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THE SOLAR DEPOT
ADVANTAGE.

ONLY SOLAR DEPOT INSTALLERS DELIVER THE COMPLETE,
QUALITY, SOLAR SYSTEM ON TIME. EVERY TIME.

WHAT IS THE
SOLAR DEPOT
ADVANTAGE?

v Pre-Engineered Packaged Systems
v Superior Technical Support

v Rebate Filing Assistance

v Jobsite Delivery

v Lead Referral Program

v Product Shipment Nationwide

v Marketing & Advertising Support

W
SOLAR DEPOT

S

Your One-Stop Shop for All of Your Solar Needs
Wholesale Distributor / System Integrator Since 1979



THE INSTALLER’S CHOICE

With Solar Depot’s jobsite delivery service,
you can count on your complete solar system
arriving when you are ready to install. Why
mess with undependable, expensive freight
carriers, when you can rely us to deliver to you
on our own trucks? Our promise to our
customers is on-time delivery, every time.

SYSTEM DESIGN MADE SIMPLE
Solar Depot makes choosing a suitable solar
system easy for you with our pre-engineered
packaged systems. Utilizing our 30 years of
design experience, Solar Depot makes over

100 packaged systems available to you. So,
you have the freedom to choose the system

that best meets the needs of your customer.

DISCOVER SOLAR WITH

If you are interested in joining the
fast-growing solar industry, now is the time!
Solar Depot offers intensive training work-
shops on solar for contractors and sales staff.
We offer various workshops focused on solar
electric, solar water heating, and solar pool
heating. We have trained nearly 5,000
contractors on solar in the past decade.
Register today for a workshop with us!

VISIT

Explore Solar Depot online! You can access our full product catalog and all of our system packages
from our website. Register for a Solar Depot workshop in your area today by

clicking on “Workshops.” View the Contractor section to learn about our full range of services and how
to become an authorized Solar Depot dealer.

(Homeowners and Business Owners Inquiries Welcome)

Petaluma, CA Sacramento, CA Corona, CA @W
1-800-822-4041 1-800-321-0101 1-800-680-7922 %
SOLAR DEPOT

St. Augustine, FL Washington, D.C. Denver, CO % =
1-904-827-9733 1-202-872-5221 1-303-321-4186 %ﬂﬂk@



ill YOUR SOLAR SYSTEM
be working when she |

GOES TO

COLLEGE?

TEL

North American Board o

Certified Energy Practitioners

Make Sure it Will.

Insist on a NABCEP Certified Solar Installer.

“Our PV system was a big investment in the future and
I wanted it installed by a professional with national credentials
to make sure it was installed properly. The NABCEP Certified
installer did just that, and the system is operating flawlessly
providing our family now with free renewable power.”

Mike Burnetter, Home Owner and Professional Engineer
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WORLD CLASS SMALL WIND SYSTEMS
FROM DC POWER SYSTEMS

T U RBINE S AVAILABLE DC Power Systems has searched the world over to bring you the highest quality,

most efficient small wind turbines available. We offer complete systems including

- EVANCE .
towers, controllers, and on and off-grid inverters.
Visit our website or call one of our wind experts today to learn more about these
. KESTREL great products.

CALL US TODAY TO BECOME A CERTIFIED INSTALLER!
1-800-967-6917

DC Power

Q i\ rwI( P (ad
J/J[ﬁfﬂq

1500 Valley House Dr, Suite 210 Rohnert Park, CA 94928 T: 707 992 3100 F: 707 992 3199 sales@dcpower-systems.com WWW.DCPOWER-SYSTEMS.COM
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ZepSolar

/ep 1s fast!

Zep System 11

A Comprehensive Platform for PV System Integration

Dramatically reduces installation cost
Eliminates mounting rails

No separate grounding hardware
Ultra-reliable hyper-bonded grounding matrix
Rapid, top-accessible precision array leveling
Ultra low parts count — 3 parts for entire array

Enhanced aesthetics — low-profile, straight & level

www.ZepSo lar.com U.S. Patent #7,592,537. Global Patents Pending



Power your business with a global leader

Conergy is a full-service wholesale distributor dedicated to your success.

Conergy has deployed one in ten of the world’s solar energy systems in the past decade — a global distribution of more than
a gigawatt. 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

Conduct business easily and on your schedule:
| Secure online ordering 24/7
| Inventory lookup and account management
| Real-time order tracking

Experience unbeatable supply chain and logistics support:
| Strategic warehouse location
| Low shipping costs
| Scheduled delivery available

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

OUR WORLD IS FULL OF ENERGY

gmw
k..

wy
CONERGY
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wind turbines
lan Woofenden & Mick Sagrillo

Our annual showcase of small wind turbines available in the United
States, with must-have tips on turbine selection and tower placement.

distributed VMPPT

Justine Sanchez

New hardware for individual PV modules can maximize your solar
investment by squeezing extra energy out of each module.

water heaters
Chuck Marken

Ready to retire your old electric tank-style water heater? Consider
these high-efficiency options before you buy.

roof mounts
Rebekah Hren

PV racking is an area of fast-developing innovation. Here’s what you
need to save time and money using new roof-mount technologies.

home power 137 /june & july 2010

Photos (clockwise from bottom left): www.quickmountpv.com, Chuck Marken, www.tigoenergy.com, www.endurancewindpower.com, Lael Eccard, Michael Lamb
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Derek Sabin of Sustainable
Energy Developments performs
routine maintenance on a
Bergey Excel turbine atop a
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New York.
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More than just converting DC to AC, off-grid inverters have a
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from us to you

PROMISING WINDS

It’s often said that wind electricity is cheaper than solar electricity. While this is
clearly true on the utility scale, the conclusion is less often justified on the home
scale. Why?

Part of it is the understanding of the resource. Most people grasp the necessity for
placing solar-electric modules in the sun—we have tools to analyze shading and
can calculate solar availability. But estimating a wind resource is trickier, and there’s
a widespread lack of knowledge about what a good wind resource is—and what

is required to use it. Simple answer: We need tall towers to get into viable wind
resources. On a tower that’s too short, the best turbine will always underperform,
wasting your RE investment.

The other major reason that home-scale wind systems are often less economical
than solar electricity is reliability. If you compare the two technologies side by side
and mistakenly assume that both will be reliable, wind often comes out on top. But
in the real world, solar-electric systems are very reliable, and wind-electric systems
simply are not. In my 26 years of working with small wind-electric systems, I can’t
point at even one system and say, “That’s been trouble-free for a decade without
attention.” All wind-electric systems need regular maintenance, and most home-
scale wind-electric systems need multiple repairs in their lifetime. This all costs
money, which increases the cost of energy for these systems.

A few things coming down the small wind pike may help improve the situation:

* The American Wind Energy Association (AWEA) passed a small wind standard in
December 2009, which gives manufacturers quality targets that are quantifiable.

¢ The Small Wind Certification Council (SWCC) is up and running, and taking
applications for certifying turbines to the AWEA standard (see News & Notes,
this issue).

* Small wind systems will have a section in the next edition of the National
Electrical Code (NEC), which may lead to safer and more reliable systems.

* The first small wind installer exam will be offered in September by the North
American Board of Certified Energy Practitioners (NABCEP), which may lead to
higher-quality installations.

e InJune, the sixth annual Small Wind Conference in Stevens Point, Wisconsin,
will focus on no-nonsense interchange between wind installers, manufacturers,
and other wind professionals, educating the industry toward realistic
expectations.

* Manufacturers are ratcheting up their commitment to quality. For example,
Bergey Windpower is now offering a 10-year warranty on its Excel turbine.

Efficiency, performance claims, design improvements, and cool new configurations
are all worthless for small wind if we don’t have reliability. This is the number-one
criteria for judging a wind generator, since without it, other qualities will make

no difference. Check out our buyer’s guide on page 44 for the straight scoop on
established and supported machines available in North America.

—Ian Woofenden for the Home Power crew

Think About It...
The pessimist complains about the wind;
the optimist expects to change it; the realist adjusts the sails.
—William Arthur Ward
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Simplified

Ordering. Installation. Battery Back-up.

Installers asked for a simplified battery back-up system that was easy to order and install. We answered with the
FLEXpower ONE, a fully pre-wired and factory tested single inverter solution designed to save both time and money.
FLEXpower ONE incorporates a 3kW Inverter/Charger, 80 amp Charge Controller, a Battery Monitor and communication
devices, while still maintaining an extremely compact system footprint. Available in both grid-tie and off-grid configurations,

, remote
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making renewable do-able™

Hands-on Workshops

for PV & Solar Thermal
Installations

ISPQ accredited classes which count
toward NABCEP educational credit
hours. Full classes schedule and
information on-line now!

Upcoming Classes

Hudson, MA
Basic & Intermediate PV Design
« July 12-16

*  August 16-20

*  September 13-17

Advanced PV Design & Installation
o July 19-23

*  August 23-27

*  October 25-29

Solar Thermal Design & Installation
*  August 30 - September 3

*  October 4-8

Columbus, OH

Basic & Intermediate PV Design
*  June 7-11

Costa Rica

Basic & Intermediate PV Design
»  December 6-10

O@REC

@REC,

o RENEvARLE Exenoy Coun.

CERTIFIED
Instructor
James Cormican

Dave Compaan
PV301, 302 & 303

ACCREDITED
Training Program

altEstore.com/classes * 888.218.0644
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Contact Us...

Subscriptions

To subscribe, renew, change, or inquire about
a subscription:

800-707-6585 or 541-512-0201
subscription@homepower.com

www.homepower.com/subscribe

Back Issues

Many of our back issues are available in print
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information at:

www.homepower.com
Order online or by phone:
800-707-6585 or 541-512-0201
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 Knowledgeable and Friendly Here at AtIEf we have all you need to prepare for and build your
Technical Service own alternative energy system!
’ ;ifg;:j;ﬁ:'des AItE® Store is the Do-It-Yourselfer’s supplier of renewable energy goods.
« Live and Web Based We provide you the tools, education, expertise and the technical service
. ; you need to safely and successfully put together your own system. Join
Training Seminars

our fun and enthusiastic community of DIY’ers today!

alt=

making renewable do-able™

[
3
2,

for over 10 years! BN

E

Call us at 800.320.9458 or 978.562.5858
or visit us online at www.altEstore.com/HP137

}gjyyM??f;

AItE® Direct is the source for installers looking to secure a foothold in the solar industry. Visit:
We Offer: aItEdirIZIc.t com
« Established relationships with the best solar brands ¢ Large in stock selection of panels and components ’
) . . . - . to learn more
» Custom system design services « Lead generation « Net30 billing for approved applicants




Standing out
from the crowd

The Fronius Difference

At Fronius, we’re proud of our products and service, always working to ensure the highest quality standards.
We strive to return phone calls and emails in a timely fashion. We have created a paper-free, low-stress

service process supported by knowledgeable technical support. And we back up our products with a standard
10-year warranty, expandable to 15 years. We are always working to provide an excellent customer experience.
We call it “The Fronius Difference.”

To that end, we want to hear from you, our customers. What are we doing right? What can we improve?
Please take a few minutes of your time to help us by completing a survey. Visit www.fronius-usa.com
and click on the link to our survey. Survey participants will be entered to win some great prizes in a monthly
drawing, beginning in March, and a grand prize drawing to be held at Solar Power International 2010 in
October. Sign up for our monthly newsletter for more information on prizes and other news from Fronius.

Want more information on Fronius PV inverters, data monitoring, and accessories?
Visit www.fronius-usa.com, or call 810-220-4414.

POWERING YOUR FUTURE
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ELECTRONICS

Ind Distribytor

TALCO Electronics is the only wholesale
distributor that specializes in small and
medium wind systems. We offer industry
leading dealer tools, training, support, &
service. We offer turnkey wind turbine
systems ranging from 200 to 50,000 watts.
TALCO Electronics is North America's leading
wholesale distributor for Endurance Wind
Power, Proven Energy, Gaia-Wind, Raum

Energy, Southwest Windpower, SMA, & Stark
Foundations.

3

TALCO Electronics cares about its dealers and
Epdurmﬂ PROVEN A develops a personal relationship with each
AT H AT ke dealer. We help our dealers with mentored
ﬂ installations, sales tools, financial and wind
i analytics. This allows our dealers to close
s oo [ | cnenoy . fealers to
‘ /\ more sales and perform quality installations.

Call 877.448.2526 or visit us at www.talcoelectronics.com

Power Predictor o TALLD

The Power Predictor is a low cost device that measures
wind speed, direction and solar energy at any location

j the questions
The Power Predictor answers .
Comprehensively, Quickly and Easily

Assesses the suitability of your site for renewable energy,
ifi d wind.
specifically solar an . |
[ i ith actual, real time solar
cost device provides you Wi t
grqs ‘I/Si‘gd data at your site as opposed to the modelled data
provided by most suppliers

i i Report for your site
i uwitha customrsed’Power ) . S
%rgl\:l’ddiis(‘; );%nual energy generation and carbon saving estimate:

by installing a wind
w much money you gould save .
thlr’tS;i%(e)Lé)fr)goIar panels at your site, together wlltglfehe costs
and payback periods of the best products availa

Call 877.448.2526 or visit us at www.talcoelectronics.com

www.homepower.com
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Apples to Apples

Small Wind Certification Labels Expected in Late 2010

Buyers of small wind turbines for homes, farms, or small
businesses are faced with choosing from more than 450
products from nearly 200 suppliers. Very few have been
tested or independently evaluated, leaving early customers
to serve as beta or prototype testers. The result has been that
safety concerns and disappointed customers have slowed the
expansion of the small wind industry.

To protect consumers from poor products and help
small wind technology gain mainstream acceptance,
the Small Wind Certification Council (SWCC; www.

smallwindcertification.org) recently launched an effort to
independently test and certify the numerous “commercially
available” small wind turbines (up to 200 square meters
swept area or about 65 kW). The group will certify that small
wind turbines meet or exceed the requirements of the new
American Wind Energy Association’s Small Wind Turbine
Performance and Safety Standard, a new North American
standard for testing and evaluating turbine designs, and
reporting turbine energy and sound performance. A
certified turbine will carry the SWCC’s third-party label,
confirming that it has been tested and allowing consumers
easier comparison shopping.

Certification can help prevent unethical marketing and
false claims, ensuring consumer protection and industry
credibility. Widespread adoption of certification labels will
also allow funding agencies and utilities to gain greater

confidence that small wind turbines are safe and will

perform as expected—which is especially important
with publicly funded projects.

The SWCC’s certification launch coincides

with a dramatic increase in small wind turbine

testing activities across North America, and

is a direct response to funding agencies and

utilities pushing for an independent certification

program. Renewable energy incentive programs

in Massachusetts, New York, and Wisconsin were

the first to require SWCC or similar certification

for incentive eligibility. The Energy Trust of

Oregon will use the SWCC certification as the

preferred method for qualifying wind turbines

and estimating annual energy output. Numerous

programs in other states also are considering such
requirements.

In February, the SWCC began accepting Notices
of Intent (NOI) to submit applications from small

wind turbine manufacturers, designers, and authorized
designees—the first step in pursuing SWCC certification.
Applicants provide basic information about the turbine(s),

home power 137 /june & july 2010



a description of testing and evaluation plans, as well as
design drawings, operation manuals, photos, and other
details. Applicants are advised to submit their NOIs before
beginning testing to be sure that test plans conform to SWCC
requirements.

Poised to help increase demand for wind turbines, the
SWCC is seeking to populate a list of independently certified
small wind turbines for the North American market. The
SWCC expects to announce its first batch of certified turbines
later this year.

—Heather Rhoads-Weaver

Federal Bulb Ban

In the dark about the government’s plans to pull the plug
on the 125-year-old incandescent light bulb? If so, then
you’'re not alone.

Accordingtoarecentsurvey by GE Lighting, most Americans
are not aware that incandescent light bulbs will no longer
be sold in the United States as of 2014. In accordance with
provisions in the 2007 Energy Independence and Security
Act, the incandescent phase-out will begin with the 100 W
bulb in 2012 and end in 2014 with the 40 W.

The phase-out marks the official start of the country’s
changeover to more energy-efficient lighting, such as
compact fluorescent (CF) and light-emitting diode (LED)
lamps. The legislation also mandates that all light bulbs
sold in the United States must use 25% to 30% less energy
than 2007 incandescent bulbs by 2014, and be 70% more
efficient by 2020.

The survey showed that 82% of Americans said they
are aware of the energy-saving benefits of CF bulbs and
already use them at home. Yet, 80% also said they use
incandescent bulbs as well.

While it may be lights-out for the incandescent bulb,
the future still looks bright. The American Council for
an Energy Efficient Economy estimates that the new
standards will save consumers $40 billion in energy and
other costs from 2012 to 2030; avoid construction of the
equivalent of 14 coal-fired power plants; and cut global-
warming emissions by at least 51 million tons of carbon
dioxide annually.

—Kelly Davidson

NEWS-NORES

The Other Wind Certification

The North American Board of Certified Energy
Practitioners (NABCEP) is a highly respected program
for testing and certification of individual installers of RE
systems. So far, NABCEP has certifications for PV and
solar thermal installers, but is also completing a task
analysis for wind installers—the first step for the new
certification for wind system pros.

www.homepower.com



It's here!
The 29th Edition of the AEE Solar

Ener DESIGN GUIDE
& CATALOG

The industry’'s most sought-after
product information resource
IS now in print!

More than 200 pages of the latest and best
renewable energy technologies for homes
and businesses. Thousands of products,
with photos, specs, retail prices, plus design
guidance and installation tips.

i AEE Solar dealers can get multiple s D
A copies with their own branded cover to use
i as their own sales tool. Our dealers also
' get access to the contents of the catalog Become an authorized
digitally for their own marketing efforts. dealer and get all
Now on the web, too! AEE Solar has to offer:

1. Best Products
2. Widest Inventory
3. Unsurpassed Tech

http://lwww.aeesolar.com/catalog/

Our catalog is now on our website, too —
and not as a PDF but in searchable html.

While only authorized dealers and installers P ort

can buy from AEE Solar, everybody is free 4. Dealer Training

to browse our extensive online renewable 5. Renowned Catalog
— ~.__= energy products web catalog. 6. On-Time Shipping

Whether you are an industry veteran or a solar rookie, put AEE Solar on
your team for solar success! Gall or apply online today! www.aeesolar.com

CORPORATE OFFICES:
San Luis Obispo, CA
SALES & SUPPORT:
Redway, CA - Oakland, CA - Sacramento, CA - Los Angeles, CA « Phoenix, AZ - Denver, CO
O ar Salt Lake City, UT - Montpelier, VT - Olympia, WA - St. Petersburg, FL - Calgary, AB
WAREHOUSES:
The Only Wholesale Sacramento, CA - Manchester, NH 800-777-6609 | 707-923-2277

Distributer You’ll Ever Need  Calgary, AB + Oro Station, ON sales@aeesolar.com *+ www.aeesolar.com
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hWhaievé'r your appliéatibn,
you can depend on Deka Solar.

e Deka Solar Gel/AGM or Flooded batteries are the proven choice for all your renewable energy applications. Deka Solar Batteries,
sold worldwide through major photovoltaic equipment manufacturers and distributors, exceed the high standards of the solar industry
with superior quality and environmentally conscious battery solutions. Available from MK Battery Distribution centers across
North America, Europe and the Asia Pacific region.

PROVEN PRODUCTS IN DEMANDING PHOTOVOLTAIC APPLICATIONS « U.L. RECOGNIZED COMPONENTS < COMPETITIVE WARRANTY © MADE IN THE U.S.A.

QD

:/JfJ/J Fars diTTERIES
MK Battery  www.mkbattery.com

A subsidiary of East Penn Manufacturing Co., Inc.
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Data Logging & System Monitoring

APRS World’s (www.aprsworld.com) Wind Data Logger #40R package ($855) is a
complete solar-powered wind data logger for site or turbine performance. Powered
by a 10 W PV module, the data logger records wind speed, gust, and direction,
along with time and date, temperature, and other useful wind parameters. It can
record wind speed for up to three anemometers, which is helpful for more complex
wind analysis. The package includes an anemometer, 100 feet of cable, a waterproof
housing, the PV module, a 7 Ah sealed AGM battery, and a solar charge controller.

Also just being released from APRS World is its Tap line of RE system and
equipment monitoring products ($200 to $400). Available for many RE products
including those from OutBack Power, Magnum Energy, Morningstar, and Bergey
Windpower, Taps pass collected data (via their gateway module and an Internet
router) to APRS World’s Web site, enabling users to monitor their RE equipment
from any Internet-connected computer.

Online data monitoring is common for grid-tied systems, and now the APRS
World Tap makes it easier for off-grid data to be accessed online. Installers and
system owners can easily keep tabs on system performance and even troubleshoot
systems remotely.

The APRS World data Web page for each customer can be customized to provide
live system data and daily graphs for many system parameters, such as from the
battery bank (state of charge, charging or discharging watts, Ah in or out, and voltage)
and inverter (status, inverting and/or charging mode, and electronics temperatures).
Taps sensors can also be used for other things, like collecting weather data from
anemometers and temperature. Data hosting by APRS World is included in the
product cost, but customized data Web pages and services may cost extra.

> Inverters, charge controllers and batteries
> Reliable grid tied & off grid systems
> Experienced sales and design

“I am in full support of Innovative Solar Solutions’ acquisition of Conergy/Dankoff  866.856.9819
Solar Pumps, and their revival of the Dankoff trade name. | am confident that they  sgles@innovativesolar.com

will provide excellent wholesale service.” — Windy Dankoff InnovativeSolar.com
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Financial Modeling Software

New Roots Energy (www.newrootsenergy.com) has released
its Wind Report ($99 for three-month subscription), an
online program that crunches numbers to help determine
the financial viability of wind systems. Users input wind
system parameters such as wind generator make and model,

average wind speed, and tower height, along with financial

parameters such as estimated system cost, annual energy
consumption, utility electricity rate, and loan interest rate
and payback period. Available state and federal wind power

Wiraa Bl oy . . Rt incentives are automatically incorporated in the financial
e A A " analysis. Once all of the parameters are entered, the system
EC™ = predicts monthly and annual kWh production, generates a
o= — cost/benefit graph, and estimates return on investment. The
T - i 2t Wl . SV, B o B D . W, e financial metrics used are lifetime cost of energy, internal rate
i T—— of return, net present value, and payback. Cash-flow tables
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Courtesy www.newrootsenergy.com

See us at ASES in Phoenix, Booth #607

Protect your installations and your reputation:

QUICK MOUNT PV~

THE STANDARD IN WATERPROOF ROOF MOUNTS

T ONLY TAKES A SMALL LEAK to cause » Models for composition,
major damage to a customer’s roof and wood shake, and tile roofs
home. In fact, most construction- No roof cutting required

related lawsuits involve water intrusion. Works with all standard racking
All aluminum flashing; 50-year life
Stainless steel hardware included
Live tech support

Year round product trainings

No matter how well a system
is installed, inadequate
flashing can fail and

place a solar installation

vVVvyVvVvyyYyyy

business at serious Safeguard your customer’s home and your

risk. But you don’t good reputation with Quick Mount PV,
need to take that risk, thanks to the industry standard for high-quality,
Quick Mount PV’s industry-leading watertight solar installations.

flashing and mounts that ensure 100% L k "
code-compliant, waterproof roof Gum MOUI"I"’ PV

penetrations. RESPECT THE ROOF

Designed by installers for installers, 925-687-6686
Quick Mount PV installs faster than www.quickmountpv.com
) info@quickmountpv.com
any other flashed solar mounting,
saving you time and money on the job. Made in USA | = Patents Pending

AVAILABLE THROUGH ALL MAJOR SOLAR DISTRIBUTORS

www. homepower.com 1 9



ENPHASE MICROINVERTER SYSTEM

Productive | Reliable | Smart | Safe

“| use Enphase.
Designing and
installing solar
has never been
this easy.”

Tyson Grul

Director, Commercial Business
Real Goods Solar

wes

enphaseenergy.com




Create your own energy with Skystream,
a wind generator that turns the wind
into affordable electricity for your
home. It's safe, clean, and can protect
you against rising electric costs. And

right now, you'll get a 30% tax credit off
the entire cost, including installation.
Which makes it not only a smart thing
to do, but the right time to buy. To learn
more, go to skystreamenergy.com.

SKYSTR=ZAM?3T"

Residential wind power you can own.

www.skystreamenergy.com
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Empowering manufacturers with research and data to make smart
off-grid lighting solutions for developing countries

In 1995, after attending a meeting in India of the International
Commission on Illumination, Evan Mills decided to take a
side trip to Varanasi, the oldest known city in the world.
While walking along a narrow street one night, he saw a man
crouched down, selling a spread of beads and bangles by the
glow of a kerosene lantern.

Mills, then a staff scientist at Lawrence Berkeley National
Laboratory researching energy efficiency, couldn’t help
wondering how many people were lighting by flame in their
homes or workplaces. How much fuel did they use each year?
And how did the low quality and high cost of this lighting
impact their lives?

“That moment really clinched it,” he says. “The human
dimension of this problem became clear, as did the huge
potential for improving people’s lives—not to mention saving
enormous amounts of energy—with better alternatives.”

