and better yardstick for
predicting actual performance. Another testament to
the need for third-party verification? About 65% of the
initial 475 modules relisted on the CEC-eligible module
list were found to have up to 6.3% overrated PTC ratings
prior to testing under the new requirement.
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The test laboratory must be affiliated with the
International Laboratory Accreditation Cooperation (ILAC),
which includes CSA, Intertek (ETL), TUV Rhineland of
North America, and UL, but also includes other testing
facilities around the world. Once these parameters are
tested and reported, module PTC ratings (see “PTC Ratings”
sidebar) can be calculated and used to determine California’s
incentive amount.

Independent testing has been required in Europe
for many years, but before July 2009, no U.S. incentive
programs required this testing. As a result, the likelihood
of underperforming PV modules entering the U.S. was
high. Now that the CEC requires testing for its PV incentive
programs, it is expected that other programs in the United
States will follow suit.

Modules thathave beenindependently verified are thought
to carry a vote of confidence from their manufacturer, since
they’ve spent the extra time and money for the verification
process. More PV modules are added to this list regularly. For
an up-to-date list, visit the Go Solar California Web site.

U.S.-based sales offices. Anincreasing number of international
companies are supplying the U.S. PV market, and some of
their modules appear on the CEC list. However, not all of
these companies have offices located stateside. End users
and installers should have ready access to customer support,
so we have included only those PV manufacturers that have
offices in the United States.

Product in stock and available to the residential PV market.
To be included in the guide, module suppliers have stated
that they will have these products in stock and ready to ship
by the magazine’s issue date (December 2009).

And, since Home Power is focused on home-scale subjects,
our final criterion is that modules are available to the
residential and small-commercial market.

All module specifications in the table were provided by the
manufacturers.

The type of silicon cell, based on the cell manufacturing
process. Amorphous silicon (a-Si) arrays require nearly
twice as much area to produce an equal amount of power as
crystalline modules. On the flip side, amorphous modules can
offer better high-temperature performance (see the “Maximum
Power Temperature Coefficient” specification).

The module power rating at standard test conditions
(STC)—1,000 watts per square meter solar irradiance,
25°C (77°F) cell temperature. Because module output is
dependent on environmental conditions, modules are
tested at STC so they can be compared and rated on
a level playing field. Actual power output in the field
will vary as available sunlight and module temperature
fluctuate.

guide

PV market growth and module-supply limitations of
previous years sparked a huge module production ramp
up in 2008. However, this increase in module supply
then collided with the economic downturn—which
means less money available and lower PV sales. The
result was lower price per watt as manufacturers try to
unload surplus stock.

Module prices are not listed in the table, since that price
varies depending on distributor and quantity. However,
we have included information from Solarbuzz’s online
retail price per watt survey, which shows the average
retail module price dropping from $5.40 per watt in 2001
to the current average retail price of $4.40 (September
2009). While this graph shows the average retail values
from the survey, a quick Internet search revealed that
modules can be easily found for lower prices. (The
lowest price we found was about $3 per watt for
unblemished, listed modules.) This price drop, along
with local, state, and federal incentive programs for PV
systems, means that it's an excellent time to buy. (For
more information, see the solar incentives article in this
issue.) Also remember that price is only one criterion of
concern to module shoppers—also consider warranty
terms, customer service, and company longevity and

reputation.
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The module power rating at PVUSA test conditions
(PTC)—1,000 watts per square meter solar irradiance,
20°C (68°F) ambient temperature, and wind speed of
1 meter per second at 10 meters above ground level.
This rating translates into a much higher—and more
realistic—module operating temperature and is used in
some incentive programs to calculate incentive amounts
(see “PTC Ratings” sidebar).

(continued on page 60)
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Max. Max.
Power Power Power Power Module Power Power
Cell @STC @ PTC Tolerance Per Sq. Ft. Efficiency Voltage Current
Manufacturer Model Type (W) (W) (%) (W) (%) (Vmp) (Imp)
S_16 165 165 | 146.1 11.1 12.0 23.2 7.1
S_16 170 170 | 150.6 11.5 12.3 23.4 7.26
S_16 175 175 | 155.2 11.8 12.7 23.6 7.41
S_16 180 180 | 159.7 12.1 13.1 23.8 7.55
Aleo SOIOI' S_16 185 poly | 185 | 1643 | 125 13.4 24.0 7.70
o g S-18 210 210 | 186.2 11.9 12.8 28.4 7.41
S_18 215 215 | 190.8 12.2 13.1 28.6 7.53
S_18 220 220 | 195.3 12.4 13.4 28.7 7.65
S_18225 225 | 199.9 12.7 13.7 28.9 7.78
S_18 230 230 | 2045 13.0 14.0 29.1 7.90
BP 4175T Mono | 175 | 157.2 | +5/-3 13.0 14.0 35.4 4.94
BP 175B 175 | 157.3 12.9 13.9 35.8 4.90
Poly +/-5
BP 175I 175 | 157.3 12.4 13.3 35.8 4.90
BP 4180T Mono | 180 | 161.8 13.3 14.4 35.8 5.03
BP Solar BP 3180T 180 | 161.8 13.3 14.4 35.6 5.00
www.bpsolar.us BP3220T 220 | 193.1 12.3 13.2 28.9 7.60
BP3220B Poly | 220 | 193.1 +6/-3 12.3 13.2 28.9 7.60
BP3225T 225 | 197.7 12.5 13.5 29.1 7.70
BP3230T 230 | 202.2 12.8 13.8 29.1 7.90
CS6A-150PE Poly | 150 | 132.6 | +/-3.3 10.7 23.1 6.50
CS5A-160M Mono | 160 | 145.4 11.6 34.9 4.58
CS6A-160P Poly 160 | 139.6 | +/-3.1 11.4 23.1 6.92
CS6A-160PE 160 | 1417 11.4 23.1 6.92
CS5A-170M Mono | 170 | 154.7 12.4 35.5 4.79
CS6A-170P Poly 170 | 148.6 | +/-2.9 12.1 23.2 7.33
CS6P-170PE 170 | 150.0 9.8 28.7 5.93
CS5A-180M Mono | 180 | 164.0 13.1 36.1 4.99
o CS6A-180P 180 | 157.6 | +/-2.8 12.9 DNR 23.6 7.62
Ca I‘\_adldl‘l Solar CS6P-180PE 180 | 159.0 104 | (DidNot | 287 6.26
WazZesisoaitcon CS6P-190PE Poly | 190 | 168.1 | +/-2.6 11.0 Report) 28.8 6.60
CS6P-200P 200 | 172.8 11.6 28.9 6.93
CS6P-200PE 200 | 1771 | 2 11.6 28.9 6.93
CS6P-210P 210 | 1817 | +/-2.4 12.1 28.9 7.26
CS5P-220M Mono | 220 | 2015 12.0 46.9 4.69
CS6P-220P Poly | 220 | 190.7 +-23 12.7 29.3 7.52
CS5P-230M Mono | 230 | 210.9 12.6 475 4.84
CS6P-230P Poly | 230 [ 199.6 +-22 13.3 29.8 7.71
CS5P-240M Mono | 240 [ 220.4 | +/-2.1 13.1 48.1 4.99
Day4 48MC 160 160 | 143.3 11.5 12.4 22.6 7.08
Day4 48MC 165 165 | 147.9 11.8 12.7 23.0 7.19
Day4 48MC 170 170 | 152.5 12.2 13.1 23.0 7.38
DCIY4 El‘lel‘QY Day4 48MC 175 Poly | 175 | 157.1 | +/-35 12.6 13.5 23.4 7.48
www.day4energy.com Day4 48MC 180 180 | 161.7 12.9 13.9 23.7 7.60
Day4 48MC 185 185 | 166.3 13.3 14.3 23.8 7.77
Day4 48MC 190 190 | 170.9 13.6 14.7 24.0 7.92
ET-M572165 165 | 146.5 12.0 12.9 35.8 4.60
ET-M572170 170 | 151.1 | +3/-1 12.4 13.3 36.1 4.71
ET-M572175 Mono | 175 | 155.7 12.7 13.7 36.2 4.83
ET-M572180 180 | 157.7 13.1 14.1 36.3 4.95
ET-M572185 185 | 1622 | 3 13.5 14.5 36.3 5.09
ET-P654190 190 | 167.9 12.0 12.9 26.8 7.10
ET-P654195 195 [ 1724 | 12.3 13.3 27.0 7.22
ET SOIOI’ ET-P654200 200 | 176.9 12.6 13.6 27.2 7.36
S or ot ET-P654205 205 | 1815 13.0 13.9 27.3 7.50
ET-P654210 210 | 186.1 +/-3 13.3 14.3 27.5 7.63
ET-P672255 Poly | 255 | 226.6 12.2 12.1 35.2 7.23
ET-P672260 260 | 231.2 12.4 13.4 36.0 7.23
ET-P672265 265 | 2358 | +3/-1 12.7 13.7 36.4 7.28
ET-P672270 270 | 237.2 12.9 13.9 36.4 7.42
ET-P672275 275 | 2417 13.2 14.2 36.7 7.49
ET-P672280 280 | 2463 | +/-3 13.4 14.4 36.7 7.63
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Open- Short- Pmp Voc Isc Nominal Series Power
Circuit Circuit Temp. Temp. Temp. Operating Fuse Back- Materials Warranty
Voltage Current  Coeff. Coeff. Coeff. Cell Temp. Rating Connector Frame Sheet Length Width Depth Weight Warranty (Yrs.)
(Voc) (Isc) (%/°C) (%/°C) (%/°C) (°C) (A) Type Color Color (In.) (In.) (In.) (Lbs.) (Yrs.) 90%/80%
29.6 7.69

29.8 7.82

30.0 7.95 -0.48 32.68 37.50

30.2 8.07

30.4 8.20 . .

359 3.03 -0.34 0.04 48 15 Tyco Silver | White | 65.35 1.97 10 10/25
36.1 8.13

36.3 8.24 -0.46 38.98 46.30

36.4 8.34

36.6 8.44

43.6 5.45 20 MC4 Silver | White | 62.48 | 31.10

43.6 5.47 Grey | 62.72 | 31.10

43.6 5.47 15 MC3 | Black =0 [ 62.48 | 32.61 33.95

43.6 5.58 62.48 | 31.10

43.6 5.40 -0.50 -0.36 0.07 47 Silver | White | 62.48 | 31.10 1.97 5 12/25
36.6 8.20

20 MC4

36.6 8.20 Black | Grey 65.63 | 39.37 12.77

36.6 8.30 Silver | White

36.7 8.40

28.8 7.12 -0.42 0.08 15 52.13 | 38.66 35.27

43.6 4.97 10 62.80 | 31.54 34.17

28.9 7.51 045 0.06 15 52.13 | 38.66 36.27

28.9 7.51 -0.42 0.08 52.13 | 38.66 35.27

44.1 5519 10 62.80 | 31.54 34.17

29.2 7.85 -0.45 0.06 15 52.13 | 38.66 35.27

35.8 6.62 -0.42 0.08 64.49 | 38.66 44.09

44.5 5.40 10 62.80 | 31.54 34.17

29.4 8.20 045 0.06 52.13 | 38.66 36.27

8519 6.98 0.42 -0.35 0.08 45 MC4 Silver | White 1.57 6 10/25
36.0 7.33 15

36.2 7.68 -0.45 0.06 64.49 | 38.66

36.2 7.68 -0.42 0.08

36.4 7.91

58.4 5.10 10 63.07 | 41.77 44.09

36.6 8.09 15 64.49 | 38.66

58.8 5.25 0.45 0.06 10 63.07 | 41.77

36.8 8.34 15 64.49 | 38.66

59.3 5.40 10 63.07 | 41.77

28.3 7.70

28.6 7.80

28.8 7.90

29.2 8.05 -0.44 -0.33 0.03 47 15 Tyco Silver | White | 51.46 | 39.01 1.38 38.28 5 10/25
29.4 8.10

29.5 8.20

29.7 8.30

441 5.19

44.2 5.30

44.3 5.50 -0.47 -0.40 0.06 44 10 62.20 | 31.81 34.20

44.6 5.61

44.6 5.80

32.5 7.72 L

32.8 7.98

32.7 7.86 . . 58.35 | 39.06 39.30

228 310 MC4 Silver | White 5 12/25
32.8 8.30

43.9 7.85 -0.46 -0.35 0.07 45 12

43.5 7.79

43.6 7.90

136 790 77.00 | 39.10 2.00 50.70

43.8 7.96

43.8 7.98
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Max. Max.

Power Power Power Power Module Power Power

Cell @STC @ PTC Tolerance Per Sq. Ft. Efficiency  Voltage Current
Manufacturer Model Type (W) (W) (%) (W) (%) (Vmp) (Imp)
ES-C-110-fa2 110 | 99.1 9.9 10.6 16.8 6.57
ES-C-115-fa4 115 | 103.7 10.3 11.1 17.9 6.42
ES-C-120-fa2 120 | 1083 | 5 10.8 11.6 17.3 6.95
ES-C-125-fa4 125 | 112.9 11.2 12.1 18.4 6.81

Evergreen SOIGr ES-B-180-fa1/fb1 Ribbon 180 154.6 | +3.4/-2 11.2 12.0 17.1 10.53
www.evergreensolar.com ES-B-190-fa1/fb1 190 | 163.4 | +2.6/-2 11.8 12.7 17.4 10.92
ES-B-195-fal/fb1 195 | 167.9 | +2.6/-0 12.1 13.1 17.6 11.08

ES-A-200-fa3 200 | 180.7 | +2.5/-0 11.8 12.7 18.1 11.05

ES-A-205-fa3 205 | 185.4 12.1 13.1 18.2 11.27

ES-A-210-fa3 210 | 190.0 | 240 12.4 13.4 18.3 11.48
GE Energy GEPVp-200-M oty 200 | 173.1 s 12.8 13.9 26.3 7.60
WWww.gepower.com GEPVp-205-M 205 177.6 13.1 14.2 27.2 7.60
Kaneka G-SA060 aSi | 60 57 | +10/5 5.9 6.3 67 0.9

www.pv.kaneka.co.jp
KD130GX-LP 130 | 114.8 | +/-3.8 12.0 12.9 17.7 7.39
KD135GX-LP 135 | 1194 [ o 12.5 13.4 17.7 7.63
KD135GX-LPU 135 | 119.4 : 14.0 13.4 17.7 7.63
Kyocera KD185GX-LPU Poly | 185 | 1625 | +-2.7 11.6 13.9 236 7.84
www.kyocerasolar.com KD205GX-LPU 205 | 180.0 | +2.4/-0 12.8 13.8 26.6 7.71
KD210GX-LPU 210 | 184.6 13.1 14.1 26.6 7.90
KD215GX-LPU 215 | 189.1 | >0 13.4 14.4 26.6 8.09
Lumos LS 185 Mono | 185 | 165.6 | +/-3 135 145 37.1 5.01
www.lumossolar.com

PV-EE120MF5N 120 | 108.7 11.1 11.9 17.2 6.99
PV-EE125MF5N 125 | 112.4 | +10/-5 11.5 12.4 17.3 7.23
o o o PV-EE130MF5N 130 | 117.0 12.0 12.9 17.4 7.47
Mitsubishi PV-UD175MF5 Poly | 175 | 157.0 1.8 12.7 23.9 7.32
www.mitsubishielectricsolar.com PV-UD180MF5 180 | 161.6 12.1 13.0 24.2 7.45
PV-UD185MF5 185 | 166.2 +-3 12.4 13.4 24.4 7.58
PV-UD190MF5 190 | 169.8 12.8 13.7 24.7 7.71
TDB125x125-72-P 150W 150 | 133.2 10.9 11.8 35.2 4.26
TDB125x125-72-P 155W 155 | 137.7 11.3 12.2 35.4 4.38
N- B S I TDB125x125-72-P 160W 160 | 142.3 11.7 125 35.6 4.50
"19 O Jolar TDB125x125-72-P 165W | Mono | 165 | 146.8 +/-5 12.0 12.9 35.8 4.61
www.nbsolar.com TDB125x125-72-P 170W 170 | 151.4 12.4 13.3 36.0 4.72
TDB125x125-72-P 175W 175 | 155.9 12.7 13.7 36.2 4.84
TDB125x125-72-P 180W 180 | 160.5 13.1 14.1 36.4 4.95
P f IP-VA 180 Mono | 180 [ 159.2 13.03 14.1 35.3 4.83
evarersa IP-VAP210 210 | 1837 | +3/-2 12.02 13.0 27.47 7.58
www.pevafersa-america.com IP-VAP230 Poly 230 | 201.0 13.17 14.2 27.66 7.72
REC205AE-US 205 | 178.2 11.5 12.4 27.2 7.60
REC210AE-US 210 | 182.7 11.8 12.7 27.6 7.60
REC REC215AE-US Poly 215 | 187.2 o 12.1 13.0 28.0 7.70
WWW.recgroup.com REC220AE-US 220 | 191.7 12.4 13.3 28.4 7.80
REC225AE-US 225 | 196.2 12.7 13.6 28.8 7.80
REC230AE-US 230 | 200.7 12.9 13.9 29.1 7.90
HIT-190BA19 190 | 171.2 15.2 16.4 54.8 3.47

HIT-186DA3! 186 | 172.6 14.2%18.2° | 15.3%19.6° | 54.8%55.1° | 3.40%4.32°

HIT-190DA3! 190 | 176.8 14.6%18.6° | 15.7%/20.0° | 55.3%55.6° | 3.44%/4.37°

HIT-195DA3! 195 | 181.1 14.9%19.1° | 16.1%20.5° | 55.8%56.1° | 3.50%/4.45°
SCII'IYO HIT-195BA19 Mono, | 195 | 179.8 | . o 15.6 16.8 55.3 3.53
WWW.sanyolcom/solar HIT-200BA19 a-Si 200 | 1845 16.0 17.2 55.8 3.59
HIT-205BA19 205 | 185.1 16.4 17.7 56.7 3.62
HIT-205NKHA1 205 | 190.2 15.1 16.3 40.7 5.05
HIT-210NKHA1 210 | 194.9 15.5 16.7 41.3 5.09
HIT-215NKHA1 215 | 199.6 15.9 17.1 42.0 5.13

! Bifacial module 2At STC At up to 30% backside irradiance contribution
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Open- Short- Pmp Voc Isc Nominal Series Power
Circuit Circuit Temp. Temp. Temp. Operating Fuse Back- Materials Warranty
Voltage Current  Coeff. Coeff. Coeff. Cell Temp. Rating Connector Frame Sheet Length Width Depth Weight Warranty (Yrs.)
(Voc) (Isc) (%/°C) (%/°C) (%/°C) (°C) (A) Type Color Color (In) (In.) (In.) (Lbs.) (Yrs.) 90%/80%
20.9 7.33

22.3 7.15

e o= -0.43 | -0.31 | 0.05 45 15 J-Box 62.40 | 25.67 27.00

22.6 7.37 Silver 1.60

21.3 11.64 .

21.5 11.95 -0.49 | -0.34 | 0.06 46 White | o1 g0 40.10 ° 10/25
21.7 12.11

e T 20 MC4 37.50

22.7 11.93 -0.43 | -0.31 | 0.05 45 Black 65.00 1.80 | 41.00

22.8 12.11

32.9 8.10

-0.50 | -0.36 | 0.07 50 15 Tyco | Silver | White | 58.50 | 38.60 | 1.40 | 39.00 5 10/20

33.0 8.20

91.8 1.19 -0.26 | -0.31 | DNR 45 7 MC Black | N/A | 37.79 | 38.97 | 157 | 30.2 5 25
22.1 8.06

22.1 8.37 -0.48 47 9910 1 2630 | 140 | 2870

22.1 8.37 52.80

29.5 8.58 -0.36 | 0.05 15 MC4 Black | White 36.30 5 10/20
33.2 8.36 1.81

=5 BIES -0.49 48 59.10 | 39.00 P

33.2 8.78

45.4 5.27 -0.47 | -0.38 | 0.10 45 10 MC4 %'ﬁ‘j';r/ White | 62.20 | 31.80 | 1.40 | 34.10 5 10/25
21.6 7.75

21.8 7.90 58.90 | 26.50 29.80

21.9 8.05

30.2 7.93 -0.45 | -0.34 | 0.05 48 15 MC4 Black | White 1.81 5 10/25
30.4 8.03

206 513 65.30 | 32.80 37.00

30.8 8.23

43.4 4.92

43.6 4.98

43.8 5.04

44.0 5.10 -0.40 | -0.35 | 0.03 47 10 MC4 | Silver | White | 62.20 | 31.80 | 1.80 | 35.27 5 10/25
44.2 5.16

44.4 5.22

44.6 5.28

44.9 5.19 037 |0:108 47 Silver, | White, | 62.72 | 31.61 | 1.81 | 41.14

36.9 8.10 -0.50 : 0.135 48 10 Tyco | others | others 5 12/25
36.8 8.32 -0.36 | 0.125 49 avail. | avail. | 6460 | 38941 1.91 1 51.70

36.0

36.1 8.30

36.3 -0.50 | -0.37 | 0.11 49 15 mca  [SIVer/l white | 65.55 | 39.02 | 1.69 | 4850 5 10/25
36.4 Black

36.6 8.40

36.8

67.5 3.75 45 MC4 Black | White | 51.90 | 34.60 | 1.80 | 33.07 5
67.5%68.2° | 3.68%4.78° | -0.30
68.1%68.8° | 3.70%4.81° 47 MC3 | Silver | None | 53.20 | 35.35 | 2.36 | 50.70 2
68.7%/69.5° | 3.73%74.85° | -0.29 | -0.25 | 0.02

68.1 3.79 -0.30

68.7 3.83 45 s 51.90 | 34.60 33.07 g
68.8 3.84 0.29

- - MC4 Black | White 1.80 5

50.3 5.54 028 | 004

50.9 5.57 -0.34 ) ) 46 62.20 | 31.40 35.30

51.6 5.61 -0.27 | 0.03
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Max. Max.
Power Power Power Power Module Power Power
Cell @STC @ PTC Tolerance Per Sq. Ft. Efficiency  Voltage Current
Manufacturer Model Type (W) (W) (%) (W) (%) (Vmp) (Imp)
SAPC-170 Mono 170 | 149.1 +10/5 12.1 13.1 34.8 4.90
SAPC-175 175 | 151.8 12.5 13.5 35.4 4.95
POLY 202 202 | 177.6 11.2 12.1 28.9 6.99
POLY 210 210 | 184.8 11.7 12.6 29.3 7.16
POLY 217 Poly 217 | 191.2 +/-4 12.0 13.0 29.6 7.33
POLY 220 220 | 193.9 12.2 13.1 29.7 7.41
Schott Solar POLY 225 225 | 198.4 125 13.4 29.8 7.55
LG e e el I Ee ASE 250 250 | 221.6 9.6 10.3 48.5 5.15
ASE 260 260 | 230.6 10.0 10.7 48.7 5.50
ASE 270 270 | 239.7 10.3 11.1 49.1 5.50
ASE 280 Ribbon | 280 | 248.8 +-2 10.7 11.5 49.6 5.65
ASE 290 290 | 257.9 11.1 11.9 50.1 5.80
ASE 300 300 | 267.0 11.5 12.4 50.6 5.90
ASE 310 310 | 276.2 11.9 12.8 51.1 6.10
165 SPU-4 165 | 146.4 11.1 11.9 23.4 7.06
. 170 SPU-4 Poly 170 | 150.9 5 11.4 12.3 23.7 7.19
SChUCO 175 SPU-4 175 | 157.0 11.8 12.7 23.9 7.32
T o 180 SPU-4 180 | 161.6 12.1 13.0 24.2 7.45
200 SMAU-1 Mono 200 | 178.1 3 12.7 14.2 25.4 7.89
210 SMAU-1 210 | 187.3 13.3 14.9 26.3 7.98
SDM-170/(165)-72M 165 | 145.3 12.0 35.6 4.65
SET'SOIOI‘ SDM-170/(170)-72M 170 | 149.8 12.4 35.8 4.76
SDM-170/(175)-72M Mono | 175 | 154.3 +-3 12.7 DNR 36.2 4.85
www.set-solar.com SDM-170/(180)-72M 180 | 158.9 13.1 36.8 4.90
SDM-170/(185)-72M 185 | 163.4 13.5 37.5 4.95
ND-72ERUC* 72 63.2 5.8 12.5 10.0 7.18
ND-72ELUC* 72 63.2 5.8 12.4 10.0 7.18
ND-123UJF 123 | 108.2 11.5 12.4 17.2 7.15
ND-130UJF 130 | 113.8 12.2 13.1 17.4 7.50
ND-N2ECUF 142 | 124.1 11.4 12.3 19.9 7.13
ND-N2ECUC Poly 142 | 124.1 11.4 12.3 19.9 7.13
NE-165U1 165 | 144.6 11.8 12.7 34.6 4.77
NE-165UC1 165 | 144.6 11.8 12.7 34.6 4.77
ND-167UC1 167 | 147.3 11.8 12.7 23.0 7.27
NE-170U1 170 | 149.1 12.1 13.1 34.8 4.90
NE-170UC1 170 | 149.1 12.1 13.1 34.8 4.90
NT-170UC1 170 | 147.3 12.1 13.1 34.8 4.90
NT-175U1 Mono | 175 | 151.8 12.5 13.5 35.4 4.95
NT-175UC1 175 | 151.8 12.5 13.5 35.4 4.95
ND-176U1Y Poly 176 | 152.4 12.4 13.3 23.4 7.52
ND-176UC1 176 | 152.4 12.4 13.3 23.4 7.52
NT-180U1 Mono | 180 | 156.3 12.9 13.8 35.9 5.02
Shar ND-187UC1 187 | 164.7 13.2 14.2 25.8 7.25
P ND-198U1F 198 | 1705 | +10/-5 12.4 13.4 26.3 7.52
www.solar.sharpusa.com ND-198UC1 198 | 170.5 12.4 13.4 26.3 7.52
ND-200U1F 200 | 173.0 11.4 12.3 28.4 7.04
ND-200UC1 200 | 173.0 11.4 12.3 28.4 7.04
ND-208U1F 208 | 180.1 11.9 12.8 28.7 7.25
ND-208UC1 208 | 180.1 11.9 12.8 28.7 7.25
ND-216U1F 216 | 185.0 12.3 13.3 28.9 7.48
ND-216UC1 Poly 216 | 185.0 12.3 13.3 28.9 7.48
ND-U216C1 216 | 185.0 12.3 13.3 30.2 7.16
ND-216U2 216 | 187.3 12.3 13.3 28.7 7.53
ND-220U1F 220 | 1885 12.5 13.5 29.2 7.54
ND-220UC1 220 | 1885 12.5 13.5 29.2 7.54
ND-224U1F 224 | 192.6 12.8 13.7 29.3 7.66
ND-224UC1 224 | 192.6 12.8 13.7 29.3 7.66
ND-U224C1 224 | 192.6 12.8 13.7 30.2 7.42
ND-V230A1 230 | 198.0 13.1 14.1 30.3 7.60
ND-U230C1 230 | 198.0 13.1 14.1 30.3 7.60
NU-U230F3 Mono 230 | 207.1 13.1 14.1 30.0 7.67
NU-U235F1 235 | 211.7 13.4 14.4 30.0 7.84

4Triangular module, generally installed in pairs making > 100 W
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Open- Short- Pmp Voc Isc Nominal Series Power
Circuit Circuit Temp. Temp. Temp. Operating Fuse Back- Materials Warranty
Voltage Current  Coeff. Coeff. Coeff. Cell Temp. Rating Connector Frame Sheet Length Width Depth Weight Warranty (Yrs.)
(Voc) (Isc) (%/°C) (%/°C) (%/°C) (°C) (A) Type Color Color (In) (In.) (In.) (Lbs.) (Yrs.) 90%/80%

43.2 5.47

08 5.40 -0.49 | -0.36 0.05 48 10 MC3 62.01 | 32.52 1.81 35.30 1

35.8 7.79

36.1 7.95 White

36.4 8.10 -0.45 0.33 47 15 Tyco 66.34 | 39.09 | 0.19 50.70 2

36.5 8.15 ’

36.7 8.24 0.03 .