Traditional kerosene-fueled hurricane lantern (left) and a
prototype LED lantern (right) in Sauri, Kenya.

Courtesy Evan Mills

Working on his own, mostly at night and on weekends,
Mills began studying off-grid lighting methods used in
several countries—and exploring how white LED light
sources could help reduce the dependency on flame-based
lighting. This culminated in the first published estimate of
global expenditures and energy use on fuel-based lighting:
$40 billion per year and greenhouse-gas emissions equaling
those from 30 million cars.

Inspired by the fundamental linkages between light—or
the lack thereof—and literacy, commerce, safety, health,
and general development, Mills hatched a plan to develop
low-cost, miniaturized LED lighting systems that could
be powered with small PV modules and inexpensive
rechargeable AA batteries.

Mills began measuring fuel-use rates and light output
from kerosene lanterns, and comparing those results to off-
the-shelf LED products such as headlamps. He was later
invited to help teach a class at Stanford University, where
undergraduate and graduate students in design, engineering,
and business came together to craft LED prototypes and
business plans for test markets in China, Mexico, and India.
This process helped Mills develop an appreciation for user-
centered design and the imperative for affordability. Students
from UC Berkeley later sought his help in conducting more
in-depth field research in India, Tibet, and Africa.

Arne Jacobson, professor and co-director of the Schatz
Energy Research Center at Humboldt State University in
Arcata, California, became a close collaborator, working with
Mills to establish a testing lab and develop a performance
and quality testing protocol for products that were coming
to market. They found problems with virtually every
component, from the LEDs themselves to the PV modules
and the batteries.

The work gained momentum in 2006 when the project
received seed funding from the Blum Center for Developing
Economies. Taking an analytical approach to promoting
clean energy alternatives, the nonprofit Lumina Project, as
it became known, continues to conduct field projects and
laboratory testing to compile information aimed at helping
manufacturers improve the viability of LED-based lighting
products for the developing world.

“The biggest barrier is the market-spoiling effect that
happens when low-quality products are dumped into these
markets,” Mills says. “They can dissuade a whole generation
of people from trusting the underlying, good technology.”
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One of the Lumina Project’s key goals, Mills says, is
to help manufacturers develop quality products that are
affordable for the masses and do not require subsidies or
charity models to deploy.

The project has involved about 20 researchers and
students to date, and is currently completing market
tests in Kenya, where LED systems have been sold to
small businesses, night guards, and homeowners through
existing market channels at true market prices. The study
is collecting data on affordable price points, total cost of
ownership, user satisfaction, usage patterns, and durability.
This data, says Mills, is relayed to manufacturers, investors,
and policymakers, which helps them understand market
expectations as well as the realities of what product
characteristics are desired and what is affordable.

The real highlight of Lumina’s work so far, says Mills, is
how the World Bank and the International Finance Corporation
leveraged the project to develop their Lighting Africa initiative,
which conducts widespread market research, product testing,
and market development across sub-Saharan Africa. At the
Copenhagen Climate Summit last December, U.S. Secretary
of Energy Steven Chu launched an even larger initiative—the
Solar and LED Energy Access Program (SLED).

complete  with

SolarEdge offers the first end-to-end Distributed Power Harvesting system
module-embedded DC  power
DC-AC multi-string inverters, module-level monitoring capabilities for accurate
troubleshooting, and automatic safety mechanisms. The result: a new definition of
what cost-efficient, grid-ready energy is all about.

www.solaredge.com

NEL

www.homepower.com

EETM@”'"”?_

Other llluminating Projects

* Working with the United Nations to qualify clean-
energy off-grid lighting projects for carbon credits

» Equipping LED systems in Kenya with instruments to
measure how much of the available solar resource the
users actually capture, and whether the PV modules
are properly sized in existing products

» Helping avoid brownouts in renewable micro-grids by
evaluating how LEDs might work with other “smart-
grid” strategies to provide lighting that can deal with
voltage spikes, while reducing overall demand

« ldentifying and measuring indoor air pollutants emitted
by kerosene lanterns

“When we talk to people in Africa who have bought the
lights and they say, for example, that they can keep their
shops open longer or do more business with the better light,
we know we're on the right track,” Mills says.

—Kelly Davidson

optimizers,  specialized

=  Module-embedded PowerBox enabling optimized MPPT
= Module-level monitoring for precise, remote troubleshooting
= Automatic DC voltage shutdown during installation, maintenance and firefighting
= 97%+ weighted efficiency inverters specifically designed for power optimizers
= Significant cost-efficiency, including savings on wiring, DC disconnects & fuses,
and built-in communication HW
= Optimal fixed string voltage, regardless of temperature or
string length, enables constraint-free design
= Simple and easy installation for residential, commercial
and large field deployments

solarL:fF

architects of energy™




Trinasolor

The power behind the panel.

Discover the value behind the panel

To us, the true value of a panel lies in the electricity it generates. In independent tests around
the world, our panels have proven their superior energy performance. Choosing Trina isn’t just
a quality purchase; it’s a sound investment. With Trina Solar panels, you get the best $/KWh.

www.trinasolar.com



More Energy
Active Management

Enhanced Safety

The Tigo Energy® Maximizer™ Solution harvests more energy from your solar array,
while enabling active system management, and enhancing safety. To find out more,
please join us at one of our upcoming seminars near you:

Sacramento — May

Florida — June

Portland — July

North East — August

Southern California — October
Austin — November
Albuquerque — December

IIgo
Visit www.tigoenergy.com/roadshow to sign up now. g



Sun’s Eye Power teamed up with the nonprofit organizations
Habitat for Humanity and the Northwest Solar Group to
install a 2.2 kW grid-tied PV system on a new home in Tacoma,
Washington. Sun’s Eye Power provided the system design
and conducted training for volunteer installers recruited by
the Northwest Solar Group. Habitat solicited donations to
purchase the equipment. And the Gabriel family—two adults
and four children—were the fortunate recipients of the solar
house.

Habitat’s goal was to provide an energy-efficient home
with low electricity bills for the new homeowners. The home is
conventionally constructed with a 2 x 6 frame, but is wrapped
with 2 inches of rigid foam to provide additional insulation
and reduce air infiltration. All of the appliances are Energy
Star-rated, and fluorescent lighting is used throughout.

Habitat wanted to offset 30% of the home’s estimated
6,000 kWh annual electrical needs with solar. In Tacoma, with
an average 3.7 daily sun-hours, a 2.2 kW PV system meets
this goal. Sun’s Eye Power specified microinverters for this
system, where each module would be matched with its own
inverter.

The installation was straightforward: first, standoffs;
second, rails; third, inverters; fourth, modules; and finally,
connection to the electrical service. Because microinverters
were used, no additional DC wiring was necessary. The
installation was plug-and-play, which was terrific since
volunteers with limited electrical experience helped install
the system. The wide channels in the SnapNrack rails hide
module and inverter cables, making a very clean-looking
installation.

The enthusiastic volunteers had the system up and
running in less than six hours, and the system went online on
October 1, 2009. By mid-March of this year, it had generated
793 kWh.

—Brad Burkhartzmeyer

Courtesy Habitat for Humanity

OVERVIEW

Pruject Nlame: Habitat for Humanity at Larabee Terrace,
Tacoma, Washington

System type: 2.2 kw grid-tied PV

Installer: Brad Burkhartzmeyer, Sun’s Eye Power
Company

Date commissioned: October 2009

Location: Tacoma, Washington, 47°N latitude
Solar resource: 3.7 average daily sun-hours
Array capacity: 2.2 kw STC

Average annual production: 2,100 kwh

Average annual utility electricity offset: 30%

EQUIPMENT SPECIFICATIONS
Modules: 10 REC Solar REC220AE-US, 220 STC W each
Inverter: 10 Enphase M190-72-240-S12

Array installation: Roof-mounted with SnapNrack rail on
asphalt shingle roof using standoff brackets installed
prior to new roof. Azimuth is true south; tilt is 18°
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Note: painting flames on your module may effect performance

Rated #1 in independent performance testing

SolarWorld Sunmodules are souped up to crank out the kilowatt-
hours and our custom-engineered Sunkits® systems cut electric
bills right off the starting line.

We've been America’s largest solar PV manufacturer since 1977 and
our SolarWorld Sunmodules® have long been known to generate
more energy per nameplate rating than other solar panels.

US-made Sunmodules are plus-sorted in 5 Watt increments to
eliminate mismatch and nameplate tolerance losses, which gives
you maximum performance.

Call 1-866-226-5958 for a distributor near you.

SOLARWORLD
= —

www.solarworld-usa.com MADE IN USA We turn sunlight into power.
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Battery-to-Inverter

Circurt Breaker AIC & Sizing

The circuit breaker between the battery bank and an inverter’s
DC connections must be rated for DC use and have a high
amps interrupting capacity (AIC). The breaker’s AIC is an
indication of its ability to safely maintain an open circuit
during a catastrophic short-circuit condition. Too low of an
AIC could result in internal damage that could allow the
breaker to continue conducting.

The National Electrical Code 690.71(C) requires a fuse in
series with a low-AIC circuit breaker. For most residential
systems, a 50 kA AIC is sufficient, as current is limited by
the combination of the battery bank’s internal resistance and
the battery cabling resistance. But AC breakers, even those
few rated for DC applications, usually aren’t satisfactory.
For example, the Square D QO series circuit breaker is an AC
breaker popular with branch circuit applications. Its AC AIC
is 10 kA, but its UL-listed 48 VDC AIC is just 5 kA.

DC Rated Circuit Breaker with High AIC

Polarized
Terminals:
To battery +

= =':----\.|-§l!
-:."1“. -
m-—. : '- i

&

Polarized
Terminals:
To inverter

and other DC
sources

The breaker should be sized in accordance with NEC
690.8(A)(4) “Stand Alone Inverter Input Circuit Current.”
Key variables include the inverter’s rated power, lowest
input voltage, and full-power efficiency. For example, the
appropriate DC circuit breaker for use with an inverter rated
at 2,500 VA, a minimum operating battery voltage of 22 VDC,
and that has an 85% efficiency rating would require a 175 A
DC circuit breaker:

The rated (full) power efficiency (i.e., 85%) and the
minimum DC operating voltage (i.e.,, 22 VDC) specs are
usually provided in the detailed inverter specifications.

2,500 VA + 22 VDC =113.6 A DC

113.6 A+ 0.85=133.7 A

133.7 A x 1.25 (NEC continuous duty safety factor) = 167.1 A
Round up to the next standard size (per NEC 240.4(B)) = 175 A

DC-rated circuit breakers are designed to manage make-
or-break contact arcs that are considerably worse that those
seen in AC applications, where the alternating current tends
to “self-extinguish” the arc when the sine wave hits 0 V.
In fact, many DC-rated circuit breakers are now polarized,
with line and load designations for the terminals; the battery
bank—generally the highest current source—should be
connected to the line terminal. As a result, DC breakers are
relatively large and rugged, and they are often rated for
100% continuous duty for their specified conditions of use
(i.e.,, ambient temperature). NEC 690.8(B)(1)(EX) makes an
exception to the 125% safety factor for circuits and breakers
that are listed for 100% continuous-duty operation.

For example, the sizing for a 100% continuous-duty rated
DC breaker for a 24 VDC, 4,000 VA inverter would be:

4,000 VA rated power + 22 VDC minimum = 181.82 A DC
181.82 A + 85% inverter efficiency = 214 A
Round up to the next standard size = 250 A

—James Goodnight
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Save ti

The new innovative design of CLICKSYS offers the most cost effective
flush mount solution in the residential marketplace. Pricing starts as
low as 10 cents per watt.

“Click and secure” connections eliminate bolts and nuts, saving an
estimated 40 percent in labor over competitive mounting systems.

CLICKSYS is conveniently available nationwide from Unirac’s network. ..--_-"'_"_#ﬂ_
Visit to find a distributor near you.

#UNIRAC

Bright Thinking in Solar




U.S.Battery's Brand New RE-LIGXC

Not just another golf car battery with a fancy new "RE" label.
U.S.Battery has made real improvements from the inside out.

Outside Positive Plates (OSP™) = More Amp Hours.
The primary causes of positive plate deterioration are positive grid corrosion and positive active
material wear-out or softening and shedding. These failure modes are the result of the normal
overcharge required to fully charge batteries and to mix the electrolyte to prevent electrolyte stratification.
In addition, batteries that are used in applications that require continuous float charging may be
more susceptible to grid corrosion as a result of prolonged overcharging. Also, batteries that are
subjected to frequent deep discharges (greater than 50% DOD) often exhibit increased effects from
positive active material wear-out. This is usually the case in Renewable Energy applications. Testing
at U.S.Battery has shown that an effective method for mitigating the effects of positive plate deterioration
is to increase the ratio of positive to negative active material by adding a positive plate and removing
a negative plate from a conventional cell design resulting in an Outside Positive (OSP™) cell design
vs a conventional Outside Negative (OSN) cell design. This design approach results in a cell with
increased positive to negative active material ratio, increased positive to negative grid ratio, and
increased protection of the positive plate from positive plate deterioration. This results in longer
life, increased capacity, and more stable performance over the life of the battery.

Extra haavy lugs
designed to carry

connections outperform
the competition
EXTRA THICK BUSS BAR

SpeedCap® Venting
positive locking system

extréme power h«lﬂl\ [additional cost)
Heavy duty internal [ ‘“':

The only battery in its class with DEFENDER™

Moss Shields for longer reliable battery life.

Electrical shorting can be caused by ‘mossing’ shorts at the top of the cell element. These mossing
shorts are the result of positive active material particles that have softened and shed from the positive
plates, become suspended in the electrolyte, and eventually collect at the top of the cell element.
Once enough of this material has collected to bridge the tops of the separators, it can contact both
a positive and a negative plate where it converts to conductive lead and forms a short circuit
resulting in cell and battery failure. This failure mode is more prevalent in stationary applications
than in vehicular applications because of the absence of vibration and shock that normally dislodges
the mossing material and causes it to fall to the bottom of the container where it collects
innocuously in the mud cells. Testing at US Battery has shown that the use of insulating ‘moss
shields’ in batteries used in these stationary applications can effectively prevent the formation of
these mossing shorts. This results in longer life, increased capacity, and more stable performance
over the life of the battery.

Optional factory installed
singke point watering system.

SPECIFICATIONS
RE L16 / 6-VOLT

AMP HOURS (100hr.rate) 470

AMP HOURS (20hr.rate) 428
AMP HOURS (Shr.rate) 334
MINUTES (@ 75 AMPS) 254
MINUTES (@ 25AMPS) 914

LENGTH  11-7/8” (302mm)
WIDTH 7-1/8” (181mm)
HEIGHT  16-3/4” (425mm)

Miwly designed separators
with extra thick glass mat

Tough polypropyléne case design




www.SMA-America.com

The intelligent solution for off-grid living

Whether you're powering a single remote cabin or providing electricity for an entire village, the
SMA Sunny Island solar inverter is the solution to your off-grid and battery back-up needs. The
Sunny Island series was designed for AC coupled applications and can be used independently
or together in parallel for easy expansion. Industry-best efficiency, robust surge capabilities and
exceptional reliability assure unmatched performance. See why the Sunny Island is the gold
standard in off-grid and battery management systems.

The Sunny Island. Ask for it by name.

b 9 The Future of Solar Technology ‘



Courtesy Guy Marsden

A Central Maine Power employee replaces
Guy Marsden’s meter.
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Subsidy Reality

In Guy Marsden’s “Microinverters Make a Simple Installation,” (HP136), he says, “I
showed that a payment from CMP [Central Maine Power] of 50 cents per kWh would
significantly incentivize small-scale residential solar generators.”

I am sure a subsidy of five times the going rate would incentivize just about
anything. A $10 a gallon subsidy should do wonders for gasoline consumption. Come
on, Guy—get real! Subsidies on that scale would bankrupt all of the
utilities in the United States. It ain’t going to happen, nor should it.

Chris Green e via e-mail

There are many misconceptions concerning the so-called “feed-in tariff”
concept. If you want to see a good overview of how it works and why it has
been so successful in Europe, I suggest you read the Wikipedia page: www.
en.wikipedia.org/wiki/Feed-in_tariff.

Note, for instance, that Ontario, Canada’s rates are at 82 cents (Canadian)
per kWh. Vermont currently pays 30 cents. Each legislative group puts a
different spin on the basic implementation with varying degrees of success.
Higher payouts work as better incentives. But it is always the ratepayers who
contribute to the funding, not the utility.

Our Maine legislators were reluctant to “tax” the ratepayers, despite the
fact that the cost would be so trivial as to o unnoticed on most monthly bills.
Our group pitched the cost as “a pizza per year” for residential ratepayers. The
Utility Committee also explored exemptions for big industry. Ultimately, the
bill failed due to many misconceptions by the committee members, despite a lot
of lobbying and education from our group, the Midcoast Green Collaborative.

Guy Marsden ® Woolwich, Maine

How Smart?

Smart meters are rolling across the United States and Canada, and their virtues are
sung far and wide by the power providers. Superficially, the arguments that the power
providers are promoting seem realistic. Scratch the surface and ugly truths emerge.

Smart grids and smart meters are smart for the electricity providers, but may end
up costing consumers more money. The grid should have been continuously upgraded
over the last six decades (normal capital improvements from utilities” generous
profits). The U.S. government has approved an increase in billing charges to cover
what should have been normal business practices of improving or “smartening” the
grid. In Ontario, Canada, our backward government is negotiating for more nuclear
reactors. Our citizens have a $36 billion retired or stranded debt, of which $22 billion is
from nuclear power plants. Our grid is being upgraded to handle the increased energy
consumption and production (the latter is blamed on the wind turbine industry).

Smart meters have the ability to give users exact information on the amount
of electricity being used at any point in time. They show the consumer what their
consumption rate is, but not what appliance is using energy, what is using the most
energy, or what energy is being wasted. A watt/kWh meter like the Kill A Watt is a
simple and easy-to-use item, enabling consumers to make these determinations.

Load shedding via smart meters! What a great idea! Imagine the utilities
assuming the responsibility on behalf of consumers for deciding who gets how
much electricity for what appliances and when (without regard to the effect on your
appliances). How kind! Will they do this for office buildings, factories, and shopping
malls, or will businesses be allowed to use electricity at optimum levels?

Smart meters have the ability to be set up for prepayment—a direct attack on
seniors and people on fixed incomes. It is hard to budget electrical use because of
variable conditions like the weather. Fixed incomes do not allow most families to
purchase the latest energy-efficient appliances, HVAC equipment, or even compact
fluorescents. Making trips to the corner store to top up your electricity card at the
end of the month may not be financially or physically possible, or convenient.

Canadians and Americans are huge consumers of electricity—some even say
we are energy hogs. Realistically, we all must decrease our wasteful consumption

(continued on page 34)
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History + Qualily assurance

» Company X
Est. 199X

* Company Y
Since 200X

* Tianwei
Founded in 1958

Which one to choose?

Tianwei, with over 50 years history, can "comfortably® take care of your 25
year quality requiremants.

Tianwei is wholly-owned by China South industries, a Global Forlune 500
Enterprise, and is a major fully integrated crystalline PV supplier.

Tiamwal Mew Energy is yvour ideal choice,
Together, we bring power to the future.
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of electricity. We also must use other
resources in a much less wasteful way.
People must take responsibility for
their wasteful habits, and this is now
happening because of awareness and
the hammer of higher costs. Industry,
offices, and commercial establishments
must start taking responsibility to
reduce their demand on resources.
Manufacturers must supply the
consumers with more energy-efficient
goodsatareasonablecost. Governments
must take action to ensure that all of
this happens by enacting standards for
energy efficiency.

Smart meters put the onus on
individuals who have the least power
to make a difference, and the difference
that they make is small in comparison
to what could or should be attained.
The time is here for all concerned to take
responsibility for using our resources in
a sustainable manner. Smart meters fall
far short of this goal.

Ron Challis ® Newbury, Ontario,
Canada

Calculating C0;

Adding to the carbon dioxide (CO,)
correction letter in the HP136 Circuit
Mail, here’s something that your
readers may find informative and
useful. You can calculate the amount
of CO, produced per kilowatt-hour
(kWh) generated using specific fuels
and specific types of generators with
the following: Divide the CO, emissions
factor for the fuel (in pounds of CO,
per million Btu) by the heat rate of the
generator—the amount of heat (in Btu)
used to generate 1 kWh.

For example, the table (above) has
the calculated number of pounds of CO,
producedbyasteam-electricgenerator for
different fuels. The CO, emissions factors
for fuels burned at power plants can be
found on the U.S. Energy Information
Administration’s Web site at: www.eia.
doe.gov/cneaf/electricity /epa/epata3.
html. The average annual heat rates
of U.S. electric power generators can
be found at: www.eia.doe.gov/cneaf/
electricity /epa/epat5p4.html.

34

CO7 Content of Electrical Energy from Various Fuels

Lbs. of CO2 Heat Rate*
per Million = Lbs.of CO2 x (Btuper = Lbs. of CO2
Fuel Btu per Btu kWh) per kWh

Lignite coal 215.400 0.000215400 10,138 2.18
Waste oil 210.000 0.000210000 10,360 2.18
Sub-bituminous coal 212.700 0.000212700 10,138 2.16
Bituminous coal 205.300 0.000205300 10,138 2.08
No. 6 fuel oil 173.906 0.000173906 10,360 1.80
No. 2 fuel oil 161.386 0.000161386 10,360 1.67
Natural gas 117.080 0.000117080 10,389 1.22

*Assumes steam turbine electricity production
Source: www.eia.doe.gov

The average number of pounds of
CO; emitted per kilowatt-hour (kWh)
of electricity generated in the United
States by the electric power sector
from 2000 to 2008 with all types of
generators is: coal, 2.17; natural gas,
1.06; petroleum, 1.94.

The electric power sector comprises
electricity-only and combined-heat-and-
power plants whose primary business
is to sell electricity, or electricity and
heat, to the public. The data is for all
the different types of generators used
by the electric power sector during
those years. The average amount of
CO, for all the electricity generated in
the United States by the electric power
sector in 2008 was about 1.312 pounds
per kWh.

To derive a factor for the electricity
that you use, you have to account for
transmission and distribution losses by
multiplying the emissions factor by 1.065.
For example: 1.312 x 1.065 = 1.396 pounds
of CO, per kWh. Note that there can be
significant variation in the CO, content
of electricity between locations and time
of day due to variation in generation
sources and dispatching to the grid.

The EIA has data on historical annual
data generation by fuel and energy type
and CO; (and SO, and NO,) emissions
for each state in State Electricity Profiles
at: www.eia.doe.gov/cneaf/electricity /
st_profiles/e_profiles_sum.html.

Some states, such as California, are
net importers of electricity from other
states, so the electricity generated in the
state may not reflect the sources of all
the electricity consumed in the state.

Paul Hesse ®
U.S. Energy Information
Administration, Washington, DC

MisLED

There are many LED distributors and
manufacturers out there—some are
good and some bad; some change, others
don’t. Many products are unbranded,
and manufacturers and distributors
sometimes blame each other for failures
resulting in customers left holding bad
merchandise.

There has been chatter about
problems with LEDs and refunds
through some companies, so be sure to
check your source before purchasing.

It’s still the wild west—like CFLs a
decade ago and solar 30 years ago.

Mike Cohn e via e- mail

Clarification

Regarding “Getting Out of Trouble” (Ask
the Experts, HP136) Renewable Energy
Corp. (REC) has completed repairs to
junction boxes on all modules (serial
numbers containing “REC SCM”) sold
to North America in 2008. This repair
program is complete and no other REC
modules are affected.

T0 CONTRIBUTE

write to:

mailhox@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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Whatis the
SunWize difference?

“They provide by far
the best customer service.”

“We tried other solar distributors. SunWize took the time to get to
know us and to understand our business. Helga has proven
herselfto be responsive, reliable and professional. She and the
SunWize team make our job easier. In short, we align ourselves
with other businesses that reflect our high standards.”

Ethan Beneze
3 . Southwestern Solar, Green Valley, AZ
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Southwestern Solar,
2.64 kW residential system,
Green Valley,’AZ



Power vour dream

Wit e wind

to its custom inverter, there's no more advanced technology in the
industry. The result is exceptional low wind speed performance,
robust storm protection, and almost silent operation.

Bergey is the wise choice.

To find a dealer near you visit: www.bergey.com




aleo is No.1 with German

—> aleo modules? incomparable! [

* based on German consumer
reporting organisation Stiftung
Warentest, May 2006

Don‘t compare apples to oranges: our solar modules are known for especially high power production.
Real-world tests have shown that aleo’s premium modules perform better than other branded modules.
Along with our 25 year power guarantee, we provide an industry-leading 10 year product guarantee,
ensuring safe and reliable operation. We deliver complete systems and support our partners with services
ranging from system design to marketing. Customers of 2 million aleo-modules know: aleo is incomparable.

aleo solar North America Inc.
T +1 (866) 411-ALEO | info@aleo-solar.com | www.aleo-solar.com

p now!
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Free installer training: Sign U

www.aleo-solar.com



Change Battery Voltage?

| live off-grid and my 8-year-old battery bank is not holding
a charge the way it used to. | have three photovoltaic arrays
(totaling 4,200 watts) feeding into three OutBack MX-60 charge
controllers and a 24-volt bank of 16 Surrette batteries (350 amp-
hours each).