0.0 5.90 Silver 10/25

60.0 5.90 -0.35 10

60.0 6.05 -0.41

61.9 6.20 -0.47 | -0.46 45 MC3 None | 74.50 | 50.50 2.00 | 107.00 1

62.5 6.40 -0.42 o

63.2 6.50 -0.39 0.05

63.8 6.50 )

29.7 7.73

29.9 7.83 -0.45 | -0.35 0.06 46 MC4 65.28 | 32.83 1.81 37.50

30.2 1.93 15 Black | White 5 12/25

30.4 8.03

33.5 8.24

231 .35 -0.50 | -0.33 0.03 43 Tyco 58.31 | 38.94 1.87 37.92

43.2 5.20

43.6 5.25

43.9 5.30 -0.47 | -0.34 0.04 DNR DNR MC4 Silver | DNR | 62.20 | 31.80 1.65 | 35.30 5 25

44.2 5.35

44.5 5.40

12.7 7.89

127 289 MC Black | Black | 45.87 | 38.98 1.81 23.10

21.8 7.99 . .

219 8.20 J-Box Silver | White | 59.00 | 26.10 1.80 30.86

25.2 7.84

252 =84 Black | Black | 45.87 | 38.98 1.81 31.96

43.1 5.46 . .

431 5.31 Silver | White | 62.00 | 32.50 1.80 37.49

29.0 8.02 Black | Black | 52.30 | 39.10 | 2.30 | 36.40

43.2 5.47

43.2 5.47 35.30

43.2 5.47 Silver | White | 62.00 | 32.50 1.80

44.4 5.40 37.50

44.4 5.40 35.30

29.3 8.22

29.3 .22 Black | Black | 52.30 | 39.10 | 2.30 36.40

44.8 5.60 Silver | White | 62.00 | 32.50 1.80 37.50

32.7 7.99 52.30 36.40

32.9 8.23 -0.49 | -0.36 0.05 48 15 Black | Black 2.30 1 10/25

32.9 .23 58.70 39.60

36.0 7.90 MC

36.0 7.90 44.10

36.3 7.99 46.30

36.3 7.99 44.10

36.5 8.10 46.30

36.5 8.10

36.7 7.85 39.10 44.10\

36.3 8.35 Silver | White ’ 46.30

36.5 8.24 64.60 1.80

36.5 8.24

36.6 8.33 44.10

36.6 8.33

36.9 8.07

37.0 8.24

37.0 8.24

37.0 8.40 44.00

37.0 8.60 Black | Black
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Max. Max.
Power Power Power Power Module Power Power
Cell @ STC @ PTC Tolerance Per Sq. Ft. Efficiency Voltage Current

Manufacturer Model Type (W) (W) (%) (W) (%) (Vmp) (Imp)
SLK60P6L 215 215 | 192.4 12.3 13.2 29.0 7.41

Siliken SLK60P6L 220 220 | 197.0 12.6 13.6 29.2 7.54
SLK60P6L 225 Poly | 225 | 2015 | +3/-0 12.9 13.9 29.3 7.68

www.siliken.com SLK6OP6L 230 230 | 206.1 13.1 14.2 295 7.79
SLK60P6L 235 235 | 210.7 13.4 145 29.5 7.97

160-24-M165 165 | 147.2 12.0 12.9 35.8 4.61

160-24-M170 170 | 151.8 12.4 13.3 35.9 4.74

190-27-M170 170 | 150.4 10.6 11.4 26.1 6.51

160-24-M175 Mono | 175 | 156.4 12.7 13.7 36.0 4.86

SOIGI‘fUI'I 190-27-M175 175 | 1860 | o 10.9 1.7 26.2 6.68
e i g 160-24-M180 180 | 161.0 13.1 14.1 36.0 5.00
190-27-M180 180 | 159.5 11.2 12.1 26.3 6.84

190-27-P200 200 | 177.7 12.4 13.4 26.9 7.44

190-27-P205 Poly 205 | 182.3 12.8 13.7 27.0 7.60

190-27-P210 210 | 186.8 13.1 14.0 27.1 7.75

SW 165 165 | 147.4 11.8 12.7 35.3 4.68

SolarWorld SW 175 Mono | 175 | 156.6 | +/-3 12.5 13.4 35.8 4.89
www.solarworld-usa.com SW 220 220 | 196.5 e 13.4 29.3 7.51
P220/6+/01 220Wp 220 | 194.3 12.5 13.4 28.8 7.65

SOIOI‘I P220/6+/01 225Wp Poly 225 | 1989 | s 12.7 13.7 28.9 7.80
T P220/6+/01 230Wp 230 | 203.4 13.0 14.0 29.0 7.95
P220/6+/01 235Wp 235 | 208.0 13.3 14.3 29.2 8.05

SPR-210-BLK 210 | 188.9 15.7 16.9 40.0 5.25

SPR-215-WHT 215 | 195.5 16.1 17.3 39.8 5.40

SPR-225-BLK 225 | 202.9 16.8 18.1 41.0 5.49

SunPower SPR-230-WHT Mono | 230 | 2095 | +/-5 17.2 185 41.0 5.61
RAVWEEIDORE GO SPR-305-WHT 305 | 280.6 17.4 18.7 54.7 5.58
SPR-310-WHT 310 | 285.0 17.7 19.0 54.7 5.67

SPR-315-WHT 315 | 290.0 17.9 19.3 54.7 5.76

STP170S-24/Ab-1(BIk) 170 | 147.3 12.4 DNR 35.2 4.83

STP170S-24/Ab-1 170 | 1475 12.4 13.3 35.2 4.83

STP1758-24/Ab-1(BIk) | |\~ | 175 | 151.8 12.7 DNR 35.2 4.95

STP175S-24/Ab-1 175 | 152.0 12.7 13.7 35.2 4.95

STP180S-24/Ab-1(BIk) 180 | 156.2 13.1 DNR 35.6 5.05

SU nl'ech STP180S-24/Ab-1 180 | 156.5 o 13.1 14.1 35.6 5.05
Wwwisuntech-power.com STP190-18/Ub-1 190 | 162.5 12.0 12.9 26.0 7.31
STP200-18/Ub-1 200 | 171.4 12.6 13.6 26.2 7.63

STP210-18/Ub-1 Poly 210 | 180.3 13.3 14.3 26.4 7.95

STP260-24/Vb-1 260 | 231.3 12.4 13.4 34.8 7.47

STP270-24/Vb-1 270 | 236.9 12.9 13.9 35.0 7.71

STP280-24/Vb-1 280 | 246.0 13.4 14.4 35.2 7.95

TSM-165DA01 165 | 146.0 12.0 13.3 35.6 4.65

TSM-170DA01 170 | 150.6 12.3 13.7 35.8 4.76

TSM-175DA01 Mono | 175 | 155.1 12.7 14.1 36.2 4.85

TSM-180DA01 180 | 159.6 13.1 145 36.8 4.90

Trina SOIGI" TSM-185DA01 185 | 164.3 13.4 14.9 37.5 4.95
! TSM-220PA05 Poly 220 | 192.9 +/-3 125 13.9 29.8 7.39
www.trinasolar.com TSM-220DA05 Mono | 220 | 193.6 12.5 13.9 29.8 7.39
TSM-230PA05 Poly | 230 | 202.0 13.1 14.6 30.0 7.66

TSM-230DA05 Mono | 230 [ 202.7 13.1 14.6 30.0 7.66

TSM-240PA05 Poly 240 | 211.0 13.6 15.2 30.6 7.84

TSM-240DA05 Mono | 240 | 211.8 13.6 15.2 30.6 7.84

PVL-68 68 61.4 5.6 16.5 4.13

o PVL-124 124 | 112.0 5.8 30.0 4.13
UI’IIS_OICII‘ PVL-128 aSi | 128 | 1155 | +/5 5.5 DNR 33.0 3.88
www.uni-solar.com PVL-136 136 | 122.8 5.8 33.0 4.13
PVL-144 144 | 130.1 6.2 33.0 4.36

YL175 175 | 148.9 12.5 13.5 23.0 7.61

Yin I. YL 220P-29b 220 | 194.6 12.5 13.5 29.0 7.59
9 1 YL 225P-29b Poly | 225 | 199.1 +/-3 12.8 13.8 29.5 7.63
www.yinglisolar.com YL 230P-29b 230 | 203.7 13.1 14.1 29.5 7.80
YL 235P-29b 235 | 208.3 13.4 14.4 29.5 7.97
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Open- Short- Pmp Voc Isc Nominal Series Power
Circuit Circuit Temp. Temp. Temp. Operating Fuse Back- Materials Warranty
Voltage Current  Coeff. Coeff. Coeff. Cell Temp. Rating Connector Frame Sheet Length Width Depth Weight Warranty (Yrs.)
(Voc) (Isc) (%/°C) (%/°C) (%/°C) (°C) (A) Type Color Color (In) (In.) (In.) (Lbs.) (Yrs.) 90%/80%

36.6 8.02

36.7 8.10

36.8 8.20 -0.43 | -0.36 0.04 49 15 MC4 Silver | White | 64.60 | 39.00 1.57 41.90 5 10/25

36.9 8.32

36.9 8.47

44.0 5.10

145 5.12 8 62.20 | 31.80

32.4 7.49 12 58.80 | 39.37

44.8 5.17 8 62.20 | 31.80

325 7.69 12 Silver/ | White/ | 58.80 | 39.37

5.0 5.20 0.40 0.38 0.04 45 3 MC4 Black | Black | 62.20 | 31.80 1.77 | 33.00 3 10/25

32.6 7.78

32.8 8.24

329 5.35 12 58.80 | 39.37

33.0 8.48

44.0 5.10

44.4 5.30 047 -0.33 0.04 46 15 MC44 | Silver | White 6339 | 31.89 1.34 33.00 2 10/25

36.6 8.18 -0.45 65.94 | 39.41 48.50

36.4 8.30

36.6 8.40 . .

36.7 855 -0.44 | -0.35 0.05 DNR 15 Tyco Silver | White | 64.56 | 39.37 1.65 | 51.80 10 10/25

36.9 8.65

47.7 5.75 -0.29 46 15 Black

48.3 5.80 -0.28 45 White

1.42 ol

48.5 5.87 0.27 46 20 Black 3 33.10

48.7 5.99 -0.38 ) 0.06 20 MC4 Black 61.39 1.81 10 12/25

64.2 5.96 .

64.2 6.05 -0.28 4 15 White 41.18 41.00

64.2 6.14

43.8 5.14 0.02 Black | Black 34.10

43.8 5.14 0.04 Silver | White 34.17

44.2 5.20 0.02 Black | Black 34.10

44.2 5.20 0.48 0.04 15 Silver | White 6220 | 31.80 34.17

44.4 5.40 0.02 Black | Black 1.38 | 34.10

44.4 5.40 0.04 34.17

33.0 289 -0.34 45 MC4 5 12/25

33.4 8.12 58.30 37.04

33.6 8.33 Silver | White

14.0 3.09 -0.47 0.05 20 39.10

44.5 8.12 77.00 2.00 | 59.50

44.8 8.33

43.2 5.20

43.6 5.25

43.9 5.30 9 62.24 | 31.85 1.57 | 34.40

44.2 5.35

445 5.40 |

ilver, ite

36.8 8.00 -0.45 | -0.35 0.05 47 Tyco Black | Black 5 10/25

36.8 8.00

37.0 8.18

37.0 318 15 64.96 | 39.05 1.81 43.00

375 8.38

375 8.38

23.1 5.10 112.10 8.70

42.0 5.10 . 197.10 15.50

47.6 4.80 -0.21 -0.38 0.10 46 8 MC Frar?1e Black 15.50 [ 0.20 DNR 20

46.2 5.10 216.00 17.00

46.2 5.30

29.0 8.20 51.57 34.83

36.5 8.15

36.5 8.28 -0.45 | -0.37 0.06 46 15 MC4 Silver | White 64.96 38.98 1.97 43.65 5 10/25

37.0 8.40

37.0 8.54
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Web Extra

For more detailed descriptions of each specification,
download “Specifications Details” at www.homepower.

com/webextras |

Rated power tolerance (%)

The range within which a module will overperform or
underperform its STC rated power. This is a key specification
to consider—it can be extremely disappointing if under even
“ideal” conditions, your 2,000 W array may only produce
1,820 W if power tolerance is +/-9%. To be assured your
module has the ability to produce the amount of power it
is specified for, look for a narrow (or positive only) power
tolerance. Note that while the “2009 PV Buyer’s Guide” listed
several modules with a +/- 9% power tolerance, the largest
range listed in this guide is +/- 5%—a testament to improving
PV module standards.

Rated power per square foot (W)

Also known as “power density,” this value reflects power
output at STC per square foot of module (not cell) area. This
specification is also known as “power density.” The higher
the power density, the less space you need to produce a
certain amount of power—if mounting space is limited, look
for modules with a higher rated power density.

Module efficiency (%)

Output power divided by input power, or how efficiently
a PV module uses the photons in sunlight to generate
DC electricity. Like power density (above), the higher this
efficiency, the more electricity you can generate in a given
space.

Maximum power voltage (Vmp)

The voltage at which a module will put out the most power
under STC. Temperature has a direct effect on module
voltage, with higher temperatures resulting in lower voltage
and lower temperatures resulting in higher voltage. String-
sizing programs for grid-tied inverters take your site’s high
and low temperatures into consideration for optimizing the
number of modules to be wired in series.

Maximum power current (Imp)

The maximum amperage produced by a module or array
(under STC) when exposed to sunlight and connected to a
load. This value is often used when performing voltage-drop
calculations for wire runs from the PV array (see Back Page
Basics in HP133).

Open-circuit voltage (Voc)

The maximum voltage generated by a PV module or array
when exposed to sunlight, with no load connected. PV system
components (modules, wiring, inverters, charge controllers,

etc.) are each rated for a specific voltage, so maximum system
voltage must be calculated using this value, as well as the
number of modules in series in conjunction with the open-
circuit voltage temperature coefficient (discussed below) and
lowest expected temperature.

Short-circuit current (Isc)
The amperage generated by a PV module or series string
when exposed to sunlight, with output terminals shorted
together. This value is used to determine the wire and
overcurrent protection sizes needed.

Maximum power temperature coefficient
(% per °C)

The change in module output power at temperatures other
than STC (25°C). This specification is used to calculate how
much module power is lost or gained due to temperature
variations. A-Si modules have lower values, not losing as
much power as crystalline modules when hot.

Open-circuit voltage temperature
coefficient (% per °C)

The change in module open-circuit voltage at temperatures
other than STC (25°C). If given, this specification is used in
conjunction with open-circuit voltage to calculate maximum
system voltage for system design and labeling purposes (per
National Electrical Code Article 690.7).

Short-circuit current temperature
coefficient (% per °C)

The change in module short-circuit current at temperatures
other than STC (25°C). These coefficients are much lower
than temperature coefficients for voltage, and do not greatly
impact most PV system designs.

Nominal operating cell temperature
(NOCT)

The temperature of each module at an irradiance of 800 W
per square meter and an ambient air temperature of 20°C.
This specification is used together with the maximum
power temperature coefficient to estimate power loss due to
temperature increase.

Series fuse rating (A)

The amperage value of a series fuse used to protect a module
from overcurrent, under certain conditions. Because PV
modules are current-limited, there are some cases where
series fusing may not be needed. Series fuses (if required)
are placed in a combiner box or, in some cases, inside a
batteryless inverter.

Connector type

The module output terminal or cable/connector configuration.
Most modules come with plug-in weather-tight connectors
(MC4, MC3, or Tyco), which makes installation easier. But
some modules are returning to the J-box, since they allow
the use of conduit between modules, a safety requirement for
arrays installed in readily accessible locations.
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A limited warranty on module materials and workmanship
under normal application, installation, use, and service
conditions. For the modules listed in this guide, warranties
usually range from one to 10 years. This warranty usually
guarantees full replacement or free servicing of a defective
module(s) by the manufacturer.

A limited warranty for module power output based on
the minimum peak power rating (STC rating minus power
tolerance percentage) of a given module. This warranty is
usually separated into two time frames. Most manufacturers
warrant for 10 or 12 years that their modules will operate
within 90% of their minimum power rating, and for 20 to
25 years that the modules will operate within 80% of their
minimum power rating. Longer warranty periods mean
longer protection, but it is important to consider the potential
longevity of the company offering the warranty.

While the PV module table continues to grow each year, in-
the-field choices are often limited to models carried by your
retailer or local installer. Before you buy, consider who will
help you with warranty issues should you need support.
If you purchase your modules online, you will likely have
more difficulty with the warranty because you may have to
deal with the manufacturer directly. Additionally, you will
be responsible for removing the modules from the system,
shipping them to either the retailer or manufacturer, and then
reinstalling new modules. Installing dealers often can provide
direct help with warranty claims, but ask your installer for
details. “Free servicing and support” is often limited to a
certain number of years after the original installation.

Justine Sanchez (justine.sanchez@homepower.com) isa NABCEP-
certified PV installer, Home Power technical editor, and Solar Energy
International instructor.

Go Solar California ® www.gosolarcalifornia.org ® PV module and

other equipment listings

solar powered

DIFFERENTIAL
WIS [e ]88 TEMPERATURE CONTROLLER

DTC-AT adjust differential 5-32F
adjust max cut-off 80-200F
$120.00 For 12 or 24 Volt DC pumps

Click to buy: www.ArtTecSolar.com

guide

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.

g
SCS SERIES
BRUSHLESS DC

I
f 1

SUBMERSIBLE PUMPS

SDS SERIES

SUBMERSIBLE PUMPS

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 L] .I'
from 7> HP to 1 ¥ HP,
20 GPM to 100 GPM.

PCA & PCB SERIES

“" Micro-processor based pump
ﬂ | controllers up to 3 HP.
— |
Current boosting and voltage
boosting models available.

PUMP CONTROLLERS

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

Phone:

www.homepower.com




Apollo Solar brings you a
NEW GENERATION of PV Electronics

TrueSineWave Inverter/Chargers
e Split-Phase 120/240 VAC
e Parallel Stackable
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Internet Gateway

e Eliminate service calls

e Monitor installations
and set parameters
from any computer

Modular System
e Expandable

e Compact
e Easy Installation
e Great value
Inverter Switchgear Module T80HV Charge Controller
e High Voltage breakers and GFP e 200 Voc for string sizing flexibility
e One SKU - Factory Wired e |Integrated Battery Energy Meter

e Room for 18 AC or DC Breakers

See our website for a live demo
APOLLO of our i | itoring
SoLAR www.Apo 56)790-6400




ing water at your site

is the PowerSpout. |f you have flowing wai
1‘323,1“ want to qEne‘rate electricity from it, this is one of the
qreenest, most durable, most cost-effective generators around.

PeHvered

or only

1299

clean, renewable energy
reliable, Secure power
Capable of 1w Per unit
COmbine for Up to 10kw

1 =l
= ‘frf_ar 'n.l"l.!,,_"-] rrar}t"r

e
@
e - P o=
FREE SPARE PELTON ROTOR AND BEARINGS TO FIRST 100 CUSTOMERS!
P W - R s - 6

Try our free online estimation tools to see what you could
get out of your stream or river. PowerSpout must be used in
conjunction with other equipment as part of a renewable
energy system for home or business use,

WATER GOES IN OWER COMES OUT

PowerSpout

TProce malcaey 1% for delivary Bywhere m Ihie contrvenld Umbed Staies. Some [eand and conaiians apply. FIesss WiSH sww.powergpaul cons for QuLmig
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Some outdoor
enthusiasts go to
great extremes to
set up the perfect
camp. An example
of just how far the

Wengers will go is

the “regreening”
of their rural
lakeside log home
in west-central
Pennsylvania.

64
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Three 300-foot-deep boreholes provide the thermal-coupling to the earth’s
stored energy. Geothermal heat pumps convert that thermal energy for use
in space heating of the home, garage, and bunkhouse.

Travis and Rachel Wenger spent most of the autumn months of 2007 shopping for a
family retreat and hunting lodge. During a second visit to one of the properties—a
2,400-square-foot, three-bedroom log home built in 1994—their decision was made much
easier by the arrival of a 400-pound harbinger. While they were admiring views from the
home’s deck, a black bear, ignoring them, had climbed up the other side of the deck to
assault the gas grill.

Convinced it was “the sign we were looking for, we immediately agreed to buy the
place,” says Travis.

From Idyllic to |deal

Nestled on a mountainside, the 16-acre home site borders thousands of acres of state
game lands where deer, turkey, and bear roam freely. Nearby are several state parks, the
Juniata River, and miles of wildlife trails.

While the property was just what they’d looked for, the home itself was less than
ideal. “Before the remodel, the place left a Sasquatch-sized carbon footprint,” says Dave
Yates, the contractor hired to update the home’s mechanical systems. “The log home
leaked like a sieve. Winters are brutal up there, so they were burning LP gas furiously and
getting dizzy watching the electric meter spin.”

Yates visited the Wengers’ retreat that fall to calculate the home’s heating load and to take
notes about the upcoming job, which included a geothermal-to-radiant space-heating system.
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“For the homeowners, improving energy efficiency was just as
important as having year-round comfort,” adds Yates.

“The home had electric air-conditioning and a 140,000 Btu
per hour propane furnace with supplemental heat from a
fireplace and three old potbelly wood heaters,” says Yates.
“They also used several portable electric heaters and an old
electric water heater.”

The Wengers gave Yates a lot of flexibility in designing a
“green” system, adding that if it made sense to keep some of
the old equipment, fine; but where it made better sense to toss
out the old to make room for the new...even better.

To prepare for the heating system overhaul, Travis and
his father Merv, no strangers to remodeling jobs, added
“truckloads of insulation,” upgrading many of the walls to
R-16 or better and the ceiling to approximately R-48, with
plans to add a radiant barrier to interior trusses this winter.

By the time the contractor’s crew began work at the home,
100 miles from their shop, the Wengers had already resealed
all the logs in the home, began the basement remodel—
including rigid-foam insulation—and set the foundation for
the log garage, with a 150-foot, 4-foot deep trench from the
house for an insulated loop to carry geo-to-radiant system
heat between the two buildings.

The old 10-SEER (seasonal energy efficiency ratio) central
air-conditioning system was disconnected and replaced with a
4-ton (48,000 Btu per hour) ClimateMaster Tranquility water-
to-air system. Rated at 27-SEER—2.7 times the efficiency of
the old air-conditioning system—this unit can also provide
backup heat if needed.

For space heating, the Wengers settled on a unique
mechanical system designed by Yates. For the heating season,

Scott Barnett works on the new
ClimateMaster water-to-air heat pump,
rated at 27-SEER. This unit provides all
cooling and supplemental heat.

Dave Yates does final soldering on the
buffer tank that connects to the hydronic
control panels in the background.

geothermal

Fred Umble of Creative Energy (left) hot-fuses geothermal pipe
connections at one of the three well-heads.

the heart of this system is a high-temp, water-to-water
ClimateMaster thermal hot water (THW) heat pump, two
twin-coil Bradford White indirect water heaters that source
heat from the heat pump system, and several preassembled
HydroNex control panels by WattsRadiant—one of which is
designed to accept solar heat for domestic water, then to share
additional heat with the radiant system.

The heat pump system has a rated maximum output
of 145°F with a peak coefficient of performance (COP) of

(continued on page 69)

Travis's father, Merv Wenger, installs the
Sea Tech “home-run” domestic water
lines into the central manifold.

www.homepower.com
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geothermal

GEOTHERMAL HEATING BASICS

A few years ago, when “green” hadn’t
quite entered the mainstream vocabulary,
and natural gas prices were continuing to
climb, Tom and Cindy Shepherd saw the
writing on the wall. They took out a home
equity loan to pay for the installation of a
geothermal heating and cooling system
for the family’s Indianapolis, Indiana,
area home on the assumption that energy
rates would quickly outpace interest on
the loan. They were right.

Tom and Cindy spent several months
researching the type of system best suited
to their needs, interviewing installers and
asking a lot of questions. An admitted
“techno-junkie,” Tom’s job as a systems
control technician for Honeywell became his
trump card while he probed for answers.

With the help of Kris Kyler at Indiana
Geothermal, a geo-loop contractor and
geothermal equipment distributor, Tom
and Cindy settled on a 4-ton (48,000 Btu
per hour) water-to-air geothermal system
to heat and cool their 3,600-square-foot,
five-bedroom home. Their intent was
for the new system to replace the 93%
AFUE (annual fuel utilization efficiency)
gas furnace and standard electric air-
conditioning system.

The “geo” loops tap the earth’s abundant
energy through four 150-foot boreholes.
“For the most part, it was a standard
geothermal install,” says Kyler. “And the
benefit to the Shepherds’ utility budget
was immediate.”

While many of their neighbors helplessly
watch their utility bills soar higher, the
Shepherds are enjoying record savings. In
2006, the Shepherds paid $3,620 for natural
gas and electricity—energy used for space
and water heating, air-conditioning, and

System Configurations

Trenched ground-source,
closed loop

i‘ Fp>’ .

pool heating. During the 12-month period
following the installation, they paid $2,400
to accomplish the same thing—a 34%
savings. The pool is also mostly heated
geothermally, thus eliminating most gas
heater operation, resulting in a further
monthly savings of $100 to $400.

“Indianapolis Power and Light added to
the savings by dropping our electricity
rate from 4.4 cents per kWh to 3.8 cents
because we installed the geothermal
system,” says Tom. “IPL also added a $50
rebate, and we picked up another $300
federal tax break.”

“That played nicely into our overall
savings on the loan,” says Cindy.
“With the rebate, the reduction in the
electricity rate, and the energy savings,
a substantial part of the loan payment
is covered.”

“The traditional heating and air-
conditioning system that we had—
considered to be high efficiency—was

A basement
mechanical
area is ideal
for geothermal
system
components—
equipment is
protected and
secure.

terribly inefficient when compared to
geothermal, and rather uncomfortable,”
adds Tom. “Today, we have terrific
comfort year-round and an expected
seven-year payback on our investment.”

Takes Little Area

The earliest geothermal systems tapped
heat in the earth through pits or fissures
that pushed hot water to the surface to
heathomes and domestic hotwater. Many
of these systems used a very small pump
to distribute the heat. These systems are
site-specific and rare, but technology
has vastly improved, permitting efficient
geo-exchange from almost any plot of
land. Modern systems use heat pumps to
transfer heat for home space and water
heating, and these systems will work
in most climates. The difference in the
systems is the cost of electricity to run the
heat pump compressor and pumps—a
good deal more electricity than used by
natural geothermal systems.

Bored ground-source,

closed loop

A A:., -
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Even if you have just a small patch
of land, you might be able to use a
geothermal system as a hedge against
an energy crisis. Modern technology
extracts thermal energy with greater
ease, with little disruption to the
surrounding landscape, and at high
enough operating efficiencies to make
payback shorter than ever.

Even though the installation price of a
geothermal heat pump (GHP) system can
be several times that of a similarly sized
air-source system, the U.S. Department of
Energy states additional costs are returned
in energy savings in five to 10 years.
System life is estimated at 25 years for the
indoor equipment and 50 or more years for
the ground loop.

A ground-source unit works like a
conventional heat pump to cool a home
in the summer, and heat it in the winter.
The key difference between an air source
heat pump and ground-source is that the
ground-source unit harvests the stable
and renewable heat from beneath the
earth’s surface, whereas air-source relies
on widely varying air temperatures
to do the same job. As with any heat
pump, geothermal and water-source
heat pumps provide space heating and
cooling, and can also supply the house
with hot water.

Depending on latitude, ground
temperatures range from 45 to 75°F. Like
a cave, this ground temperature is warmer
than the air above it during the winter and
cooler than the airin the summer. The GHP
takes advantage of this by exchanging
heat with the earth through a ground heat
exchanger using a liquid transfer medium
such as water or an antifreeze solution.

On larger lots
where there is
ample property
to excavate, the
geo-exchange
field can be
trenched instead
of drilled—a
less expensive
method than
drilling holes.

If a pond is
present, a
water-to-water
geothermal
system may be
able to tap this
thermal sink by
running “slinky
lines” from a
trench into deep
water.

Because a GHP harvests energy from the
earth, less fossil-fuel-based energy is used,
which reduces greenhouse gas emissions
and can cut utility bills by up to 70%, says
Tony Landers of ClimateMaster. And very
little maintenance is required because the
stable heat source avoids thermal stresses
to the compressor and the enclosed unit is
inside, protected from the weather.

geothermal

The Shepherds’ geothermal system taps
the earth’s constant temperature of about
51°F in Indianapolis. From the variety
of loop configurations available for a
geothermal system, the Shepherds and
Kyler—like the Wengers—chose the closed-
loop borehole method, which disturbs the
least amount of earth. For homes where
ground space is limited, or for homes with

Water-source,
closed loop

R
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Water-source,
open loop
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mature landscaping, this configuration is
ideal because all evidence of the drilling
can be removed, and lines are buried.

“Most geothermal systems supply three
or four units of heat or cooling for every
unit of electrical energy input,” says Kyler,
who has installed geothermal systems for
more than 20 years.

Open- & Closed-Loop
Systems

Electricity is used only to power the
equipment says Tony Landers, marketing
director for ClimateMaster, a manufacturer
of geothermal systems. “The rest of
the process uses the free, clean, and
renewable energy that’s tapped just below
the earth’s surface.”

There are two basic types of water-source
geo systems: open-loop and closed-loop.
An open-loop system typically pumps
water out of a deep well, extracts heat
from it, and injects it back into another
well, a pond, or a river. An open-loop
system tends to be more efficient because
it pulls the heat out of a steady stream of
water from deep in the ground. But open-
loop systems are prohibited in many parts

of the country because of water quality
and water conservation concerns.

A closed-loop system uses a continuous
loop of plastic tubing as a heat exchanger.
The tubing is connected to the indoor
heat pump to form a sealed, underground
loop through which a glycol or alcohol
antifreeze solution is circulated. Unlike
an open-loop system that consumes
water from a well, a closed-loop system
recirculates its heat-transferring solution
in the pipe. Closed-loop systems can be
trenched, “bedded” (in an excavated, flat,
deep bed) or drilled.

Doing the Work of Three

A geothermal heat pump system typically
replaces two systems: heating and air
conditioning. A geo system uses ground
water or the earth as a source of heat in
the winter by pulling heat from the water
or ground, and using water or ground
as a place to “sink” heat in the summer.
The final process of thermal exchange
takes place in mechanical equipment that
serves both heating and cooling needs for
a building. Typically, a system distributes
the heat through a conventional forced-air

ducted system, or through hydronic tubing
in the floor like the Wengers' system.

Many systems can also heat a home's
domestic water by either integrated water
preheating or through “desuperheating.”
A desuperheater reclaims heat from the
air-conditioning cycle to heat water by
transferring the compressor’s waste
heat to a hot water storage tank, and can
reduce water-heating costs in the summer
by 40 to 60%, according to Landers.

Geothermal systems are not without their
disadvantages, which mainly center on
installation time and up-front costs. With
many pieces and components to set up
and integrate, the installation is more
complicated and involved and, therefore,
more time-consuming.

And, compared to other space-heating
methods, geothermal systems are also
more expensive. However, Yates points
out that it's not the equipment that eats up
the budget but the preparation—outside
drilling and trenching, and fusing the
pipes—and connecting the many systems
that take heat from the heat pump.

—John Vastyan

GEOTHERMAL V§. CONVENTIONAL HVAC &
WATER HEATING SYSTEM

Projected
Propane Projected 91% Efficiency Geothermal Yearly Annual
Year Cost ($/gal.) kWh Cost HVAC System?® Heat Pump? Savings RoOI4
1 $2.99 $0.110 $4,966° © $1,725¢ $3,241 28.1%
2 3.14 0.116 5,214 1,811 3,403 29.5%
3 3.30 0.121 5,475 1,902 8I51/8 31.0%
4 3.46 0.127 5,749 1,997 3,752 32.6%
5 3.63 0.134 6,036 2,097 3,940 34.2%
6 3.82 0.140 6,338 2,201 4,136 35.9%
7 4.01 0.147 6,655 2,311 4,343 37.7%
8 4.21 0.155 6,987 2,427 4,560 39.6%
9 4.42 0.163 7,337 2,548 4,788 41.5%
10 4.64 0.171 7,704 2,676 5,028 43.6%
11 4.87 0.179 8,089 2,810 5,279 45.8%
12 5.11 0.188 8,493 2,950 5,543 48.1%
13 5.37 0.198 8,918 3,097 5,820 50.5%
14 5.64 0.207 9,364 3,252 6,111 53.0%
15 5.92 0.218 9,832 3,415 6,417 55.7%
16 6.22 0.229 10,324 3,586 6,738 58.5%
17 6.53 0.240 10,840 3,765 7,075 61.4%
Total $128,319 $44,569 $83,750

Table Parameters:

The table compares a 4-ton ClimateMaster
Tranquility geothermal heat pump to a
91% efficiency, propane-fueled condensing
system, electric air-conditioner unit, and
electric water heater.

a Yearly costs include space and water
heating, cooling, a blower, and domestic
water heating. Assumptions were a heat
loss of 59,602 Btu/hr. and a heat gain of
25,940 Btu/hr.

b Assumes a propane cost of $2.99 per gallon
for the first year, with a 5% annual increase.

¢ Based on an initial electricity rate
of 11 cents per kWh, with a 5% annual
increase.

d Calculated using the added cost of
the GSHP compared to a conventional
heating system. Installation costs were
$29,503.60, with 30% tax credit subtracted.
A conventional HVAC system price was
estimated at $17,977; the added cost of
GSHP was $11,526.60, which includes
loop, piping, etc.)
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tubes to the underside of t

Above: Insulation directs

workshop'’s concrete floo

4.5, assuming sufficient geo-exchange, which required three
260-foot boreholes. The COP means that for every unit of
(electrical) energy used to operate the system, 4.5 units of
heating/cooling are available.

But the Wengers asked geothermal driller Dave Eriksen to
drill down farther, lengthening each run by another 40 feet.
“I knew from a friend’s geothermal system that their heating
needs would occasionally max out the field’s capability,” says
Travis, “so by adding 15% or so to the field size, I figured
we’d have an underground insurance policy.”

WENGER GEOTHERMAL
HEATING SYSTEM

Left—High-temp., 1,800 ft. loop

Water-to-Air . in guest residence subfloors;
Heat Pump: 3 Forced Air: Right—Low-temp., 300 ft. loop
ClimateMaster Heat & A/C in workshop concrete slab floor,
Tranquility, tempered by tempering valve

48,000 Btu

]
-
(0]

Geothermal
Flow
Center

Future

Water-to-Water

Buffering Tank:
Bradford White, 120 gal.

Three 300 ft. deep,
bentonite grouted;
50/50 methanol
heat-transfer fluid

Note: Sys

www.homepower.com

Left: Dave Yates installs hydronic radiant

upward to the room above.

Right: Homeowner Rachel Wenger ties
radiant tubing into place before the garage

To Solar Loop:

installation

he garage subfloor.

radiant heat

r is poured.

Eriksen drilled three holes into which geothermal pipe
was inserted. The holes were also thermally grouted, a
process that injects a bentonite slurry to enhance temperature
exchange between the pipe and earth.

“We believe this was the reason for one of the big
surprises we had with the system’s startup in December
2008,” says Yates. “Though outside temperatures hovered
between 10 and 12°F, the THW unit delivered system
heat of 157°F—substantially higher than what it was
rated for.”

Mixed Temp. Zone: House main floor,
eight 300 ft. radiant loops,
separate thermostats

Controls: Thermostats and flow-meters
control balancing valves

Tempering

' Valve
|

Cold Return

High Temp.
Zone:

House wall-hung

radiant panels

High Temp.
Zone:
House wall-hung

radiant panels

Panel: HydroNex
air elimination
& expansion tank

Distribution Panel: HydroNex

Heat Pump:
ClimateMaster
A THW,
36,000 Btu
* Source Select
Bore Holes: Panel: HydroNex

tem simplified for clarity; extensive sensors, control systems,

and operational and safety components have been omitted.
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geothermal

Dave Yates
installs backup
Fujitsu minisplit
heat pumps,
which also
provide air-
conditioning for
interior garage
spaces.

Radiant Details

All of the home’s PVC plumbing—which, according to Yates,
was a “snake pit of code violations”—was replaced with
WaterPEX lines that connect to a central Sea Tech manifold in
the new mechanical room.

While the basement remodeling was underway and the
joists were accessible, the Wengers” crew stapled 2,400 lineal
feet of Onix radiant-heat tubing to the subfloor to heat the
home’s main floor. The eight 300-foot loops were attached to
manifolds with balancing valves and flow meters for precise
control of heat distribution. “The Onix tubing flexes like rope,
can be doubled-up and pushed through joist bay holes, and
flattens slightly during staple-up, greatly improving heat
transfer,” says Yates.

While the subfloor tubing was being attached, the crew
mounted the control panels, which temper system water
based on outdoor temperatures. “We designed the system
so that the 36,000 Btu water-to-water geothermal unit sends
heat directly into a 120-gallon, two-coil indirect water heater
next to it,” says Yates. “This was the heat pump’s ‘thermal
target,” which efficiently exchanges heat that then moves to
the control panels.”

Heat exchangers separate the geothermal system’s 50/50
methanol solution—a special antifreeze chosen for stability
and heat exchange properties—from the water systems within
the home. “We run the system all winter long,” says Travis,
“so we didn’t need to circulate an antifreeze solution within
the radiant tubing.”

The home’s hydronic heating requires two water
temperatures: a lower temperature for the floor loops (in
three zones, each with a separate thermostat) and a higher
temperature for several wall-hung radiant panels and the
underground loop to the garage.

“The hydronic control panels—in the house and garage—
came preassembled, with all the controls and components
needed for low- and high-temp heat distribution,” says Yates,
“saving weeks of labor.”

Rigging the Radiant System

“We could meet a lot of needs with the THW heating the 120
gallons of water in the main source tank between 145 and
155°F, but it couldn’t exceed 36,000 Btu,” says Yates. “So we
had to choose carefully what and how to heat, and had to
insulate real well in all directions. With house needs met, we
still had plenty of Btu to heat the injection loop to the garage.”

Heated water is sent to the garage loop via R-flex, a
polyethylene-insulated, tandem underground PEX pipe. The
subterranean tubing thermally connects the house buffer
tank’s 120-gallon volume with the garage’s slightly smaller,
two-temperature radiant heat system.

In heating mode, high-temp water (145 to 155°F) from the
buffer tank enters the garage’s control panel and then supplies
two radiant zones. Water at about 125°F is sent through the
1,800 lineal feet of tubing that heats the guest quarters, and 90
to 110°F water is sent through the single, 300-foot loop of tubing
embedded in the tool room’s 10-by-30 foot concrete slab.

The stapled-up tubing’s heat is directed upward by R-19
batting insulation below the tubing. By applying many layers
of R-19 fiberglass batts, and 2-inch rigid insulation, the Wengers
achieved R-90 in the ceiling and upper kneewalls of the garage.

“The massive dose of insulation started when we needed
to thermally protect the long radiant supply and return
tubing runs in one of the kneewalls,” says Merv. “We made a
cocoon for the tubing that was as long as the garage and just
kept adding layers. We had a good source for the material, so
we decided to buy a good bit more than we’d need, knowing
that it could only help to keep heat in the building.”

The only thing they didn’t ask of the geothermally heated
water was to heat domestic water for the guest quarters’ sinks and
shower, so an electric, 30-gallon tank-type water heater was placed
in the radiantly heated tool room, directly below the shower.

Phase | Performance

Just before their first full heating season, the Wengers added
more insulation in the ceiling of the home’s main floor and
replaced the potbellied stoves with a more efficient, small,
centrally located Vermont Castings wood heater.

“Last winter was amazing,” says Rachel. “Even though
all the systems weren’t operational, we had plenty of heat for
the house with the geo water-to-air heat pump, the new wood
heater, and a little electric radiant heat that we used. This
winter will be the first for the home’s main radiant system
and the garage radiant, but we’ve prefired all parts of the
system and everything went well. The thermostats are set, so
all we need now is for the outdoor temperatures to drop.”

“Based on our preliminary calculations and the
performance we’ve seen so far, the Wengers will probably
see a 60 to 80% drop in their energy expenses,” says Yates.
“The carbon footprint got a lot smaller, while they’ve added
tremendously to the size of their comfort zone!”

Access

Manheim, Pennsylvania-based John Vastyan is a journalist and
communications professional who focuses on the plumbing,
mechanical, radiant heat, and geothermal industries. He can be
reached at 717-664-0535.
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[ Featured Workshops\
COSTA RICA:

Solar Electricity for the Developing
World- Rancho Mastatal, Costa Rica

This workshop is open to all who want to use PV and
for those seeking employment in the solar industry.

e Jan 2-10, 2010

ONLINE COURSES:
PV 101 Online: Solar Electric
Solar Energy International has provided hands-on Fundamentals & Grid- Direct Design
workshops and online courses in renewable energy and e Jan 11 - Feb 19, 2010

sustainable building technologies since 1991. More than
16,000 people from all 50 states and 66 countries have
attended SEl’'s renewable energy education program over
the past 18 years. Through outreach programs, SEI works
with grassroots and development organizations to promote
sustainability and improve quality of life around the world. *Jan11-Feb 19, 2010

e Jan 18 - Feb 26, 2010

PV 202 Online: Grid- Direct Solar
Electric Systems & Code Criteria

Teaching online and 20 locations

around the world SEl is Your Choice in  EathdtiNiniate
solarenergy.org

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

RESIDENTIAL AND COMMERCIAL

Experience, Expertise, Excellence WE PROVIDE COMPLETE SERVICE:

We live on renewable energy, have 20 years of experience, and * Solar

have established over 500 systems. Your best resource is a local * Wind

pro. We serve Northernmost California and Southern Oregon. .

Custom Renewable Electricity systems designed to meet your * Micro-hydro
needs and site, not a “one-size-fits-all” installation that does e Water Pumping
nothing well.

* Load Analysis

Ask us about all available incentives, state and federal tax credits,

and grants. We do the incentive and state paperwork for you. * Local Site Survey

Oregon Dept. of Energy Tax Certified Contractor. * System Design & Installation
Financing available in Oregon. * On-Grid and Off-Grid

* User Training & Tech Support
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800.945.7587 toll free

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




Putting a collection of moving and electrical parts on the top
of a tower where it is exposed to the whims of the weather can
be asking for trouble. Here’s what to do when something goes
wrong with your wind turbine. Reasons for a turbine’s poor
performance fall into the following problem categories:

Courtesy Grey Chisholm

There may be insufficient wind. Wind comes and

goes, and it is normal to see a wind turbine idle at

times. But if it rarely turns, you need to consider

whether it is appropriately sited. Does the tower
place the turbine 30 feet or higher above any obstacle within
500 feet? Or is it attached to a rooftop or sitting lower than or
level with nearby objects?

Just as you would not place a PV module in the shade,
you should not site wind turbines in sheltered places. Wind
energy is extremely sensitive to wind speed, and wind speed
is very much affected by obstructions. A tall tower is almost
always essential for good results. If you wish to study the
wind speed at your site, low-cost data-logging systems with
anemometers are available.

Perhaps the blades are fitted incorrectly. Check
that the convex side of the blade is on the downwind
side of the turbine. In an airplane wing, this would
be the upper surface—the side that lifts the plane.
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That same lift-force pulls the blade around and its reaction
slows the wind. The angle of the blade to the wind is also
critical. Check that the blades have been installed according
to the manual.

Mechanical problems are usually easy to diagnose.

If the blades refuse to budge in a good breeze,

something is likely locked. Maybe a main bearing

has failed and seized up, or a magnet has come
loose and jammed the alternator. Another possibility is that
the alternator is iced up. If the blades spin, but slowly, make
sure the turbine is facing into the wind. If not, the yaw bearing
on which it pivots may have failed or the tail may be stuck in
the furled position.

An electrical short-circuit will disable the wind

turbine. In the event of a short-circuit, turbines

with permanent-magnet alternators deliver a high

current. This produces a high torque against the
rotation of the turbine, which prevents it from running
at normal speed. Many turbines have brake switches that
deliberately short-circuit the output for control purposes. If
the blades turn very slowly, start by checking if the brake
switch is closed.

Diagnosing the cause of a turbine’s problem may
be the most difficult part of addressing the problem.
Sometimes the component where symptoms appear
may be separate from what’s actually causing the
problem. (Note that this article addresses problems
specific to permanent magnet based turbines only.)

SYMPTOM: Noisy blades.
PROBLEM: The machine is overspeeding (blades
spinning too fast) due to an electrical problem.

SYMPTOMI: The tail shakes and comes loose.
PROBLEM: The blades are out of balance.

SYMPTOM: Low power output.
PROBLEM: The tail is furling at too-low wind speeds.

wind

A multimeter allows you to “see” what is going on in
the electrics and track down a problem. An inexpensive
meter can be used to measure the voltage between
two terminals, but beware of inaccurate readings if the
meter’s battery begins to run low. Select an appropriate
AC or DC voltage range depending on whether the
measurements are before or after the rectifier. For a
voltage reading, make sure that your leads are plugged
into the “COM” and the “V” sockets (not “A,” which is
for measuring current).

The AC voltage coming from the alternator should be
about 70% of the DC voltage of the battery or inverter.
(The rectifier will output only the peaks of the AC.) So it
is normal to see readings of 17 to 20 VAC in the wiring
of a turbine that is charging a 24-volt battery bank (at 24
to 28 VDC).

Normally you will find three AC wires. Check that the
voltage between each pair is the same. If the voltage is
higher on one wire, there may be a break between this
point and the rectifier, or some blown diodes. If there is
no voltage between two of the wires, they are probably
shorted together somewhere.