My question is, when | replace the battery bank, what are
the benefits of moving to a 48-volt system? Also, can my array
support a bigger battery bank than | currently have? | have a Trace
4024 inverter and a 10 kW backup generator that runs about 400
hours per year. I'd like to reduce the generator run time.

Bill Zorr ¢ via e-mail

Upgrading to a 48 V system means that you will have to replace
your 24 V inverter, but higher battery bank voltage does offer some
advantages:

* You can have the same capacity of battery bank with fewer series

strings, which means a better distribution of charge across the
battery bank.

8.4 kWh @ 24V

* The amperage in the battery cables will be lower, which means
less voltage drop. Or, if you replace the original cables, smaller
cable diameter and/or longer battery cable length is now an
option.

* At higher battery bank voltages, higher-wattage inverters/
battery chargers are available, which also provide a higher rate of
charging from a generator (using more of its capacity, reducing
generator run time and thereby saving fuel).

In most places in the United States, a 4,200 W PV system would
give you about 17 kWh per day on average. You want your batteries
to be completely recharged every three to four days. On average, the
incoming energy should roughly equal the outgoing. But to advise
you on battery size without considering consumption would be
an error. The correct way to size the battery bank is to work from
consumption and take into account inverter efficiency (usually
estimated at 90%), days of autonomy (usually three to five days), and
permissible depth of discharge (usually 50%).

For instance, assuming 90% inverter efficiency, three days of
autonomy, and 50% depth of discharge, the battery bank would be

16.8 kWh @ 48V
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EMNPHASE

Micro-lnverter Fronius 7.5 1G Plus
= M190 240-511 7500 Watt Inverter
o for MC3 connection 54,475
e (ERkL h
T Fronius G Plus 6.0
= M190-240-512 G000 Watt Inverter
= fior MC4 connection j 53,870

5212 =3
7 =y Fronius IG Plus 3.8
M190-72-240-513 1 3800 Watt Inverter
for Schott Panels = £ 2679
5199
,"__: [" 'J‘ e
E SolarMount Rall 106 561,00 z"'—=—=-—:.—-
_;' SolarMount Bail PRO-PAK x 8 106" $457.00
= L-feet, clear x20 5 81.00

Tilt Lag 30° Low Profile § 43.00
Tep Mount End, Mid Clamps x20 5 41.00




-ASk the EXPERTS!

6.7 times larger in kWh than the average
daily consumption. This may require you to
use a higher-capacity battery, as opposed to
more of the same batteries. However, larger-
capacity, industrial-type batteries canbe large
(and very heavy) and difficult to maneuver,
so if that is an issue, then you could look
to reduce your consumption and use the
generator run time more productively by
doing high-energy tasks while the generator
is running or while the sun is shining (since
the array is large).

Changing your battery bank to 48 V will
allow you to get more batteries in the bank.
Here’s why: The recommended number of
series-connected strings in a battery bank
is maxed at three so that charging across
all cells is about the same. So at 48 V, more
batteries can be combined to make a higher-
capacity battery bank.

In your case, for a48 V battery bank, there
would be eight batteries per string (using 6 V
batteries). With three strings permissible, 24
batteries could be easily combined for a total
of 1,050 Ah (3 strings x 350 Ah = 1,050 Ah).
This 1,050 Ah battery bank at 48 V would
contain 50.4 kWh.
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There is also a disadvantage to higher
battery voltage. The higher battery bank
voltage will increase the number of batteries
in series, making it more difficult to get
the capacity you want if using a particular
battery—the ideal may fall between two
possible configurations.

Here’s an example: If you were to
configure a battery bank for 24 V with L-16
type batteries, (350 Ah at 6 V each), your
choices are between an 8.4 kWh, 16.8 kWh,
or 25.2 kWh. (This equates to 350 Ah, 700
Ah, or 1,050 Ah at 24 V.) If you were to
configure the bank for 48 V, the choices are
16.8 kWh, 33.6 kWh, and 50.4 kWh (This
equates to 350 Ah, 700 Ah, or 1,050 Ah at
48 V.) So you just have to run the numbers
to see if a 48 V battery bank will serve
your needs. Of course, other batteries with
different capacities are available that might
fill in the gaps.

Your system’s generator is larger than
your inverter’s battery charger can handle.
The good ol Trace SW4024 has a 120 A
battery charger, which translates to only
2,880 W of battery charging, maximum. So
unless you run other loads on your generator

oo

all or Click Today for Details.

while you are charging, you are wasting a
lot of fuel.

Additionally, AC generators larger than
3 kW usually have 240 V output. If you are
only charging through the Trace SW4024
inverter, you are only using one leg (120 V)
of the generator’s output. Generators that
run “unbalanced” like this won’t last as long
as when they run balanced loads.

You can get longer generator life and
more charging by:

e Installing a second battery charger
that is connected to the other leg of
the generator. This would make better
use of the generator’s output and help
balance the amperage on the legs of the
generator.

* Adding a 120/240
autotransformer, a second inverter or

step-down

switching to an inverter that charges from
240 VAC.

So to recap, changing your battery
bank voltage will require changing the
inverter, but can help by giving you a larger
battery capacity. To size the battery bank
you must start with consumption. And to

AURORA

Solar & Wind Inverters

YOURBESHGHDICE!

Changing the Shape of Power

1-877-261-1374 or (+1) 805-987-8741 (OUTSIDE U.S.)

EMAIL: resales-us@power-one.com
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reduce generator run time (and increase
its longevity), charge off both legs of the
generator.

Kelly Larson ® www.solarkelly.com

SHW Pipe Insulation

For several years, I've been getting solar-
heated water from my self-installed system,
with only one complaint. l used the common,
“cheap” grey-foam pipe insulation, but after
a couple of years of weather exposure, it
disintegrates, and it melts when the water
temperature reaches 200°F.

Right: Wrapping SHW piping in high-
temperature, closed-cell insulation.
Below: The same insulated pipe, sleeved
in ABS plastic to protect it from the
elements.

JACTRACI

I'm looking for the good stuff that can
endure the weather and withstand higher
pipe temperatures. What is it called, and
who sells it?

Paul Melanson ¢ Dartmouth, Nova Scotia

The insulation you want is high-temperature
closed-cell pipe insulation, and is sold
under the brand names of Halstead pipe
insulation, Rubatex (also sold as Insul-Tube),
AP Armaflex, and K-Flex. All of the closed-
cell insulations are rated for 220°F, the

minimum continuous service temperature

SMART SOLAR SOLUTIONS

sASK INEe EAFER IS

for collector loop insulation specified by the
Uniform Solar Energy Code. Home centers
and hardware stores that I am familiar with
don’t stock this specialized insulation. If you
don’t live near a major city, you may have to
order it online.

Any exterior insulation should be
protected from the elements with aluminum
wrap, aluminum tape, or other suitable
material. One very durable method I've
seen is to sleeve the insulated pipe in 2-inch
ABS (plastic drain) pipe.

Chuck Marken ¢ Solar Thermal Editor

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

write to: asktheexperts @
homepower.com

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

MORE. FOR LESS.

For innovative U.S.-made solar racking solutions

that make your job faster and easier, get JAC-RACK.

Buying direct from us means lower cost and faster

delivery. You'll also get personalized service backed

by decades of expertise. So get more innovation and

service ... for less time and cost. Visit us today at
www.jac-rack.com/hp or call 1-800-526-3491.

www. homepower.com
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SHADE MITIGATION
FOR YOUR TOOLBOX

’ = With SunMizer, optimizing
N for shade is as easy as
reaching for your toolbelt!

SunMizer™

Optimum I-V for PV F

SunMizer combines true plug and play
simplicity with proven power recovery

performance in the most cost effective tool See SunMizer at:
available for shade mitigation. ASES SOLAR 2010 May 20-22
in Phoenix, AZ at
SunMizer is installed only on shaded modules, [EEEULIECLIIULEEY
enabling higher roof utilization, greater W ,
system power and more satisfied customers. L ED i T
July 13-15
For More Information Visit www.sunmizer.com in San Francisco, CA
at AEE Solar
INNOVATIVE ¢ EX and
TECHNOLOGY FROM >\%INDL '& DC Power Systems



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
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ooking for the perfect antidote to your static solar

collectors? Want something that moves, letting you

know that it’s working? If you're ready and your site is
right, you could consider a wind-electric system.

Be forewarned that when it comes to maintenance,
challenges, and spectacular failures, wind-electric systems are
anything but “upkeep-free” or simple. But if you make good
decisions up front and stay on top of maintenance and repair,
your wind-electric system should provide years of energy for
your home or business.

Read on for some perspective on the three most common
mistakes to avoid and the three most important decisions you
need to make. Then take a look at the equipment available
today, and learn more about making a wise buying decision.

How High?

The most common mistake made with small wind-energy
systems is putting a turbine on too short of a tower. As with
any renewable electricity system, the collector must have good
access to the fuel—it needs good wind, which is somewhat
different than other renewable sources. The power available
in the wind increases with the cube of the wind speed. This
means that there is nearly 100% more power available in 10
mph winds than in 8 mph winds.

While we might perceive some puffs and gusts at
ground or rooftop level, there is little usable fuel at these
heights. The rule used by experienced wind installers
is to place the whole rotor at least 30 feet above any
obstacle (usually trees) within 500 feet of the tower or the
prevailing tree line, whichever is higher. Keep in mind
that you are installing the wind turbine for decades of
productivity—trees your turbine may barely clear today
may be considerably taller in several years. Get it right
at installation time by estimating mature tree growth and
sizing the tower accordingly.

In addition to access to winds of sufficient quantity,
the 30-foot rule also gets the turbine rotor above much of
the turbulence created by any nearby obstructions. While
turbulent winds are reduced-quantity winds, they are also
reduced-quality winds, putting considerable stress on a wind
turbine by their constant buffeting and shifting. Turbulence’s
continuous pounding strains all wind turbine components,

Wind Turbulence

Wind Direction
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buyer’s guide

These two wind turbines on very short towers underperform
because they are below the area’s tree line and very close to
obstructions.

adding to maintenance requirements and reducing the
equipment’s life.

Short towers result in a quadruple whammy: Reduced
wind speeds, more wear and tear from turbulence, less
electricity, and compromised reliability.

How Wide"?

Your wind generator’s “swept area” defines its ability to
collect wind, which is, after all, the resource you are trying to
tap. Like other renewable technologies, a small collector will
collect a small amount of energy; a large collector will collect
a large amount of energy. If you're trying to capture enough
rainwater to supply your household, water the garden, and
wash the cars, you don’t try to collect it in a thimble. And
in the same way, you need an adequate “wind collector” to
make the amount of energy you need.

Typical small wind turbines that can contribute substantially
to a home, farm, school, or business will be 12 to 70 feet in
diameter. In our list, we’ve included a few machines that are
smaller, but remember that you might not get the energy you
need out of these machines.

There’s no magic behind the blades of your wind generator
that can make dramatically more energy from the same swept
area. There’s no substitute for square footage of swept area—
the area of the wind that is intercepted by the rotor.

Turbulence slows and degrades the wind resource, both upwind
and downwind of obstructions. Note the height (H) and
distance of turbulence behind an obstruction—

an unsuitable area for a wind turbine.




guide

Bergey Windpower’s
XL.1 is the smallest
turbine listed in this
guide, with a rotor
diameter of 8.2 feet.

How Robust?

You want your wind turbine up high and to have resilience
to stay in the game for the long haul. Too many whizbang
wind generators advertise their unique features, but only
years of enduring tough conditions on tower tops will reveal
a machine’s durability and reliability.

You'll want the manufacturer you purchase from to have
some depth, too—a long history in the business of designing,
manufacturing, and supporting wind-electric systems. In our
nearly 60-plus combined years of connection with the small
wind industry, we've rarely seen a “new breakthrough”
product actually deliver on its promises. Call us skeptics, but
we’ll wait until a company has depth in the marketplace—
machines running for three to five years—before we even
start to get interested.

Courtesy www.bergey.com

Courtesy www.northernpower.com

The Northern Power Northwind 100 turbine is the largest
turbine included in this guide, with a 69-foot-diameter rotor.

Blade Diameters & Swept Area

Endurance E-3120:
3,120.0 sq. ft., 63.0 ft. diam.
Gaia-Wind 133-11:
1,425.0 sq. ft., 42.6 ft. diam.
Proven 35:

684.5 sq. ft., 29.5 ft. diam.
Fortis Alize:

426.0 sq. ft., 23.3 ft. diam.
Excel-R:

380.0 sq. ft., 22.0 ft. diam.
Scirocco:

265.0 sq. ft., 18.4 ft. diam.
Evance Iskra R9000:
246.0 sq. ft., 17.7 ft. diam.
Whisper 500:

176.0 sq. ft., 15.0 ft. diam.
Kestrel e400i:

135.0 sq. ft., 13.0 ft. diam.
ARE 110:

110.0 sq. ft., 11.8 ft. diam.
Kestrel e300i:

76.0 sq. ft., 10.0 ft. diam.
Whisper 200:

63.5 sq. ft., 9.0 ft. diam.

Northwind 100:
3,725.0 sq. ft., 69.0 ft. diam.

Halus Power Systems V-17:
2,462.0 sq. ft., 56.0 ft. diam.

WTIC 31-20:

754.0 sq. ft., 31.0 ft. diam.
ARE 442:

442.0 sq. ft., 23.6 ft. diam.
Excel-S:

415.0 sq. ft., 23.0 ft. diam.

Endurance S-343:
343.0 sq. ft., 21.0 ft. diam.

Proven 11:
255.6 sq. ft., 18.0 ft. diam.

Fortis Montana:
211.0 sq. ft., 16.4 ft. diam.

Raum 3.5:
135.0 sq. ft., 13.2 ft. diam.

Skystream 3.7:
113.0 sq. ft., 12.0 ft. diam.

Proven 7:
103.0 sq. ft., 11.5 ft. diam.

Raum 1.3:
73.0 sq. ft., 9.5 ft. diam.

XL.1:
53.0 sq. ft., 8.2 ft. diam.




buyer’s guide

Wind journalist Paul Gipe wisely notes that efficiency, price, and peak power
are meaningless without durability. A machine can be “engineered,” “an advance
in technology,” and “spectacular” in the advertisements, but when it dies on the
tower or falls off the tower, all “advancements” and claims are meaningless—a non-
operational wind turbine is a rather expensive piece of kinetic sculpture at best.

Southwest Windpower
Whisper 200

Wind System Sizing Process
A simplified wind-electric system design process looks like this:

* Determine your energy need (kilowatt-hours; kWh) per day, week, or year) and
try to reduce it via energy efficiency and conservation.

* Decide on your tower height using the 30-foot rule and estimated mature
tree height—remember, a turbine on a taller tower will always generate more
electricity than one on a shorter tower.

Courtesy www.windenergy.com

e Estimate your resource—the average wind speed at proposed machine height.

* Determine rotor diameter, based on predicted kWh at your site’s average wind
speed.
Raum Energy

e Compare all of the products in the rotor diameter range you have selected. R '
aum 1.

Consider a larger turbine if your needs will grow, or a small turbine if you will
be downsizing your consumption.

¢ Choose a specific wind generator. I‘
1

e If an off-grid system, choose balance-of-system (BOS) components—inverter, 4
batteries, etc. Grid-tied systems without battery backup are usually package
systems: turbine, controller, and inverter are matched and specified by the
manufacturer.

It’s just plain foolish to select your wind generator before you've done the
basic groundwork of determining your energy load, tower height, and wind
resource—you’d need to be very lucky to guess right. You might end up buying
a wind generator that’s too small, resulting in a disappointing investment.
Wind isn’t incremental like PV—you cannot add generating capacity to an Kestrel
existing system; you're stuck with what you installed. Upgrading to a larger e300i
wind generator will mean buying a stouter tower along with pouring a new

Courtesy www.raumenergy.com

foundation. It may also mean larger BOS components.

On the other hand, buying a wind generator that’s too large isn’t the worst
problem to have, since it will result in more energy than you really need, which
you'll likely find a use for. But you run the risk of spending more money than you
need to, so get the data first and make wise design choices up front.

To make your decision based on cost alone is downright unwise. A cheap wind
turbine that is half the price of the quality option—but only lasts two or so years—is
the most expensive electricity you can buy.

Wind Turbine Specifications

The table shows basic specs for small wind turbines available and supported in
North America. Understanding the specs will help you make intelligent choices
when it’s time to buy your turbine.

Manufacturer/importer. The wind turbines listed are either new, remanufactured Proven Energy
(in one case), or imported. For imported models, the North American contact is Proven 7
listed.

Swept area is the area in square feet of the wind “swept” by the rotor. This is
the size of the “wind collector,” and besides your average wind speed, is the single
largest factor influencing turbine output. A larger rotor will give you more energy,
all other things being equal (and they generally are).

Rotor diameter is another identifier for turbines, along with swept area,
but you should pay attention here. The difference between a turbine with an

Courtesy www.kestrelwind.co.za

Courtesy www.provenenergy.co.uk

(continued on page 52)
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Southwest Windpower
Skystream 3.7

Wind Turbine Specifications

Courtesy www.windenergy.com

Kestrel
e400i

Manufacturer Bergey SwW Raum Kestrel Proven Energy Cascade Wind
Windpower Wind Power
WWW. WWW. WWW. WWW. WWW. WWW.
Web site bergey. windenergy. raumenergy. kestrelwind. provenenergy. cascadewindcorp.
com com com co.za co.uk com
Model XL.1 Whisper 200 Raum 1.3 e300i Proven 7 ARE110
Swept area (sq. ft.) 53.0 63.5 73.0 76.0 103.6 110.0
Rotor diameter (ft.) 8.2 9.0 9.5 10.0 11.5 11.8
Tower-top weight (Ibs.) 75 65 86 165 420 315
Predicted annual energy output (kWh)
8 mph 420 794 908 973 1,704 1,629
9 mph 610 1,121 1,110 1,315 2,438 2,274
10 mph 840 1,483 1,539 1,726 3,494 3,039
11 mph 1,110 1,865 2,004 2,131 4,417 3,894
12 mph 1,400 2,254 2,479 2,551 5,627 4,801
13 mph 1,710 2,637 2,940 2,966 6,614 5,728
14 mph 2,040 3,005 3,365 3,356 7,842 6,643
Rpm 490 900 800 600 300 310
Generator type PM PM PM PM PM PM
Governing system Side furling Angle furling Tilt-up furling Blade pitch Blade pitch Side furling
Governing wind speed 29 26 23 24 27 25
(mph)
Shutdown mechanism Dynamic brake | Dynamic brake | Dynamic brake | Dynamic brake Disc brake Dynamic brake
Batteryless grid-tied .
version Pending No Yes Yes Yes Yes
Battery voltages 24 24, 36, 48 24, 48 12, 24, 48 24, 48 48
Controls included Yes Yes Yes No Yes Yes
Tower or installation
included in cost No No No No Tower (30 ft.) No
Cost: batteryless version - — $3,650 $6,440 $25,000 $12,650
Cost: battery charging
version $2,790 $3,405 $3,650 $4,138 — $11,800
Warranty (years) 5 5 5 5 5) 5
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_ Raum Energy
Raum 3.5

Courtesy www.raumenergy.com

Southwest Windpower
Whisper 500
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buyer’s guide

Fortis
Montana

-

SW Wind Power Kestrel Raum SW Fortis Evance Proven Energy
Wind Power
WWW. WWW. WWW. WWW. WWW. WWW. WWW.
windenergy. kestrelwind. raumenergy. windenergy. fortiswind. evancewind. provenenergy.
com co.za com com com com co.uk
Skystream 3.7 e400i Raum 3.5 Whisper 500 Montana Iskra R9000 Proven 11
113.0 135.0 135.0 176.0 211.0 246.0 255.6
12.0 13.0 13.2 15.0 16.4 17.7 18.0
170 331 170 155 440 660 1,323
914 2,010 2,021 1,474 3,459 3,500 2,773
1,373 2,781 3,213 2,139 4,438 5,030 BI97E
1,925 3,807 4,380 2,907 5,443 6,670 5,752
2,594 5,050 5,811 3,749 6,444 9,012 7,358
3,216 5,996 7,447 4,637 7,410 10,590 9,526
3,898 7,230 8,631 5,644 8,315 12,530 11,331
4,575 8,285 10,272 6,445 9,132 14,500 13,606
330 500 350 325 400 230 200
PM PM PM PM PM PM PM
Dynamic brake Blade pitch Active brake Angle furling Side furling Blade pitch Blade pitch
28 24 & 27 25-30 134 27
Dynamic brake Dynamic brake Dynamic brake Dynamic brake Electric Braking EIectg)rgKgamlc Disc brake
Yes Yes Yes No Yes Yes Yes
— 48 24,48 24, 36, 48 48 24 - 300 48
Yes No Yes Yes Yes MPPT Yes
Tower (33 ft.) No No No No Tower (50 ft.) Tower (30 ft.)
$9,695 $13,328 $7,000 - $15,800 - $38,000
— $11,178 $7,000 $8,795 $15,800 $18,800 —
5 5) 5 5) 5 5) 5

Courtesy www.fortiswind.com




Evance
Iskra R9000

Courtesy www.evancewind.com

Courtesy www.provenenergy.co.uk

Eoltec
Scirocco

Wind Turbine Specifications (continued)

Manufacturer Eoltec Endurance Bergey Bergey Fortis
Windpower Windpower Windpower
WWW. WWW. WWW. WWW. WWW.
Web site eoltec. endurance bergey. bergey. fortiswind.
com windpower.com com com com
Model Scirocco S-343 Excel-R Excel-S Alize
Swept area (sq. ft.) 265.0 343.0 380.0 415.0 426.0
Rotor diameter (ft.) 18.4 21.0 22.0 23.0 23.3
Tower-top weight (lbs.) 450 600 1,050 1,050 847
Predicted annual energy output (kWh)
8 mph 3,496 5,249 3,600 5,000 11,098
9 mph 4,997 7,293 5,400 7,100 14,659
10 mph 6,746 9,498 7,500 9,600 18,456
11 mph 8,687 11,781 9,700 12,700 22,344
12 mph 10,751 14,065 12,100 15,900 26,156
13 mph 12,870 16,282 14,500 19,500 29,728
14 mph 14,983 18,375 16,800 23,300 32,925
Rpm 245 166 310 240 300
Generator type PM Induction PM PM PM
. Blade pitch & . . . . . . .
Governing system stall regulation Stall regulation Side furling Side furling Side furling
Governing wind speed 26 _ 33 32 25-30

(mph)

Dynamic brake

Shutdown mechanism {opt. blade pitch) Disc brakes Crank out tail Crank out tail Electric braking
Batteryless grid-tied version No Yes No Yes Yes
Battery voltages - - 24, 48, 120, 240 - 48
Controls included Yes Yes Yes Yes Yes
Tower or installation

i o s No Tower (120 ft.) No No No

Cost: batteryless version $29,130 $35,000 — $29,500 $31,100
Cost: battery charging _ _ _

version $24,750 $31,100
Warranty (years) 5 5 10 10 5
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Bergey Windpower
Excel-S

Endurance Windpower
S-343

Bergey Windpower
Excel-R
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Courtesy www.bergey.com
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Cascade Wind Proven Energy WTIC Gaia-Wind Halus Power Endurance Northern Power
Systems Windpower Systems
WWwWWw. WwWw. WWWw. WwWw. WWW. WWwWw. wWww.
cascadewindcorp. provenenergy. windturbine. gaia-wind. halus. endurance northernpower.
com co.uk net com com windpower.com com
ARE442 Proven 35 31-20 133-11 V-17 E-3120 Northwind 100
442.0 684.5 754.0 1,425.0 2,462.0 3,120.0 3,725.0
23.6 29.5 31.0 42.6 56.0 63.0 69.0
1,600 2,424 2,500 1,984 17,000 8,800 16,100
7,081 10,759 7,295 11,535 37,820 48,145 49,099
9,910 14,826 10,689 17,004 54,966 68,890 69,742
13,198 20,400 14,966 22,962 75,165 91,758 98,996
16,819 25,057 20,066 29,127 97,850 115,746 124,508
20,628 30,895 25,836 35,263 122,375 139,955 158,135
24,483 35,448 32,070 41,167 148,090 163,647 185,793
28,267 40,863 38,552 48,676 174,371 186,254 220,558
150 150 175 56 50 41 Variable 30-60
PM PM TS Induction Induction Induction PM
alternator
. . . Blade pitch/side | Stall-regulated Electronic stall &
Side furling Blade pitch face airfoil Motor yaw Stall-regulated i (2o
25 25 25.5 — — — —
Dynamic brake Disc brake Disc brake Disc brake Disc_brakes & Disc brakes & pitch | Dynamic & disc
active yaw control brakes
Yes Yes Yes No Yes Yes Yes
_ 48 _ _ _ — —
Yes Yes Yes Yes Yes Yes Yes
No Tower (50 ft.) No R (60.ft') & No — Tower (120 ft.)
foundation
$39,600 $79,000 $43,225 $51,652 $110,000 $250,000 $475,000+
5 5 1 (5 optional) 2 (5 optional) 1 (5 optional) 5 2 (3+ optional)

www.homepower.com

Courtesy www.bergey.com
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Proven Energy
Proven 35

Cascade Wind
ARE 442

8-foot diameter and one with a 10-foot diameter might not seem large, but the
25% increase in diameter represents a 56% increase in collector size, with a
proportional increase in energy output.