Some turbines (the Bergey XL.1, for example) have the
rectifier on the turbine, so you will see DC voltages
between the two wires. Also be aware that the XL.1 has
a controller that boost voltage to improve performance
in low winds. So do not expect to see full battery voltage
at times.

They can be pricey, but
clamp-type current meters
(or clamping probes for
multimeters) are the ideal
troubleshooting tool. Select
one with a DC range to trace
short-circuits in small wind
systems where the turbine is
turning very slowly. Clamp
the tongs over each wire and
you will “see” slow pulses of
current in the ones leading to
the short-circuit. If the turbine
is running fast and vibrating,
your clamp meter can reveal
which wire is not conducting
current.

Courtesy Hugh Piggott (2)
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A rectifier is an assembly of diodes that allows current in one
direction only. There will be two or three AC terminals and
two DC terminals. Within the rectifier, there are two diodes
from each AC terminal—one to each DC terminal—that allow a
flow of charge toward the positive or away from the negative
to create a DC output in the correct direction.

Use a multimeter to test each diode. First, shut down the
turbine and disconnect the battery—be sure to wait until the
turbine is braked. Next, disconnect all of the wires from the
rectifier, taking care to identify them clearly for reconnection.
Set the multimeter to the diode test position, usually marked
with a diode symbol.

Touching the meter probes to each end of a diode will give
three possible readings:

Open circuit (usually indicated by a digit 1 on the left-hand
side of the display, or the letters OL)

Diode forward voltage (usually a number around 500 mV)
Short-circuit (usually 0.0)

A properly functioning diode will give an asymmetrical
outcome—open circuit one way and a forward voltage the
other way. A short-circuit or an open circuit in both directions
indicate a bad diode.

Place the red probe on the positive DC terminal and check
with the black probe on each of the AC terminals in turn. You
should see open circuit (top right photo). Now try reversing
the probes and place black on the positive DC. You should get
a number on the display each time you touch the red probe to
an AC terminal. Check the negative DC terminal in the same
way and you should see the exact opposite (bottom right

photo). o Courtesy Hugh Piggott (2)

If you find a shorted diode or one thatis open in both directions,
the rectifier needs to be replaced. Consider possible causes,
including overcurrent, overheating from poor connections,
and lightning surges. Replacing your rectifier with one that
is made for higher voltage and current may prevent similar
problems from occurring in the future.

aca
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Courtesy Hugh Piggott (3)

This ball bearing is getting
old and noisy.

This winding from an
alternator is blackened
from overheating and the
insulation has failed.

Measure the output voltage of the turbine if you can,
between the rectifier and the turbine. If the voltage between
any two of the circuit wires is zero, suspect a short-circuit in
the wiring (maybe the brushes) or the alternator. A pulsating
or “lumpy” torque holding back the blades indicates a short
between two of the three wires.

A low-tech test for finding short-circuits is to disconnect
the wires at the base of the tower. If the turbine still does
not start, then the short is above—maybe in the slip rings or
the tower wiring. If the turbine does start, then the short is
elsewhere (maybe in the rectifier or controller). The best tool
for tracking down a short-circuit is a clamp-on current meter.
Check for current at different points in the system. If there is
no current at the point of measurement, the short-circuit is
somewhere closer to the turbine. If you do measure a current,
then the fault is farther away from the turbine. Be aware that
the current from a slow-turning alternator may be more like a
series of DC pulses than a steady AC current.

If no current is found, there may be a short-circuit failure
of the alternator windings. Excessive current can burn out the
coils. High-voltage alternators can suffer insulation failures in
wet conditions, leading to the same condition. In both cases,
the alternator becomes stiff to turn due to internal currents,
even when disconnected.

Tracing the current may lead you to a blown diode in
the rectifier (see “Checking a Rectifier” sidebar). Another
possibility is multiple grounding. If the battery negative is
grounded, and one of the AC phases is also grounded, then

This tower barely lifts the turbine above the treetops,
which can compromise performance.

Turbines mounted on a rooftop do not capture
enough wind to make them worthwhile.

other phases will be shorted to the ground by the rectifier
during the negative half of their cycle.

Another cause of stalling can occur if battery voltage
falls to below half of its nominal value due to heavy battery
discharge or failure—the turbine will be loaded with current
at low speed and the blades will stall, preventing the turbine
from reaching operating speed.

Control problems can manifest in several ways,
like a broken spring in the blade pitch-control, a
jammed tail-furling system, or maybe the electronic
control system is stopping the turbine.

In some cases, the controller at the battery or inverter
limits the voltage by diverting AC power directly from the
turbine to a dump load. A faulty or blown controller can
apply the dump load full-time, drawing a current that stalls
the turbine. In some hybrid system cases, a solar-electric array
can push battery voltage up enough to activate a dump load
on the wind turbine, and stop it from working.

There may be too little wind. Small wind turbines
have to run at a relatively high speed before
they start to produce power. Their voltage is
proportional to speed, and they have to achieve the
required cut-in voltage for battery charging or, in the case of
batteryless grid-tie, the minimum needs of the inverter.

The turbine may have become disconnected from

the load (battery, controller, etc.) so that there is no

circuit for current. No current means no torque to

hold back the blades, and they will run fast, like an

engine in neutral on full throttle. The turbine may spin faster

than its components are designed for, and turbine voltage

will be high. Higher-than-normal voltage can harm system

electronics (controller, inverter, etc.) and be a danger to

humans. Measure the voltage in different parts of the system

(being careful of shock from bare wires or terminals). If it is

abnormally high, there is a break (open circuit) between the
point of measurement and the load end of the circuit.

The best course of action is to immediately apply the

short-circuit brake and investigate the wiring. If the wind

is not too strong, then the turbine should stop. If the brake

www. homepower.com



wind

fails to stop the turbine, then carefully
short-circuit the wiring at the base of the
tower. If the turbine wiring has become
disconnected at the tower top, the short-
circuit will not stop it, and unless there
is a functioning mechanical shutdown
system you will have to wait for the
wind to stop.

If the brake does work, then
make sure fuses, circuit breakers, and
connections are conducting properly. If
the turbine was disconnected from its
battery, but remained connected to the
system electronics, then the inverter and
controller will have been exposed to
excessive voltages and may be damaged.
Always wire the turbine with its own
separate fuse at the battery.

A broken connection in one of the
DC wires will leave the wind turbine
freewheeling. But there are usually three wires in the AC
cable—if one is broken, the turbine will be noisy; if two are
broken, it can run free.

Poor system design can lead to a chronic energy

shortfall. As a rule, a small wind turbine can

produce about 20 kWh of energy per annum per

square foot of swept area, given a site with 10 to 11
mph average wind speeds.

For example, a turbine with diameter of 8 feet would
have a swept area of about 50 square feet and might produce
about 1,000 kWh per year, given this average wind speed.
All too often, deceptive turbine marketing fosters unrealistic
expectations. There may be nothing wrong with the turbine,
other than a lack of wind or unrealistic expectations that
resulted from marketing hype.

Undersized wiring on a long run also could mean that
much of the energy is lost in the wire run.

Incorrectly fitted blades can impair performance

and reduce output. But in most cases, the assembly

of the turbine is simple and unambiguous. Worn or

damaged blades become less efficient at capturing
the wind. Another symptom of this problem can be a shaking
and rattling machine. A buildup of ice or insects can also have
these effects.

Mechanical problems such as failed bearings in

the alternator will manifest as noise long before

they affect energy production, but a jammed yaw

bearing could prevent the turbine from turning
to face the wind. Check that the turbine is tracking the wind
direction properly.

Electrical issues can certainly impact energy
production. A blown diode in the rectifier or a
bad connection in one wire also would impact

Slip-rings and brushes, and the tail-furling hinge on an AWP
turbine. Slip-rings are a common trouble spot.

performance. These faults produce a growling vibration in
the machine and uneven voltages and currents in the three
wires.

Control issues can impair performance when, for

example, the turbine furls before it can produce its

rated output. But some control systems will only

allow the output to reach a peak in a very specific
wind speed. Blink and you could miss it! It’s hard to tell
whether the control system is working correctly; if in doubt,
check for mechanical damage such as worn bushings on the
control systems or broken springs.

It is worthwhile to know how your system works, and to take
an interest in its behavior and misbehavior. You may not be
able to understand it as well as the manufacturer, designer, or
installer, but you have the advantage of being on site.

Hiring an expert to fix a simple problem can be expensive—
even if only for travel. Being able to diagnose the fault correctly,
so that the right part arrives to fix the problem, can save a lot of
money. Plus, you'll get the satisfaction of taking responsibility
for—and maintaining—your own electricity supply.

Hugh Piggott (hugh@scoraigwind.co.uk) has been troubleshooting
wind-electric systems for more than three decades at his home in
northwest Scotland and around the world.
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SPECIALIZING IN INDEPENDENT POWER FOR
OVER 30 YEARS!

Backwoods is different, because we know what we sell. All of our technical
sales staff live in homes that get their power from the wind, water and sun.

We offer FREE system design and after sale support by telephone, email,
or in person at our showroom. Our team is here to walk you through
the installation and help with any questions that may arise.

Our 185 page Planning Guide/Catalog teaches the basics of installing
solar, wind and hydro electric systems. It is FREE to readers of Home Power
magazine if you mention this ad!

| kwoods
7 IR '-Ola[‘ 1589-HP Rapid Lightning Road

Sandpoint, ID 83864

backwoodssolar.com phone: 208.263.4290
email: info@backwoodssolar.com
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SEALED - MAINTENANCE FREE - DEEP CYCLE BATTERIES
el B Ty

Less Work, More Energy.

A sealed, maintenance-free battery to power your needs!
e Superior Capacity - To meet your daily energy needs

¢ High Quality Product - For long battery life

e Maintenance Free - No watering

¢ Non-spillable and Non-hazardous - Clean and Safe Operation

¢ Your Clean-Green Energy Solution

For more info contact us:

sales@fullriverdcbattery.com | 800-522-8191 | www.fullriverdcbattery.com

WARRANTY

Year Warranty applies to certain models used in select applications only. Please see fulliverdcbattery.com for more information.
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ave you ever wondered whether installing a
grid-tied solar-electric system could be a do-
it-yourself project? My wife Carol and I had
made some of the easier energy-efficiency
upgrades to our home, and even installed a domestic solar
hot water system, so it was time to tackle our electricity needs.
But the prospect was daunting. Most people will cede that
installing a PV system is a much bigger undertaking than
putting in a solar hot water system. Plus, it's more expensive
and requires more room.

The learning curve is steep, and I started with Home Power
articles, progressed to attending a helpful seminar presented
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Bob Inouye decided to install his own grid-tied photovoltaic system.

by Power Trip Energy of Port Townsend, Washington,
and then reached a decision point: Were we going to hire
a professional to install a system, or tackle the design and
installation ourselves? Ultimately, the decision was made
easier because there are no installers in our area. An out-
of-county company gave us a quote of $53,000 for a 5.9 kW,
ground-mounted, grid-tied system that would offset most
of our household’s yearly electricity needs. About that time,
with the national economy taking a nosedive in early 2009, our
comfort level with a very large PV investment also dropped.
It was time to consider cutting costs by taking on the project
ourselves—if a DIYer could actually make it happen.
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Thus began several months of intensive research, a step
that cannot be taken lightly. Next, I researched Internet sellers
of PV components for current specs and prices. Since I'm not
an electrician, I had doubts about tackling the complexities
of both high-voltage DC and AC systems, but after careful
reading of John Wiles” Code Corner columns and Article 690 of
the National Electrical Code Handbook, those elements started
to make sense. Even at this early stage, it was evident that the
savings could exceed $10,000. By the time we were done, the
savings were more than twice that.

Jumping Hurdles

This kind of project should only be undertaken by someone
ready to do the homework and learn the skills. If you are
considering a DIY PV system, be aware of some major
hurdles:

Need analysis: Review your electricity bills. Reduce your
electricity consumption where possible. Determine how many
kWh of electricity per year you'll need.

Site analysis: Find true south at your site. Analyze your
exposure to the sun’s path, and, ideally, seek a location that’s
shade-free during the entire year. Determine how many peak
sun-hours your location receives in an average year. (For
more information on siting a PV system, check out “Solar Site
Assessment” in HP130.)

Mounting system: Evaluate the roof’s available space,
orientation, pitch, and structural soundness, and the condition
of your roofing material. Are there shade-free options for a
separate pole-mounted or ground-mounted system? What are
the respective costs, installation time, durability, and visual
considerations for each mounting option?

Do you have the tools and skills necessary for your project’s
specific installation needs?

www. homepower.com

All in the family—Martha Inouye, the author’s niece, was an
integral part of the system installation team.

System design: What type of PV modules best suit your
situation? How can you ensure a good match between the
PV array and the inverter(s)? What other components—such
as combiner boxes, disconnects, overcurrent protection, and
metering—are necessary for a code-compliant, efficient, and
safe system?

Rebates and other financial incentives: What federal, state,
and local incentives are available? Do they require purchasing
locally manufactured components? Are incentives structured
as up-front rebates, tax credits, or paid out over time? Do they
require that a licensed professional install the system?

Permitting: What permits does your local jurisdiction require
for this project? Will you need a building permit for roof
work or ground-mount construction? An electrical permit? A
contract with the local power company for the grid intertie?
Do the permitting authorities require that work be done by a
licensed professional?

Equipment and tools: Do you own or have access to the
necessary tools and equipment, some of which may not be a
part of the average tool kit?
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Installation: Do you have a working
knowledge of Article 690 and other
articles of the NEC necessary to install
a safe, code-compliant system? Do you
need to hire someone to consult on
these issues?

Choosing the Components
In 2007, we significantly reduced our
electricity demand by installing a solar hot
water system (see “Do-It-Yourself: Tips for
Solar Hot Water Success” in HP123). The
next year, we replaced our smaller wood
heater with a larger and more efficient
cast-iron one. Our horses drink from a
geothermally heated water fountain, rather
than a resistance-heated tank, during the
winter. A new, homemade solar hot air
panel has just started reducing some of
our winter cordwood consumption.
Rather than bring in propane, we’ve kept all of our other
energy loads on electricity. Our home is already connected
to the grid, so the reduced cost and increased simplicity of a

PV array interconnects and grounding are among the easier
parts of system design and installation.
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Every site and system is different, as are the possible solutions—the Inouyes’ ground
mount was built on sloped ground back-filled to near level.

grid-tied PV system was the logical choice. Our electricity bill
history showed that the new system would need to produce
an average of 680 kWh per month (about 22.4 kWh per day) to
cover our electricity needs. Our local average daily insolation
is about 4.8 peak sun-hours. According to PVWatts (see
Access), offsetting 100% of our electricity consumption would
require a 6.5 kW PV system.

In the end, we went with a 5.7 kW system which,
according to PVWatts, should cover about 87% of our yearly
electric usage. This was largely dictated by PV module
prices, since the biggest cost in a solar-electric system is
the PV array. We were able to find a pallet (28 modules) of
“blemished” PV modules (cosmetic problems only, with full
functionality, output, and warranty). Additionally, these
Evergreen modules have a positive-only (+2.4%) production
tolerance, which should increase the yearly energy production
to above the PVWatts estimates, since PVWatts assumes a -5%
production tolerance.

The next choice was the inverter, which requires careful
planning. An array voltage that’s too high can damage the
inverter, while low voltage or amperage will run the inverter
less efficiently, and can cause the inverter to drop out. Inverter
sizing calculations must take into account that array voltage
output drops in hot weather and is higher in cold weather,
and can decrease over the years. (See “Grid-Tied Inverters
Buyer’s Guide” in HP133 for tips on selecting an inverter.)

PV module manufacturers supply some of the information
you’ll need, such as module specifications and how much
module output varies with temperature. Some data you'll
determine based on your local temperature extremes and
mounting system. And other data will come from the inverter
manufacturer. Fortunately, most major inverter manufacturers
provide online calculators to help you figure out string sizes
for their inverters. If you're designing a system, you need
to understand all these variables, and you’ll want to check
the online results with your own calculations—I found
that online string calculators gave useful results, similar
but not always identical to hand-calculated figures. (For
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more information, see “String Theory: PV Array Voltage
Calculations” in HP125.)

We determined that a single PV Powered PVP4800
inverter would fit our needs. It tolerates lower environmental
temperatures (-13°F), so no enclosed or insulated/heated/
actively vented space would be needed. On the rare days
when the temperature drops below -13°F, the PVP4800 will
shut down and then safely resume work after the sun has
warmed things up a bit.

In addition to the PV modules and inverter, there are many
other components needed, such as disconnect switches, fuses,
breakers, wires, lightning arrestors, conduit and a combiner
box. Find a component dealer that offers the info you need,
and staff willing to help select compatible components. There
are other good ones, but we decided on Affordable Solar.

Putting the Pieces Together
If the PV modules are not going to be roof-mounted, you'll
still need to decide between a pole mount and a ground
mount. Poles allow the use of trackers, and make it easy to
adjust for seasonal elevation changes—but the installation
complexity and cost goes up accordingly.

A tracked array was not a cost-effective solution for
our site. In the late afternoon, the sun disappears behind
a hill, cutting back the energy that could be gained by
using a tracker, which is easiest to justify when there is
horizon-to-horizon solar access. In the end, we decided on
a fixed, ground-mount. Compared to an adjustable ground-
mounted system, having a fixed ground mount at 45 degrees
would only incur a 4% energy loss per year. Plus, a ground
mount would not require the specially fabricated and more
expensive horizontal pole-top racking system that our deep
snows would dictate. It was also something I could build
myself and for less than a pole-mounted system.

Siting & Designing the Ground Mount

Next, I needed to look for shading problems in the solar
window. The sun-path software offered by the University of
Oregon Solar Radiation Monitoring Laboratory told me what
the sun’s elevation and azimuth would be year-round. I scoped

Balance-of-system components, including a basic AC disconnect (far
left), which was replaced with a load center and circuit breaker.

The author feeds wires into the long conduit run to the utility meter.

out those sun positions using a Suunto KB-14 optical compass
and a Suunto PM-5 clinometer, finding that another dozen
trees would need to be removed. With our firewood bays well
stocked and our vegetable garden less shaded, the result was a
solar window of at least six hours per day, year-round.

Once I'd determined the array location, I laid out the
ground mount, which involved basic surveying skills and
equipment. Our backyard is sloped, and rather than engage in
complex math and sloped construction, I leveled the ground.
Each post sinks at least 3 feet below the original grade, and
all posts benefit from 1 to 4 feet of additional fill above the
original grade. In retrospect, having moved some 40 cubic
yards of gravel, rock, and dirt for this project, perhaps I
should have done the complex math instead.

If you're designing your own ground mount, CAD
software can make the job easier. I've used various versions of
TurboCAD Deluxe over many years on numerous construction
projects, including this one.

I built the ground mount with large treated timbers—a
construction method that I'm familiar with after building our

To complain or comply—the additional, inspector-required, load
center and circuit breaker (far left) on the inverter output.
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sheds and pole barn, and I had the needed heavy equipment.
Having learned from prior mistakes, I knew to build only on
undisturbed ground and to give adequate vertical support to
prevent the structure from sinking under snow load. Rebar
inserted horizontally through the vertical posts helps secure
them inside 2-foot-diameter steel culvert collars filled with
5/s8-inch gravel. The timbers are attached together with 1/4-
inch steel plates, 6-inch channel iron, and 5/8-inch grade-8
steel bolts. All timbers are diagonally braced with tension
wires tightened with 1/2-inch galvanized turnbuckles. Even
though the timbers were pressure-treated for long-term
ground contact and largely sheltered by the array, all exposed
wood was protected with waterproof sealant.

The rack, which secures the PV modules to the timber
structure, was home-built using Unistrut. This erector-set-like
hardware comes in various sizes and gauges, with assorted
connector and fastener options. Structures in this area should
be designed for maximum snow loads of 59 pounds per
square foot, and Unistrut’s P5500 galvanized channel had the
load strength to span the horizontal timbers. After cutting
each module support channel to length, the leftover pieces
were used at the top and bottom of the rack. This creates a
stronger lattice, protects the module edges, and provides
bracing and lifting points for sliding the modules into place.
The racking is bolted to vertical angle-iron that is bolted to the
ground-mount beams.

Once the rack was in place, the next step was to install the PV
modules. The Evergreen modules have pre-drilled mounting
holes at points that can support 60 Ibs./ft.? loads. Special
precautions were necessary to avoid galvanic reaction between
the aluminum module frames and Unistrut’s galvanized steel.
I used stainless-steel bolts, nuts, and washers, and inserted
1/4-inch-thick shims between the module frames and channels.
The drilled shims (made from aluminum and steel) are each
double-wrapped in electrical tape, with additional layers
applied to both the module frame and the channel.

The DIY ground-mount cost $4,059, less than half the
$10,006 quoted by a commercial installer for two steel pipes
set in concrete, with commercial pole-mounted racks.

Connecting the System

Next came mounting the 135-pound inverter and other
electrical components (combiner box, disconnect switches,
meter base, and breaker box) on a plywood panel attached to
the timber structure.

With the mechanical work done, it was time to wire
everything together. Connecting the PV modules was easy—
their pre-wired MC-4 lockable connectors simply snap into
each other. The two 14-module series strings come together
in a MidNite Solar MNPV6 combiner box, where each is
protected by a 20 amp, 600 VDC fuse.

Wiring was complicated by the need to keep voltage drops
(line losses) small to minimize energy loss. The modules came
with #10 AWG wire, so I also used #10 wire for the short wiring
run to the combiner box. The 165-foot underground run (from
the inverter location to the home service-disconnect location)
needed larger # AWG wire to keep the 240 VAC line loss
less than the 2% recommended in the PVPowered installation

manual. I used #4 wire for the many short connections on either
side of the inverter, except for the inverter itself, which would
only accept smaller #6 wires. The terminals in the disconnect
boxes on either side of the inverter allowed transitioning the #6
inverter wiring to the #4 long run wiring.

PV equipment grounding is important to ensure human
safety and to minimize risk of equipment damage from
lightning. I grounded my steel racking with heavy-gauge
bare copper ground wires (#4 and #6 AWG). The wires are
secured to the structure by 15 steel clamps and electrically
connected with one lay-in lug, then clamped with acorn nuts
to two widely separated 8-foot-long copper-plated grounding
electrodes pounded into the earth. An additional run of #6
AWG bare wire goes to every PV module, secured by lay-in
lugs. If lightning affects the modules and gets into the DC
wiring, it should short to ground through a lightning arrestor.
On the AC side of the inverter, two more grounding electrodes
and another lightning arrestor are wired in, plus another pair
of grounding electrodes at the service disconnect.

Strategies for Success

When your new PV system coming on-line feels like it’s just
around the corner, it can be frustrating to have everything
held up by inspection delays. One mistake I made was
assuming that the electrical inspector would be familiar with
PV installations. In retrospect, it would have been better to
offer him more detailed information up-front. For instance,
he wanted documentation (other than the label on the unit)
proving that the inverter was UL listed. Then, when he decided
to require ground-fault protection, it was up to me to persuade
him that the ground-fault indication/detection (GFID) system
was built into this inverter at the factory. He also required
adding traditional breakers between the inverter AC output
and the production meter. This was to protect the long
underground wire run, even though it already benefited from
three other types of overcurrent protection at this end: two DC

Some utilities
require a lockable
disconnect at

the point of
connection with
the utility.
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Research, skill, patience, and hard work pay off with a quality, code-compliant, and cost-
effective PV installation.

string fuses, an inverter that can’t produce more than 21 amps
AC, and panel strings that max out at 9.2 kW. Sometimes it’s
easiest to just add whatever components the inspector wants,
rather than debate the finer points of the NEC.

I ran into similar glitches with our local power company
for the grid interconnection. Their unfamiliarity with PV
systems resulted in some uncertainties and difficulties at the
management level. To this day, Pacific Power’s computer
still has trouble digesting our meter data, which delays each
monthly statement. In contrast, their front-line employee, who
installed the net and production meters, helpfully answered
questions, responding promptly. My hope is that both the
inspection and grid-tie steps will become easier for others once
this technology becomes better understood in our region.

Do the Homework

This DIY project involved many steps and technologies that
I hadn’t used before. All the parts had to be researched and
ordered ahead of time, with each major component having
implications for the others. Tackling a solar-electric installation
isn’t impossible, but it does require that you be comfortable
taking on the duties of the overall project manager, plus
responsibility for making each minor step work.

The skills and experiences you start out with will
determine what additional knowledge you need for a
successful installation. For me, it meant lots of reading; the
two most helpful books were The New Solar Electric Home
by Joel Davidson and Fran Orner, and Got Sun? Go Solar
by Rex Ewing and Doug Pratt. Article 690 of the NEC is
mandatory reading (an expensive publication to purchase,
but available for free at our public library). It’s rather dry, so
help yourself by also reading the commentary in one of the
NEC handbooks (I bought the McGraw-Hill version). When
those resources left me with specific PV questions, John Wiles
was kind enough to answer several e-mails. The manager at

www. homepower.com

our local electrical supply house was
very patient in suggesting practical
solutions for some of the wiring issues
that came up during installation—he
was interested in the PV system and
repeatedly offered advice and helped
with problem solving.

Beyond hands-on knowledge,
flexibility is also important to a PV
project. Because it's not a one-size-
fits-all situation, you’ll need to adapt
the system to site specifics including
available space, shading, and energy
needs. Keeping that same flexible
attitude when using ground mounts
and racking may also open up
opportunities for savings. I used www.
craigslist.org to locate many used items
at attractive prices, including 40 feet of
24-inch-diameter culvert, 20 feet of
6-inch channel iron, creosoted railroad
ties, 2-inch angle iron, and a sack of
galvanized turnbuckles. Craigslist also
turned up some of the tools I used for this project, including
a tall orchard ladder and a band saw.

Part of a successful DIY project is knowing your limits,
and calling for help as needed. Some of the heavy lifting was
beyond my capacity, so I was grateful for help with setting the
largest timbers. Some of the high-voltage wiring and dealing
with electrical inspectors was beyond my experience, so I
consulted with an electrician before undertaking these tasks.

In the end, after five months of planning and building, it
was exhilarating to do the final circuit testing and then apply
power to the inverter, a true “we have liftoff” moment. In the
109 days since we commissioned the system, the summer’s
average daily production of 28.2 kWh has exceeded our
average daily use of 17.9 kWh, leaving a surplus of 10.2
kWh per day to draw on during the darker winter months.
By the winter solstice, we’ll have six months of data, and a
pretty good idea of what portion the PV system will provide
of our overall needs. Meanwhile, our heightened awareness

DIY PV System Costs

Item Cost
28 Evergreen PV modules (blems) $18,514
PVPowered inverter 2,895
Misc. electrical 2,772
PV support, homemade 2,437
PV rack, homemade 1,554
Travel expense (to pick up parts, equipment) 861
Books 132

Total
Less 30% Tax Credit
Grand Total
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of our electricity use has already resulted in reducing our
consumption. We’re using our two solar ovens more, timing
clothes washing to synchronize with peak solar water-heating,
adding power strips to turn off rarely used electronics,
updating our computer’s old CRT monitor to a more efficient
LCD monitor, and using more efficient irrigation practices to
reduce pump run-time.

Will this PV project prove cost effective? I think so.
The total up-front cost came to almost $30,000. We will be
receiving the 30% federal income tax credit, the Washington
State production payments of 15 cents per kWh, any future
green tag payments (presently unavailable here), and the
savings on our power bills. Over time, we’ll get updated
energy production figures for this system, and we’ll see
what increases in grid energy rates we are avoiding. To
date, data predict a 14-year payback for a system that should
last twice that long. The clear environmental benefits were
enough to draw us into this project, but it will probably also
save us money over the next two to four decades. We're
even considering doubling the system, which could provide
enough additional energy for an electric car.

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.

PV System Components:
Evergreen Solar ® www.evergreensolar.com ¢ PV modules
PVPowered ® www.pvpowered.com e Inverter

Affordable Solar ® www.affordable-solar.com e PV system
components

Other Resources:
Power Trip Energy ® www.powertripenergy.com e PV seminar

University of Oregon Solar Radiation Monitoring Laboratory e http://
solardat.uoregon.edu/SoftwareTools.html e Free sun-path calculation
software

PVWatts e http://rredc.nrel.gov/solar/codes_algs/PVWATTS/version1/
® PV system production estimates
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The best type of inverter for your application is the one that meets the
system’s requirements and results in the highest performance for the lowest
cost, while operating reliably. Here’s how to make the best match.

by Christopher Freitas

Renewable energy system designers and installers often
say that the inverter is the brains of an RE system. But I've
always thought of it more as the system’s stomach: It digests
the energy provided by the PV modules or batteries into
something that is more useful and better regulated.

The main function of an inverter is to convert direct
current (DC) into alternating current (AC), and to change the
voltage level into a stable 120 or 240 VAC that can be used by
household appliances or “sold back” to the utility grid.

The word “inverter” was originally used because the
output wave form produced by its circuits alternates between
a positive and a negative voltage. This device “inverts” the
polarity of the power source (typically, a battery or PV array),
causing the current to flow in alternating directions through
the load. Hence the term “alternating current.”

Inverters have a wide variety of designs, capabilities, and
features. Understanding their differences can be as simple as
dividing them into two groups based on their cost.

Inexpensive Battery-Based Inverters
Low-priced inverters (less than $500) are available from auto
parts and large retail stores, as well as the Internet. The smaller
ones (less than 400 watts) plug into an automobile’s cigarette
lighter jack, while the larger ones (500 to 3,000 W) require
a connection wired to a battery. (For safety reasons, this
connection should be fused, but often this is not mentioned
in the sparse instructions provided.) These inverters usually
have very few safety or protection systems and are not listed
to any UL standard. Usually, only short-term warranties
apply and no customer support is available.

Low-cost inverters are for small electronic loads, such
as small TVs and laptop computers. Although some of the
higher-power models can power hand tools, the quality of the
output power while the tool is operating may damage other
more sensitive loads that are also connected. Some AC loads,

such as some chargers for rechargeable battery packs, as well
as the batteries themselves, can be damaged by the poor AC
output wave form and poor voltage regulation, since they do
not produce a true sine wave output (see “AC Output Wave
Forms” sidebar for more information).

Most inexpensive inverters lack isolation between the
DC input and the AC output. Typically, the DC negative is
directly connected to the AC neutral. This allows them to
be smaller, lighter, and cheaper to manufacture. This can,
however, be a hazard when trying to install them in a National
Electrical Code-compliant manner or if used with ground-fault
circuit interrupter (GFCI)-protected AC outlet circuits.

Inexpensive inverters should not be used for residential or
commercial systems, which need to meet the requirements of
the NEC and/or be inspected. These inverters also cannot be
grid-tied as they do not include the necessary synchronization
capability or the protection systems required by utilities to
protect utility line-workers and homes. Their limited safety
systems also mean that they should only be used with
continuous supervision, in case a problem with the inverter
or a load occurs.

Exeltech’s XP line provides

a super-clean wave form
appropriate for sensitive
electronics.

home power 134 /december 2009 & january 2010



Many inexpensive inverters boast power ratings that are
not based on a continuous operation or real-world conditions.
These power ratings may make some appear to be a better
deal, but disappointing performance often occurs. To ensure
acceptable operation and reliability, choose one with a power
rating twice as large as your application requires. The
low efficiency (often less than 80%) of most of the cheaper
inverters can result in lower overall system performance—
requiring additional, expensive PV modules—resulting in
higher overall system costs.

Expensive Inverters

More expensive inverters (more than $1,000) are designed
to operate in an efficient and safe manner continuously,
even under less-than-ideal conditions. These inverters are
designed for permanent installation and are compliant with
both NEC and UL requirements. Because they include more
protective and safety systems, they are larger and heavier
than inexpensive inverters. They are well worth the extra cost
when the application requires an efficient, reliable, and safe
source of AC power.

Expensive inverters almost always include DC-to-AC
isolation, which meets NEC and UL requirements and allows
them to be used with GFCI circuits safely. They are also
nearly all listed to one of the UL standards—either UL 1741
(for residential and commercial RE systems) or UL 458 (for
RV and boat systems). Standards testing may be done by one
of several nationally recognized testing laboratories such as
UL, ETL, CSA, or TUV.

Expensive battery-based inverters often include additional
features and capabilities, such as battery chargers, AC transfer
switches, metering, load and generator control outputs, and
even data logging and networking connectivity. Not all
expensive inverters are the same—some produce smoother
AC output wave forms, which makes them more suitable for
powering sensitive loads such as electronics (TVs, computers,
laser printers, etc.). Review the specifications carefully before
selecting and purchasing one. Fortunately, the manufacturers
of expensive inverters typically provide good user and
installation manuals, as well as customer support and longer
warranties.

Terminology

The term “inverter” is often confused with the word
“converter,” which is a more general term for a device
that changes AC to DC (such as a battery charger), or a
device that converts one DC voltage into another (DC-
to-DC converter), allowing, for example, 12 VDC loads
to operate on a 48 VDC battery system. Some modern
inverters include both an inverter and a battery charger.
Some even have 12 VDC output for operating relays
or other devices—it's easy to see why people might be
confused by the terminology.

www. homepower.com
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OutBack’s FX series is one of several
inverter brands used for remote, battery-
based applications.

Different Inverters for Different Applications
High-performance inverters are optimized for specific
applications—there is no universal “one-size-fits-all” inverter.
The range of inverter applications can be divided up into four
categories:

o Off-grid

e Mobile

* Grid-tied with battery backup
* Batteryless grid-tied

It is important that the inverter you select is designed for
the application for which it is being used. Otherwise, poor
reliability and performance may occur and unsafe situations
may result, which could damage the inverter or endanger the
system’s users or utility workers.

OFF-GRID. All off-grid inverters work with a battery bank that
provides power, even when it is not sunny or windy. These
inverters are typically able to work with multiple sources of
power—solar, wind, hydro, and engine-generators—even at
the same time.

AC wave form. Off-grid inverters are available with a variety
of AC output wave forms. Today, most home and commercial
power systems use sine wave inverters for sensitive loads.
Many of the smaller systems (for cabins or other locations that
do not have sensitive loads) still use modified square wave
inverters since the cost is lower.

(continued on page 92)
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AC OUTPUT WAVE FORMS

Lower-cost inverters produce a simpler square wave instead
of the more complex sine wave. Some sine wave inverters
have very visible, coarse steps making up the sine wave,
while others have very smooth waves, by using hundreds of
steps and more sophisticated AC output filtering.

The AC output wave form is also affected by the load
being operated and the DC input voltage level. Many lower-
cost inverters cannot regulate the AC output voltage when
running more difficult loads such as motors, which can
result in voltage spikes that may damage some appliances.
More expensive sine wave inverters can operate nearly any
load without problems and often have better power quality
than a utility grid, since the utility distribution system can be
affected by other AC loads operating in your neighborhood,
resulting in power-quality issues.

Square Wave Inverters. The easiest AC output wave form
to make is a “square wave,” in which the voltage alternates
from positive 120 volts to negative 120 V, back and forth.
This wave form has a lot of total harmonic distortion (THD)
and results in poor operation of nearly all AC loads.

Square Wave Inverter AC Voltage at
Low, Normal, and High DC Input Voltages
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@ 14.7 VDC = 140 VAC RMS (140 VAC Peak)

@ 12.6 VDC = 120 VAC RMS (120 VAC Peak)

@ 10.5 VDC = 100 VAC RMS (100 VAC Peak)

A square wave inverter cannot regulate its AC output
voltage when the battery voltage changes significantly.
They produce 120 VAC when the battery is at 12 VDC, but
also produce 140 VAC when the battery is at 14 VDC and 100
VDC when the battery voltage is pulled down to 10 VDC, like
during a motor startup. This can cause even simple AC loads
like motors or lightbulbs to fail prematurely.

Because of these severe drawbacks, no square wave inverters
are being manufactured today. They still do sometimes turn
up used, but they are not worth considering, even if they
are free.

Modified Square Wave Inverters. The addition of a small
“off” time between the positive and negative pulse of the
square wave significantly reduces the THD. And the shape of
the wave form also can be controlled to allow regulation of
the AC output voltage level as the battery’s voltage changes.
Modified-square pulses are tall and narrow when the battery
voltage is high, but become short and wide when the
battery voltage is low. This results in a consistent average
voltage being supplied to the AC loads, and improves load

Modified Square Wave/Modified Sine Wave
Inverter AC Voltage at Low, Normal, and
High DC Input Voltages
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compatibility and performance. However, more sensitive
loads, such as variable speed motors on some hand tools
and appliances, may still operate incorrectly, overheat, and
be damaged from this type of wave form.

All of the inexpensive inverters and even some of the more
expensive off-grid and mobile inverters produce this type of
AC wave form. This wave form cannot be used for grid-tied
inverters as the THD does not meet the utility requirements.

Modified Sine Wave Inverters. Although this term
is commonly used, it is really a misnomer—there is no
difference between a modified sine wave inverter and a
modified square wave inverter, other than some sleight-of-
hand marketing.

A stepped sine wave inverter produces another “in
between” AC wave form. Instead of having a single positive
or negative pulse punctuated by an “off” period between,
a stepped sine wave inverter is able to produce a series of
different voltage levels which can be arranged to produce
what is often described as a “Mayan temple” shape. The
number of steps varies as the battery voltage changes. At
higher battery voltages, there are fewer, but taller steps; at
lower battery voltages, there are many shorter steps.

Stepped Sine Wave Inverter AC Voltage
at Low, Normal, and High DC Input Voltages
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This approach produces a wave form with a much lower
THD than a modified square wave inverter and offers good
performance and DC-to-AC conversion efficiencies of more than
90%. Some of these inverters are even able to be grid-tied since
the THD is low enough to meet UL and utility requirements.

True sine wave inverters produce a wave form that closely
matches what is provided by a utility grid. Some of them are
able to provide AC power that is better regulated and even
has lower THD than utility power.

To make this wave form, a true sine wave inverter produces
hundreds of positive and negative pulses during each AC cycle.
These pulses are then filtered into a smooth sine wave shape.
Most true sine wave inverters are able to adjust the duration
and timing of each pulse by using very fast digital electronic
circuits and/or microprocessor control. This allows the voltage
and frequency to be well controlled, ensuring that any AC load
within the inverter’s power limits will operate properly.

Because the output is a well controlled, very sinusoidal
shape, using these inverters for grid-tied applications is
possible by the addition of the required safety systems
and the additional testing and certification to meet the
requirements of UL1741 and utilities.

Pure Sine Wave Inverter AC Voltage
at Low, Normal, and High DC Input Voltages
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Power rating. Because an off-grid inverter usually has to
provide all the power required by the AC loads, its power
rating is a critical factor. Fortunately, off-grid inverters
include detailed information describing their continuous
power as well as short-term “surge” capabilities.

Surge power. The inverter’s surge power rating is its ability
to provide high power levels for short periods of time
(seconds) when certain loads—typically, AC motors, such as
well pumps or power tools—are started.

Conversion efficiency. This is how much of the power
consumed by the inverter is actually available to power the
AC loads. Inverter efficiency can range from 70% to up to
96%. The actual performance depends on the amount of AC
loads being powered and the type of wave form provided.
Efficiency is typically the worst at very low power levels (less
than 100 W) and best at about 25% to 50% of the inverter’s
continuous power rating.

Idle power consumption. Although the efficiency of an
off-grid inverter is very important, be sure to also consider
how much power the inverter uses when no loads are being
powered—called the idle or tare power consumption. For
example, one model may consume 10 W, while another
similar inverter might consume 50 W. In just one day, that’s
a difference of almost 1 kilowatt-hour being consumed (40
W x 24 hours = 960 Wh). Some off-grid inverters use a search
mode to reduce energy consumption, turning off all but the
search capability when no load is present. Although this is
useful in some applications, many homes have AC loads
that require power continuously—such as security systems
or answering machines—negating any potential energy
savings from search mode.

While Magnum also makes residential RE system
inverters, its ME series is designed specifically for mobile
applications.

The Xantrex
XW series

is designed
for off-grid

as well as
grid-intertie
systems

with battery
backup, which
is useful in the
event of grid
failure.

xantrex”

Battery voltage. Most off-grid inverters work with nominal
battery voltages from 12 to 48 VDC, with the surge power
and conversion efficiency being the best on the 24 and 48
VDC inverters. A few larger inverters (more than 10 kW)
are designed to work with even higher voltage batteries—
up to 240 VDC—but this requires specialized installation,
safety procedures, and even different battery construction.
Generally, the benefit of using a battery bank with a higher
voltage than 48 VDC is not advantageous compared to the
possible hazards it adds, unless the system size is very large
(more than 30 kW).

Options. Many off-grid inverters are available with a built-
in battery charger and AC transfer switch. This allows
connection of a backup source (like the grid or an AC
generator) to charge the battery and/or run AC loads when
battery power is insufficient. It’s a good idea to include this
feature even if the application does not have a generator, since
this will allow easy future load expansion or periodic battery
equalization charging by simply connecting to an AC source,
even if only occasionally.

MOBILE. Most mobile inverters are similar to off-grid inverters.
Although most are 12 VDC, some 24 VDC systems are used on
larger motor coaches and boats, and in military applications.
Special mobile inverters are even designed to handle severe
vibration conditions or even corrosive environments, such as
saltwater spray or alkaline dust. Knowing the requirements of
the application is critical to selecting an inverter that will not
only operate the loads acceptably, but also work reliably.

home power 134 /december 2009 & january 2010
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inverter basics

GRID-TIED WITH BATTERY BACKUP. A few models are
available that can “sell” power back to a utility grid when
the battery is full. Having a battery backup system adds
considerable complexity to a grid-tied system, but it can be
a useful feature for those with frequent or lengthy utility
outages or who want to be well prepared for possible
natural disasters or emergencies. Be sure that the inverter
documentation clearly states that it is designed for grid-tied
operation and that it is has been tested and approved to the
UL1741 standard for grid-interactivity.

Backup AC load panel. A battery backup system typically

g requires a separate AC load panel for the circuits that will

% continue to operate when a utility outage occurs. Installing

% these panels—and wiring the individual circuits to them—
a“’% can be time-consuming.

B

Batteries. Batteries are best placed in a protected location to
keep them warmer in the winter and cooler in the summer,
and out of reach of children and pets. Be prepared to replace
Using AC coupling, the SMA Sunny the batteries every three to 12 years depending on their

Island inverter can be used in off-grid charging regime, usage, capacity, and battery type.
and battery backup grid-tied systems, as
well as to build minigrid village power

systems.
Neutral/ground switching system. The primary difference Some inverters, like
between a mobile and an off-grid inverter is how the AC this Aurora PVI series

made by Power
o . . . One, are designed
switching circuits that disconnect the AC input neutral and for highly efficient
make a connection between the AC output neutral to the batteryless grid-tied
applications.

transfer switch works. Mobile inverters include additional

ground conductor when operating in the inverting mode.
This prevents a ground fault from occurring when the RV
or boat is plugged into a pedestal or shore power. A ground
fault can result in shock or electrocution.

Efficiency. In most mobile applications, the engine of
the vehicle does most of the battery charging so the
inverter’s efficiency may not be as critical as with off-grid
applications. However, if you spend extended periods of
time “boondocking” or parked without running the engine
or being connected to the grid, then careful attention to
selecting an inverter with the highest conversion efficiency
and the lowest idle power consumption is important. The
higher performance and longer battery life will be worth
the extra money.

AC input capacity. It is important not to pull more AC
current through the inverter’s AC transfer switch than it is
capable of handling. Be sure to follow the manufacturer’s
instructions and install proper overcurrent protection to
prevent damage if an overload occurs.

AC wave form. Although many RVs use modified
square wave inverters, many RVs also have sophisticated
electronics and sensitive loads, which won’t run as well
on this type of wave form. Choose a sine wave inverter for
compatibility.

Courtesy Www.power-one.com
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Efficiency and costs. Backup capability to a grid-tied PV
system does come at a cost—the conversion efficiency will be
about 5% less than for a batteryless system, and the system
cost can be as much as 25% to 50% more due to the additional
controllers, batteries, other balance-of-system requirements
(combiner boxes; battery cables and enclosures; inverter
accessories; critical loads subpanel; etc.) and increased
installation time.

BATTERYLESS GRID-TIED. A batteryless grid-tied inverter
is designed to do one thing very well—power AC loads
from an RE system along with the utility grid and “sell” any
surplus energy back to the utility. Because these inverters do
not require batteries, the system and installation cost is lower
and the efficiency is usually higher. The downside is that the
system is unable to provide AC power during a utility power
outage even though the sun may be shining or the wind
blowing.

Input voltage window range. Most grid-tied inverters are
designed to work with a specific PV array configuration or a
particular wind turbine. The input voltage of most batteryless
grid-tied inverters is very high—many can accept up to
600 VDC and require at least 200 VDC to start operating.
However, it is critical that the PV array operate within

the inverter’s voltage window or damage and/or poor
performance may occur.

Tested and certified. To sell power to a utility, a grid-tied
inverter has to produce a very accurate sine wave AC output
with very low total harmonic distortion (see “AC Output
Wave Forms” sidebar) and must be tested and certified to meet
safety and performance requirements to protect the utility’s
infrastructure and personnel. All batteryless grid-tied inverters
should be factory-labeled stating that it is designed for grid-
tied operation and has been tested and approved to the UL
1741 standard. (For more information on batteryless grid-tied
inverters, see “Grid-Tied Inverter Buyer’s Guide” in HP133.)

Access

Christopher Freitas (cfreitas@sunepi.org) has worked in the PV
industry since 1986 as an electrical engineer. He has participated
in the development of many UL, NEC and IEEE standards, and
volunteers on developing-world RE projects with Sun Energy Power
International. He lives in an off-grid solar and microhydro-powered
home in Washington state.

Solar-Une Balteries have a 10 year factory warranly
with FREE cell replacement for 7 years.

Solar-Une Balteries have been in RE service for more
than 13 years with over 88% customer satisfaction

Solar-Cne Batteries incorporate the patented and
proven HuF technology with the thickest positive
oz & g plate {0.310%) in the Renewable Energy Industry.
atteries wilt P i
Solar-Une Batteries come complete with solid copper
buss bars, stainless steal fasteners, and terminals
with more than 9 square inches of surface area

Solar-Une Batteries ara available in 9 sizes from
845 AJH to the NEVW 1990 AfH at the 20hr rate.
Many sizes in stock. FREE shipping (lower 48 states).

Solar-One Battery users described the Solar-One
as: "A Great Valug", " Bullet Proof”, "Reliable”.

Solar-Une Batteries are assured fresh due to a single,
nodern, and centralized distribution center with a
inous high flow of product.
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Remember all those times you said: SunMaxx”
“WOUIdn ,t it be nice if” Solar Thermal Systems

when installing a solar thermal system...

“You only had one, easy to install, /t_
pre-insulated line to hook up your collectors?”

“ SunFlexx Line Set
You only had one solar accessory Pre-insulated, flexible, easy

H 7
to hook up in your basement? to connect sensor, solar and
HelioFl return loop line set.
elioriow
Plug-n-play solar pumping,
control, monitoring, and

maintenance station. “You could get the best flat plate and evacuated tube

systems from one company, without being hassled?”
SunMaxx Collectors
Carrying cutting-edge and cost-effective evacuated tube and flat plate
solar collectors, without pushing you on one technology or the other.
Available alone or in SRCC OG-300 pre-packaged kits.

At SunMaxx, we listened! .

1-800-786-0324 www.SunMaxxSolar.com www.SiliconSolar.com

The TriMetric /7wotew \ The PentaMetric

Basic Battery rotucts! / Battery System Monitor
System Monitors u with More Capability

Display vital battery system data to help users provide The choice for advanced system analysis
better battery care, conservation awareness and aid and maintenance.
system maintenance: « Volts « Amps « Amp-hours « Data Logging - records

« Battery% full - Days since charged

.—__.______

Traditional TM-2020

(without optional enclosure) $169

3 weeks of system details

. System Troubleshooting by
comparing to previous data.

NEW!

Computer Interface
The P-100-CE with Ethernet
connection. Now analyze
renewable energy system
performance via remote
internet connection.

TM-2025-RV features: The PentaMetric System with (non internet) RS232 computer
interface $320
Optional LCD Display unit (shown above) additional $199

12-48V operation standard.
Higher lightning resistance. Smaller

NEW! TriMetric  Packageincludes enclosure. Also details at: www.hogartengineering.com

Watts. Records system analysis
TM-2025-RY information to help find system BOGART ENGINEERING (831) 338-0616 19020

problems. $180 Two Bar Rd. Boulder Creek, CA 95006 USA
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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 [t" 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 — 2> 831-429-1989
WWW.ELECTROAUTO.COM — %74 ELECTRO@CRUZIO.COM

AAASOoIan,Suppiy;inc:

FEATURING: Serving the Solar Industry Since 1979

o Snminlant Giunl Boiteniry Also Featuring:
$ Hied Coms SUN AIRE
,|I . Lo oo Temmporecl Gl Air Collectors
| ___,._.-——-'-'-"-"-' ™ - - |H.r“.*|“|. o

for Home Heating

Liquid Collectors
for Solar Hot Water T
& Radiant Floor Systems

Other Solar H,0
Products & Paris

* Pumps

* Heat Exchangers
* Storage Tanks

Other Solar Hot Air
Products & Parts

| I'. / L * Blowers
* Complete Systems y I \ J I““,, S
P 4 ® EFOM oty F A \ / Fom—— e * Backdraft Dampers
e Controls J' e | ¥
S At Frimsary FPOM aninng el * Controls
¢ Batch Water Heaters # 13% Sheer bemumad Foinia Ay _ o BN GE

(800) 245-0311 - wvww.aaasolar.com ¢ solarstuff@aaasolar.com

2021 Zearing NW, Albuquerque, NM 87014
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B2 Products

250 watt 25 amp Maximum
Power Point Solar Control

Up to 25 amp output current

250 watt PV input

12 to 48 volt PV input

15 amp low voltage disconnect standard
Aux battery trickle charger standard,

option:

Both Controllers offer:

¢ Boost

up to 30% * Battery temperature
* Microprocessor control sensor standard

* 95% e

¢ Digital metering Made in U.S.A.