Tower-top turbine weight may give you an idea of turbine durability. Although
weight itself doesn’t necessarily translate into turbine longevity, a heavier turbine
often means a more durable machine.

Predicted annual energy output (AEO) at 8 through 14 mph gives you some
general numbers to match to your site’s average wind speed and energy needs.
Note that all AEOs provided in the table were supplied by the manufacturers.
Your turbine’s performance at your site may be lower, sometimes significantly.
To be conservatively cautious, you may want to multiply the AEOs listed by
about 75%. We have no evidence that all manufacturer AEOs are overstated,
although some seem to be. It would certainly be better to underpredict AEO and
be pleasantly surprised with more electricity than to overpredict AEO and be
disappointed.

Be conservative by choosing the next larger turbine when you're not sure of
your exact energy use, if the exact size of turbine you need is not available, or if
your confidence of your site’s average wind speed is shaky. Also, AEOs apply to
locations from sea level to 1,000 feet in elevation and must be adjusted for lower
air density at higher altitudes. Your installer or turbine manufacturer can help you
crunch these numbers.

Rpm is the blade revolution speed at the turbine’s rated output. It relates
to two characteristics of wind generators: durability and sound production. A
slower rotor speed in a given class of turbines will generally mean a longer-lasting
turbine—less wear and tear on the rotating parts and less centrifugal force trying
to tear the rotor apart. It also usually means a quieter turbine. Note that lower rpm
does not mean lower production, nor does higher rpm mean higher production. In
both cases, the alternator rpm is matched to the rotor speed to get as much energy
out of the wind as possible.

Generator type has to do with how the wind system is interfaced to the utility in
grid-tied systems. Permanent-magnet and brushless alternators must interface with
the utility through a synchronous inverter with anti-islanding protection. Induction
machines do not need inverters, but have their own specialized “controllers” for
utility interconnection. In either case, the inverter or controller are specifically
matched to the wind turbine and sold with it.

Governing system describes the method the turbine uses to shed excess energy
in high winds to protect the turbine from overspeed. Some turbines tilt or “furl” the
rotor directly up or to the side, while others furl at an angle. Others use blade pitch
control, turning the blades out of their optimum aerodynamic angle so that they
don’t capture as much energy. Induction machines typically use “stall-regulated
blades,” meaning they lose aerodynamic lift as the wind speed increases beyond
a safe rpm. Blade pitching more reliably protects the wind generator. Due to more
moving parts and greater complexity, machines that have this feature cost more than
machines that furl or stall regulate.

Governing wind speed is the point at which the turbine starts governing. This
is really a range of wind speeds depending on circumstances, and not usually one
given wind speed for any given turbine, but convention dictates listing one wind
speed. A low governing speed suggests that the turbine designer was conservative,
preferring a long-lasting turbine over high peak production in the rare times of
high winds. A higher governing wind speed indicates that the turbine may eke out
a bit more energy in infrequent and potentially dangerous wind speeds.

Shutdown mechanism refers to the method used to stop the turbine for
service, in an emergency, or when you just don’t need the energy or want the
turbine to run—when on vacation or before an approaching storm, for example.
Many smaller turbines have no mechanical means to shut them down. Instead,
they rely on dynamic braking (electrical shorting of the windings), which may or
may not work in higher winds, depending on the design. Mechanical brakes are
usually more reliable than dynamic braking, under which “electric braking” and
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“electrodynamic brake” fall. Generally, larger and more expensive wind turbines
have more reliability and redundancy built into their shutdown mechanisms and i\
may use more than one braking method.

Batteryless grid-tied tells whether the turbine is available in this configuration—
normally the most cost-effective choice. Most systems are configured to be
connected to a standard 120 or 240 VAC single-phase utility service connection.

A few (typically the larger turbines) are available for connection to a three-phase
utility service—this is noted in the AEO row of the table.

If you're determined to have backup for utility outages, some battery-charging
turbines can be grid-tied via a battery-based inverter that also synchronizes its
output with the utility grid. Check with the manufacturer.

Battery voltages are listed for battery-charging turbines, so you can choose the
right turbine voltage for your battery bank. Most modern, whole-house, battery-
based RE systems use a 48 V battery bank with an inverter to supply the house with
120 or 240 VAC.

Controls included lists what you get when you buy an off-grid turbine— Halus Power
components such as a controller, a dump load, and metering. If they are not Systems
included, don’t forget to add them into your cost estimates—these components can V-17
be expensive. Grid-tied wind systems are usually sold as a package, with the wind
turbine, controls, and inverter.

Cost is the MSRP for the turbine and any included controls or inverter.
Remember that the turbine is only one component in the system—and usually
not the most expensive one. For smaller systems, a tower can easily exceed the
turbine cost. Off-gridders need to include the cost of batteries and inverter. And
don’t forget the other installation costs: excavation for the foundation; concrete and
rebar; possible crane costs; wiring and all electrical components; shipping; taxes;
and labor, if the job is contracted. Note that some turbines include tower, wiring,
installation materials, and labor costs.

Warranty is an indication of the manufacturer’s confidence in the machine,
or is set to meet the requirements for state incentive programs. Find out what is
covered—usually it’s equipment only, and not the costs of replacement shipping or
labor, which can be significant. Several of the manufacturers that offer shorter than
five-year warranties will extend the warranties for an additional cost.

Courtesy www.gaia-wind.com

Understanding Rated Output
“Wind turbine rated output” or “rated kW” is the most misunderstood specification.
Unlike PV module ratings that are standardized at 1,000 watts per square meter
at 25°C, small wind turbines have no such standard. As a result, one wind turbine
might be rated at 10 kW in a 25 mph wind; another might carry the same rating—
but at 32 mph. Because the power available in the wind increases with the cube
of the wind speed, a turbine rated at 10 kW at 32 mph is analogous to only a 5 or
6 kW turbine rated at 25 mph. In addition, your turbine will see neither of these
speeds often since the most common wind speeds for residential systems are 10 to

. : , Endurance
20 mph, with the latter seen only a very small percentage of the time. That’s why Windpower
using rated power as a performance measure is deceptive at best. E-3120

Our advice is to ignore the kW rating for wind turbines—unless you are a
wind techie using them to categorize physical sizes of the equipment. Instead,
look for documentation of the turbine’s annual energy output (AEO). Since you
are likely to install only one wind turbine, it makes sense to shop for a turbine that
will generate the amount of electricity you need each year. The kW rating does
not—and cannot—tell you this.

The American Wind Energy Association recently developed a standard for
small wind turbines to meet when marketed. In addition to the most important
measure—AEO—the standard will include a kW rating, but not at an arbitrary
wind speed. The new standard follows the European standard, and turbine
kW rating will be at 25 mph (11 m/s). Including the AEO rating will put all
turbines on a level playing field once manufacturers certify their turbines to the
standard.

Courtesy www.halus.com

Courtesy www.endurancewindpower.com
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web extra

j Learn more about wind-electric systems on our Web
Extras page: www.homepower.com/webextras.

Reputation, Not Sales Pitch

A recent study indicated that there are at least 74 wind-
turbine manufacturers in the United States offering products,
plus a comparable number of non-U.S. companies that sell
in the states. That same study also indicated that only 14
companies “have begun sales,” meaning they actually have
something to sell other than a computer simulation on their
Web site, a prototype, or “vaporware.” In other words, only
one in five small-wind companies in the states really has a
product that is available.

We have been criticized in the past for not including
“this turbine” or “that company” in our coverage. We have
included all of the U.S. and foreign firms that offer what we
understand to be viable products from viable companies—
turbines that might make good investments, and generate
AEOQO as claimed.

Don’t take our word for it—ask around. Seek out wind
turbine owners, especially of the turbines you are interested
in purchasing. What are the experiences of end users? A wind

turbine is a major expense for most people. You are going to
live with this system for the next 20 to 30 years, maybe longer.
Would you pick a car off an Internet site without at least
kicking the tires? Go out and kick some propellers—and see
what will work for you.

Never buy a turbine solely on its up-front cost, but rather
on what it will cost you over the long haul—in money, time,
and aggravation. Wind-electric systems are the toughest
renewable energy systems to maintain, with the highest
failure rate. Why? Because wind turbines live in a brutal
environment, atop 80- to 140-foot towers that are not readily
accessible if you don’t climb or if it’s -30°F outside with a
30 mph wind howling. Avoid as much pain as possible by
buying the highest-quality system you can afford.

Access

lan Woofenden (ian.woofenden@homepower.com) lives with wind
and solar energy, and appreciates reliability even more than he did
when he was a young and foolish wind newbie.

Mick Sagrillo (msagrillo@wizunwired.net) is still learning about small
wind—and not to stick his finger in the blades—after 30 years and

hundreds of wind turbine installations.

Solar powerful!

fast, easy PV mounting that lasts

Combining photovoltaic arrays with standing seam
metal roofing is made fast and easy with the S-5-PV Kit.
Crystalline PV modules mounted with the S-5-PV Kit
produce a reliable 30-year alternative power source.
The patented design of the attachment clamp and
attendant round-point setscrew enables an entire

installation without a single penetration of the roof’s
surface! If you want it strong without sacrificing your
roof, this is the right way!

S-3!

The Right Way!

888-825-3432

To learn more about the entire S-5! line of attachment
solutions visit us at www.S-5-solar.com/hp or call us at

A revolutionary new solution
to attach solar PV panels to
standing seam metal roofs!

See us at
ASES Solar
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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



by Justine Sanchez

Courtesy Michael Pendy

Even a small amount of shading can have a substantial effect on the output of a series string of PV modules.
But distributed MIPPT technologies are primed to minimize shading’s impacts.

!1 ‘ew equipment is showing up

to address the limitations
L\_ of standard single-inverter
systems. Conventional batteryless grid-
tied systems generally use a single
maximum power point tracker (MPPT)
that is housed in the inverter to
condition the energy coming from
multiple PV modules. The process tracks
one maximum power point from array
input, varying the ratio between the
voltage and current delivered to get the
most power it can.

But each PV module has differences that will cause it to
have a different MPP than its neighbors. This can be caused
by manufacturing tolerances; dust and dirt; different module
temperatures; partial array shading; and so on. The resultis that the
array’s MPP becomes a compromise between all the intermodule
variances, and additional power that may be available from some
modules (i.e., the unshaded, cleaner, cooler ones) is lost.

One solution is distributed MPPT (or “distributed power
harvesting”) equipment—electronic boxes, wired to individual
PV modules, to independently track each module’s MPP. This

hardware can manipulate the maximum available power to
deliver either a higher current or voltage, depending on the
configuration of the system (series versus parallel wiring).
Included in the category of “distributed MPPT” equipment
are specialized DC-to-DC converters, microinverters, and AC
modules (i.e., a microinverter packaged with a PV module
and UL listed as a single product).

How They Work

To understand how these devices tap into power that might
otherwise be lost, we need to understand a few rules about
combining PV modules.

Individual, module-by-module power optimizers like this one
by National Semiconductor can increase overall PV array
production in cases of individual module underperformance.

Courtesy www.solarmagic.com
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Effects of Shading on Series Configuration

C— Shading

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

35Vx3.2A
=1M2W

Total Array (unshaded): 350 Volts x 5 Amps = 1,750 Watts

Total Array (partial shading): 350 Volts x 3.2 Amps = 1,120 Watts (a 630 W loss)

Series configuration. When modules are wired in series, the
voltage of each module is summed to obtain the total voltage
of the string. The string’s current will remain that of a single
module. For example, let’s say we have ten 175-watt modules
in series—each at 35 V and 5 A.

Theoretically, the array should have 350 V and 5 A, or
1,750 W. However, what if each module’s amperage isn’t
identical to the others, as would result if a module was
partially shaded or in a different plane of orientation? When
we wire dissimilar modules together in series, voltage will be
additive. However, the current will be just above the lowest
current in the string.

Let’s say there were nine modules at 35 V and 5 A, but
partial shading on the last module reduced its output to 35
V and 3 A. The resulting array’s power would be about 350
V and 3.2 A, or 1,120 W. Notice the loss in the entire string
(1,750 W - 1,120 W = 630 W) is much greater than the loss
from the underperforming module (175 W - 105 W =70 W).

Although this example is simplified, and bypass diodes
on the array would keep the losses lower (see “Bypassing the
Bypass” for more detail), the goal in a series configuration

is to keep all the currents as equal as possible (discussed
later)—or consider parallel wiring.

Parallel configuration. When modules are wired in parallel,
the current of each module is summed, with the array’s voltage
remaining that of a single module. When dissimilar modules
are wired in parallel, the amps add up, and the voltages will
average. Wiring the same 10 modules in parallel results in an
array that will have 35 V and 50 A, or 1,750 watts. But now,
with the last module producing 35 V and 3 A, the resulting
array’s output would be about 35 V and 48 A, or 1,680 watts—a
significant improvement over the series scenario.
Microinverters and some DC-to-DC converters (such as elQ
Parallux vBoost or Tigo Energy’s Module Maximizer EP series)
accommodate parallel configuration. But instead of leaving the
module and array voltage low, they first boost the voltage to
several hundred volts, proportionally reducing the current.
Then, the high voltage (which has also been converted into
AC in the case of the microinverter) and low current is wired
in parallel. The result is that the shaded module is still able to
contribute its full power, without affecting the rest of the array.

l l l l l

35Vx5A
=175W

35Vx5A
=175W

35Vx5A
=175W

35Vx5A
=175W

35Vx5A
=175W

Note: This is a theoretical example, as all batteryless grid-tied inverters

would require substantially higher array voltage.

www. homepower.com

35Vx5A
=175W

35Vx5A
=175W

35Vx5A
=175W

35Vx5A
=175W

35Vx3A
=105W

Total Array (unshaded): 35V x 50 A= 1,750 W
Total Array (partial shading): 35V x 48 A = 1,680 W (a 70 W loss)

S7



distributed VPPT

Bypassing the Bypass

The main article’s simplified explanation of how distributed MPPT
devices work left out an important detail: the module’s built-in
diodes (usually two or three that each control a section of the
module) that help mitigate shading effects. While it's true that
the lowest current will bog down a string of dissimilar modules
in series, bypass diodes will help route power around a shaded
module (or module section) once the resistance of the module’s
shaded section exceeds that of the diode.

Batteryless grid-tied inverters actually vary the load on the array
to “activate” bypass diodes once the array’s power loss due to a
dissimilar module in series is greater than that module’s (or module
section’s) loss. This is good news for systems without distributed
MPPT—otherwise, a shaded cell could shut down an entire array.

Distributed MPPT equipment can recover the power from shaded
modules (or module sections) and keep bypass diodes from
activating, simply by finding the available peak current and
voltage from the partially shaded module, then calculating and
placing the required load on the module so that the current will
still flow through the shaded portion of the module, instead of the
bypass diode. This keeps module sections and entire modules
from going “offline” so they still contribute what they can. This
can be accomplished either via a parallel configuration where the
module voltage is boosted to match the other module voltages
and the available current is added to the total, or through a
series configuration where the current of the shaded module is
increased to match the other modules’ currents.

A thin section of tape creates partial shading for testing two
arrays—one with distributed MIPPT, the other without.

L T

e m—
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Distributed MPPT gains the bottom array an additional
412 watts (40% more output).

A test compared two rows of 11 modules: the bottom row
has Tigo Module Maximizers-ES (series) units installed on each
module, and the top row does not (see photo at left and screen
shot, above). To mimic a shading scenario on both arrays, the
two modules on the right have approximately 50% of the bottom
row of cells covered. The screen shot shows the output of all
modules under these conditions. The bypass diodes on both
shaded modules in the top row (the non-Tigo string) have been
activated—showing zero output. The remaining modules on the
string have reduced output as well (about 116 W each). When the
inverter varies the load on the array to activate the bypass diodes,
the string is no longer operating at its maximum power point,
reducing each module’s output. In contrast, with the assistance
of the Tigo devices, the bottom string is getting about two-thirds
of the output from the shaded modules, and the other modules
are operating at their maximum power (about 141 W each).

The length of time the unshaded modules on the non-Tigo string
will operate at the reduced output depends on the inverter’s
MPPT algorithms. Inverters may scan the string periodically to
find a new MPP. Another irradiance change (such as passing
clouds) also can cause the inverter to search for the optimal
peak power point for the unshaded modules and restore the
output of those modules to their MPP. Even with distributed
MPPT equipment installed, if entire PV cells have severe shading
(opacity at 80% to 100%) and their is high irradiance, bypass
diodes may still activate to prevent reverse current in the shaded
module sections.

Per-module MPPT & series configuration. A distributed
MPPT device wired to each module facilitates tracking the
highest power point (voltage and current) for each module,
but it can also manipulate that extracted maximum voltage
and current to reduce potential string losses.

Although each maximization technology is a bit different for
DC-to-DC converters, they all use DC-to-DC conversion circuits
(“DC boost” raises voltage and lowers current, while “DC buck”
drops voltage to raise current). Some solutions lower the voltage
output of the weak modules, raising their current to match that
of the stronger ones. Others raise the voltage of the stronger

Courtesy www.tigoenergy.com (3)

Tigo Energy’s
hardware

and software
suite.
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Distributed MPPT Effects on a Partially Shaded
Series Configuration

Partial
C_ Shading
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41.7Vx42A 417Vx42A 417Vx42A 417Vx42A
=175W =175W =175W =175W

41.7Vx42A 417Vx42A 417Vx42A 417Vx42A 41.7Vx42A
=175W =175W =175W =175W =175W

25V x4.2A
=105W

modules, lowering the voltage of the weaker ones (buck/boost)
to create a fixed string voltage and current.

In the example system, each module produced 35 V
and 5 A (175 W), but the reality is that every module has a
slightly different peak voltage and peak amperage. The MPPT
adjusts the load for each module to find that per-module peak
wattage. Then the maximum available power for the entire
array (i.e., the sum of all the individual module’s peak watts)
can be harvested either in a parallel configuration, or in a
series configuration by transforming the voltage to align the
string current.

Although other factors, such as module production
tolerance or temperature variances, can change a module’s
peak power output, let’s continue with the simplified shading
example (9 modules with 35V, 5 A output, and one with 35V,
3 A). The theoretical total watts available would be 1,680 W
[(9 x 175 W) + 105 W]. Now, we can set the MPPT equipment
output voltage to whatever we want and transform the
voltage in the DC-to-DC device to set the current as well.

In the case of DC-to-DC converters using a series
configuration, the output voltage can be set to one that
is efficient for the centralized inverter. For example, the
SolarEdge PowerBoxes are typically configured so that the
total output voltage of the array (i.e. the inverter input
voltage) is 400 V to work with their SolarEdge inverter. The
output of each PowerBox is set to have a consistent amperage,
and the summation of the voltages will equal 400 V.

Following our example: 1,680 watts + 400 V = 4.2 A—this
sets the current (amps) goal of each module/MPPT pair (for
consistent amperage in series). Each PowerBox will alter
output voltage to achieve 4.2 A. With the nine similar modules,
voltage will be boosted to about41.7 V (175 W + 42 A =41.7 V).
The voltage of the PowerBox attached to the shaded module
will be dropped to 25 V (105 W + 42 A =25 V).

A series configuration would yield 400 VDC at 4.2 A for
1,680 W [(9 x 41.7 V) + (1 x 25 V)], not including conversion
losses, which are discussed later. Compare this to the 1,120 W

www.homepower.com

Total Array (unshaded): 350V x 5 A= 1,750 W
Total Array (partial shading): 400V x 4.2 A= 1,680 W (a 70 W loss)

that comes from this series configuration not using distributed
MPPT equipment.

The values used in these examples are theoretical and do
not account for the impact of bypass diodes (see “Bypass”
sidebar). Explanations also are simplified. In reality, there are
several ways to achieve this end result: For example, Tigo’s
equipment uses a technique called “impedance matching” via
transistors, rather than directly alternating voltages.
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eiQ Parallux vBoost units raise voltage and are wired in parallel
to capture maximum power. Because these units can accept up
to 350 W, more than one module can be wired to each unit.
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The SolarEdge PowerBox MPPT
units are specifically designed
to work with the SolarEdge
inverter’'s voltage input
window, increasing efficiency.

Pros

Several of these products have added benefits, such as
module-level monitoring (see the “Equipment” table). MPPT
hardware attached to each individual module also can capture
module performance data for monitoring each module in the
array. Typically, this data is uploaded to the manufacturer’s
Web site via a separate systems communications box that is
linked to an Internet gateway.

While module-level data monitoring is common for
microinverter systems, whenincluded with DC-to-DC converters,
this feature also gives centralized inverter systems (for new
systems or as a retrofit to older systems) the same capability.
Monitoring each module’s performance can help users quickly
spot problems within the array. For example, a module with a
bad diode (which can keep an entire section of a PV module
from producing power) will be easy to spot. Without module-
level monitoring, that problem would likely remain undetected.

Another feature available on some units is the ability to
limit PV power at the array, remotely. Normally, PV arrays
cannot be shut down when the sun is shining on them—
even if you disconnect the balance-of-system equipment,
high-voltage DC will still exist at the PV array, unless the
modules are covered. With some distributed MPPT systems,
commands can be issued to each box to disconnect each
module from the next.

Courtesy www.solaredge.com (2)

In systems utilizing DC-to-DC conversion, the voltage
of an array normally operating at up to 600 VDC can be
reduced to the voltage of a single module (from 17 to 70 VDC
for crystalline PV modules), or less with some distributed
MPPT equipment. The means for accomplishing this varies
by product. For example, Tigo uses a “safety” button (via
the on-site communications box or activated online, but the
communications box requires AC power to do so). SolarEdge
units are programmed to switch into “safety mode” whenever
the inverter is shut off. In microinverter-based systems,
shutting down the AC disconnect (or PV backfed breaker)
automatically shuts down each microinverter and thus each
module’s AC output.

Forthcoming safety requirements could significantly
impact the distributed MPPT market. A potential National
Electrical Code requirement (slated for 2011) calling for “DC
Arc Fault Circuit Protection” devices may be implemented.
This protection device could be built into distributed MPPT
equipment to limit the potential for arc faults in PV arrays.
Placing them at the module level increases the protection
for the rest of the PV circuit, as opposed to placing that
protection further downstream (for example, at the inverter).
In anticipation of this new requirement, a few distributed
MPPT equipment manufacturers are already including this
feature in their equipment (see table).

L

As the only microinverter
currently available for the
residential PV market,
Enphase has been leading
the industry in AC MPPT
technology.

Online monitoring is now
available as an iPhone app.
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distributed VPPT
Products for MPPT of Individual Modules

Retrofit Unit

Option Module- Remote Required

(Existing Series / Matching Level Shut- Arc Fault for Each Warranty
DC-to-DC MPPT Model Inverter) Parallel Inverter Monitor Down Protection Module? Efficiency Cost*** (Yrs.)
elQ . Parallux Yes | Parallel No Yes Yes Yes No* 97-98% $99, $139 20
www.eigenergy.com
SOIarEdge oy No Series Yes Yes Yes Yes Yes 98.5% K.'ts $:.3’597 Oz 25
www.solaredge.com Box incl. inverter
Nati(_’nal ,\S/Iglgai:: Yes Series No Yes No No No 98.5% reﬁliﬁig §i709de 20
Semiconductor — .
www.solarmagic.com SM3320 No Series No No Yes Yes No 99.5% $75 25

Maximizer . .
. Yes Series No Yes Yes Pendin Yes 99.6% $56 20
Tigo Energy ES 9 0
www.tigoenergy.com Lleiniel No Parallel e Yes Yes Yes Yes 97.5% $79 20
EP (Kaco)

Xandex Sl Yes | Series | No No No No No 98.0% $250 20
www.xandex.com Mizer
Microinverters
Enphase Enphase — Parallel N/A Yes Yes No Yes 95.0% $230 15
www.enphaseenergy.com

*More than one module can be wired into a single unit; **Module-integrated; ***Communications equipment and online system monitoring access costs

not shown

Cons

So, what are the drawbacks? The most obvious is increased
up-front cost compared to the traditional centralized inverter
approach. But does the increased energy production and access
to additional features (monitoring and safety) pencil out with
the additional equipment purchase and installation time? It
depends on the PV system’s specifics: the amount of array
shading (the more shading, the more likely increased energy
can be harvested with these devices); various orientations/
tilt angles; or different models of PV modules within the
same system. Chances are, if your system does not fit into
these categories, the additional cost of the equipment will
not balance out with the increased energy yield. However,
the desire to add module-level system monitoring or the
safety features included may be enough to tip the scales
for some system owners. Several manufacturers are taking
steps to integrate their MPPT devices into the modules to
decrease overall system cost and installation time. National
Semiconductor’s SM3320 unit is one example.

Another consideration is that these devices use some
energy to perform their functions. The question is, then, does
the increased energy harvest exceed the energy lost in the
device? If so, by how much? Again, the answer depends on
the PV system’s specifics, such as the amount of shading and
any module mismatch. DC-to-DC converter efficiency ranges
from about 97.0% to 99.6%. Parallel configurations are on the
low side of that range, due to the significant voltage boosting
that they must perform. To fairly compare these systems
against microinverter-based ones, you'll also need to account
for the centralized inverter’s efficiency.

These products are new to the industry—there is not yet a
track record. All claim to have performed some field-testing and
“accelerated life testing” on their products, but it is difficult to
predict if the thermal cycling these units endure will take a toll
on their electronics—yet most carry 15- to 25-year warranties.

www. homepower.com

Comparing Your Options
Currently available, UL-listed DC-to-DC converters and micro-
inverters are compared in the table, including the following:

* Retrofit option—Can the product be installed on the
existing system with an existing inverter? Most of the
DC-to-DC converters can be used with an existing system
that has a central inverter. Microinverter systems will
generally only be installed on new systems, since most
folks will not want to get rid of an already purchased and
installed central inverter. In either case, make sure your
modules” voltage and amperage are compatible with the
equipment you are using.

e Parallel or series configuration—All microinverter
systems will connect to each other in a parallel
configuration (voltage stays constant; current is additive).

@ SunMizer|
Xandex's = -V C ‘ ,
SunMiser units ]
only need to
be installed on
modules that
have shading,
reducing up-front
costs.

Courtesy www.xandex.com
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distributed VPPT

DC-to-DC converters are designed for either, but not
both, parallel or series (voltages are additive; current
stays the same).

Matching inverter available—Some DC-to-DC converters
can be matched to specific inverters, which are altered and
optimized for use with this equipment, further increasing
system efficiency. (Currently, SolarEdge PowerBoxes can
only be used in systems with a SolarEdge inverter.)

Units required—Is one unit needed per module, or
only needed on shaded modules? Can multiple modules
connect to one unit? If you do not need to install a unit on
every module in the string, you can reduce your up-front
cost. However, other benefits, such as tracking MPPT
individually for all modules, module monitoring, and
array safety features, may not be available.

Cost per unit—If one unit is required for each module, you
will need to multiply this times the number of modules in
the array, and add any other desired /needed components
online
monitoring/subscription contracts, etc.) to calculate the
full cost. SolarEdge pricing is for kits, which include
several power boxes and their inverter.

expenses (such as communications equipment,

Out of the Shade

Sage solar advice is to install PV arrays on shade-free, south-
facing rooftops. While good counsel, what about sites that
have a little shading, multiple module types, or multiple
orientations? The boom in residential grid-tied systems is
pushing manufacturers to devise solutions, since shading,
module variations, and using various roof planes are a reality
for many installations. Distributed MPPT products are one
solution, yet viability for your installation depends on the
circumstances.

Another indicator that this technology is on the rise is
the many more manufacturers—in addition to those listed
here—that are in various stages of developing their own
distributed MPPT products, including Enecsys, Exeltech,
Greenray, SMA/OKE, Direct Grid, and SolarBridge. In the
years to come, it will be interesting to see which products will
ultimately be standing out in the sun—or rather, under the
shade of the modules.

Access
Justine Sanchez (justine.sanchez@homepower.com) is a NABCEP-
certified PV installer, Home Power Technical Editor, and Solar Energy

International instructor.

The TriMetric

Basic Battery
System Monitors

Display vital battery system data to help users provide
better battery care, conservation awareness and aid
system maintenance: « Volts « Amps « Amp-hours

« Battery% full - Days since charged

! I
——

Traditional TM-2020

(without optional enclosure) $169

TM-2025-RV features:
12-48V operation standard.

Higher lightning resistance. Smaller
package includes enclosure. Also
Watts. Records system analysis
information to help find system
problems. $180

NEW! TriMetric
TM-2025-RV

(orommerst /

The PentaMetric

The choice for advanced system analysis
and maintenance.

» Data Logging - records
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.

The PentaMetric System with (non internet) RS232 computer
interface $320
Optional LCD Display unit (shown above) additional $199

details at: www.hogartengineering.com
BOGART ENGINEERING (831) 338-0616 19020
Two Bar Rd. Boulder Creek, CA 95006 USA
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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.

i A R el » 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




Discover the Newest Star
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Choose FlexSure® solar tubing for a stellar
connection between solar thermal panels
and your hot water storage tank.

(% T TS OF FLEXSURE SOLAR TUBING

i
>ontinuous runs allow for bending around
. corners and obstacles

3 '-__,'-'- Minimal energy loss through tubing because
~of high R-value insulation

"« Closed cell elastoreric EPDM insulation
* Tough cover stands up to installation conditions
* 316L corrugated stainless steel tubing

* Self-flaring, reusable fitting: No special
tools required

* Pre-insulated tubing saves time and money

4 ol o0 * Made in the USA
le BE)
-’_i"r = n T w

piind SHkLAR

* -*"" o Call 1-800-662-0208 or visit www.flexsure.net

= . ¥ FlexSure® — Flexible Stainless Steel Tubing Systems
J Titeflex Corporation
603 Hendee Street ® Springfield, MA 01104



Time is money and Soleciria Renewables can save you bolh on your next installation. Our
factory-built integrated panel assemblies come complele with inverier{s), ACIDC disconnecis,
meler and web-based monitoring if required. They are easy to install and easy lo order, giving

you the competitive edge.

For complele oplions and specificalions. visit our websile www.solren.com or any of our value
added distributors.

or B 7 PO

Grid-Tied Invortors, kKW-MW  Inveriers@solren.com  www.solren.com  Boston - STREELITOO0




BACKUP ELECTRIC
WATER HEATERS

Ready to retire your old electric tank-
style water heater? Here’s what to
consider before you replace it.

by Chuck Marken

Heating domestic water can consume up to 25% of a home’s
energy budget, so the choice of heater and energy types is
important. Conventional fossil-fuel choices include natural
gas, propane, fuel oil, and electricity, although electricity
can also be derived from renewable sources, such as large-
and small-scale hydro-electric generation, geothermal, wind,
solar, and biomass.

While natural gas and propane-fueled heaters tend to be
more economical choices at present, that may not always be
the case as prices increase. Regardless of the conventional
energy source used for water heating, you can use a solar
thermal system for preheating. And pairing that with an
electric backup heater powered by a grid-tied PV system can
offer longer-term savings and sustainability.

Tank-Style or Tankless?

Conventionally fueled water heaters are available as either
storage-tank versions or tankless (instantaneous or demand)
models. Storage-tank heaters are the standard in the United
States, while instantaneous heaters are more common in other
countries. To some extent, this is due to the prevalence of hard
(mineral-rich) water that can scale the small waterways in an
instantaneous water heater.

Compared to fossil-fuel-fired tanks, which have an
uninsulated vent pipe exiting the middle of the tank top,
electric tanks typically have lower standby losses. (The
exception is super-high-efficient, condensing gas-fired water
heaters that use PVC pipe for a flue.) Lower standby losses
combined with the possibility of RE-generated electricity
make electric tanks attractive for use as a backup for solar hot
water systems.

Instantaneous heaters are more efficient than storage-
tank-style heaters since they have no tank to incur standby
losses, but the heaters themselves are usually more expensive
than common tank types. Plus, their retrofit can be expensive.
For gas units, a retrofit can require adding gas piping and
venting; for electric units, household electrical service may
have to be upgraded.

66 home power 137 /june & july 2010
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Some High-Efficiency”* Electric Tank-Style

Water Heaters

water heaters

Capacity Warranty First-Hour Energy
Manufacturer Model (Gal.) (Yrs.) Rating (Gal.) Factor
Rheem Imperial 83XR40-2 40 10 55 0.95
www.rheem.com Imperial 83XR52-2 50 10 67 0.95
Conservationist 40 10 56 0.95
A. O. Smith Conservationist 50 10 60 0.95
www.hotwater.com Conservationist 66 10 72 0.95
Conservationist 80 10 81 0.95
40 10 56 0.95
g 50 10 60 0.95
State Industries Premier (tall models)
www.statewaterheaters.com 66 10 72 0.95
80 10 81 0.95
Whirlpool Energy Smart .
www.whirlpoolwaterheaters.com EE3J40RD045V L 2 it izl Tk
el 1%&% lRIEA 50 12 61/68 0.95
Maytag
866-362-9898 (ext. #2) i :
Series 12 FC: HRE212 80 12 86/92 0.95

*Note: Selections based on an EF = 0.95

Electric Water Heating Basics

Electric water heaters use electrical resistance heating. If
you run too much electrical current through a wire, it will
get hot—glowing hot—just before it melts. The current in
all modern home electrical systems is limited by a fuse or
circuit breaker to ensure the household wiring doesn’t get
overheated and melt. Hot wires can cause devastating fires,
but the concept is useful for obtaining usable heat.

Elements in heat-producing appliances are usually made
from nichrome—an alloy of nickel and chrome with a high
resistivity. Nichrome-wire water-heater elements are covered
with copper or stainless steel to protect the nichrome, but still
allow the heat to be transferred to the water.

Except in the smaller sizes, electrical water heater
elements are rated at 4,500 and 5,500 W. The higher
wattage and stainless-steel covered elements are associated
with more expensive heaters. What does the extra 1,000
W get you? Quicker recovery time. Residential tank-type
electric water heaters with storage capacities greater than
20 gallons have a top and bottom element, but the elements
are never on at the same time due to thermostatic controls.
A 4,500 W element will heat 40 gallons of 60°F groundwater
to 120°F in about 80 minutes. A 5,500 W element heater will
recover or heat the same amount in about 65 minutes. For
an 80-gallon tank, the recovery time would be doubled
since it uses elements of the same size. Many larger heaters
just use 5,500 W elements (see “Useful Conversions &
Calculations” sidebar).

There are a lot of choices in the electric water heater market;
volume and efficiency are important variables.

www.homepower.com
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Useful Conversions
& Calculations

e 1 Btu is the amount of energy required to raise 1 Ib. of
water 1°F; a Btu is used to describe the amount of heat
energy in fuels

¢ 1 gal. of water weighs 8.34 Ibs.
e 1 kW of electricity equals 3,412 Btu/hr.

e A 4,500 W element produces an equivalent of 15,354
Btu/hr.

e A 5,500 W element produces an equivalent of 18,766
Btu/hr.

Heating a 40 gal. tank with a 4,500 W element:

8.34 Ibs. per gal. x 40 gallons x [120°F — 60°F (rise in
temperature)] = 20,016 Btu needed

20,016 Btu + 15,354 Btu/hr. (heat produced by a 4,500 W
element) = 1.30 hrs.

Heating an 80-gal. tank with a 5,500 W element:

80 gal. x 8.34 Ibs. per gallon x 60°F (rise in temperature)
= 40,032 Btu needed

40,032 Btu + 18,766 Btu/hr. (heat produced by a 5,500 W
element) = 2.13 hrs.

How Much Hot Water Do You Need?

Do you know how much hot water you use each day?
If so, you are in a small minority of the U.S. population.
The U.S. Department of Energy estimates that the average
American uses 15 to 30 gallons of hot water per day. Water
heater manufacturers recommend a 40-gallon water heater
for households of three or fewer, while 80-gallon tanks
are recommended for families of up to five. Residential
water heaters are available up to 120 gallons. Although
most households can get by with smaller-than-recommended
electric tank-style water heaters, some loss of convenience
might be encountered because of the additional recovery
time.

Most experts agree that the first-hour rate (FHR) is
especially important for tank-style water heaters. If hot water
is drawn out of the tank faster than the water heater can heat
incoming cold water, the water temperature in the tank will
start to decrease.

Heat Loss—A Big Deal or Not?

One disadvantage to storage-tank water heaters is heat loss
of the tank to the surrounding air. Fossil-fueled tank heaters
have additional loss from the central chimney, which cannot
be insulated. But how much energy is lost depends mostly
on the tank’s level of insulation. Most modern tanks, which
are insulated with expanded polyurethane foam, have an

A threaded electric water heater element, covered in stainless
steel so it can be immersed in the tank.

insulation rating of about R-6 per inch, as opposed to the 1
inch of fiberglass insulation (R-3) used 30 years ago. Many
modern water heater tanks also have little flapper valves at
their inlets and outlets to slow heat lost through the system
piping.

Information on tank heat loss is sometimes hard to find,
but the calculation is fairly easy if you have a few numbers.
You'll need the surface area of the tank, the temperature
difference between the tank and the surrounding air, and the
R-value of the tank’s insulation.

For example, on a recent visit to the Web site of a well-
known appliance manufacturer, models of electric water
heaters with 1,2, and 3 inches of non-CFC (chlorofluorocarbon)
foam insulation were listed. While the insulation value wasn’t
given, we'll assume it was R-6 per inch.

The 40-gallon model with 2 inches of insulation had
an outside diameter of 20 inches and a height of 4825
inches. Subtract the insulation thickness (4 inches from each
dimension) and we get a tank measuring 16 by 44.25 inches.
Since the tank is a cylinder, use the following formula to
calculate surface area:

A =2mr2 + 2nrth = (2 x w x 82) + (2 x 7w x 8 x 44.25)
=402.12 in.2 + 2,224.25 in.2 = 2,626.37 in.2 or 18.24 ft.2

The difference in the tank and air temperature can vary
depending on the tank’s location and its thermostat set
point: If located inside, water heaters typically experience air
temperatures between 60°F and 80°F. An electric water heater
thermostat can be set from about 110°F to 140°F.

Example: A 40-gallon water heater with 2 inches of foam
insulation is located inside, where the temperature averages
70°F. The heater’s thermostat is set to 120°F.

First, find the difference in temperature between the
heater and room air:

120°F - 70°F = 50°F

The 40-gallon tank’s surface area is 18.24 square feet (see
above). The insulation is 2 inches of foam with a factor of R-6
per inch, or R-12 total, which translates into 12 hr.-ft2-°F/Btu.

18.24 ft.2 + 12 hr.-ft.2.°F/Btu = 1.52 Btu/hr..°F x 50°F =
76 Btu/hr. heat loss
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High-Efficiency Water Heater Comparison

Energy Savings Approx.
vs. Min. Lifetime
Type Standards Best Climates (Yrs.) Major Advantages
Tank 10-20% Any 11** Lowest purchase cost
Tankless (gas or electric) 45-60% Any 20 Unlimited hot water
Heat pump 65%* Mild to hot 10 Most ef_flment glect_rlc fuel option
in certain climates
Solar with electric backup 70-90% Mild to hot 20 Largest energy savings of RE options

Chuck Marken

* Compared to electric resistance. **Maintenance (i.e., replacing anode rods regularly) can extend tank life

Source: U.S. Environmental Protection Agency

The same tank with 1 inch of insulation would be:
18.24 ft.2 + 6 hr.-ft.2.°F/Btu x 50°F = 152 Btu/hr. heat loss
The same tank with 3 inches of insulation:
18.24 ft.2 + 18 hr.-ft.2-°F/Btu x 50°F = 51 Btu/hr. heat loss

Assuming an electricity cost of 10 cents per kWh, a tank
with 1 inch of foam insulation will have a daily standby loss
of a little more than 1 kWh, or 10 cents. The tank insulated
with 2 inches of insulation would have a daily loss of about

The cutaway of a modern tank-style water heater reveals a
thick layer of foam insulation, an electric heating element,
and the cold water fill tube.
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www.homepower.com

0.5 kWh, or 5 cents, and the tank insulated with 3 inches of
foam would have daily loss of about 0.35 kWh, or 3.5 cents.
Annual costs for standby losses would be about $37 for the
1-inch insulated tank, about $19 for the 2-inch insulated tank,
and $13 a year for the 3-inch tank.

Water Heater
Conservation
Measures

Water heater tank losses are proportional to their
environment. In cold climates, the best location for a
water heater is in a heated space. A water heater in an
unheated garage or basement can lose much more heat.
In southern locations with mild winters and six months of
air-conditioning loads, an inside location is of no value—in
these places, summer cooling costs might exceed winter
hot water savings.

Water heater blankets, available at most home centers
and online, are a great strategy for insulating virtually
any tank if you have room to wrap it. Blankets are
more valuable on tanks in unheated locations in cold
climates and covering indoor tanks in areas with high
air-conditioning requirements. Even used on a well-
insulated tank, the blanket’'s low cost will always return
the investment over the tank’s 20-year life span. (With
care and extra white tape, blankets can be reused on a
similar-sized replacement heater.)

Wraps that will cover a 60-gallon tank with an extra
insulation value of R-7 to R-10 are available for less than
$20. Adding that much foam at the factory could cost
more than $100. If you're buying a new tank, a blanket
can save you money immediately—the price difference
between a tank with 1 inch of foam and 2 inches is
always more than the cost of a wrap.

You can easily see where the $20 blanket with more
insulation value than an inch of foam is a good deal.
However, with insulation values of R-3 per inch—
compared to R-6 per inch for foam, blankets have space
limitations—you’ll only be able to wrap so much around
the tank depending on the amount of room between the
tank and its surroundings.
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Solar Water Heating

The best option for the planet—
and maybe your pocketbook

Electricity is often a more expensive choice in places
where natural gas is available. Whenever gasoline is
less than about $3.50 a gallon, propane and fuel oil are
normally less expensive, too. This varies across North
America but it is the rule rather than the exception.

With today’s increasing electricity rates, households with
electric water heaters can make a stronger economic
case for solar water heating systems—although pairing a
solar preheating system with a gas-fired system can also
offer financial savings.

Solar water heaters are available in five different
configurations (see Access). Very simple batch-type
water heaters and thermosyphon systems (integrated
collector and storage systems) are very effective in mild
climates such as the southern tier of states and Mexico.
Simple direct forced-circulation systems are popular
in Hawaii and other climates where freezing isn't an
issue. In most of the United States and all of Canada,
two types of freeze-protected systems are used: closed-
loop antifreeze and drainback. Drainback systems are
favored by installers in mild to moderate climates, while
antifreeze systems are popular for colder climates.

The return on investment (ROI) of a solar water heater
depends upon the solar resource, local incentives, and
to a lesser extent, the climate. Solar water heaters work
best in areas with mild climates and lots of sunshine.
They will work in cold, cloudy climates but the ROl is not
as attractive. Many states and utilities have instituted
incentive programs in addition to the 30% federal tax
credit. For most locations in the United States, any
combination of incentives that total 50% to 60% of
system costs will cut the payback period of a solar water
heater to less than 10 years.

If a water heater has a expected life of 20 years, the cost
differences of our simple calculations give us a little guidance.
Assuming foam insulation with an R-6 per inch and a 40-
gallon tank, and the cost of electricity at 10 cents per kWh, the
standby loss costs can be estimated for a period of 20 years
and will depend on the insulation thickness (see “Standby
Loss Costs Over 20 Years” table).

This is a simplified way of calculating the heat loss, but
it has some merit for calculating the value of insulation. It
can also give some guidance when considering a tankless
water heater retrofit. Heat loss is a moving target, since tank
temperature, air temperature, and groundwater temperatures
change over time. More heat is lost out of the top of the tank
than the bottom due to stratification. Higher electricity rates
will increase the standby energy savings of a tank with more
insulation. And, keep in mind that a larger tank will have
more standby loss because the surface area is greater.

Standby Loss Costs
Over 20 Years

Insulation (In.) Standby Loss Cost Difference
1 $740 =
380 $360
3 260 120

A 40-gallon electric water heater with 2 inches of insulation
will pay for itself in life-cycle costs if its initial cost is less than
$360 more than a tank with 1 inch of insulation (at 10¢ per
kWh). Increasing to 3 inches of insulation is not as clear as
a money-saver, but it will surely save more energy. As with
home insulation, there is a point of diminishing economic
return with added tank insulation—2 inches of foam may be
close to that line.

Both electric-resistance storage and tankless water
heaters present limited individual energy savings potential
and are rated by energy factor (EF)—a measurement of
water-heater energy efficiency. According to the DOE, the
perfect electric-resistance water heater could not exceed an
EF of 1.0 due to this technology’s physical limitations. The
highest-efficiency, electric tank-style heaters achieve a 0.95
EF and the best electric-resistance tankless water heaters
achieve a 0.99 EF.

Access

Solar thermal editor Chuck Marken (chuck.marken@homepower.
com) is a licensed plumber, electrician, and heating and air-
conditioning contractor in New Mexico, installing and servicing
solar thermal systems since 1979. He is an instructor for Solar
Energy International and the Department of Energy’s Solar America
Cities Program, and teaches solar workshops throughout the United
States.

Further Reading:
“Solar Hot Water: A Primer,” by Ken Olson, HP84

“Solar Hot Water Simplified,” by John Patterson, HP107
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Eltron is your one stop source for thermal solar products.

SOLKIT 2 includes:

STIEBEL ELTRON

- STIEBEL ELTRON
Simply the Best
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Puzzled? We’ve Got the Solution.

Z Q- 0/mo

>
@ >
o
™
Rl

mOZ M — A M| T < m
<

L
E

F

FIRLIEINIDILIY D

G| R UM R
GI%EN Gmmmﬂﬂﬁﬂmm
Emﬂﬂﬂﬂuﬂﬁﬁﬁﬂ

H
Y

E w
1 IN|TIE[R|T|I|E
ANY N

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

RESIDENTIAL AND COMMERCIAL

Experience, Expertise, Excellence

We live on renewable energy, have 20 years of experience, and
have established over 500 systems. Your best resource is a local
pro. We serve Northernmost California and Southern Oregon.
Custom Renewable Electricity systems designed to meet your
needs and site, not a “one-size-fits-all” installation that does
nothing well.

Ask us about all available incentives, state and federal tax credits,
and grants. We do the incentive and state paperwork for you.

Oregon Dept. of Energy Tax Certified Contractor.
Financing available in Oregon.
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Authorized Distributor Authorized Distributor Authorized Distributor

WE PROVIDE COMPLETE SERVICE:
* Solar

* Wind

* Micro-hydro

* Water Pumping

* Load Analysis

* Local Site Survey

* System Design & Installation

* On-Grid and Off-Grid

* User Training & Tech Support

Trust IPF iPOWERLIT]

Authorized Distributor

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



Mount the Backplate

Mount the BP-MMP backplate to the wall on 16 inch
centers. The back plate is 16 ga. powder-coated
steel and features 14-20 pemnuts for fast installation
of the inverter and MMP enclosure.

MacraSme

Install the Inverter

Place the inverter/charger on top of the enclosure
and secure with supplied bolts. The enclosure
supports the weight of the inverter/charger, allowing
one person to install a 60 b inverter/charger without
help. The DC positive and negative buss bars are
preinstalled, connecting the DC once the inverter is
in place. Connect the AC input and output wiring,
battery cables, and optional DC breakers.

Install the MMP Enclosure

Start four of the supplied %4-20 bolts into the
pemnuts to mount the MMP enclosure. Four
mounting keyholes allow you to simply place the
enclosure over the bolts and tighten them without
having to support the enclosure during installation.

Done™=

Attach the optional ME-RC or ME-ARC remote
control to the front cover, install the front cover,
and you're done.
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To learn more about the MMIP and other Magnum products visit www.magnumenergy.com
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MODERN PV ROOF MOUNTING

Faster & Less Expensive

by Rebekah Hren

for solar arrays, there’s a good chance you’ve been bitten

by the solar bug. The low-pitched roof on a ranch house
sitting out in the wide-open sun—hey, that’s a good one for
solar! How about that 1920s Craftsman bungalow, or the
new mini-mansion with the steep, slate-covered trapezoidal
roof? What are the PV possibilities for roofs like these? And
what innovations are making roof-mounted systems easier to
install, more durable, and less expensive?

Any PV system needs sufficient sun access: a steady,
unshaded six hours a day (generally, from 9 a.m. to 3 p.m.)
is recommended. Several other factors come into play for
roof-mounted systems: the roof’s pitch and azimuth, plus
the roofing material itself. Standing seam, face-fastened,
corrugated or shingled metal, asphalt (a.k.a. composition or
“comp”) or wood shingles, slate, concrete, clay or spanish
tile—whatever the surface, a manufactured mounting solution
is available, although that doesn’t mean every installation will
be straightforward or simple.

If, while traveling, you keep your eyes on roofs looking

For nearly a decade, the most common pitched-roof PV
racking systems have been based on “top-down mounting.”
This method uses compression clips or rails to secure the
module frames, rather than bolting through the holes in the
back of the module frame. Top-down mounting incorporates
roof brackets, rails, and module clips of various designs.
The metal frames for most modules are made of anodized
aluminum of varying heights and gauge. Accordingly, most
racking systems can accommodate hundreds of different
makes and models of modules, with only a change of clip
height, color, or style.

The goals of the PV industry include reducing system
cost, improving efficiency, and increasing safety and
longevity. Much research and development has focused
on modules and inverters—but there has been only
incremental change in racking methods. Top-down racking
systems incorporate costly raw materials, including
metal attachment brackets and standoffs, rails, clips, and
hardware. Those parts and pieces can be time-consuming

home power 137 /june & july 2010

£
S
S
=
=
5
El
=]
£
=
K]
S
=
2
2
=
>
@
2
El
]
o



PV Output at Various
Angles & Orientation*

% of Maximum Annual Output
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*For a 2 kW array in Pittsburgh, PA

Pitch & Azimuth

The pitch (or slope) of a roof matters—first to the installer
trying to mount modules, and second to the system’s
energy production. The azimuth, or compass direction
the roof faces, factors in as well. For most sites, the more
closely a roof's azimuth aligns with true south, and the
closer the pitch is to the site’s latitude, the higher annual
energy production will be.