B2 Products Model MIPPT500

3 THERMOMAX
-

500 watt 45 amp Maximum
Power Point Solar Control

e Up to 45 amp output current

¢ 500 watt PV input

¢ Universal PV input 12 to 48 volts
e 12,24 or 48 volt output

MPPT250

al enclosure available 1" ' 3'£bOW peak solar
_ﬁg;mal output

charge current * PWM float control
fficient Five-year warranty

BZ Products, Inc.
314-644-2490 « www.bzproducts.net * bzp@bzproducts.net
7914 Gravois, St. Louis, MO 63123, USA

ZOMEWORKS

Universal Track Racks
Battery Boxes & Cool Cells*
Universal RoollGround Mounts
Top of Pole Fixed Mounts
Double Play Systems

YWebsite: www.zomeworks.com

Email: zomeworki@zomeworks.com
Phone: 800-279-6342

PHOTS COURTESY OF SUNPUMPS
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Pump

by Brian Mehalic

Pump stations can offer
cost and time savings
for installers and
homeowners alike.

While these two SHW systems have
different features, the system with the
pump station (right) is more compact
and easier to navigate for servicing.

Courtesy Chuck Marken

Pump stations are available in numerous configurations and
designs, and from a variety of manufacturers. Companies
specializing in SHW components frequently sell pump
stations—either of their own design or rebranded models
from independent manufacturers. These “kits” are also
available from radiant floor companies and general
plumbing companies. In many cases, pump stations are
available in packages with tanks designed for direct
mounting, or they can be used with other tanks from
different manufacturers.

Stations

System Suitability

Most pump stations are for use in closed-loop, active solar
hot water systems—the dominant domestic system type. A
heat transfer fluid (HTF) is circulated through a collector
and then transfers the heat to the domestic, potable water
in a storage tank. There are many variations, the most
common being pressurized systems, which use a freeze-
resistant fluid such as propylene glycol, and drainback
systems, which are unpressurized and often use water as
the HTF.

home power 134 /december 2009 & january 2010
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stations

In from Out to
Expansion Tank Connection Collector  Collector
Temp. Gauge: \ / Combination Check &

After heat exchange Isolation Valve, plus

Integrated Temp. Gauge:
Differential Controller \ Before heat exchange
Ball Valve
Check Valve\

Flow Sensor /

T

Domestic Hot Pump ———

Solar Loop Pump

Double-Wall Heat Exchanger:
Maximizes heat transfer

for domestic hot water

and solar fluid

Courtesy www.heliodyne.com

\

The Helio-Pak by Insulated Cover
Heliodyne has two

pumps and uses a

tube-in-a-tube heat

exchanger.
However, most pump stations have pumps that are
too small to overcome the increased head typical of many
In addition to the components typical of pump stations, the drainback systems, so are best suited for pressurized, closed-
Purist SPS-2-AC features a stainless-steel plate heat exchanger, loop systems. Depending on the model and system layout
two pumps, an integrated controller, and data monitoring via a . ) bl 1 h ithal . §
personal computer. it may be possible to replace the pump with a larger size or

plumb a second pump in series to overcome the head and
achieve the necessary flow in a drainback system. (Caution:
Using two pumps in series can have serious consequences—if
one pump fails, the other pump may be able to move fluid
only high enough to allow it to freeze in the tubing.)

With or Without a Heat Exchanger?

A primary distinction between pump stations is if they
include an integrated heat exchanger, which is required for
closed-loop systems. There are three potential locations for
the exchanger: it can be built into the storage tank; it can be
an independent component plumbed into the system; or it can
come preassembled as part of the pump station.

Models such as the Taco Solar Pump Station, Heliodyne
HPAK, PAW Solex, or Purist SPS-2-AC can be used with
standard or four-port hot water tanks because the heat
exchanger is built into the pump station. These types of tanks
are less expensive than tanks with built-in heat exchangers
and may be more readily available (see “Solar Hot Water
Storage” in HP131 for more information on tanks with built-in
heat exchangers).
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stations

The Taco Solar

Pump Station has an
integrated stainless-
steel plate heat
exchanger, controller,
and mounting bracket.

Pump stations that include built-in heat exchangers have
two pumps, one to circulate the HTF and the other to circulate
the domestic water through the exchanger. These stations
will have four connections: HTF in (from the collector) and
out (to the collector); and domestic water in (cold) and out
(heated). The size of the heat exchanger must be adequate for
the system size, and models are available that can handle 300
square feet or more of collector surface area. Plate and tube-
in-a-tube exchangers are most common (see “Fundamentals
of Solar Heat Exchangers” in HP128 for more information).
Different sizes of heat exchangers may be available in the
same pump station.

Pump stations without heat exchangers are less expensive,
but require a tank with a built-in exchanger or a separate,
external exchanger, both of which add cost. Overall, a pump
station with an integrated heat exchanger paired with a four-
port tank will be less expensive then a pump station and a
tank with a built-in exchanger. However, the price difference
is usually not tremendous, so choice depends more on space
constraints, availability, and backup heat sources.

Choices of pump stations without heat exchangers include
numerous FlowCon models from PAW, some of which are
rebranded and sold by other companies. Other manufacturers
include companies such as Resol and Solarnetix. Solar thermal
component manufacturers such as Stiebel Eltron, Buderus
(Logasol), and Schuco (Solar Station) also offer models to
complement their internal heat-exchanger tanks, all of which
can also be used in conjunction with different brands of tanks
or with separate, external heat exchangers.

Many of these pump stations also have four connections:
HTF in (from the collector); HTF out (to the heat exchanger);
heat-exchanger return (to the pump station); and HTF out

(to the collector). The smallest pump stations, however,
are only designed with two connections and are plumbed
between the heat-exchanger return and the collector. Optional
components for these pump stations include isolation valves
and temperature gauges, which are installed between the
collector’s return and the heat exchanger’s input.

Applications

Pump stations can be used in a range of applications. The
most common is with a single tank, typical of residential SHW
systems. While the pump station replaces the components
required for basic systems, integrating a second storage tank,
external back-up heat source, or space/radiant heating is
nearly the same in terms of parts and labor as with a system
built from scratch, and depends on the tank and other system
components. Particular attention should be paid to pump
station selection when installing more complicated systems—
many offer preplumbed options for additional storage tanks
and backup heat sources, as well as the types of controllers
needed.

Some models, such as the PAW FlowCon D2F, are
designed to operate two independent arrays of collectors
so that different orientations can be used to heat the same
system. For example, an east-facing collector favoring
morning production could be combined with a west-facing
collector that heats water primarily in the afternoon. Rather
than requiring the HTF to flow through both collectors—one
of which would be cooler than the other—two independently
operated pumps allow fluid to pass only through a hot array.
This could also be accomplished by plumbing two pump
stations in parallel on the return from the heat exchanger,
and also requires a controller with additional sensor inputs
and at least two separately controlled electrical outputs for
two pumps.

This Taco pump
station does not
have an integrated
heat exchanger
and can be used
with an external
heat exchanger or
tanks with built-in
exchangers.
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Left: In a traditionally
built pump stack,
these components

are assembled and
insulated by hand—on
site or in advance—by
the installer, a very
labor-intensive
undertaking.

Courtesy Brian Mehalic

Paralleling two pump stations on the HTF in (return from
collector) connections allows two tanks to be heated by the
same array of collectors. Depending on the system controls,
one tank may be prioritized or both loops may circulate
simultaneously as needed, providing heat to both tanks
from a single array. Again, the controller must be capable
of operating two pumps and reading the temperature of
two tanks. The PAW FlowCon S2F is a prepackaged, all-
in-one pump station for this type of system. This design

An installed pump station for a closed-loop system, with
components exposed.
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_Collector

Return
From
Collector

;‘;-Fill &
~ Drain Ports

Flow Meter

Courtesy Brian Mehalic

Pump stations offer

a neater, less time-
consuming installation,
though at a higher price
compared to assembling
individual components.

stations
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Courtesy Brian Mehalic

can be especially useful for large systems that are prone
to summertime overheating. Storage capacity is increased
with a secondary tank, which decreases the likelihood of
overheating. However the system will heat the primary tank
first—and reheat it as necessary—before putting heat into the
second tank, which is important for reaching useful water
temperatures during the winter when daily peak sun-hours
decline.

Features & Components

Many pump stations are made of similar, high-quality
components, including brass and copper fittings, and pumps
and controllers from well-known, reputable manufacturers.
Selecting between the various options often comes down to
the specifics of the system design, price, availability, and/
or whether the pump station will be mated with a tank from
the same manufacturer.

Pump. Pump brands and sizes vary, but most are
interchangeable with other common brands. Multispeed
pumps are common, providing the ability to adjust the flow
rate to the heat available. DC pumps are unlikely to be an
option. Typically there will be isolation valves on either side
of a pump for servicing or replacing.

Differential controller. Some pump stations include
differential controllers, or they are optional, allowing installers
to use a favorite model instead. Included controllers may be
proprietary or third-party models, and, depending on the
unit, may allow for additional sensor inputs and increased
functionality for multiple tank or radiant systems. One
of two types of sensors, either 10K thermistors (common
in U.S.-made controllers) or PT1000 sensors (typical of
European controllers), are used for sensing tank and collector
temperatures. If the station is added to an existing system,
the existing sensors may need to be replaced to ensure
compatibility.

Controller choices and features have grown along with
the rest of the industry. Many now include advanced
displays and system monitoring of collector, bottom-of-
tank, and upper—tank temperatures so a user can monitor

www. homepower.com
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Pump Station Tips

A pump station is really a subset of the overall hot
water system. As a result, its efficiency and performance
is dictated more by system design and installation,
rather than by the brand or specs of the pump station.
Nonetheless, some of the key features to pay close
attention to are:

* Pump—What is the brand and type of material? Will
it be easy to service/replace, and is it compatible with
other pump brands?

+ Controller—What is the brand and number of sensor
inputs and outputs? Is there a display and is data
logging available if desired?

+ Station components—Should be high-quality brass
and properly assembled.

» Extras—What features or options, such as fittings to
connect expansion tanks and brackets for mounting
on the storage tank or wall, are available?

* Reliability—Are all the parts are in the box and does
the system hold pressure?

system operation. Other features may include estimated
energy production in Btu; HTF flow rate; and data logging.
A desirable feature can run the pump at night to cool an
overheated tank, such as could occur during a summer
vacation or when hot water is not being used.

Valves and gauges. A pump station includes the valves and
gauges required for a pressurized, closed-loop system. Fill
and drain ports allow flushing, pressure testing, and charging
the HTF loop.

A check valve prevents thermosiphon by allowing the
HTF to flow only in one direction. Without it, dense, cool HTF
in the collector will sink, causing the HTF to flow in reverse
and dump heat from the tank into the collector, cooling the
system.

An integrated pressure-relief valve ensures that the HTF
pressure doesn’t exceed a set limit, and protects the piping and
components from extreme overheating or loss of circulation.

A pressure gauge provides a visual indication of system
pressure, and if it reads zero or is dramatically below normal
system pressure this may indicate a loss of HTF, whether due
to a leak or because the pressure-relief valve has operated.

Temperature gauges on the pump station show the HTF
temperature before it flows into the heat exchanger and then
after it exits, to verify that heat transfer is occurring. Some
pump stations are designed to be plumbed between the heat
exchanger return and the collector only; in this case, a second
temperature gauge would need to be added between the
return from collector line and the heat exchanger input.

Other components may include a port and fittings to
connect an expansion tank for the HTF, an air separator to
remove microbubbles in the HTF, and a flow-rate meter. A

valve to regulate flow may also be included, though on some
models flow is set with other valves in the station.

The majority of pump stations package all of these
components into a streamlined, insulated case, while still
allowing access and pump ventilation. Heat is kept in the
system and the difficult job of neatly and effectively field-
insulating these components is already taken care of.

Limitations & Installation Issues

There is some variability in the specified operating parameters
of different pump stations. Be sure to check the specifications
for the maximum HTF temperature and pressure. Knowing
the maximum HTF flow rate is also important, especially for
larger, multicollector systems or if a drainback system (and
larger or second pump) is being considered. If the station has
an integrated heat exchanger, it must be appropriately sized
for the amount of collector surface area.

The size and type of fittings also vary. Many of the popular
pump stations are imported, and use metric components.
Adapters to standard pipe sizes are included or available,
but finding extras locally can be difficult. Whether the station
components are metric or not, the adapters are usually easy-
to-connect unions or compression fittings.

By themselves, pump stations are not very large—many
are smaller than a carry-on suitcase. Weight is not usually
an issue, though the stations should be secured, not merely
be supported by pipes. Some systems include brackets for
mounting on a wall or the tank, or brackets can be easily
fabricated. Wall mounts generally require longer pipe runs
to the tank, but also may make future tank removal or
replacement easier.

Charging the pump station with HTF may require special
fittings or a kit, which can then be reused. Some pump stations
incorporate a check valve in the pump inlet housing; this is
unacceptable for drainback systems and can make filling or
charging pressurized, antifreeze systems difficult, so be sure
to read the manufacturer’s instructions thoroughly. Access to
the charging ports is an important consideration for whether
to mount the station on the wall or tank. Additionally, when
using a pump station and a tank with an integrated heat
exchanger, it is a good idea to install a drain valve at the low
point where the HTF exits the exchanger, which will typically
also be the lowest point in the HTF loop plumbing. This allows
complete draining; otherwise, the lowest drain could be on
the pump station, potentially 4 to 6 feet above the low point,
which will add to the mess when the tank needs replacing.

Many installers prefer to locate the HTF pressure relief
valve outside, at the collector(s). Pump stations are only
suitable for installation inside, so the integrated pressure

Web Extra

For the ins and outs of solar hot water system heat
exchangers, visit www.homepower.com/webextras
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relief valve may require an additional drain line. This drain
may be able to be run in the same line as the drain for the
temperature and pressure-relief valve on the storage tank, but
in many locales it requires its own piping.

The Word on the Street

Installers agree that building a pump stack from individual
components can be time-consuming—three to four hours (or
more) is typical for plumbing the copper and brass fittings,
gauges, valves, and pump, and installing a controller. Often
this can be done ahead of time, though space and time
constraints may require that it be done at the installation site.
Furthermore, the tank may be more difficult to transport with
the plumbing components attached. Either way, a bunch of
fittings, valves, gauges, and components are required, as well
as the means to pressure-test the final product.

Because there are fewer connections required and a pump
station can quickly be installed on the tank or wall, it is often
easiest to perform all the work on-site. But first be sure to
verify that all of the required adapters and components are
included and, as with all systems, perform a pressure-check
before charging it.

Casey McDonald, an installer for Solar Technologies
in Santa Cruz, California, has installed many SHW pump
stations. “Pumping stations both make the system look more
professional and simplify installation, and the fittings are
more durable than standard hardware-store quality.”

According to McDonald, servicing pump stations is
easier, too. “On custom, built-on-site systems, a lot of time
is spent on trying to figure out the layout of the plumbing.”
He says that pump stations cost more than build-up systems,
and proprietary parts, such as metric-to-NPT adapters, can
be difficult to find if one is missing or damaged. “Definitely
don’t assume that all the pump station fittings are tight right
out of the box,” McDonald says. “Pipe dope and pipe-thread
tape first can avoid chasing leaks later.”

Justin Trievel has been installing solar hot water systems
for EV Solar Products, Inc. in Chino Valley, Arizona, for
several years, using pump stations and building pump
“stacks.” He agrees that while pump stations are more
expensive than individual components, they do save a good
amount of time.

However, Trievel says that there are more limitations for
nonstandard installations. He usually uses unmatched brands
of pump stations and tanks, prefers to hang the pump station
on the tank when possible, and says he has had only a few
issues with the individual components in the pump stations.
He is trying different brands and models of pump stations, as
well as fully integrated systems, with all of the components
pre-mounted on or in a tank.

Access

Brian Mehalic (brian@solarenergy.org) is a NABCEP-certified PV
system installer, with experience designing, installing, and servicing
PV, thermal, wind, and water-pumping systems. He is an instructor
for Solar Energy International and develops curricula for SEl's PV

program from his home in Prescott, Arizona.
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Connecting Inverters

to the Grid

Part 1: Load-Side Connections

by John Wiles

Properly connecting a grid-tied inverter to the utility grid is
critical to the safe, long-term, reliable operation of the entire
system. The AC output circuit requirements and the circuits that
carry the inverter current in the premise’s wiring are somewhat
complex, but meeting National Electrical Code requirements is a
must to ensure a safe and durable system.

Even though energy flows from the inverter to the utility, it's
at the utility end of this circuit where the currents originate that
can harm the conductors when faults occur. Any overcurrent
protection should be located at the utility end of the inverter AC
output circuit—not at the inverter end.

Although the inverter may require an external disconnect,
if that disconnect function is by a circuit breaker, then the
conductor ampacity calculations may be more complicated (see
below). It is good practice to install the inverter near the back-
fed load center so that the back-fed breaker commonly used to
interconnect the inverter with the utility can also be used as the
AC inverter disconnect required by NEC Section 690.15. This
places the overcurrent device at the utility-supply end of the
circuit and groups the AC disconnect for the inverter near the
DC disconnect. Note that the local utility may also require a
separate visible-blade, lockable disconnect.

Load-Side Connection

There are two types of connections allowed by the Code for
interfacing any utility-interactive inverter’s output to the utility
power. These connections are made on either the supply side
or the load side of the main service disconnect of a building or
structure (690.64). The load side of the main service disconnect is
the most common connection used for PV systems smaller than
10 kW. Section 690.64(B)—moving to 705.12(D) in the 2008 and
2011 editions—covers the requirements and it is heavy reading
at best. (Note that changes exist in Section 690.64 between the
2005 NEC and the 2008 NEC. For more information, see Code
Corner in HP126.)

Since the 1980s, code-making experts have maintained that
690.64(B)(2) should be rigorously applied to any circuits (panel-
board bus bars or circuit conductors) supplied from multiple
sources where protected by overcurrent protective devices
(OCPDs) from each source. Such sources would include the
output of PV inverter(s) and the utility supply.

This NEC section requires that the ratings of all OCPDs
supplying power to a conductor or bus bar be added together
for the necessary calculations. The sum of the ratings of those
breakers may not exceed 120% of the rating of the bus bar or the
ampacity of the conductor:

PV OCPD + Main OCPD < 1.2 R, where R is the ampacity of
the conductor or the bus bar rating.

120% Factor & Breaker Location

The demand factors on residential and small commercial systems
are such that it is unlikely that the conductor or panel would
ever be loaded to 100% of rating. Even if the sources could
supply 120% of the rating of the bus bar or conductor, loads
connected to that same bus bar or conductor—so long as they
don’t exceed the bus bar rating—would not pose an overload
problem. As long as the actual load currents (limited by the
ratings on the load breakers) do not exceed the bus bar rating,
the currents through the bus bar to these loads cannot exceed
its rating—even if greater supply currents were available (from
either the utility through the main breaker or from the PV system
through the back-fed PV breaker). The PV array will push power
onto the bus bars, and the utility will simply supplement the
additional power required by the loads. That is, the grid doesn’t
try to push extra power onto the bus bars simply because it has
more headroom left on the circuit breaker.

To use this 120% factor, any back-fed breaker carrying PV
current must be located at the opposite end of the bus bar from
the main breaker or main lugs supplying current from the utility.
This requirement keeps the supply currents distributed across
the bus bar, rather than concentrated on one part of the bus bar.
The same location requirement applies to the supply overcurrent
devices on any conductor. If the PV inverter OCPD cannot be
located as required, then the 120% in the above requirement
drops to 100% and an installation using the load-side connection
becomes more difficult.

The most i
rudimentary
requirement is
making sure
there’s an

open space for
the inverter
breaker(s) on the
opposite end of
the bus bar from
the main circuit
breaker.
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The Article 240 tap rules do not apply to these inverter
connections since they were developed only for circuits with
one source. The OCPD for the inverter output circuit should
be located, as mentioned above, at the point nearest where the
utility currents could feed the circuit in the event of a fault (i.e.,
in the main service panel or inverter AC combining panel, rather
than at the inverter). It is a common mistake to apply the Article
240 tap rules incorrectly and locate the OCPD at some point
away from the tap point. This may create conductor protection
issues when multiple sources are involved.

Example Calculations

1. A dwelling has a 125-amp service panel (bus bar rating) with
a 100 A main breaker at the top. How large can the back-fed PV
breaker be that must be located at the bottom of the panel?

PV OCPD + Main OCPD < 120% of service-panel rating
120% of panel rating = 1.2 x 125 A =150 A

PV OCPD +100 A <150 A

PV OCPD <150 A -100 A or 50 A

The PV OCPD can be up to 50 A.

2. Suppose it was a 100 A service panel with a 100 A main
breaker. What PV breaker could be added?

PV OCPD + 100 A<1.2x100 A
PV OCPD + 100 A <120 A
PVOCPD <120 A-100 A or20 A

The maximum PV back-fed circuit breaker would be rated at
20 A.

3. A 200 A main panel with a 200 A main breaker:

PV +200 A <1.2x200
PV<240 A-200Aor40 A

Up to 40 A of PV breaker is allowed—in this case, it could be
any combination of breakers that add up to 40 A on either line
1 or line 2 of the 120/240 V service panel (i.e., each bus bar can
accommodate 40 A of back-fed circuit breakers).

4. Working the problem from the inverter end, we start with
the continuous rated inverter output current. This is usually
the rated power divided by the nominal line voltage, unless the
inverter specifications list a higher continuous output current
(sometimes given at a low line voltage).

A 3,500 W, 240 V inverter has a rated AC output current of
14.6 A (3,500 W + 240 V). According to Section 690.8, the output
circuit must be sized at 125% of the rated output, or 18.3 A
(1.25x14.6 A).

The next larger overcurrent device would be a 20 A OCPD;
consistent with the use of 12 AWG conductors if there were
not any significant deratings applied for conditions of use. This
system could be connected to a 100 or 200 A panel (where the
main breaker in each panel has the same rating as the panel),
provided that the back-fed 20 A breaker could be located at the
bottom of the panel.

The equations would have to be revisited if the PV breaker
could not be located at the opposite end of the panel from the

www.homepower.com
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main breaker (or utility input on a main lug panel). At this point,
the 120% allowance drops to 100%. Normally, reducing the size
of the main breaker would require a full NEC Chapter 2 load
analysis on the building—and that analysis will frequently show
that the breaker cannot be reduced.

There is sometimes a tendency to use whatever breaker and
wire gauge that is easily at hand: 30 A breakers and 10 AWG
conductors are common. While this would pose no problems
for conductor ampacity or protection, bus bar calculations
would need to be performed as shown above. Additionally, the
inverter specifications may limit the maximum size of the output
OCPD. If so, higher-rated breakers may not be used, according
to Section 110.3(B).

No Bottom Breaker Position?

If the back-fed PV OCPD cannot be located at the bottom of
the panel (assuming a main breaker at the top or main lugs at
the top) or at the opposite end of the circuit conductor from the
supply, it is not possible to install the back-fed breaker without
changing something, and that 120% allowance drops to only
100%. In the above equations, no PV back-fed OCPD could be
added to any service panel that has the same rating as the main
breaker rating. The 100%-of-the-panel-rating factor (instead
of 120%) would equal the rating of the main breaker and the
equation would force the PV breaker rating to be zero.

In a few cases, conducting an NEC Chapter 2 load analysis
might reveal that the service panel was oversized. For example,
if a 200 A panel was installed with a 200 A main breaker to
provide extra circuit positions, when a 150 A panel would
have met the house’s loads. In this case, it might be possible
to substitute a 150 A main breaker for the 200 A breaker. Even
without the bottom position being open, 50 A of PV breaker
could be installed.

Systems with Muiltiple Inverters
Some systems use more than one inverter. If the local utility
requires an accessible, visible-blade, lockable disconnect on

A multiple-inverter installation. Note DC and AC disconnects for
each inverter, a PV subpanel combiner, and a whole-system AC
disconnect.
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the output of the PV inverters, then more than one inverter
could not be connected directly to the main panel. The two or
more inverters would have to have their outputs combined
in a PV AC subpanel before being routed through the utility
disconnect and then to the main panel. The disconnect is
not normally fused, but some are, depending on the system
configuration. The PV AC subpanel rating, the rating of the
disconnect, and the ampacity of the conductor to the main
panel are also dictated by 690.64(B) requirements.

Here is another example: The dwelling has a 200 A main
service panel with a 200 A main breaker. There is an empty
breaker position at the bottom of the panel. The utility requires
an external disconnect switch. The goal is to accommodate a PV
system that has one 3,500 W and one 4,500 W inverter. A PV AC
panel will be used to combine the outputs of the two inverters.
The output of the PV AC panel will be routed through the utility
disconnect and then to a single back-fed breaker in the main
service panel.

The ratings of the output circuits of each inverter are:

Inverter 1:

3,500 W +240 V =14.6 A
1.25x146 A=183 A

Use a 20 A breaker and 12 AWG conductors.
Inverter 2:

4500 W +240 V=188 A
1.25x18.8 A=235A

Use a 25-amp breaker and 10 AWG conductors.

The 20 and 25 A breakers are mounted at the bottom of
a PV AC panel and a main-lug-only panel will be installed.
Normally, no loads will be connected to this subpanel. It will
be dedicated to the PV system. Note that 690.64(B)(2) states,
“In systems” panelboards connected in series, the rating of the
first overcurrent device directly connected to the output of a
utility-interactive inverter(s) shall be used in the calculations
for all bus bars and conductors.” Although this scenario would
seem to be non-NEC compliant, since 20 A +25 A =45 A, which
would be greater than the 40 A allowed to back-feed the main
200 A service panel with 200 A main breaker, this section of the
NEC should have been a permissive requirement—rather than

Two inverters
and their AC
combiner, with
breakers.

mandatory—and only applied where beneficial to the overall
design. There is currently an effort to fix this for the 2011 NEC.

The next step is to calculate the back-fed breaker that must
be placed in the main service panel to handle the combined
output of both inverters from the PV AC subpanel and to protect
the conductor carrying those combined outputs under fault
conditions from high utility currents.

The combined currents from both inverters are:

146 A +188 A =334 A

The overcurrent device should be 35 A.

The ratings of OCPDs supplying the conductor from the PV
AC subpanel to the 35 A breaker, the utility disconnect switch,
and supplying that PV AC subpanel are now defined as 35, 20,
and 25 A.

The subpanel rating and the ampacity of the conductor are
determined by 690.64(B)(2). It would be incorrect to guess that the
answer might be 35 A as it would be in a normal load subpanel.

35 A +20 A +25A <120% R, where R is the panel rating or the
ampacity of the conductors

80A<12R
80A+12=66.7A

The subpanel size would be rounded up to a 100 A
(because there are very few 70 A or 75 A panels with multiple
breaker positions), and a main-lug-only panel would be used.
The conductor size for this ampacity would be 4 AWG since
the breakers would typically have 75°C terminal temperature
limits and a 6 AWG conductor operating over 65 A would get
warmer than 75°C.

The load-side connection for the utility-interactive PV
inverter is not the easiest subject to understand, but the correct
application of these requirements will yield a safer, more durable
system. When the requirements of load-side connections become
complex and expensive, a supply-side connection is used, and
we will examine those requirements in Part 2 in the next issue.

Access

John Wiles (jwiles@nmsu.edu; 575-646-6105) works at the Institute
for Energy and the Environment at New Mexico State University. John
provides engineering support to the PV industry and a focal point for PV
system code issues.

Southwest Technology Development Institute © www.nmsu.edu/~tdi/
Photovoltaics/Codes-Stds/Codes-Stds.html e “Perspectives on PV"
and Code Corner articles, and Photovoltaic Power Systems & the 2005

National Electrical Code: Suggested Practices by John Wiles
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The French
Nuclear Myth

by Michael Welch

Nearly every time I write about the impracticality of nuclear
energy being a realistic solution to our energy problems and
to human-caused climate change, I receive responses from
readers saying that nuclear energy works well for other
countries, most notably France.

The French nuclear program is often touted as a shining
example of how well nuclear energy can be done—but in
reality, the program is not all that it’s cracked up to be. Even
if it were, nukes are problematic, no matter which country
they are in. The mere fact that nuclear radiation is unhealthy
is often enough for any detractor to make a strong case. After
all, containing the dangerous and deadly radiation during
power plant operation relies entirely on the human element—
all the way from humans designing the systems to having
humans operate those systems properly. It is a given that
humans are fallible, and mistakes or lapses happen. When it
comes to nuclear energy, a small mistake can quickly grow
into a deadly, widespread catastrophe.

Among the several holy grails of the nuke industry is
to design a fail-safe reactor system that will make sure
radiation is not released. Here in the United States, that
quest has been fueled by billions of tax dollars and more
than half a century spent on research and failed efforts. In
France, a similar but expanded effort is in place—this lack
of success is the reality of the nuclear situation, and only
far-fetched speculation could claim that the goal will ever
be reached.

Another holy grail is to find a satisfactory means of dealing
with highly poisonous and long-lasting nuclear waste, which
is a by-product of both nuclear energy and nuclear weapons
materials-making. Again, both countries have equally failed
efforts, but with different methodology and results.

French Energy
In the middle of the twentieth century, France began to adopt
a mind-set that was becoming common around the world:
Nuclear power would be “too cheap to meter” and be able
to meet all electricity needs in the developed world, even
into the unforeseeable future. In 1945, France established the
Commissariat a I'Energie Atomique (Commission for Atomic
Energy, or CEA) to oversee all research and development of
both nuclear military weapons and the nuclear generation of
electricity.

Construction of the first energy reactor site began in
1952, with commercial production getting underway in

1956—about the same time that U.S. reactors came on-
line. But France’s bigger move toward nuclear energy
occurred in the 1970s, when the Arab oil embargo started a
worldwide push for alternatives to oil. French officials took
advantage of the situation by greatly overestimating growth
in electrical usage, eventually saddling the small country
with 59 nuclear reactors, which now provide approximately
80% of the country’s electrical energy.

Taxpayer money flowed freely into the coffers of nuclear
R&D, reactor design, and construction, subsidizing the
industry to make France’s electricity rates far lower than
the cost of producing the energy. Today, France is the
world’s largest net exporter of electricity, due to its very low
(subsidized) cost of generation.

But the agencies involved were only partly interested
in building plants for France. The plan was, and still is, for
France to be far ahead of other countries not only in nuclear
usage, but also in the export of reactors to other regions of the
world. France hoped to export one reactor for every one built
in France—but those sales expectations never materialized.
Only nine reactors have been exported and finished to date.

Like any organization involved in such a massive plan,
the French agencies were shrouded in secrecy, releasing little
information to the rest of the world. The government owns
a controlling interest in the agencies and organizations that
operate France’s nuclear business, and the nuclear industry
has morphed into a quasi-governmental/industrial monolith
called Areva.

French Disconnect

Huge subsidies laid the groundwork for the U.S. nuclear
industry, with a public relations machine that continues to
tout France as a prime example of a successful nuclear power
program. But without a watchdog agency, like the marginally
effective Nuclear Regulatory Agency here in the United
States, problems with nuclear energy generation in France
aren’t readily publicized.

The French push for electricity “too cheap to meter”
resulted in the French myth of energy autonomy. According
to an article in The Bulletin of Atomic Scientists, fossil fuel
provides more than 70% of France’s final energy (which
includes more than just electricity), all of which is imported
from outside the French borders.

Another mythically successful part of the French nuke
industry is how they deal with nuclear waste, which is really
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irradiated fuel. France “reprocesses” the waste into more usable
fuel and isotopes that can be made into bombs. The United
States used to reprocess fuel, but it is a very dirty process that
is difficult to contain. And some by-products from processing
the irradiated fuel are exactly what some developing countries
would love to have to make nuclear weapons.

The U.S. government has a strong policy of discouraging
bomb-making materials, and has long intended to be an example
for the world in that regard. So while France reprocesses
irradiated fuel, the United States has chosen to store its nuclear
waste. Across our nation, at all nuclear power plants and at
some interim storage sites, sit tons of irradiated fuel waiting
for a national repository. Our repository was planned for
Yucca Mountain in Nevada, but state opposition there has been
effective and the facility will likely never open.

The U.S. nuke plant owners would love nothing more
than to pass the waste on to the government so they do not
have to deal with it. In their corporate, bottom-line minds,
any method of removal is better than local storage. So once
again, they are promoting the use of reprocessing, and guess
who they hold up as another shining example of what can be
done in that field? Correct: the mythical France.

But reprocessing is fraught with problems, and French
have their share. By the end of 2004, nearly 900,000 cubic
meters of nuclear waste had been made in France. Of this
amount, 40% has been through reprocessing. According to
Greenpeace, an organization that keeps a close eye on what
is being dumped into the seas, about 12,000 cubic meters of
radioactive processing by-products were dumped into the
English Channel by the nuclear reprocessing plant on the
coast at Marcoule in the late 1960s.

If fuel is not reprocessed, there is basically only
one waste stream to deal with—the irradiated pellets.
Reprocessing is the separation of those pellets into more
usable fuel, isotopes that can be used in bombs, and other
radioactive waste streams. While reprocessing decreases
the end-volume of the nuclear waste (by 1% or so), it
requires extra handling of the irradiated fuel, handling
multiple waste streams at multiple facilities, and the extra
transportation that comes with it.

France uses acid to extract plutonium and enriched
uranium. The process releases massive amounts of radioactive
gases and liquids that should be contained but often are
not—releasing thousands of times more amounts into the
environment than the everyday operation of nuclear reactors.
Even after reprocessing, large amounts of different radioactive
wastes remain. According to Beyond Nuclear, an advocacy
group promoting alternatives to nuclear power, the “low-
level” radioactive waste from the reprocessing facility at
LaHague is disposed of in the English Channel—a legal quirk,
since putting it in barrels and dumping at sea would violate
the 1970 London Dumping Convention. LaHague reprocessing
also releases radioactive gases, including krypton-85, and now
local environmental contamination is 90,000 times higher than
what is found in nature. The site also discharges carbon-14,
considered to be one of the most damaging radioactive isotopes
to human health, as well as radioactive carbon dioxide. The list
of reprocessing problems goes on and on...
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Local & Export Problems

Radioactive accidents and releases are not limited to the
reprocessing facilities. The mythically safe French reactors
have been the site of many nuclear “incidents,” such as the
2008 release of liquids containing uranium at the Tricastin
Nuclear Power Center, which contaminated the Gaffiere and
Lauzon rivers. French officials banned the use of this water
for drinking and watering crops, as well as swimming and
water sports in the rivers.

Areva’s reactor export program is also having serious
problems. They currently have two reactor export projects
in development. A French reactor type called the European
pressurized reactor (EPR) is under construction in Finland. As
of July 2009, the reactor is at least three years behind schedule
and 60% over budget, due to technical flaws, including
substandard parts.

Two EPRs for China are also on hold, though the reasons
and potential outcome is not being publicized. China
negotiated a $12 billion deal with Areva to build two reactors,
but the planned August groundbreaking ceremony was not
held, and construction was not approved by China—Areva
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is claiming the delay is due to Chinese officials being too
busy with weather problems. But French activists with Sortir
du Nucléaire are speculating that the project may never go
forward, claiming that contrary to French official statements,
the Chinese had informed Areva in June that the ceremony
would not be held on the August date.

Speculative, yes, but after failing for decades to come up
with an exportable technology, France has put all of its export
eggs in the EPR. At this point, and with the Finnish reactor’s
problems, the only country to ever get an EPR is France.

Too Hot

According to French environmentalists, the country’s rabid
promotion of electricity usage (to help use up the oversupply
from too many nuke plants) has made super-consumers of the
French public. There is little movement toward conservation
and efficiency so far, although new proposals for green
businesses, including efficiency and renewables, are working
their way through government. Sure, they have lots of
electricity to use, but cutting back in France would allow
other countries to buy the excess energy, which would reduce
the demand for greenhouse gas-producing fossil fueled
electricity in the other nations, and mean fewer new power
plants. With France being such an avid promoter of expensive
nuclear technologies, little funding or other impetus for
renewable energy is left. France is surrounded by nations that
have long opted for RE, but the country has been living in the
energy Dark Ages.

Another fact surrounding climate change is that river
temperatures are rising, and water is crucial to cooling nuclear
reactors. During the 2003 heat wave, 17 French reactors were
forced to shut down or decrease power because of too-high
water temperatures. France allowed the discharge of hotter
water during the 2006 heat wave, but high-temperature
discharges are damaging to a river ecosystem, and can kill
aquatic life or force river dwellers away from their habitat.

The final myth to be addressed is that the French people
love and want nuclear energy. This has been true to a
degree—it is to be expected from a populace that has built up
such pride in their nation and government since World War
II. They want to believe in their government and have been
sold a bill of goods by regulators that are entrenched in the
idea of nuclear energy.

But that is changing, as the citizenry has been discovering
the mythology of French nuclear power. According to a
recent poll, about 60% favor a phaseout of nuclear energy.
In April 2006, more than 25,000 people demonstrated against
new nuke plants in Cherbourg. In 2007, another 60,000
rallied against nuclear power in five cities. More than 50,000
signed a petition asking for a referendum on a nuke dump in
northeastern France, which was ignored by French politicians.
Today, the activist group Sortir du Nucléaire includes 820
non-governmental organizations.

According to a March 2009 Wall Street Journal article which
reported on a survey from the consulting firm Accenture.
“hardcore French support for nuclear power stands at just
20%, similar to levels in anti-nuclear Germany. Over the past
three years, opposition to nuclear power has grown in France
more than in any of the other countries in the survey.”

Fewer and fewer French are in support of their failing
nuclear experiment, and in spite of Areva’s and the U.S.
nuclear industry’s promotion of the French nuclear myth,
the emperor’s clothes are decaying and falling off. It is only a
matter of time before the world recognizes the French fable,
which will lead to a worldwide decline in the use of nuclear
energy, freeing up resources to allow the RE future we all
need and deserve.

Access
Michael Welch (michael.welch@homepower.com) is fighting dirty
energy and promoting a clean energy future along with the Redwood

Alliance in Arcata, California.
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Watt Wi

by Kathleen Jarschke-Schultze

Although I am far from a tech expert, the last 23 years of
living off-grid have taught me a thing or two. When I consider
buying anything electrical, I check its power demands, either
by checking the ratings on the nameplate or by looking up
the specs online. This has become second nature, and I do not
give the process itself much thought.

But I am reminded now and again that being aware of
one’s electrical usage is not on the minds of most people. I
suppose they consider it when they get their electric bill, but
not when they turn on the toaster or microwave. To a vast
majority, electricity is magic: See, on the wall, there is an
outlet—electricity comes out of there. All you have to do is
plug something in, and it will run.

Fair Knowledge
Every year, my husband Bob-O and I assemble a crew of 10
and spend a week at the Oregon Country Fair in Veneta. The

Fair is open to the public for only three days, but we go early to
set up five battery-based PV systems to power entertainment
stages and so food booths can have light at night.

Our home base is Energy Park, where booths provide
the paying public with information on a variety of green and
renewable options. Unlike the rest of the fair, nothing is sold
in Energy Park—it is all about education. There are solar
showers available and a 600-watt, battery-based PV system at
the information booth. This system also runs the Kesey Stage
in Energy Park and night lighting for the info booth, along
with some battery charging.

Several years ago, we began using some of the PV-
generated electricity to run an ingenious cell-phone charging
station. Ian Whitelaw, the designer, used all recycled parts to
build the phone cubbies. We were able to charge 40 cell phones
simultaneously from the PV system. We laid ground rules
for this free service and made signs accordingly: You must
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provide the charger. Label your phone and charger with your
name, booth number (or home phone if you are not in the Fair
Family), and the time you started charging. Do not leave your
phone for longer than two hours. Leave your phone at your
own risk—we do not monitor the charging station.

Phone Phairy

Oh yes, we figured we could trust people to follow directions.
Most people followed the directions and were happy to be
able to charge their phones at the Fair. But the people who
didn’t follow directions are the ones who stand out in my
memory.

It quickly became apparent that someone would have
to monitor the charging station. I volunteered to be the
Phone Phairy for awhile. I stopped people from using other
people’s charge cords. I insisted that they label their phones.
I didn’t let anyone charge cameras, electronic games, or MP3
players—the service was for communication devices only.
No, I wouldn’t let you paw through all the phones to see if
your friend’s phone was there. I removed phones left longer
than two hours from the charger and put them in a box to the
side of the charging station. I lost my sense of humor. Silly
me, I expected people to act like responsible adults.

I kept my post for six hours, then abandoned it for the
evening when the magic wore too thin. I began to wish I had a
big Phairy wand and a couple of good obedience spells to use.
After the Fair closes to the public, there are still thousands
of people camping on the grounds, and the charging station
continued to be full of phones through the night. One woman
left her phone in the charging station at 5 p.m. and came back
for it at 6 p.m. the next day, only to discover it was gone. She
had not labeled it (nor followed the two-hour charging rule).
And we had no way of knowing who took the phone.

The next day I worked a two-hour stint and was relieved
by an Energy Park friend. Throughout the day, we would
occasionally check on the charging station. We were doing
a bang-up business. The cubbyholes were always full of
charging phones. We received a lot of dollar donations, which
went into a fund for Energy Park projects.

The Stuff of Legend

We set up the charging station again at last summer’s Fair.
The cubbies were full almost immediately. Sometimes there
was a Phone Phairy monitoring the situation, sometimes not.
It was still not an “official” position, but we tried to have
someone there most of the time to keep the possibility for cell-
phone confusion at a minimum.

In its strategic location behind the Information Booth, the
charging station operated without incident for several hours,
until a 20-something woman, hefting a big basket, strolled into
Energy Park and disappeared around the back of the booth.
Sitting at the Information Booth, we did not think anything
of it—people were always bringing stuff to their campsites or
taking it out. We didn’t even pause our conversation.

However, a minute later, a shout of “No, stop! Unplug
that right now!” got our attention. The mystery basket
had been filled with wrinkled clothes, and the prospect of
unwrinkling them—by plugging her iron into an empty
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The phone charging station—no big loads allowed.

outlet at the charging station—was just the opportunity she
was looking for. Smoothing a towel on the ground, she had
plugged her iron into the charging station and was about
to turn it on and iron all her laundry. Fortunately, Bob-O
happened to be nearby, talking to a booth person, and saw
her in time.

An iron?! Alarms bells would have gone off in my head,
but all she saw was an electrical outlet. The fact that it was
solar-powered and that an iron would suck so much juice
from our batteries that we couldn’t run the stage, let alone
charge any phones, simply did not occur to her. The sign,
“Cell phones only!” obviously did not apply to her.

While we’d escaped one electrical catastrophe, the next day
was cloudy and raining. We covered the charging station with
a cloth and spent a good part of the day explaining to eager
cell-phone chargees that the solar-powered charging station
would not be available until there was sunlight to recharge
the battery bank. A few hopefuls snuck in their phones under
the cloth, hoping for some good old electrical magic. To no
avail, I might add. It was, however, an opportunity to do
a little one-on-one teaching about solar power and energy
consumption.

We had unleashed solar power to the public—and now
we had to teach them how to use it. Or, as it seems to me now,
how not to abuse it. Remind me, was it fire or electricity that
was Prometheus’s gift? Electricity powers a greater portion of
our lives and livelihoods. We need to have a healthy respect
for it—and use it wisely.

Access

Kathleen Jarschke-Schultze (kathleen.jarschke-schultze@homepower.
com) is yodeling with joy over her new Jgtul wood heater at her off-
grid home in northernmost California.
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RE happenings

ARIZONA

May 17-22, "10. Phoenix. SOLAR 2010, The
National Solar Conference. Info: ASES -
www.solar2010.org * conference@ases.org

CALIFORNIA

Arcata, CA. Workshops & presentations on RE
& sustainable living. Info: Campus Center for
Appropriate Technology * 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

Paonia, CO. Workshops & online courses on
PV, water pumping, wind, RE businesses,
microhydro, solar hot water & more. Info: Solar
Energy Intl. « 970-963-8855 «
sei@solarenergy.org * www.solarenergy.org

IOWA

lowa City, IA. lowa RE Assoc. meetings. Info:
319-341-4372 « irenew@irenew.org *
www.irenew.org

MASSACHUSETTS

Hudson, MA. Workshops: PV, wind & solar
thermal. Intro to advanced. Info: AItE Univ. «
http://workshops.altenergystore.com

MICHIGAN

West Branch, MI. Intro to solar, wind & hydro.
First Friday each month. Residential system
design & layout. Info: 989-685-3527 «
gotter@m33access.com ¢
www.loghavenbbb.com

MISSOURI

Gerald, MO. Workshops on energy efficiency,
PV, wind, solar heating & more. Info: Evergreen
Institute * info@evergreeninstitute.org
www.evergreeninstitute.org

New Bloomfield, MO. Workshops, monthly
energy fairs & other events. Info: MO RE «
800-228-5284 « info@moreenergy.org *
Www.moreenergy.org

MONTANA

Whitehall, MT. Seminars, workshops & tours.
Straw bale, cordwood, PV & more. Info: Sage
Mt. Center  406-494-9875 «
www.sagemountain.org

NEW MEXICO

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

OHIO

Cleveland, Cincinnati, etc. Workshops & RE
events throughout the state. Info:
www.greenenergyohio.org

OREGON

Cottage Grove, OR. Adv. Studies in Appropriate
Tech., 10-week internships. Info: Aprovecho
Research Center * 541-942-8198 «

apro@efn.org * www.aprovecho.net

TENNESSEE

Summertown, TN. Workshops on PV,
alternative fuels, green building & more. Info:
The Farm < 931-964-4474 «
ecovillage@thefarm.org « www.thefarm.org

TEXAS

El Paso Solar Energy Assoc. Meets on the first
Thursday of each month. Info: EPSEA «
915-772-7657 « epsea@txses.org *
www.epsea.org

Houston RE Group, quarterly meetings. Info:
HREG * hreg@txses.org * www.txses.org/hreg

Adjustable Permanent Magnetic

Brushless Alternator

Manufactured by/lLoiPower Engineering

PO} BoX 1567
Redway; CA\95560

WISCONSIN

Dec. 3-4, '09. Madison, WI. Solar Thermal ‘09:
National Solar Heating & Cooling Conference.
For installers, manufacturers, site assessors,
dealers, distributors & policy makers. Info: See
MREA listing below.

Jun. 15-16, ‘10. Stevens Point, WI. Small Wind
Conference, for installers and industry. Info:
www.smallwindconference.com

Custer, WI. MREA '09 & "10 workshops: Basic,
int. & adv. RE; PV site auditor certification
test; veg. oil & biodiesel; solar water & space
heating; masonry heaters; wind site assessor
training & more. Info: MREA « 715-592-6595 *
info@the-mrea.org * www.the-mrea.org

Amherst, WI. Artha ‘09 & ‘10 workshops: Intro
to Solar Water & Space Heating Systems;
Installing a Solar Water Heating System; Living
Sustainably & more. Info: Artha «

715-824-3463 « chamomile@arthaonline.com
www.arthaonline.com

INTERNATIONAL
CANADA

Downsview, ON. Workshops on RE, PV, wind,
SHW, green building, efficient heating & more.
Info: www.kortright.org

COSTA RICA

Jan. 2-10, '10. Mastatal. Solar Electricity for the
Developing World. Hands-on workshop. Info:
See SEl in Colorado listing. Local coordinator:
lan Woofenden « 360-293-5863 «
ian@solarenergy.org

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

Denisilfedbetter.
107-986-7771
delejo@humboldt.net
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Ask about Dealerships

www.homepower.com

Evacuated Tube Heat Pipe Solar Thermal Collectors

available with clear, white, or black back sheet

LS185 / LS290

Mono-Crystalline Photovoltaic Modules

The highest value solar solutions.
Call today to become a dealer.