When estimating the solar potential of a roof, slope and
azimuth are used along with historical weather data and
shading percentage to figure out how close to optimal
the site is. The National Renewable Energy Laboratory’s
PVWatts calculator (www.nrel.gov/rredc/pvwatts) is a
popular and accurate tool for estimating production.
When user error is avoided with correct data input, the
estimates prove to be high-quality when checked against
real-world figures.

The graph (above) shows the production and percent
of maximum for a 2 kW array at different pitches and
azimuths, including the optimal tilt and true south
orientation, in Pittsburgh, Pennsylvania.

While a general rule is that tilting equal to latitude
maximizes annual production in fixed grid-tied systems,
there are many locations where the maximum occurs at
a tilt angle lower than latitude. For example, the latitude
of Pittsburgh is 40.5°, but highest annual production is at
a tilt closer to 30°. Local climates can affect the general
rule—in Pittsburgh, short winter days can be much
cloudier than long summer days, so maximum annual
output occurs at a lower tilt that is more perpendicular to
the summer sun, high in the sky. Even at a 20° pitch, with
other variables held constant, a system will still produce
98% of that highest production value.

Local weather conditions also affect the ideal orientation
for an array. For example, coastal communities may
have morning fog, in which case orienting the array
toward the west may result in better production.

www. homepower.com
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roof mounts

to install, and grounding the racking system takes extra
care and additional materials.

Racking generally accounts for 5% to 10% of an installed
system’s materials cost and between 20% and 40% of the
labor cost. If installed system cost continues dropping, due
to module per watt price decreases, but racking material
and labor costs stay the same, those percentages will creep
up. Thus, racking has found itself squarely in the sights of
innovation.

Reducing Materials

Pitched-roof racking needs to be lightweight, yet strong
enough to withstand at least 25 years on a roof that’s subject
to intense physical stresses (including wind, snow, UV
exposure, and extreme thermal cycling). Racking systems
have traditionally used substantial quantities of expensive
and high-embedded-energy materials—mostly anodized
aluminum and stainless steel for strength and longevity.

To reduce costs and “energy payback,” racking
manufacturers are engineering solutions that use fewer raw
materials, while maintaining strength and integrity. One
such solution entails eliminating the rails that traditionally
attach to roof-mounting brackets and run beneath or between
modules. Both Zep Solar and Akeena Solar have introduced
PV array systems featuring a slot in the module frame that
enables rapid installation and grounding—without rails. Zep-
compatible module frame slots couple directly to adjacent
modules and to roof-mounting attachments (customized
and flashed for a variety of roofing surfaces). Andalay’s slot
attaches to roof-mounting brackets, but doesn’t couple to
modules. Instead, a splice rod is inserted through holes in
the frame.

Zep Solar uses Canadian Solar modules that are factory-
modified with a mounting groove. Akeena’s Andalay
product uses modified SunTech modules, which can even be
purchased with Enphase microinverters pre-installed to save
further installation time. (Note: If you're looking for these

Zep Solar’s racking system uses special grooves in the modules,
eliminating the need for rails.

7S
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Akeena’s Andalay PV system uses the module frame, rather
than the rails, as the mounting bracket attachment point.

products, Andalay is sold directly to dealers/installers, while
Zep Solar’s systems will be available through distributors like
groSolar.)

Eliminating rails could be a giant leap forward, saving
raw materials and installation time, and making lighter-
weight systems. Neither system has accumulated lengthy test
time in the field, so, as with any new product, more data will
accumulate as installs increase.

Another product that can eliminate the need for rails is
the S-5! nonpenetrating clamp for standing-seam metal roofs.
Installers can purchase S-5! PV kits which include module clips
and hardware that attach directly to the roof clamp, or they
can purchase the S-5! clamp and separately sourced hardware
and rails, which can add flexibility to the installation. S-5!
clamps attach with set screws and are available for the
differing seam styles found on metal roofs. (The S-5! PV kit
clamps come in two different heights to match module frame
heights.) Set-screw seam clamps like the S-5! are unique since
they are the only nonpenetrating attachment method for PVs
on pitched standing-seam metal roofs.

Another product line aimed at reducing raw materials
is Unirac’s Clicksys system. Based on an I-beam rail that
snaps into a mounting attachment, Clicksys reduces the
hardware and time required to bolt rails to mounting feet.
Unirac says that Clicksys uses 10% to 50% less material than

l web extra

A

For more information on roof-mounted systems and
mounting details, see “Rack & Stack: PV Array Mounting
Options” in HP124 and “Pitched Roof Mounting” in HP130
at www.homepower.com/webextras.

Courtesy www.andalay.net

S-5! clamps directly attach
to the seam of metal
roofs. Available hardware
includes the means to
mount modules without
rails (the modules rest on
a mounting disc, shown at
right).

Courtesy www.s-5.com (2)

typical extrusion rail systems, as the I-beam rail has a higher
strength-to-weight ratio. While faster to install, the spans
between roof-mounting attachments are generally shorter
for Clicksys, which means more roof penetrations might be
necessary. The Clicksys mounting bracket can be bolted on
top of primary flashed brackets, available for each type of
roof surface.

Eliminating Roof Leaks

The International Building Code requires flashing every roof
penetration, a shift away from relying solely on sealants
as with the old L-feet method. Flashing is a thin metal or
rubber sheet overlapped by the roofing material so that all
penetrations are protected from water running down the
roof. Flashing can be separate from the mounting attachment,
like Oatey flashing, which slides under shingles and wraps

Oatey makes flashings for a variety of roof penetrations,
including stand-off posts for PV racks.

home power 137 /june & july 2010
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tightly around a mounting post, or some
manufacturers integrate the flashing
into the post itself. If a new roof is
being installed prior to a PV installation,
then flashing for mounting attachments
should be installed by the roofers so the
flashing installation is covered by the
roofing warranty.

Quick Mount PV, a manufacturer of
flashing-integrated mounts, created the
“Wheel of Accountability” (available
on its Web site; see Access), which
summarizes the different authorities that
have rules, regulations, and guidelines
pertaining to roof penetrations. If
planning an installation, perusing the
Wheel can clarify where an installer
should look for more information on
roof mount regulations.

Every major racking manufacturer
offers flashed mounting solutions
for installers to use, rather than just
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relying on sealant. Flashing-integrated Quick Mount makes a clean, under-array rack system for concrete tile roofs.

products include Quick Mount PV,
Thompson Technology Industries” Flat
Jack, and EcoFasten Solar’s Quik-Foot
and Green-Fasten.

Rooftop PV innovation doesn’t stop with the mounts.
Roof-integrated boxes like the SolaDeck enclosure and
combiner box are providing flashed solutions for the entry
of PV conductors to the building interior. SolaDeck meets
UL 1741 requirements for PV combiner boxes, as mandated
by the 2008 National Electrical Code. They are low-profile for
sleek aesthetics (and can be mounted under an array), while
providing multiple functions—transition to interior conduit,
flashed penetration, and even PV string combining. But the
SolaDeck can be hard to access for troubleshooting, especially
if positioned under the array.

Less Materials, Fewer Tools

Older, tried-and-tested racking systems often use both 1/4-
and 3/8-inch hardware, in addition to the stainless steel lag
bolts for attaching brackets into rafters. This means multiple
tools and multiple nuts and bolts must be managed on the
roof.

Newer systems such as AEE Solar’s SnapNrack and
Unirac’s Clicksys use only one standard-size hardware
besides the lag bolt—one wrench fits every bolt in the
system. SnapNrack uses snap-in channel nuts, which
eliminate holding, sliding, or dropping bolts, and also
allows easy adjustments to keep arrays square and in
the same plane regardless of roof irregularities. And to
further help installers to fast-track their installations, mount
manufacturers provide online code-compliant installation
guides, engineering documentation, and training videos.

Making installations easier is important even for less-
common roofing materials that often prove difficult to conquer
with typical PV racking. Tiles, whether slate or concrete, metal

Courtesy www.ecofastensolar.com

This cutaway of EcoFasten’s roof mount shows the rubber seal
that keeps leakage out of the penetration.

www.homepower.com 77
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Thompson Tech’s Flat
Jack roof mount with
flashing.

shingles, and face-fastened metal roof (also known as barn tin
or 5V tin) all present challenges. Fortunately, attachment
methods for each type of roofing material are available to
ease the installation. S-5!"s new Versabracket for face-fastened
metal roofs and CorruBracket for corrugated metal roofs are
versatile solutions for these tricky roof types. While neither
uses integrated flashing, there is no easy way to retrofit
flashing into these types of metal roofs. DPW Solar’s EZ-Foot,
which can be screwed down to the roof sheathing rather than
having to be lagged into a rafter, is another practical solution
for face-fastened metal roofs. Tile roof installations can use
Conergy’s SunTop racking system with tile roof hooks, and
Quickmount PV mounts, which replace entire tiles.

Removing roofing nails to slide an AEE Solar flashing over the
foot and its penetration.

AEE’s SnapNrack rail system.

Module Grounding
The NEC requires that any exposed metal surface be grounded
if it could become energized. This includes PV modules’
metal frames, which could become energized in various ways,
including ground faults and wire insulation failure.
Traditional module grounding has relied on bare copper
equipment-grounding conductors attached to tin-plated
copper lay-in lugs (like the Ilsco GBL4 DBT and Burndy CL50-
DB-T) at the modules’” grounding points. This procedure is
time-consuming, and the materials are fairly expensive. Wiley
Electronics, the manufacturer of WEEB clips, has been at the
forefront of new module grounding technologies. A WEEB
is a stainless steel square that fits around a module racking

SolaDeck makes a combiner box with integrated flashing.

g
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Lumos Solar’s Project X frameless module and racking system.

bolt between the module and rail and “bites” through the
anodized non-conductive coating on the module and rail as
the bolt is tightened. However, this method is not accepted
by all module manufacturers or inspectors—so you’ll need to
check with both the module manufacturer and the inspection
authority before using them.

The Zep Solar and Akeena Andalay systems are also
pushing innovation in module grounding. Both systems
have integrated grounding, meaning modules are connected
together mechanically and electrically as they are installed on
a roof, so no additional grounding hardware is needed for the
module frames. The Andalay system uses a threaded stainless
steel rod to tighten modules together and create a continuous
equipment ground. Zep Solar’s design relies on an “interlock”
between modules that provides structural integrity and
equipment grounding simultaneously.

Improved Wire Management
Mismanaged PV wiring can allow animals and weather to
damage wires, conduit, and connectors, so safer and easier
wire management is a target of innovation. Module cables
and series string home runs should be adequately secured.
Left free, they have the possibility of scraping across the roof
surface, which could abrade the cable’s insulation and pose a
shock hazard.

Wiley Electronics” durable, stainless steel Acme cable
clips grip one or two module cables and the module frame,

www.homepower.com
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S-5! CorruBracket provides a solution for
mounting on corrugated metal roofs.

Conergy’s Sun Top racking
system'’s tile roof hook.

|
]
Courtesy www.conergy.us

WEEB clips provide an
easy way of electrically
connecting modules to
racks for good grounding.

more easily securing module interconnection wires to module
frames. But that still often leaves the series home run wires to
manage. It’s doubtful that nylon cable ties will last 25 years
in the extreme roof environment. Some manufacturers are
adding channels to the rack where wires can be tucked neatly
inside, including AEE’s SnapNrack and NGE’s Zilla Rac
system. This is not conduit or raceway, and is not listed as
such, but should help to keep the squirrels at bay.

Frameless Module Installation

Frameless thin-film modules are starting to hit the
marketplace, especially in popular system leasing programs.
Pitched-roof racking for frameless thin-film modules require
softer plastic- or rubber-gasketed end- and mid-clips that
replace the all-metal clips used for framed modules. Both
Schletter and HatiCon (established in Europe, though new
to the U.S. market) make clips for thin-film modules. Also
keep an eye out for monocrystalline frameless modules
entering the market soon. Lumos, out of Boulder, Colorado,
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Access

Rebekah Hren (rebekah.hren@o2energies.com) is a licensed
electrical contractor and NABCEP-certified PV installer in Durham,
North Carolina, where she is implementing large ground-mount solar
arrays with O2 Energies. Rebekah co-authored a book on residential
energy-efficiency retrofits: The Carbon-Free Home. Her new book,
A Solar Buyer’s Guide for Home & Office, a solar-electric and solar
thermal buyer’s guide, will be published this fall.

Racking Manufacturers:

AEE Solar ® www.aeesolar.com

Conergy ® www.conergy.us

Direct Power Solar ® www.power-fab.com
EcoFasten Solar ® www.ecofastensolar.com
HatiCon Solar ® www.haticonsolar.com
IronRidge ® www.ironridge.com

Jac Rack ® www .jac-rack.com

Next Generation Energy ® www.zillarac.com

Courtesy Rebekah Hren

Professional Solar Products ® www.prosolar.com
Quick Mount PV e www.quickmountpv.com
S-5! e www.s-5.com

SnapNrack rails provide a convenient tray for PV wire runs
(shown here with one of a series of Enphase inverters).

Schletter Inc. ® www.schletter-inc.us
Schiico ® www.schuco-usa.com

S . Sharp ® www.sharponenergy.com
is in final UL testing for a frameless module that bolts P P o

through the module and directly to the rail, without mid- or
end-clips. Because it has no metal frame, it won’t require
module grounding. The Lumos module will also include a
wire raceway with integrated rodent protection to reduce
conductor damage.

Solar Racks ¢ www.solar-racks.com

SunEarth Inc. ® www.sunearthinc.com

Thompson Technology Industries ® www.ttisolar.com

Unirac ® www.unirac.com

Zep Solar ® www.zepsolar.com

NEED POWER? NO PROBLEM!

We have the perfect solution for your power outages. Ask us to design a system for you today!

Did you realize battery less grid-tie solar systems do not offer any power during utility outages? Whether you're
grid-connected or off-grid, a battery based system can keep emergency power on when others are in the dark.

All of our technical sales staff live in homes that get their power from the wind, water
and sun using the products in our catalog. Let us design the system that meets your
needs. We offer FREE system design and after sale support by telephone, email or visit.
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!

.' GRID-TIE with BATTERIES!

0 f Featuring the Xantrex XW
~p]

- Backwoods

1 e _a'S_
A ﬁ O a’r 1589-HP Rapid Lightning Road

Sandpoint, ID 83864
backwoodssolar.com phone: 208.263.4290
email: info@backwoodssolar.com

SPECIALIZING IN INDEPENDENT POWER FOR OVER 30 YEARS!

80 home power 137 /june & july 2010



-FReactive Pitch™ technology
continuously optimizes airfoil

d Electro €- automatic wit ;
.-‘ oving parts e

EFF

ive Pi NLtechnolv:r sures
perfect pos maximize yield
+ Patented axial flux generation sets new
standard of 96% efficiency

theAworld’s § OSt eifncient
1l NI1T1(

At low to moderate wind speeds the : !
specially optimized to work in tandem with

Reactive Pitch™. Evance Wind Turbines

are sold exclusively through DC Power = =
Systems. Call us today to become a Dc Power

certified installer! SYStemS
1-800-967-6917 Sanee

Reactive Pitch™ mechanism captures the
maximum energy possible from the wind by

holding the blades with absolute precision

at the maximum efficiency position. The

blades are high efficiency airfoil sections

t: 707 992 3100 | f: 707 992 3199 | sales@dcpower-systems.com | www.dcpower-systems.com



* - & L 3 L * * * + . 3
L] * - L 3 * * + * . L 3

* * * L 3 L a3 . . » L

For more than 20 years, Solar Energy International has taught
hands-on workshops and online courses in renewable energy and sustainable building
technologies. Our industry-experienced, certified instructors have trained more
than 16,000 people from 66 countries at our eco-campus and around the world.
Learn more at solarenergy.org.

W
WORKSHOPS & COURSES s
Solar Electric (PV)
Sustainable Building
Solar Thermal
Wind Power
Micro-Hydro Power
International-Rural Development
Renewable Energy for Educators

OUTREACH PROGRAMS
Solar In the Schools (SIS)
INVEST

Women’s Program Visit SEl at Booth #209 at ASES
SEI Eco-Campus SOLAR 2010 in Phoenix in May!

Native American Program

Teaching online and in 20 locations around the world. SEIl is your choice in renewable energy education.

@@ SOLAR ENERGY INTERNATIONAL o o G

renewable energy education for a sustainable future

970.963.8855
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REBUILDING

a Hybrid Vehicle Battery Pack

Story and photos by Michael P. Lamb

Reconditioning NiMh hybrid car battery

packs is time-consuming—you cannot
rush it! However, if you have
patience, reconditioning them
yourself can save you more than

90% of the cost of having a car
dealer do the job.

ast fall, I bought my friend’s
L dysfunctional 2003 Civic Hybrid.

It was not something I needed,
but it did have only 110,000 miles on
the odometer and some nice custom
features—and it was cheap! Plus, it
had been well-maintained: All the
dealer checkups and service had been
properly performed.

But besides the car’s computer
spewing some error codes, it also had
performance issues suggesting expensive
battery problems. The car was very sluggish
and its mpg had dropped off—from more
than 50 mpg to 35 to 40 mpg. It stalled easily; the auto-stop
function—which turns off the IC engine when the car comes
to a full stop—did not work; and, of course, the “check
engine” and integrated motor assist (IMA) warning lights
wouldn’t shut off.

The Honda dealership wanted $3,200 to replace the
battery pack with a factory-refurbished one (new cells are
not available for a Civic Hybrid of that vintage). Replacement
battery packs are made from dead packs dealers return to
Honda, which recovers the remaining good subpacks for
reuse. These refurbished packs include a one-year factory
warranty. There is at least one third-party that claims to do
the same thing for $1,250, but you have to sell him your old
battery pack first, which he uses for salvageable parts. The
few online bloggings from DIYers who tried reconditioning
their own packs were not very insightful. However, by doing
a lot of “reading between the lines,” I felt I learned enough to
try my hand at refurbishing.

The root of the batteries’” underperformance had to do
with the nickel metal hydride (NiMH) cells getting warm

84

the

from discharging and charging. After thousands of cycles, the
fine nickel powder inside starts to form larger nickel crystals,
which eventually impede the electrons from flowing. If the
crystals get big enough, they can puncture the separators
between the positive and negative sides of the cell, shorting the
cell. Reconditioning helps break up these crystals. Although it
won’t make the cell like new, it'll result in a better-functioning
cell.

Preliminary Precautions

All you need to recondition IMA battery packs are a few
basic tools: a good digital multimeter; the right charger/
reconditioning machine (there are several to choose from
online); a #30 Torx driver; standard hand tools; and, most
importantly, the will and time to do the work right. Because
this project can take several weeks of charging, you may need
a second car to drive until the project is completed.
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hybrid rebuild

ACCESSING
THE BATTERIES

Left: Removing the
rear seat. There are
three 10 mm bolts,
one on either side of
the seat (as shown)
and one near the
middle of the seat.

Right: Removing the

seat reveals the main
battery box cover.

Hybrid car blogs published plenty of warnings about
getting electrocuted from the batteries. Since this was new
territory for me, I took this advice seriously—but there is only
one place on a battery pack where any real hazard exists: from
voltage across the full pack, which can be up to 180 VDC.

That single location is easily found with a multimeter,
and once you turn off the IMA pack’s built-in circuit breaker
and start unbolting the individual subpacks, the risk drops
significantly since the sticks are only about 8 V each. Honda
designed the battery pack in an almost idiot-proof way.
The terminal bolts and other fasteners are arranged so that
it is easy to avoid touching two ends of any higher-voltage

terminals at the same time. Common sense coupled with basic
mechanical skills meet most everything else you come across
during this task. But working carelessly can still hurt, as well

as cause you expensive additional repairs.

Dissassembling the System

Start by parking the car in a place it can stay for a month or two.
Finding that you need to move the car after you've removed
the battery pack is a real bummer, since the car will not move

under its own power without a working battery pack.

Next, remove the rear seat cushions (three 10 mm bolts
and some plastic clips). Then take off the small cover over the
battery box’s circuit breaker (two bolts, #30 Torx), remove its
red plastic safety cover and turn off the circuit breaker. The

LOCATING THE MAIN CIRCUIT BREAKER

Remove the main circuit breaker cover. Make sure it’s in the
“off” position and remove the red plastic safety cover, breaking
off the plastic pin.

www.homepower.com

180 VDC electrical hazard is now gone—the breaker separates
about 40% of the sticks from the rest of the pack. Nonetheless,
be careful as you work. To get the main cover off, you will
need to break off the little black plastic safety snap/pin to the
right of the circuit breaker with a large, flat screwdriver.

Remove the metal main battery box cover (six bolts, #30
Torx) and slide the entire cover up an inch or two to release
the two metal fingers on the extreme right and left of the
cover. You may need to have someone hold the seatbelts to
one side to do this.

Once the cover is off, you will find a bewildering array
of wiring and connectors. If you disconnect the 12 V battery
(yes, there is a standard car battery, too) in the engine
compartment, even that small hazard is eliminated. To do
this, disconnect the cable at the negative battery post and
insulate the end completely with electrical tape or a similar
insulating material. This is safer than disconnecting the
positive side and less likely to create a short to the chassis. In
any case, continue to be careful not to bang up anything since
replacing broken terminals or repairing cut wiring is a major
and unnecessary chore.

Inside the battery box, remove the three 10 mm bolts that
hold the two main IMA power wires and ground wire for
the battery pack. Unplug the five sensor connectors from the
pack. Then remove the four 12 mm bolts that hold the battery
pack in the metal box (two on the top of the pack and two on
the bottom). Gently bend any wires out of the way and lift out
the battery pack. It weighs about 50 pounds and you will be
stooped over in an awkward position, so protect your back
and consider having a friend help with the lift.
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GETTING TO THE BATTERIES

In the car, with the battery box cover and seats out. Note the
yellow wire for the external charging port.

Use the existing carry straps to lift it, being careful not to
get tangled up with any wires. Take a few photos as you go
along so you remember where everything goes in a month (or
two) after completion.

Preparing for Reconditioning

I set up my work area in the living room, since it is climate-
controlled and well-illuminated. Find an organizable work
area, because there will be no less than 90 assorted bolts and
screws holding the pack together. As you take apart the pack
to access the subpack sticks inside, you'll need to keep a close
count of all the fasteners—use a spill-proof container!

You cannot disassemble the sticks—they are welded
together in groups of six cells and tightly wrapped in
yellow plastic. These yellow sticks are what you will
be “reconditioning” with your new charger/reconditioner
machine. Remove each stick from the plastic holding frame

FINDING
THE FOURTH
SENSOR

The fourth sensor
connector sits
below the main
positive and
negative wires.

ACCESSING THE SENSOR WIRES

The main power connection: The three sensor connectors sit
above the positive and negative wires.

to allow for easy judging of how warm each cell gets as
reconditioning proceeds. Each stick has a “square” end
and a “hex” end. The positive side is the square—mark it as
such to avoid confusion. If you do connect the charger in
the wrong polarity, it is smart enough to scream at you and
display “connection reversed” before any damage can be
done to the cells.

Be careful of the small sensor wires attached to three of the
sticks—they pull apart easily and are a major pain to put back

THE BATTERY PACK, REMOVED

The circuit breaker fuse and the wiring side of the pack.

|
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THE REMOVED CIRCUIT
BREAKER ASSEMBLY

Take care to keep track of the twenty

10 mm bolts and temperature sensor
wire routing; note the four round metal
spacers—where the circuit breaker makes
its electrical connections to the sticks.

NiMh Reconditioning History & Results

Original Initial Initial 1st Discharge 1st Charge  2nd Discharge 2nd Charge 3rd Discharge  3rd Charge
Stick Voltage Fill (mAh) (mAh) (mAh) (mAh) (mAh) (mAh) (mAh)
1 8.2 1,520 2,300 6,010 4,500 6,400 5,700 6,400
2 8.2 1,230 2,000 5,800 4,800 6,325 5,752 6,385

8.2

1,260

2,000

6,400

5,099

6,355

6,000

6,400

8.2

8.2

1,252

1,236

2,500

2,270

6,400

6,200

5,125

5,400

6,400

6,400

5,900

5,955

6,388

|

6,400

8.2

1,254

1,969

5,920

5,820

6,399

6,100

6,402

11 8.2 1,247 2,000 6,255 4,500 6,400 5,987 6,400
12 8.2 1,250 1,620 6,300 4,900 6,389 5,700 6,398
13 8.2 1,220 2,100 5,866 4,800 6,385 5,865 6,400

17 8.2 1,257 2,200 6,345 5,700 6,345 5,784 6,400
18 8.2 1,245 3,800 6,400 5,750 6,387 5,762 6,400
19 8.2 1,258 2,050 6,300 5,620 6,344 5,845 6,325
20 8.2 1,205 2,800 6,400 5,312 6,200 5,794 6,385
Replacement Sticks
1 3.4 6,255 4,500 6,400 5,785 6,400 5,700 6,402
2 3.4 6,200 4,852 6,400 5,799 6,400 5,788 6,400
8 3.4 6,300 4,572 6,399 5,800 6,452 6,100 6,399
4 3.4 6,400 4,620 6,400 6,000 6,420 6,200 6,413
5 3.4 6,355 4,500 6,402 6,100 6,412 6,199 6,400
6 3.4 6,385 4,585 6,405 6,125 6,399 5,755 6,400

. = Bad battery stick
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again. These three sticks can only be removed from the frame
by firmly pushing them from right to left (looking at the pack
as it would be in the car). The sensor wires are not very long,
so carefully bend them so the sticks they are attached to are
not pulling on them. Remember (and take photos of) how
the wires are routed around the pack and where their little
holders snap together. They will only fit in one way without
making trouble for you when reassembly starts.

Reconditioning the Sticks

Although NiMh cells were once thought to be “memory-
proof,” all nickel-based batteries develop memory problems;
NiMhs are just much more resistant to the problem than NiCd
cells.

Deep cycling has always been the method of minimizing,
and somewhat repairing, memory issues. This is what your
charger/reconditioner does, in a very sophisticated way.
Its computer brain monitors the cycling cells to optimize
breaking up the microscopic nickel “crystals” that form as a
cell ages with use. The reconditioning is not perfect and will
never make the cell factory-fresh again, but it does go far in
making the cell work as well as it can.

Follow the charger manufacturer’s instructions for setting
up your reconditioner for NiMh cells. Be sure you understand
the instructions. I used an iMax B6 ($55) and the instructions
had to have been written by someone whose English was not
great—it was difficult to understand at first.

Do not despair if the instructions are too difficult to
decipher. The default settings for each type of battery (which
are already programmed into the charger) seem to work well
enough. But I changed the minimum cell state on mine to 0.8 V
per cell, just to get a little deeper discharge and, hopefully, a
more functional battery in the end. Do not discharge them too
far, which can cause cell polarity reversal, which means you
end up with a dead stick!

Number the sticks with a permanent black marker to
avoid mixing them up. Have a pad of paper and pen

REMOVING STICKS FROM
THEIR HOUSING

Left: The orange bus bar and some of the
sticks are removed.

Above: Each stick is fully charged
before starting the discharge/charge
reconditioning cycles.

handy to record the values the screen displays at the end of
each programmed cycle to track how each stick performed.
Believe me, after a month or more of this, it is a hopeless task
remembering it all.

Fully charge each stick before starting the discharge/
charge reconditioning cycles. But before the lengthy cycling
process starts, set the machine for a minimum of three
discharge-charge cycles. My iMax can do up to five cycles
automatically, but you don’t really need to spend that much
time on each stick to sort the good from the bad. With the
good sticks, more than three cycles does not necessarily make
the stick perform significantly better. If a stick is somewhere
“between” good and bad, then the cycling process often
straightens it out nicely.

With the iMax B6, each cycle takes at least 10 hours to
complete. Multiply that by 20 sticks and you can quickly see
that reconditioning the entire pack will take 25 days of round-
the-clock reconditioning. Try to time your “starts and stops”
so that the charger alarm doesn’t wake you up in the middle
of the night, though the alarm can be turned off.

Junkyard Battery
Packs

Some disreputable car dealers install junkyard packs
as-is. | suggest not succumbing to the temptation of
simply replacing a malfunctioning pack with an untested
junkyard one. Even though the junkyard pack | bought
was only one year old when its car was wrecked and
had sat on a warehouse shelf since 2005, it still had two
malfunctioning sticks. Spend the time, and do the testing
diligently!
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CHARGING A STICK

A stick connected to the charger to be reconditioned.

The iMax B6 is made for small, radio-controlled batteries,
and with light loading to keep the cells from getting too
hot, the IMA conditioning process is lengthy. But it does get
the job done with IMA sticks too, and it is less expensive
than similar devices. Other reconditioners use much higher
discharge rates and cycle faster. However, the additional heat
may also cause otherwise-OK sticks to be heat-damaged.

If the stick is working right, it will feel slightly warmer
than room temperature and all the cells will be the same
temperature during the process. It should also charge to
about 6,400 mAh when full and do it in a bit more than one
hour from a minimal state of charge (0.8 V per cell). If all goes
well, the final numbers in the display will be about 6,400 mAh
charged, and 5,700 to 6,100 mAh discharged. If you have any
sticks that vary greatly from these values, treat them with
suspicion and mark them as problematic.

It is best that all the sticks in your pack discharge to
about the same level. Very odd discharge characteristics
in some sticks will drag down the better ones, causing the
dreaded IMA warning light to come on sooner than it would
otherwise. However, a 100 to 400 mAh difference will not
present a significant problem to the car’s computer. None
of the sticks will have exactly the same discharge value no
matter what you do.

Battery Reconditioning
Cost

Item Cost
Used battery pack from junkyard $315
Charger/reconditioner, iMax B6 55
Torx socket, #30 6
Electrical energy (10¢ per kWh) 4

Total | $380

www.homepower.com
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FINISHED STICKS

A pile of finished sticks with final Ah ratings written on each.
Note the small metal thermal sensor tabs on each stick.

The End Result

At the end of a month of reconditioning, six bad sticks—out
of the 20 in the pack—showed up, which explained a lot as to
why the car functioned so poorly. Each failed stick was either
excessively slow to charge or only at a partial charge after the
machine said it was done. During cycling, poorly performing
sticks will also get much warmer than correctly performing
ones. Heat is one of the items that triggers the IMA warning
light on the dashboard.

The next step was finding replacement sticks. I had to
replace 30% of my battery pack and the most cost-effective
way was to buy a junkyard battery pack and put it through
the same charge-discharge process to find its good sticks. This
took another 25 days, but was well worth the effort—the car
now runs like new, gets 50 to 55 mpg on the highway again,
and all the computer errors have vanished. I also have 12 good
spare sticks for the next time I need to do this—probably in
three to four years, judging by how long the original battery
lasted before the computer errors showed up.

Failing IMA packs can also cause seemingly unrelated
computer errors, like oxygen sensor failures and a 12 V
battery error. The 12 V battery charges from the IMA pack
through a DC-to-DC converter—my best guess is that the
car’s computer uses it as a reference voltage to judge how
well some of the car’s other sensors are working. In any case,
all of the original error codes went away after the IMA pack
was refurbished.

Access

Michael Lamb (michael47lamb@gmail.com) is a professional
handyman who loves tinkering with electrical things. After 10
years working at the Energy Efficiency and Renewable Energy
Clearinghouse as a consultant, he retired to tinkering full-time.
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Monitoring for Magnum Brand Inverters

APRS World’s MagTap is a powerful and cost effective tool for remotely
monitoring Magnum brand inverters and accessories. The MagTap
installs on the Magnum network and provides live Internet monitoring
of the inverter, battery monitor, and automatic generator start module.
Using your always on Internet connection, the MagTap makes

live and historical conditions available to you through your
computer’s web browser and our WorldData service. Wired

Ethernet option (APRS5811) requires an Ethernet jack at the

MagTap. * Wireless option (APRS5810) requires APRS World’s

802.15.4 to Ethernet gateway (APRS7012 - 5250).
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Data 2010-03-17 13:19:40 (MST)
Date: Report received 6 seconds ago

PowerSyncll Inverter

2,565 watts

Power:
112 KWH over last 24 hours

TSl 2,803 KWH since monitoring started (2009-12-08)
18,711 KWH on inverter

248 VAC @ 60 Hz
86 VDC @ 0 amps

WorldData and Web Display

To access the data transmitted from your MagTap, PS2Tap, or many
of our other products, APRS World offers our WorldData service for
our customers (free for 5 years and only $10 per year thereafter).
Using an internet gateway module, our products can send live data to
our hosted data service. Using your computer’s web browser, you
can view live and historical performance data and graphs. This allows
your customer to see how their system is performing and allows you to
troubleshoot the system without going on-site.

Monitoring for Bergey Excel Powersync Il Inverter

To remotely monitor your Bergey Excel wind turbine with Powersync Il
inverter, choose APRS World’s PS2Tap. It installs inside the inverter
and wirelessly provides live Internet monitoring of the turbine
production and inverter health. Using your always on
Internet connection, the PS2Tap makes live and historical
conditions available to you through your
computer’s web browser and our
WorldData service.

* Requires APRS World’s 802.15.4 to
Ethernet gateway (APRS7012 - $250).

0@

APRS World, LLC

P.O. Box 1264 # Winona, MN 55987
+1-507-454-2727 % info@aprsworid.com

TECHHNOLOGIES
Waltsion Solar Trackers

Residential
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ARRAY TEGHNOLOGIES, INC
phone: 505.-881-TEET
fax: GO5-BR1-TET2
WAL WATTSUN. COM

BZ Products Model MIPPT500
500 watt 45 amp Maximum
Power Point Solar Control

e Up to 45 amp output current

* 500 watt PV input

e Universal PV input 12 to 48 volts
12, 24 or 48 volt output

BZ Products

Model MIPPT250
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,
optional enclosure available

Both Controllers offer:
Boost charge current
up to 30%
Microprocessor control
95% efficient
Digital metering

PWM float control
Battery temperature
sensor standard
Five-year warranty
Made in U.S.A.

I

//é/{/rfg BZ Products, Inc.

. 314-644-2490 » www.bzproducts.net * bzp@bzproducts.net
sy 7914 Gravois, St. Louis, MO 63123, USA
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Site evaluation just got easier.

Expert Tools.
Better Solar.

Watch an introductory video
at www.solmetric.com

Solmetric
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INTAKE HEAD

iRk 10"AND UP
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% 080 Tanwarer

Stream Engine

Low head turbine:
*  Works with heads
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and large flows

* Low flow
runner option

Higher head turbine:

* Operates at heads
of 10 feet and up

¢ High output wheel
option for heads
over 50 feet

GENERATOR -

INSTALLATION
\EXCESSIVE

Both turbines:

* Use permanent
magnet brushless
alernators

* Charge 12, 24, 48
Volt batteries or
higher voltage for
long distance

* Have cast
bronze runners

* Generate up fo 1KW
or more at best sites

AA A A A A AL LH1000

Energy Systems & Design

“Innovative turbines since 1980”
Manufacturing cost-effective

water powered generators

For more information:
www.microhydropower.com

506-433-3151
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Modern battery-based inverters offer
more than just a DC-to-AC power
conversion—they can charge batteries,
select from multiple power sources,
and control external functions. Here
are a handful of common features and
what they can do for your RE system.

Integrated Battery Charging

A battery charger in a battery-based inverter greatly enhances
the inverter’s versatility and utility. First, it provides an
alternate means for charging the battery bank from a power
source other than the sun, which is useful in times of short
days, poor weather, and/or high loads. It also increases
complexity, weight, and cost, but the additional application
flexibility usually outweighs these negatives. Several inverter
manufacturers offer inverter/chargers, including Schneider
Electric (formerly Xantrex), Magnum Energy, and OutBack
Power.

by James Goodnight

Connecting to an AC Power Source

Connecting an inverter/charger to an AC power source opens
up a whole new realm of application flexibility. Generators
have been the most common backup source for off-gridders,
and they can enhance system performance and flexibility.
A generator can be used to power large, infrequent loads.

Inverter in a Basic
RE System

PV Array Inverter Household
& Charge Loads
Controller

The basic purpose of a
battery-based inverter
is to convert DC power

for use by AC loads.
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An Inverter/Charger
Allows AC Input

Inverter / House Loads

Charger

An inverter/
charger allows
AC input from
the utility grid or
a generator and/
or provides back-
up power and

PV Array system sizing
& Charge flexibility.
Controller

During a stretch of cloudy weather, it can simultaneously
power loads and help recharge the system’s batteries. A
generator can decrease the cost of a PV-based system by
allowing it to be sized for average annual insolation rather
than for low winter daylight hours. And, if the batteries or
inverter fail, a generator can serve as a stand-alone backup to
the inverter system.

An inverter/charger can similarly use energy from the
grid for backup, or be connected to the grid and a backup
generator via a transfer switch, which may be internal or
external. This capability can meet a wide range of useful
applications and benefits. A PV-based RE system is still
used to power designated loads, but the grid can provide a
seamless backup. And in the event of cloudy weather and
a grid failure, a generator provides yet another layer of
backup.

One method of doing this is with “low battery transfer”—if
the battery voltage falls below a predetermined set point for a
prescribed period of time, the inverter/charger automatically
transfers loads to an AC source and turns on the battery
charger. When the battery voltage exceeds the “high” set
point for a prescribed time period, the inverter transfers the
loads from the grid back to the battery bank.

Types of Wave Forms

Common inverter types include modified square
wave (MSW) and sine wave (SW). MSW inverters are
inexpensive, but their wave form is not compatible with
some sensitive electronics, and may cause them to
overheat or suffer other damage. SW inverters deliver a
wave form of equal quality or better than that from the
grid, and are therefore recommended for the applications
described in this article.

www.homepower.com
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Best Matches for
a Basic Inverter

The most basic battery-based inverter converts DC (from
a battery bank) into 120 VAC at 60 Hz to supply common
household appliances. These basic units are common in
off-grid applications, especially in part-time homes and
RVs with limited electrical loads.

The systems these inverters go into are relatively
simple and inexpensive to design, install, and maintain.
Typically, the inverter does not include a built-in battery
charger for supplemental battery charging, but relies
solely on the RE source to power loads and recharge the
batteries. That's why they’re best paired with small RE
systems for vacation cabins and RVs.

But standard, no-frills inverters have their limitations.
They are usually not a good choice for PV systems where
solar insolation is highly variable. Similarly, they’re not
a good match for powering large loads (which drain
the battery bank quickly), since without backup, the
power source won't be able to keep up on a daily basis.
Critical loads (for example, those that must have power
regardless of weather patterns) are not good pairings
with a “basic” inverter, either.

Other methods border on “smart grid” status. For example,
a “grid use” feature can be set to instruct the inverter when
to connect to the grid. Typically, this setting coordinates with
time-of-use (TOU) billing, connecting loads to the grid when
rates are low to operate AC loads and perhaps help recharge
the batteries. When TOU rates are high, (usually during
daylight hours), the inverter/charger disconnects from the
grid, and the RE power source and the batteries power AC
loads. The result is reduced peak demand and lower utility
bills, with a reliable and quiet backup system.

Automatic Generator Start

- -

Auto Start
Switch

PV Array Inverter / House Loads
& Charge Charger
Controller

An automatic generator-
start module can work
with the inverter to
start and stop a backup
generator.
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Grid and/or Generator and
Battery Backup, without RE

AC
Inverter / Main Loads
Charger
Generator Backed-Up
Loads
, ‘ DC
Battery

When a PV system is impractical and the grid is unreliable, a
scaled-down hybrid system with a stand-alone inverter/charger
may be the answer.

“Grid support” capability uses the RE system to reduce
power consumed from the grid. When the inverter recognizes
that the solar charge controller has completed its bulk-charge
cycle and is operating in absorb or float mode, the inverter
then diverts any excess production to power AC loads,
thereby reducing AC power supplied by the grid—while the
RE system continues to recharge the batteries.

“Peak shaving” initially uses grid energy to supply loads
up to a set AC current limit, but then draws on the RE source
to provide additional energy if required. This can help reduce
use of peak rate utility energy (i.e., surge demand or top-tier
TOU), while maintaining the battery bank at a high state of
charge as a backup source.

Another sophisticated inverter feature is the AC source
input current-limit setting, which limits the total current
that will be drawn from an external power source such as
a generator, thereby keeping it from being overloaded. If
the sum of the regular AC load current and the charger’s
AC current exceeds the setting, the inverter “backs off” the
AC current drawn. In effect, the charger becomes a variable
“opportunity” load.

For example, if the AC loads draw 25 A, and the charger
is set to draw 10 A, but the input current limit setting is 30
A, the inverter will reduce the charger load from 10 A to 5 A
to keep the total load current at the 30 A limit. However, if a
5 A load is turned off and the downstream AC load total is
reduced to 20 A, the inverter will increase the charger load to
its 10 A setting, and the total current will still be at or below
the 30 A input limit.

The issue here is that the combination of loads might
exceed a generator’s output current rating. It’s usually no
problem to pull 40 A from the grid, but a generator may
only be able to supply 30 A. Setting the AC input limit helps
prevent the generator from being overloaded. Some inverter/

chargers have two AC input settings: one for “AC 1,” i.e., the
grid, and another for “AC 2,” the generator.

These features allow system owners with access to the grid
to install and gain from RE systems without having to sever
all ties with the grid. The system size can be influenced more
by space and budget than by absolute power requirements
and location. The owner uses some amount of renewable
energy, has backup for assigned loads, and utility electricity
use and cost are reduced.

It’s also possible to use these features to suit other situations.
For example, if a PV system is impractical and the local grid
is unreliable, then a scaled-back battery/generator system
without RE may work—basically, it'll be a big uninterruptible
power supply (UPS). This approach offers flexibility in sizing,
operating, and maintaining the inverter and battery bank—and
adding a PV system at a later date can be fairly easy.

Controlling External Functions

Otherbattery-based inverter features often include an auxiliary
output connection (AUX). Common AUX applications include
a “Fan” or “High Battery V” setting to ventilate a flooded-cell
battery bank enclosure, exhausting hazardous hydrogen gas
released as the batteries are recharged. When the grid is down
or for a system without a backup power source, a “Load
Shed” setting can be used to disconnect a noncritical load,
minimizing battery damage if the battery voltage falls below
a set point. For example, if specific circuits for non-essential
lights, fans, pumps, hair dryers, etc., are disconnected when
the battery state of charge (SOC) drops to 70%, then remaining
battery energy is conserved for powering essential loads such
as necessary lights, a fridge, and communications equipment.

PV, Grid, and Generator Hybrid
with a Multifunction Inverter

AC
Inverter / Main Loads
Charger
Backed-Up
Loads
ﬁ
DC
A hybrid
PV Array configuration
g‘ Charge built around
ontroller .
- an inverter/
charger is the
g foundation for a
flexible system
suited for many
Battery applications.
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Alternately, this feature could be used to signal the system’s
owner that the batteries are getting low and corrective action
based on loads and weather patterns may be required.

An automatic generator start (AGS; usually an optional
module) feature is used to automatically start and stop a
backup generator according to a wide range of parameters,
including day of the week, time of day, battery voltage,
scheduled exercise, etc. Some inverter/charger manufacturers
offer their own optional AGS module; others may require a
third-party solution such as an Atkinson Electronics Generator
Start Control Module.

Powering 240 VAC Loads with 120 VAC

While some battery-based inverters are available with
120/240 VAC output, with a little outside help, a single-phase
120 VAC inverter/charger can power a 240 VAC load by
connecting an autotransformer to the inverter’s output. This is
a popular and cost-effective application for systems that have
mostly 120 VAC loads but need to occasionally power a 240
VAC load, such as a well pump. In this example, placing the
pressure switch, which will disconnect the 240 VAC pump
when the water storage tank is full, between the inverter and
autotransformer eliminates the transformer’s standby loss
when the pump is not operating.

240 VAC with an
Autotransformer

e
r

i —-..‘::-'

120 VAC

120 VAC
Loads

Inverter

An autotransformer
can step up the output
of a 120 VAC inverter
to power 240 VAC

loads. Autotransformer

240 VAC

240VAC
Loads

Stacking

Despite all of these features and flexibility, a single inverter/
charger sometimes just isn’t up to the task of large loads.
Fortunately, many manufacturers” models can be “stacked” to
deliver more power, either through higher voltage (changing
120 VACt0120/240 VAC), more current, or both. By networking
a pair of 120 VAC inverters, their outputs can be wired in series
to supply 120/240 VAC split-phase power. Similarly, a pair of
2,500 VA, 120 VAC inverters could be stacked in parallel to
provide up to 5,000 VA at 120 VAC.

A potential drawback to operating multiple inverter/
chargers is that their collective idling losses can really add up.
For example, a single inverter idling at 20 W will consume 480
Wh per day (20 W x 24 hrs./day). Two inverters idling would
consume almost 1 kWh each day. Fortunately, these inverters
are typically smart enough so that standby units can be user-
programmed to “sleep” in a very low-power mode (about 3
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120/240 VAC with
Stacked Inverters

—_
— ‘-"'. 120 VAC
Inverter 1 120 VAC
Loads
[
Signal |
240VAC : 7 W
lL-' sl
240VAC
Loads
120 VAC
Inverter 2 120 VAC
Loads

Stacking 120 VAC inverters can provide both double the
maximum power, and 240 VAC for larger loads.

W instead of 20 W) when loads are low. They wake up and
assist the main inverter when loads exceed what a single
inverter can handle, but then return to their low-power sleep
mode when loads are once again reduced.

Independent Inverters

Another multi-inverter strategy can reduce whole-system
inverter losses and increase low-power efficiency. A smaller
inverter, without a built-in battery charger, is selected to
efficiently run a range of regular and/or always-on loads,
like CFLs, answering machines, cordless phones, and Internet
routers. A large inverter/charger is also connected to the battery,
but is used to power large (usually, short-term) loads, such as a
microwave oven or shop tools, connected to circuits isolated from
the small inverter. It’s only turned on when it senses a load via
its low-power “search” mode. Using two inverters also provides
an additional measure of equipment backup should one fail,
and the larger inverter/charger can help charge the batteries
if required. Exeltech, Samlex, and Schneider Electric (Xantrex)
make smaller sine wave inverters useful for this strategy.

Networking & Monitoring

Inverter/chargers typically offer their own networking features,
and there are also third-party solutions for monitoring and
some amount of remote control. Networking is required to
connect control and display devices; to facilitate most AGS
functions; to share common data (i.e., battery temperature);
to coordinate operation of multiple devices (i.e., inverters and
charge controllers); to troubleshoot system maladies; and, often,
to set or adjust system parameters such as input current limits,
battery charger set points, and AUX operation.

Monitoring allows a user to track system operation and
performance, diagnose potential problems, and sometimes
control functions. Monitoring is available locally via a
PC, and some products offer remote capability. Examples
include greenHouse Computers, Right Hand Engineering,
WattPlot, and APRS World.



battery-based inverters

System Networking
and Monitoring
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Networking Monitoring

Inverter

Networking and monitoring features allow system components
to interact and display data to the user and/or installer.

Choosing Your Features

Not all of these features are available from every battery-based
inverter/charger, and multiple features can’t necessarily
be used simultaneously. When you're ready to meet the
needs of your particular application, download the user
manuals for several inverters, give them a good read, and
then contact your dealer and/or the manufacturers for
additional information. Additionally, online assistance may
be available from manufacturers, and independent forums
and list servers. You'll then be on your way to a system
configuration that offers a variety of practical features to
help provide improved system performance and convenience
tailored to your particular needs.

Become a Lighthouse:c i Franchise
owner and benefit from a unique
business relationship.

Lighthouse:l:- Franchise benefits:

® proven business model

= comprehensive training program
* ongoing support

® group purchase power

= growing national brand

Conversion opportunities for existing
integrators available!

Lighthousezcla- | 303 638 4562
www.lighthousesolarfranchising.com

Access

Jim Goodnight (james.goodnight@us.schneider-electric.com) has
more than 35 years of design and project management experience,
covering a broad range of technical fields. He has been designing
and optimizing PV systems since 2002. He began providing technical
consulting and field support to OutBack Power Systems in 2004, and
formally joined the company in 2008. Jim joined Schneider Electric in
2010 as a senior sales application engineer.

Inverter Manufacturers:
Atkinson Electronics ® www.atkinsonelectronics.com

Exeltech ® www.exeltech.com

greenHouse Computers ® www.greenhousepc.com
Magnum Energy ® www.magnumenergy.com
OutBack Power Systems ¢ www.outbackpower.com
RightHand Engineering ® www.righthandeng.com
Samlex ® www.samlex.com

Schneider Electric ® www.xantrex.com

WattPlot ® www.wattplot.com
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Geo Bulb

LEDEIGHT SAVES POWER

NEW! GeoBulb®3
5-Year 24/7 Warranty

Only Uses 7 Watts!

® Even Brighter Than Before -
Quality Light with Longer Life

* Best Replacement for Incandescent

and CFLs
¢ 120 Volt ¢ No Mercury or Lead

¢ Available in Cool White, Soft White,
and Warm White

NEW! GeoBulb® MR16

5-Year 24/7 Warranty

> Only Uses 3 Watts!

¢ Equivalent to 20 Watt Halogen t
* 12 VoIt AC/DC ¢ No Mercury or Lead ‘
¢ Available in Cool White, Warm White

& @, FC
C.CRANE. 800-522-8863 » GeoBulb.com
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Commercial « Residential
Solar Radiant Floor

30 YEARS OF CONTINUOUS IMPROVEMENT

Save up to 80% on heating bills
All weather performance
Fast installation « Low maintenance
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TrakStar™ Technology

The Most Advanced MPPT Solar Controllers

Better peak power point tracking than other MPPT controllers

Fastest sweeping of the entire |-V curve

Recognition of multiple power points during shading or mixed PV arrays
Superior performance at sunrise and low solar insolation levels

45 or 60 amps amps

150 volts open circuit S volts open circuit

world’s leading solar controllers & inverters

MORNINGSTAR

corporation

ok RRERRRT ol o o

i

oin the/Bornay experience.