LUMOS

www.lumossolar.com 303.449.2394

Free Shipping
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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 * HP13402

FOLLOW THE SUNI! Light seeking single
and dual axis solar tracker controls.
www.theanalogguy.com « HP13403

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 « HP13404

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 «
HP13405

PORTABLE AND STANDBY GENERATORS
from Honda, Yamaha,Winco, and More +
Wireless Remote Start Available.
www.hayesequipment.com
1-800-375-7767 « HP13406

I AM A SOLAR WHOLESALER looking

for retailers to carry my solar electronic,
educational & hobby goods. Phone # (916)
486-4373. Please leave message. + HP13407

EDTA RESTORES SULFATED BATTERIES.
EDTA tetra sodium salt, $16/Ib. plus

$8 S&H for 1st Ib. or $10 S&H for 2-10

Ib. Trailhead Supply, 325 E 1165 N,

Orem, UT 84057, (801) 225 3931, email:
trailheadsupply@webtv.net, info at:
www.webspawner.com/users/edta ¢
HP13408

LED bulbs from CCrane at discount prices.
Many styles available in 12V and 120V.
radiantsolartech.com; 707-485-8359
HP13414

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 « HP13409

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 « HP13410

HYDROS. P.M. BRUSHLESS DC, or
INDUCTION UNITS, stainless turgo or
bronze pelton. Battery based or Intertie.
From $1450. www.homehydro.com;
707-923-3507 « HP13411

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 « HP13412

CONTAIN YOUR BATTERIES SAFELY with
vented HDPE box complete with welded
seams and removable lid. Custom sizes
available, UPS shippable.
radiantsolartech.com; 707-485-8359
HP13413

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 « HP13415

i WinVerter™

Outack

PC Software for Sine Inverters

Xantrex s

www.RightHandEng.com (425) 844-1291
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EDTA (tetra sodium salt),$10/Ib. plus $8.00
s&h 1st Ib. or $10 for 2-10Ibs. Northern
Michigan 1-231-548-5482 or
dpretz1924@centurytel.net « HP13416

FREE TO K-12 SCHOOL LIBRARIES: Free, 2
yr. subscriptions to Home Power magazine.
Please fill out the form at
www.redwoodalliance.org. Only school
librarians may apply * HP13417

GREEN ENERGY INVESTMENT! 2.5 acre
California Wind Farm for Sale. Receive
longterm income from major wind farm
developer. No maintenance, high paying
lease. $18,000 John 619-347-0347 « HP13418

PARADISE VALLEY, MONTANA,
SEAMLESS ON/OFF GRID, 3 bedroom
home for sale, www.ecorealestatesource.
com/paradisevalleyindependent.pdf and
www.oasishybridhomes.com, call Gabriella
Green 406-581-0694, priced under appraisal
for $595,000 « HP13419

WANTED : WIND GENERATOR PLANS.

‘12 footer’, “10ft Sailwing’ and ‘Octahedron
tower’. All three published by Windworks,
Wisconsin, circa 1973. Also wind generator
plans ‘Sencenbaugh 02 Delight’ circa 1973.
E-mail m.j.dufau@dl.ac.uk < HP13420

OFF GRID, PAPERCRETE HOME on 40
acres in Rodeo, New Mexico. All solar
electricity, hot water, well and heat. Contact
angephil@vtc.net for details « HP13421

FOR SALE: 10 ACRES OFF-GRID IN NW

CT - includes house, garden, pond, woods,
complete hydro system as featured in Home
Power Aug/Sept 2005.
www.aesoterix.com/KelseyHydro/ for more
info « HP13422

Marketplace Advertising
Rates: $2.50 per word. $50 minimum
per insertion, paid in advance of
publication. Submit your ad to
marketplace@homepower.com or
call 800-707-6585.

simmonsnaturals.com
MAKING
EVERYDAY
SPECIAL
Off the grid since 1982

&
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HOME POWER MAGAZINE’S COMPLETE

DIGITAL ARCHIVE

second edition DVD-RO M...

ome Power has never been a “disposable” magazine. But there’s
H nothing efficient or easy about paging through a shelf full of back

issues in search of the information you need. Introducing our second
edition archive DVD-ROM. Easy access...and a lot of extra shelf space.

» 131 back issues spanning 22 years. Every page, every article.
» 125 “Editor’s Choice” articles, extracted and categorized for easy reference.
» Comprehensive bookmarking and linking for easy navigation.

» Portable, searchable, printable PDF files.

» Includes a one-year HomePower.com membership, enabling you to keep your archive
complete with subsequent published issues of Home Power.

indudes a
fold-out gallery

of Home Power
covers!

T Jelel GEE m—
E:ufzadﬁnélﬂn

$75. Free shipping to all destinations. To order, visit homepower.com/ArchiveDVD
or call 800-707-6585 or 541-512-0201. Adobe Reader software required.
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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.
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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.
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

California

Apex, Apex Solar Specializing in residential off grid and
remote commercial solar power. We provide system design,
sales and turn key installation. For do-it-yourselfers, we

can help with wiring diagrams and 10+ years of off grid
experience. Licensed contractors in California call us toll free
at 888 782-0706 or visit us at www.apxsolar.com

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

groSolar, a leading installer of solar electric and hot

water systems, has locations in California from San Diego to
Berkeley, and a nationwide network of installers. Founded in
1998, groSolar offers solar power systems for a little as $1000
down. We make solar power simple, so you can plug into
solar power today.866.GRO.SOLAR | groSolar.com

Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.
US Distributor for Proven Wind Turbines. We supply

all components. Grid-connected or grid-independent.
Truckee, CA 530-582-4503, 877-682-4503, NABCEP
Certified Installer. CA Contractor’s Lic # 796322 chris@
solarwindworks.com, www.solarwindworks.com
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Colorado

Namaste Solar, « Transforming Energy. Transforming
Business.Namasté Solar works in Colorado to propagate the
responsible use of solar energy, pioneer conscientious business
practices, and create holistic wealth for our community. With over
3 MW installed since 2005, we maintain exceptional standards of
environmental stewardship, customer satisfaction, and community
philanthropy. 303-447-0300 ® NamasteSolar.com

Connecticut

Sunlight Solar designs and installs turn-key commercial
and residential solar electric systems for your convenience.
We are a certified installer under Connecticut, Massachusetts,
New York and Rhode Island solar programs, and we're the
proud recipient of SunPower’s Intelegant Award in 2008! Call
(203) 878-9123 or visit www.SunlightSolar.com to schedule a
FREE site survey!

Delaware

CMI Electric Inc. Professional design, installation,
service and sales of high quality solar electric and solar

hot water systems in the tri-state area since 1998. NABCEP
certified installer on staff, Master Licensed Electricians in DE,
PA & MD. Turn-key renewable and conservations solutions,
we also sell your REC’s! www.cmielectric.com (302) 731-5556.

Florida

AAA Solar Source Since 1984, Largo, FL full line
contracting PV & thermal. Installation services available
without geographic limitation. We specialize in large projects
and have over 30,000 local residential customers. Distribution
center offers pre-engineered kits Thermal, PV 2.1 to 25.2kW.
Installation training Solar Source Institute 1-888-876-SOLAR /
www.SolarSource.net

Allsolar Service Company Inc., Allsolar is a Florida
based design-build solar contracting firm specializing in solar
pool heating, solar water heating, and solar electric systems
for residential, commercial and industrial applications. Free
Estimates. Harnessing the sun’s energy since 1974.
www.allsolarflorida.com 1-888-6solar-1 CVC056657 Joshua
Bessette

Atlas Solar Innovations, 877-299-SOLAR /www.atlas-solar.
com Solar Equip. Distributor Florida- Lic.Solar/Roofing Contractor/
PV/Solar H. Water /Solar Pool Heating/Energy /Site Survey/
Design/Eng./Permitting /Installation /Incentives/Roof Assessment/
Warranty /Insured /W. Comp/FSEC Approved Systems/Miami
Dade Approved systems LIC #CV56733 LIC #ER0015201 LIC
#QB0001570, CC#000016332, CCC1326337 rr@atlas-solar.com

ECS Solar Energy Systems (tel) 352-377-8866
www.ECS-solar.com / tom@ECS-solar.com We service FL, the
Caribbean and the Southeastern U.S. FL's first solar contractor
since 1977. Solar pool heating, hot water, and electric systems
—commercial & residential. Solar lic. # CVC056643 Florida
state certified for "grid-connected" systems. Contact us now
to receive a free solar informational booklet.

Solar-Fit is one of Florida’s oldest active solar contractors.
Established in 1975, International Sun Protection, Inc. (dba
Solar-Fit), has helped over 8,000 families and businesses
“Plug into the Sun”. Call (386) 441-2299 for FREE information
on solar electric, solar pool and solar hot water systems, and
solar attic fans, or visit us on the web at www.solar-fit.com
State Certified Solar Contractor #CVC56690.

Solar-Ray, Inc. Florida’s premier photovoltaic system
designer and integrator. 100% customer satisfaction.
Commercial, Residential, straight Grid-Tied, Grid-Tie with
backup, Stand Alone systems and DC systems. 7+ years of
Photovoltaic’s experience with over 200 systems operating
at or above rated power. NABCEP, FSEC and SMA Certified
407-443-4404. www.solar-ray.net

home power 134 / december 2009 & january 2010



,ﬂ&l’miriwvlnnd

IND AND SOLAR

gr- Solar

s Bl Bk

Prairieland Wind and Solar A full service renewable
energy company offering consultation, design, finance,

and installation. Located in Central Illinois but offering
nationwide service. Visit www.prairielandwindandsolar.com
to view our farm/business powered by a 10kw wind turbine
and 12kw of solar panels. Put your trust in us, you will not be
disappointed. Ph. 217-864-2525.

Benchmark Solar Grid-tied and off-grid Solar and Wind
Solutions from design through installation for residential and
commercial buildings. NABCEP Certified Installer on staff,
Master Electrician licensed in Maine, NH and MA. We serve
the Island Communities and provide excellent upgrades

and maintenance. Call 1-800-9SOLAR1 (976-5271) www.
benchmarksolar.com

Massachusetts

groSolar, a leading installer of solar electric and hot water
systems, has multiple locations in Massachusetts and a
nationwide network of installers. Founded in 1998, groSolar
offers solar power systems for a little as $1000 down. We
make solar power simple, so you can plug into solar power
today. 866.GRO.SOLAR | groSolar.com

Nexamp, Inc. is a full service clean energy solutions
company for homeowners, businesses & government clients.
Nexamp specializes in solar, wind, geothermal, & energy
efficiency. Nexamp performs site assessments, financial analysis,
design, permitting, installation & maintenance services. Learn
more about how Nexamp can make clean energy simple &
profitable for you at 978-688-2700 or at Nexamp.com

Montana

Oasis Montana Inc. designs and sells renewable energy
power systems in North America and also offers efficient and
LP gas appliances. Call to discuss your project. 877-627-4768
or 4778. Web sites: www.oasismontana.com, www.grid-tie.
com, www.PVsolarpumps.com, www.LPappliances.com,
www.eco-fridge.com, E-mail: info@oasismontana.com

Nevada

Solar Wind Works specializes in consultation, sales,
design, service, & installation of complete RE systems.
US Distributor for Proven Wind Turbines. We supply

all components. Grid-connected or grid-independent.
Truckee, CA 530-582-4503, 877-682-4503, NABCEP
Certified Installer. NV Contractor’s Lic # 59288. chris@
solarwindworks.com, www.solarwindworks.com

New Mexico

Positive Energy, Inc. High quality residential and
commercial solar electricity systems. Grid-tied, off-grid, and
battery backup systems. Licensed, bonded, insured electrical
contractors serving NM since 1997. Five owners are NABCEP
certified installers; five members live on solar power; +E is
carbon neutral. (505) 424-1112 info@positiveenergysolar.com
www.positiveenergysolar.com

New Jersey
GARDEN STATE SOLAR, LLG, is a full service

photovoltaic engineering firm offering a complete line of
residential and commercial solar electric solutions. Let
Garden State Solar bring the power of the sun to you! Stop
paying all or most of your electric bill. Call for free evaluation
and consultation 732-787-5545, info @gssolarl@aol.com

New York

AY Solar Owner Andy Young NABCEP Certified Solar PV
Installer™, located in southern tier of NY State. NYSERDA
eligible installer since 2004. On-grid, off-grid, & battery
backup systems serving central and western NY. 607-760-8176
info@ay-solar.us ® www.ay-solar.us

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

www.homepower.com
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North Carolina

Alternative Energy Concepts, Inc is a professional
full service design and installation company. With a focus on
PV, solar hot water heaters and small wind turbines, we strive

! to maximize our customer’s investment and maintain their

enthusiasm by providing quality, care and fair pricing. Financing
available. www.alternativeenergync.com or call 910-423-7283, fax
910-485-4879.

Argand Energy Solutions is a licensed, full-service
provider of solar PV, solar hot water, & wind system design
and installation. Lead installer Chris Salmon NABCEP
Certified Solar PV Installer®, NABCEP Certified Solar
Thermal Installer®; residential, commercial, government
customers in NC, SC, GA. Visit www.argandenergy.com or
call (877) 939-9599, info@argandenergy.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 Installers on staff. Serving northernmost
California and southern Oregon. PV, wind, microhydro
installs. (800) 945-7587 email: bob-o@electronconnection.com,
www.electronconnection.com OR CCB#185672

Sunlight Solar Energy is Oregon’s only SunPower
Premier Dealer! We provide the highest quality system design

iu“uﬁmand turn-key installation of grid-tied solar electric, solar hot

BTy

‘Solar Water Heating
‘Solar Electric

water, radiant floor, and pool heating systems for homes
and businesses throughout Oregon. Energy Trust Trade Ally.
CCB#158922. Phone: 541-322-1910 or visit us at
www.SunlightSolar.com

Pennsylvania

SunBeagle is a brand of SECCO, Inc. We are a full service
and licensed solar contractor specializing in Hot Water &
PV. Complete design and installation services. Servicing

the Greater Harrisburg Area & Cumberland Co. We service
residential and commercial customers. Visit SunBeagle.com -
Call us 800-730-2142 — Email us info@SunBeagle.com

South Carolina

Argand Energy Solutions is a licensed, full-service
provider of solar PV, solar hot water, & wind system design
and installation. Lead installer Chris Salmon NABCEP
Certified Solar PV Installer®, NABCEP Certified Solar
Thermal Installer®; residential, commercial, government
customers in NC, SC, GA. Visit www.argandenergy.com or
call (877) 939-9599, info@argandenergy.com

Utah

Solar Unlimited Energy & Homes, Inc. Serving
Southern Utah, Eastern NV and Northern AZ since 1998.
Providing sales, service and installation of all your alternative
energy needs, including PV, Wind, Net-Metering, Off-Grid,
Batteries and Generators. We are also an Authorized Xantrex
Service Center. Licensed & Insured. Call toll free 866-solar99
or visit www.solarunlimited.net

Virginia

DT I Solar Inc. Providing alternative energy systems since
1992. We specialize in the more demanding off-grid as well as
grid-tie solar power systems for up-scale homes and institutions.
NABCEP certified installers on staff. Visit our solar retail

store located between Richmond and Charlottesville, or our
showrooms in Richmond and Roanoke. 804-457-9566
www.dtisolar.com
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Virginia, cont. Wyoming
Virginia Renewable Energy A division of Schulz SunPower Energy Casper, WY. Design, installation &
Homes Corp has been serving Northern Virginia since 1987. service to comply with regulatory requirements. Grid-tied
We specialize in building Hybrid Homes using Renewable and off-grid systems. Solar electric and hot water, wind
Energy Systems, including grid-tied Solar PV. We also retrofit turbines. Authorized dealer for Suntech& Sanyo panels,
Solar PV to existing homes and businesses . 5 N. Hamilton Fronius, OutBack & SMA inverters, Surrette batteries,

St., Middleburg, VA 20017. Learn more at www.schulzhomes. Skystream wind turbines. Skystream Servicing dealer. 307-
com/solar. Email: info@schulzhomes.com. Call 540-687-3367 262-4647 (ph); 307-235-2525 (fax); sunpower.wy@gmail.com.
Washington RE Installer? Get Listed.

SolarWind Energy Systems, LLC PO. Box 1234, Our readers continue to look to Home Power for referrals

Okanogan, WA 98840 509-422-5309 www.solar-wind.us WA RE i llati focsi Is in thei
‘/_, Sl Cont #SOLARES983RQ. Serving Eastern WA & Northern to RE installation professionals in their area.
w¥ind 1D grid-tied & off-grid RE systems. Solar PV, wind, solar hot For more information or to get your business

water, remote stock watering. Design, installation, service, listed in Home Power’s installers directory, e-mail

maint. Solar Energy International (SEI) trained. Lic. & d . . h
bonded. bclark@solar-wind.us or jmartin@solar-wind.us advertising@homepower.com.

FOR ALL YOUR ALTERNATIVE ENERGY NEEDS

APPROPRIATE POWER
RETAIL SOLAR / WIND / HYDROELECTRIC
REDWAY, CA (707) 923-2001

SOLAR FANS 12-24VDC
STEEL PANEL FRAME

User Friendly Hydro Power

Alternative Power
& Machine

( Now Featuring Permanent Magnet Alternators

4L YOUR SOLAR FANS
EXPERTS

¥ PEAK ENERGY SAVINGS

4 GABLE ATTIC VENTS , . -

’CUSTOM GREENHOUSE 3 e 4040 nghland Ave. Unit #H ¢+ Grants P,m 97526 * 541-476-8916
PACKAGES altpower@grantspass.com

www.apmhydro.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!

ok laverick Solar

LP YOURSELF TO THE SUNI

HEeLPING THE DO-IT-YOURSELFER:

* Renewable Energy Components for:
Solar, Wind and Hydro

UNEMEBIEr: Standard Features include Multiple AC or DC power

Y : * Code Compliant Load Calculation and channels, PC interface, internal logging. Options include Web
\Q 64@ System Design Service Interface, Weather Monitoring, and lots more.
y \) * /P\qe-vl\ilre? Sg/lsfems and Installation A-1850WK: Special meter for Refrigerator Replacement All products are California
SORCILCIONC Programs. Detects Defrost Cycle, displays cost/kWh-hrs/yr. CEC eligible meters

Other Models available. Check our website or call for details.
* Workshop: 12010 W. HWY 290, STE 160, Austin, TX 78737 Ordering or Information call

Website: www.mavericksolar.com Brand Electronics [269]'355'7744

Questions: 512-919-4493 info@brandelectronics.com

www.brandelectronics.com

Power Planted

www.powerplanted.com
(B05) 667-2142

Charge Controllers = Sma Switthis « Temp/Light Seitches
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Finally- We Can Service
Big Batteries!

You have been waiting... We now have “Battery Watering Kits”
for large solar batteries including Rolls-Surrette series 4000 and
5000, Hup Solar One, and most others with a bayonet style cap
or a 8D with .75 press in cap. Our valve design guarantees that
water levels will be maintained at the precise required water
level. Visit our web site to see ALL of these applications.

Free shipping in USA. Dealers Wanted!

Distributed by: JWP =
VISA E-mail: sales@janwp.com Mast,
Call Bob- 1-616 822-7587

www.janwp.com
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¢ Self Cleaning

e Easy Installation

e High Capacity

° No moving parts

® Pipe, ramp and
box mountings

Precision Wedge Wire
Coanda Screens
for Hydro, Agricultural, and
Domestic Diversions from
10 gpm to 500 cfs

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

Visit us at www.hydroscreen.com
or call (303) 333-6071

e-mail: RKWEIR@AOL.COM

We don’t just sell screens,
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All Types of LEDs, LED Bulbs and LED Products

All Products In Stock and Available for Purchase Online
Super Bright LEDs Inc. St. Louis, Missouri - USA superbrightleds.com

Solar Batteries

RAE Storage Battery Company

Renewable energy does not mean continuous energy...
Therefore you must have dependable, reliable batteries...
Rolls, the world’s best.

e Unsurpassed cycling

¢ Industry’s largest liquid reserve
e 12 year average life span

e 7 year warranty

Since 1946 the RAE Battery Co.
has proudly provided knowledgeable,
honest, prompt sales and service
world-wide.

Phone 860-828-6007
Fax 860-828-4540
POB 8005, Berlin, CT 06037
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National Solar Heating & Cooling Conference

S

DECEMBER 3 & 4

2009

MADISON, WI
MONONA TERRACE

SOLAR THERMAL ‘09 is a national conference and expo for the solar
thermal professional. The Midwest Renewable Energy Association
invites you to the only professional level conference devoted to

solar heating and cooling.

Installers, manufacturers, site assessors, dealers, distributors, state
agency representatives, and policy makers will not want to miss this
one-of-a-kind conference.

TOPICS INCLUDE:
Solar hot water, solar hot air and
solar space heating sessions

Manufacturer and dealer updates

Best practices in residential
and commercial applications

New control options
Structural considerations

State policy and incentive updates

EXHIBITOR AND SPONSOR
OPPORTUNITIES AVAILABLE

Registration and Details www.the-mrea.org

Thank you to our SolarThermal ‘O9 Sponsors

o_o focus onenergy: - SMETINER

" Ihe power is within you. rr YL G 7__{‘
Mot Americar Boaed o ——— m @
- SOLARLT]

| Cormiln) Endrgy Fracklionars midwest renewable energy association

www.the-mrea.org * 715-592-6595
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VWind Turbine Transmission Vire Sizing

Current in wire produces heat, so correctly sizing wires is
important—both for safety and energy efficiency. If the wire is
too thin for the rate of charge flow (known as “current”), the
temperature rise will degrade the insulation, increasing the risk
of fire. If the wire run is too long for the size of the wire, the
heating will waste too much energy.

Current

With small wind-electric systems, the nominal DC current is
equal to the turbine’s rated power divided by the system voltage.
But wind turbines sometimes exceed their rated power, so check
with the turbine supplier for maximum current ratings. Electrical
codes also require additional safety margins for wiring. Keep in
mind that 12 V systems will have four times the charge flow as 48
V systems to deliver the same amount of power.

Most small wind turbines produce wild three-phase AC. Three
wires carry this to the rectifier, where it is converted to DC. At any
given moment, only two of these wires really conduct current.
Sizing for safety, you can assume that the AC RMS current in
each wire is 82% of the DC. The energy loss in the three wires will
be similar to the loss in two wires of the same size carrying the
full DC current.

Ampacity for Safety

Wires have a maximum safe current—known as ampacity—that
is determined by the wire size, the temperature rating of the
insulation, and other installation factors (see table). Choose
an ampacity column in the table that relates to the wire's
temperature rating. So long as the ampacity of the wire is higher
than the maximum possible current, the circuit will be safe.

Voltage Drop

The wind turbine has to produce extra voltage to push charge
through the wires to the load. A good way to look at a circuit’s
energy efficiency is to calculate this voltage loss in the wires as a
percentage of the system voltage. If a 48 V circuit drops 2 V, then

Wire Sizing Table

Wire Size Ampacity Ft. Per Ohm
(AWG) at 167°F (A) at 194°F (A) (One-Way Run)
8 50 55 709
6 65 75 1,127
4 85 95 1,793
3 100 110 2,261
2 115 130 2,851
1 130 150 3,595

The wire run from a good wind site to the point of use
can be quite a distance.

the wind turbine would need to produce 50 V, and the energy lost
in the wires would be 2 + 50, or 4% of the total. Here is a formula
for the loss in a given situation:

Percentage loss = (100 x ft. of one-way wire run x amps) + (ft. per
ohm x system voltage)

The table shows feet of wire run one way for 1 ohm of resistance,
based on 100°F temperatures.

Sample Calculation

Say you have a 1.2 kW, 24 V turbine. Rated current is 50 ADC
(1,200 + 24), but various safety factors suggest a maximum of
75 A. AC current would be 62 A (75 x 0.82), and a minimum safe
wire size would be #6 AWG.

Now suppose the one-way wire run is 200 feet.

Percentage loss = (100 x 200 ft. x 50 A) + (1,127 ft. per ohm x
24 V) =37%

This is a worst-case situation. Most of the time, the turbine will
generate less current, perhaps 10 to 15 A, and operate at a 7
to 11% voltage drop. But a thicker cable will most likely still be
justified if you weigh the costs versus the benefits. Be sure to
always check the turbine manual for recommendations.

—Hugh Piggott

photo courtesy www.brooksSolar.com
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ONE MEAN BATTERY

=

Available in 20 countries on 6 continents worldwide,
Rolls offers the broadest product line of deep cycle, low maintenance and maintenance
free batteries for the Renewable Energy market. From large-scale storage to small
village electrification, our flooded or AGM storage batteries deliver the power you
need every time. Each is backed by our industry leading warranty, solid reputation

and 97% recyclable at end of life. Green just got a whole lot meaner.

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



rights reserved.

Need more flexibility with your solar design?

SolarMagic™ power optimizers enhance design flexibility by enabling:

B Varying string lengths

B Different tilts and orientations
B Multiple module types and sizes
1 Better aesthetics

SolarMagic power optimizers use an advanced technology that monitors
and maximizes the energy harvest of each individual solar panel and
reclaims more than 50% of lost energy due to mismatch conditions. WINNER, Innovation

To learn more, visit www.solarmagic.com/flexible Award Photovoltaics
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