Bornay
Windturbines

600W

1500W
3000W
6000W

From 1970 we've been pioneers in making use
of wind energy. In taking light to isolated places.

Four decades is a long time. We began in Europe,
but we've applied our technology in 50 countries:
[ the United States, Japan, Angola, the Antarctic...

We've developed the most reliable low-power
windturbines in terms of performance and
robustness. Over 4000 installations across the
world have chosen a Bornay.

bornay.com

Now is the time to contribute to distributed generation
by using windturbines specifically designed for
grid connection to work for you.

Now, we're looking to embark on a long journey in the
United States, sharing experience, knowledge and
technology. We want to work with you, guaranteeing you
quality installations and ensuring safety for your customers.

When you think mini wind turbines, put your trust in Bornay.

For joined-up energy, join the Bornay experience.

Bornay & o
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LABEL-WRIGHT

SAFETY & IDENTIFICATION LABELING

Safety & Identification Labeling
for Mechanical & Electrical Systems,
Components & Renewable Energy Systems

«ANSI 7535.4 & 150 3864-2 Safety Labels
«NEC Article 630 Code Compliant Labels
»Experience in Utility System & Component Labeling
= Facilities Signage

PO Box 1322 | Boone, NC 28607
(866) 356-8911

www.Label-Wright.com

‘ n Quality First!

A SOLAR PUMPING PRODUCTS
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Brushless DC Submersible Pumps

SCS SERIES

L) Ao ge] up to 2 HP. Heads up to 700 feet
and flow rates up to 200 GPM.

SDS SERIES

H
)

SUBMERSIBLE PUMPS

SUBMERSIBLE PUMPS

Diaphragm Submersible
Pumps with heads up to
230 feet and flow rates

SCP SERIES up to 5 GPM.

—

DC Pool Circulating Pumps
from - HP to 1 7> HP.

POOL PUMPS

Complete Solar Pumping
Systems. Ranging from
1/4 HP up to 3 HP for
our standard pump line
and up to 30 HP for our
custom solar systems.

-

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

Fax:  (928) 348-9653

www.sunpumps.com

SHARP

Phone:
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by Allan Sindelar
photos by Lael Eccard

An experienced off-grid installer can
help make sure you get the system
that meets your needs.

Seasoned pro Allan Sindelar shares his approach to designing
high-performance off-grid systems: what works, what doesn’t,
and how to select a top-notch installer.

Just a few years ago, most solar installers specialized in off-
grid systems, for homes beyond the utility lines. Now, most
new solar companies only do grid-tied systems because
the largest customer growth has been with residences and
businesses with access to the electric grid.

But the two system types are very different, and the
skills needed to design, install, and support the two are
likewise distinct. Off-grid knowledge is gained through
lengthy experience, and many newer solar companies (and
those serving only urban markets) simply don’t offer off-grid
services. If you're considering an off-grid RE system, here’s
what you need to know to successfully hire a pro.

The Relationship
Working with an off-grid installer is akin to entering
a long-term relationship, and it does not end with the
installation. Depending on your technical skills, you may
need your installer to guide you through the system’s
long-term care, and you may need to call on your installer
when problems arise. You will want to feel confident that
your installer will support you and your system for years
to come.

A good designer-installer will generally start with an
initial conversation, either in person or by telephone. Answers
to these questions are important to the design process:
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off grid

The interview process is critical to getting
an off-grid system that performs to your expectations.

Do you already have the property, or are you still in the
process of looking for land or a home? (This helps your
designer understand what information you’ll need.)

Where is the property? (If it is far away, a good dealer will
often suggest another installing dealer closer to you.)

Is there an existing home or other building on the
property, or are you planning to build a new home?

What, if any, RE equipment is already in place? Can you
provide digital photos of the existing PV system?

If you are building a new home, are you doing the work
yourself or are you working with a general contractor?

Will this be your full-time residence or a vacation home?

If you are building new, how far are you into the design
or building process? (Your designer is best included in the
RE design process from the beginning.)

What are your motivations for wanting to be off-grid? Is it
your only option due to your location? Are you concerned
about utility outages or future rate hikes?

How far away is utility power and what would it cost to
bring it in and hook up to it?

Do you have specific needs related to your lifestyle and
life situation, such as young children or elder care, plans
to work at home, livestock, etc.?

What do you know about off-grid living?
How will you heat your home?

What are your water supply needs, and is any equipment
in place now, such as a well?

What budget range do you have in mind, and how will
you finance your project?

www. homepower.com

SHOPPING FOR
OFF-GRID PROPERTY

Here are a few issues to consider when searching for
your off-grid paradise:

Most off-grid properties are remote, which likely means
far from town services. As you consider a parcel,
consider if its remote location will necessitate excessive
driving.

If the property has reliable grid power at its edge or
nearby, consider tapping in. Build your home as if
you will be off-grid—that is, with the sensible energy
efficiency of an off-grid home—then hook to the grid and
install a grid-tied system to offset your utility electricity
consumption. You will spend less, reduce your impact
by letting the utility take the place of a backup generator,
and have less maintenance and battery replacement
expense.

If buying a home with an existing RE system, consider
having the system professionally inspected, just as you
would have the home inspected. An existing system
may have served its former owners well, but may be
totally inadequate for your needs, or antiquated and
difficult to maintain. Few home inspectors are qualified
to evaluate RE systems; use this opportunity to get to
know an installer to see if they are right to upgrade the
system.

If buying an existing on-grid home, it is probably best to
leave it on-grid. Taking an existing home off the grid is
a difficult and expensive task, as many prior decisions—
about siting, appliances, water supply, and heat, to
name a few—were likely made without consideration for
future off-grid possibilities.

A professional
installer will use
site survey tools

to find the best
location for the
PV array.




off grid

A thorough load
analysis takes
the guesswork
out of system
sizing.

Besides providing a good initial profile of what you are
seeking, and at what level of technical detail your designer
should address your questions, a seasoned off-grid installer
often hears more “between the lines” than is verbalized. They
can often sense (and answer) the questions you don’t yet o
know to ask, and may even nudge you to revisit the idea of
grid connection, if they feel you don’t have a realistic picture
of the responsibilities involved in maintaining an off-grid

paper calculations, consider purchasing an inexpensive watt
meter that measures power use and energy consumption.

For system designers, a load analysis serves four purposes:

Lists and quantifies loads so the system can be sized to
meet the home’s needs.

Helps identify ways to achieve end results more efficiently
to use less energy. The process is a vehicle for your
designer to educate you about off-grid living, including
lifestyle changes for greater energy efficiency. It often
includes replacing inefficient appliances. For example, if
you like a big-screen TV for watching sports, consider a
second smaller, more efficient one for most shows, saving
the large screen for full batteries and Super Bowls (see
“Toast, Pancakes, and Waffles: Planning Wisely for Off-
Grid Living” in HP133).

Helpsidentify overlooked or inappropriate loads, potential
problems, and special cases; and suggest alternatives that
use less electrical energy. Examples include hot tubs,
which, in off-grid situations, usually are heated with
wood or gas, not electricity.

Creates a record of how much energy use was expected in
case changes are called for. Consumption canbe reevaluated,
and loads reduced or the system expanded accordingly.

system. Don’t be offended—you would save money and
effort by discovering this early in the process. (Note: While
there are no monthly electric bills, off-grid living is seldom
cheaper than utility power, as amortized battery replacement
costs often match utility charges.)

Depending on the property’s location, an installer may also
assess your reasons for wanting to live off the grid, and how
feasible that might be for you. If you have not yet settled on a
property, they may advise you of some things to consider when
looking for your site, such as a building site with unfettered solar
access (see “Shopping for Off-Grid Property,” previous page).

Most installers do not charge for an initial consultation,
which usually lasts about an hour. Think of it as a “mutual
employment interview”—at its conclusion, you and your
installer will have a pretty good sense of your compatibility,
and will decide together whether to move on to the next steps
in the design process.

Load Analysis

A load analysis is the next essential step in the off-grid design
process, providing the hard data necessary to build a system
that will efficiently meet your energy demands.

You must provide your designer with a comprehensive list
of everything you expect to power in your off-grid home—that
means every light, appliance, and mechanical component, big
and small. The expected power consumption of these loads
and hours of use are summed and averaged to estimate daily
energy consumption. This becomes the basis for the system size
and design. (For more information, see “Getting Started with
RE: Professional Load Analysis and Site Survey” in HP120.)

Most PV system installers or dealers use spreadsheets or fill-
in-the-blank forms to walk clients through the process. Besides

THE DYNAMICS OF
OFF-GRID DESIGN
& INSTALLATION

Most off-grid installations and substantial system
upgrades are arranged and completed directly with
homeowners. But some projects require that the installer
work through a general contractor, who is responsible
for planning and executing the entire building project,
including hiring, coordinating, and scheduling
subcontractors.

Typically, each subcontractor completes one aspect of the
job with little coordination with other subcontractors—
and little understanding of specific off-grid efficiency
needs. The result often is that each system—heating,
appliances, AC wiring, etc.—works well but the home
wastes a fair amount of electricity.

If you've hired a general contractor to coordinate
your building project, insist that your RE installer
remain involved from the onset of the design process,
and encourage collaboration among the various
subcontractors—especially those involved with the
electrical, lighting, water pumping, and heating.

Key systems, such as lighting and heating, should be
designed as a team of contractor, subcontractors, and
PV system designer. The PV designer reviews nearly
all of the design decisions and appliance selections
for compatibility with the finite energy available. He or
she will also make sure the array will be installed in a
location to maintain its solar access.
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For the client, a fifth benefit arises that
is the most important of all—a valuable
self-education process. Most of us who live
with utility power take energy availability
for granted. We use it as needed and pay
the bill each month, and we have had little
reason to assess our energy use. Doing
a load analysis can be an eye-opening
activity, since some folks are quantifying
their energy use for the first time and
may need to reevaluate whether their
energy habits are compatible with off-
grid living. Additionally, even if the
client decides to stay on the grid, they
are now armed with information on how
to reduce monthly energy bills, which
with minimal or no investment can save
on future energy bills and reduce the
home’s environmental footprint.

Load analysis is a rigorous and

off grid

time-consuming process, but necessary.
By establishing clear expectations of
your solar electricity demands, you are
far more likely to be satisfied with the final product and can
better understand your system’s limitations.

Budget
Good wind and hydro sites are rare—for most folks, their off-
grid resource defaults to the sun. (To simplify the discussion,
that’s what we’ll focus on, although some off-grid folks
will implement hybrid systems to meet their energy needs.)
Off-grid PV systems can cost as little as $3,000 or more than
$100,000. Big or small, the design and education processes are
generally the same.

Most clients initiate the budget conversation by asking
for ballpark figures. They’ll ask what they think is a
seemingly straightforward question, like “How much would

Regular maintenance of off-grid systems is taught by the
installer, and needs to become a habit.

www.homepower.com

Teaching the customer to understand and operate their
system is crucial to post-installation satisfaction.

it cost to power a 2,000-square-foot home?” What they don’t
realize is that the size of the home is nearly irrelevant to
the question being asked. Two homes of the same size can
have electrical needs that differ by a factor of five or more,
since a home’s energy use is largely dependent on how the
occupants use it.

An off-grid system’s cost can vary greatly depending
on the loads, lifestyle, and budget of the customer, and
what renewable resources are available. A typical modern,
full-featured, code-compliant off-grid solar-electric system
for a customer who has properly reduced loads has at
least a 1 to 1.5 kW PV array and a battery with three days
of storage capacity. A system that size can cost between
$15,000 and $25,000, including all components, design, labor,
and support. It usually excludes appliances and a backup
generator, carpentry, excavation, and concrete work, as these
are usually best done by you or by another tradesperson at
lower cost. Generally, wiring only includes connection to
the home’s breaker panel—PV installers usually don’t install
conventional household wiring.

If the budget exceeds your out-of-pocket expectations,
your installer may be able to advise you of financing resources
that others have used successfully (see “How to Finance Your
Renewable Energy Home” in HP103). Federal tax credits of
30% for residential solar and 30% for efficiency upgrades
apply equally to grid-tied and off-grid systems. While some
incentives apply only to homes with utility power, many
states offer incentives and tax credits, and few distinguish
between the two system types (see www.dsireusa.org). A
good installer will explain available incentives and guide you
through the application process, as well as pull permits and
secure inspections.
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off grid

Beware of Bargains

Factors that affect a PV system’s overall cost include the
amount of power produced daily, inverter capacity and
waveform quality, and battery bank size and quality, the
inclusion of details like surge arrestors and battery vent
fans. PV hardware follows some pretty traditional rules:
You get what you pay for—and quality is usually worth
the extra cost.

Use the questions in this article as a guide to understand
the issues involved in creating a good system. Then
interview several installers in your area. Who has the
most off-grid experience? Who has the most satisfied
customers, and can provide references?

Initially, don’task what the system will cost. Agood designer
can only answer “it depends” until a full load analysis and
interview is done. Inexperienced or unscrupulous installers
will respond with a low initial figure, knowing that the goal
at this early stage is to “get the job.”

Use your research to select a good designer/installer;
then work with him or her to develop your particular
system according to your loads, lifestyle, and budget.
If the installer you have selected and chosen to trust
tells you that your system will cost more than you can
afford, work to reduce your loads or forego certain
luxuries. Shopping for a cheaper system is usually a
false economy and may prove disastrous.

Site Visit & System Design

Once your installer has a general idea of your loads, lifestyle,
and budget, a site visit is next. Survey tools are used to
determine one or more possible sites for your RE system.
The installer will also measure conduit and wire runs, select
a location for equipment and batteries, look for potential
pitfalls to avoid, locate your water well, plan for a backup
generator, and formulate a general plan for the installation.

Next, the installer will design the power system. Most
will already have a good idea of what components will be
used in your system—the bulk of the design process involves
performing sizing calculations, resolving specific issues, and
working through the various design subtleties. Your designer
will let you know if your budget isn’t adequate to cover the
system you’ll need to meet your loads. Once such issues are
resolved, your installer will prepare a proposal for you. It
will likely include component descriptions, an estimate of
expected performance, inclusions and exclusions, estimated
price, and terms of payment. Knowing your desired budget
range will help your installer keep the proposal in line with
what you can afford.

Because of the legwork involved and the custom nature
of off-grid system design, most installers won’t provide “free
estimates”—after all, you are purchasing their knowledge
and experience, as much as the equipment. You may expect
the design process to make up 2 to 5% of the overall system
cost—that’s $400 to $1,000 on a $20,000 system. Some will
credit part or all of this fee if you buy the system.

Many experienced installers will refuse to install
equipment purchased elsewhere, such as from an Internet
retailer. Why? The installer would lose control over design
and equipment specifics, yet still be responsible for the
system’s care. Plus, warranty issues might have no clear
resolution: Was a component failure the result of a defect,
poor system design, or an incorrect installation practice? Also,
the profit on hardware will have been given to a third party
who has little incentive to support the end user.

Installation & Commissioning

A good installer will stay in touch as the installation days
approach. Questions will arise, changes may be necessary,
and the starting date may move up or back. Your installer
may encourage you to be present and available during
installation, to deal with questions that you can best answer.
You may be asked to help out from time to time, if only for
simple tasks. If you lend a hand it becomes “your” system
with your time invested, and as you watch it come together it
becomes less forbidding and mysterious.

Once installation is complete, the system is methodically
powered up. Next come programming the inverter, charge
controller, and system monitor, and the myriad details
to complete the job. Your installer should include a high-
quality shunt-based system monitor, preferably located in a
commonly used location in your home, rather than out with
the power equipment. If this is your first off-grid experience,
your installer may initially teach you just the basic use
of your monitor so that you can live within your energy
budget. In a month or so, once the system is more familiar, a
good installer will return to present additional maintenance
guidance. You should expect a full owner’s manual with all
component manuals, design records and notes, maintenance
procedures, warranties, and copies of any inspection reports
or permits, but this may not be ready until after the system is
operational.

Expect some support as you become familiar with your
system’s capacities and limitations. You will likely have
questions and may encounter problems—this is normal, and
you'll need your installer’s assistance. Better installers warrant
their work and support manufacturers’ warranties as well.

A system that’s done well will give you the tools to live
well, with minimal dependence on fossil fuels. You will have
gained an appreciation of how to use electricity wisely, and
how to match your living habits with the natural rhythms of
weather and season—a wonderful way to live.

Access

Allan Sindelar (allan@positiveenergysolar.com) installed his first
off-grid PV system in 1988, founded Positive Energy Inc. of Santa
Fe, New Mexico, in 1997, and has lived off-grid since 1999. He is a
licensed commercial electrician and a NABCEP-certified PV installer.

Suggested Reading:
“Starting Smart: Calculating Your Energy Appetite,” by Scott Russell,
HP102

"Toast, Pancakes, and Waffles: Planning Wisely for Off-Grid Living,"”
by Allan Sindelar, HP133
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The TriMetric The PentaMetric

Basic Battery Battery System Monitor
System Monitors 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
« Battery% full - Days since charged

=)

» Data Logging - records
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.

g. Traditional TM-2020
‘ ] | (without optional enclosure) $169

TM-2025-RV features: The PentaMetric System with (non internet) RS232 computer
interface $320

12-48V operation standard.
p Optional LCD Display unit (shown above) additional $199

Higher lightning resistance. Smaller

| i i package includes enclosure. Also = . ] i ina.
NEW! TriMetric {7 5 0 i stem analysis details at: www.hoyartengineering.com
TM-2025.nv information to help find system BOGART ENGINEERING (831) 338-0616 19020
problems. $180 Two Bar Rd. Boulder Creek, CA 95006 USA

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@fullriverdcbhattery.com | 800-522-8191 | www.fullriverdcbhattery.com

5 _-ﬂ-ﬂﬂr

WARRIZANTY

*5 Year Warranty applies to certain models used in select applications only. Please see fulrverdcbattery.com for more information.
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¢ NoAccount Set-Up Solar Roof
& Flashin

¢ Orders Ship the Same Day e | corarnsnn :

¢ Free Shipping on Orders Catle oo N

. Panel Lu
Includes: Modules, 410 - $4.84 per foot g
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solar-Une Balteries have a 10 year factory wamanty
with FREE cell replacement for 7 years.

Solar-Une Battenies have been in RE service for mara
than 13 years with over 39% cuslomer salisfaction.

=olar-_ne Ballenes incorporala the patented and
proven HuP technology with the thickest positive
plate (0.3107) in the Renewable Energy Indusiry,

solar-COne Batteries come complete with solid copper
buss bars, stainless steel fastenars, and lerminals
with more than 9 square inches of surface area.

Solar-One Battenes are available in 9 sizes from
B45 &/H to the MEVY 1990 A/H at the 20hr rata
Many sizes in stock. FREE shipping (lower 48 states).

solar-Uine Battery users descnbed the Solar-One
as: "A Great Value", * Bullet Proof”, "Reliabla®

Solar-One Balteries are assured fresh due to a single,
moderm, and cenfralized disiributicn center with a
continous high flow of product

Conlact your Renewabla Energy prolessiona
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Read Everything You Need to Know about Alternative Energy
New Books From New Society Publishers

Serious Microhydro
Water Power Solutions
from the Experts

Scott Davis - US/Can $29.95

From water to wire
— harnessing the energy
of running water

Wind Power Basics
A Green Energy Guide

Dan Chiras - US/Can $12.95
Practical advice from a warm,
smart and informed human being.
- Bruce King, PE, Director,
Ecological Building Network
Mother Earth News Wiser Living Pick

Solar Electricity Basics
A Green Energy Guide

Dan Chiras - US/Can $12.95
One of the most authoritative
writers on renewable energy.

- David Johnston, author,
Green Remodeling
Mother Earth News Wiser Living Pick

Solar Water Heating
Revised and Expanded

Bob Ramlow & Benjamin Nusz
US/Can $26.95
A comprehensive guide
to solar water and space
heating systems
Mother Earth News Wiser Living Pick

20% Off! Use coupon code MREA to claim your discount at www.newsociety.com

deep green for over 25 years - www.newsociety.com - 800 567 6772

A full line of off-grid solar controls
for the most demanding
environments.

Generator Start
Controller

SolarRadiant ' . ,.___ =
»+  Sensor PVCM10 “\\
ig

Remote Display
Charge Controll8g

Adj .rb-&_,(sjltage Relay
' PVWDM

Harsh Envirohiment
Charge Controller

PVLC-1T5MD

N

Lighting Controllers

. Lbiff. Temp.Controller
For full téﬂhnical and application information visit www.atkinsoRglectronics.com®

WAind, Solar Meter

www.homepower.com
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Grounding &
UL Standard 1703

by John Wiles

One of the most important elements to long- and short-term
PV safety is grounding. Environmental conditions, using
copper conductors to ground aluminum module frames,
and the daily thermal cycling that terminals, combiners, and
modules are subjected to will eventually cause a breakdown
in insulation or in the electrical connections. That means
proper grounding is a must. Here’s why.

Grid-tied residential, commercial, and utility-scale PV
systems operate with DC voltages from 50 to 600 volts—and
higher. AC voltages start at 120 V and some larger systems,
such as premises wiring in large commercial and industrial
facilities, can hit 23 kV. Exposed circuits operating at more
than 30 V (DC or AC) in wet locations are considered a shock
hazard by Underwriters Laboratories (UL), which helps
establish safety standards for various products. [See also
National Electrical Code sections 690.31(A) and 690.33(C).]

PV system current ranges from less than 10 A (DC and
AC) to about 2,400 amps DC on some of the larger inverters.
Consider this: In the right material, an arc at only 1 amp
can start a fire. Modules commonly used in residential PV
systems range from 20 to 320 W—considerably more than
1 A. PV modules can produce dangerous voltage and current
throughout their 40- to 50-year life expectancy. USE-2 cables
and the new PV cables are some of the toughest cables
available—when properly installed, USE-2 cables have been
reported to still be in good shape after two and half decades
of service. But what about a less-than-outstanding installation
after 30 or 40 years?

Grounding Problems Reported
There is significant confusion among module manufacturers,
installers, and inspectors concerning how to properly ground
PV modules. Inspectors are finding improper grounding
techniques, and improper grounding instructions are
appearing in listed PV module instruction manuals.
Unfortunately, it is difficult grounding PV modules and
racks in a manner that will yield a low-resistance connection
and will last for 50 or more years. Inspections and tests have
found that in some cases, module-grounding connections have
deteriorated in as little as three years.

Bonding vs. Grounding

The current edition (2002) of UL Standard 1703 (PV Flat Plate
Modules) devotes a single section to bonding and grounding.
Bonding refers to the factory-made electrical connections

The module
bonding screw and
the braided copper

is touching the
aluminum frame,
causing corrosion.
Tinning the copper
does not help.

between the four or more sections of the aluminum frame.
Grounding refers to the field-installed electrical connection
between the aluminum module frame and the equipment-
grounding system (usually copper conductors).

Bonding uses specific materials and methods to attain
a durable electrical connection between the frame pieces.
Any failure in module or conductor insulation may result

in all pieces of the frame receiving equal voltage. When
the module frame is properly field-grounded at one of the
marked and tested points, factory bonding also ensures that
the entire module frame is maintained at the ground potential
under fault conditions. All bonding fasteners are precisely
torqued to specification by automated equipment or trained
technicians. During the listing process, the factory’s bonding
materials and methods are evaluated for low resistance and
durability. If the manufacturer changes any of the bonding
materials or methods, the changes must be reevaluated by
the listing agency.

Contrast this precisely controlled and evaluated system
with the field-grounding techniques used to connect a copper
equipment-grounding conductor to the aluminum module
frame. Grounding PV modules is haphazard at best. Many
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module manufacturers don’t acknowledge the importance of
this connection to the system’s overall safety. Many instruction
manuals and hardware (sometimes supplied) show techniques
that may not provide good electrical connections. Further, field-
made connections using a threaded fastener are rarely torqued
to the specified value—even when that value is given in the
module instruction manual—because few PV installers have
torque screwdrivers. Inspectors may not inspect the grounding
connection and they are rarely tested for overall continuity. Also,
since the PV system can operate without trouble for many years,
there is little motivation to inspect these connections after the
original installation. But possibly the most critical factor is that
the UL Standard 1703’s bonding/grounding section does not
clearly distinguish the differences.

Instruction Inconsistency

In late 2007, UL issued an “Interpretation” of UL 1703 that
focused on module field-grounding to be used by module
manufacturers and certification laboratories to evaluate and
possibly revise the grounding methods, hardware (if any),
and instructions supplied with the modules. Modules are
supposed to be reevaluated every five years (when the listing
must be renewed). Unfortunately, it is not possible for the
laboratories to review all existing modules.

For example, some instructions specify lock washers,
star washers, and other critical grounding hardware that is
found at hardware stores that lack control over the quality
of the supply. Others recommend thread-cutting or thread-
forming screws, but the UL interpretation states that all
threaded fasteners must be installed and removed 10 times
without damage to any threads—nearly impossible to do
with aluminum module frames.

The UL 1703 interpretation contains a chart showing the
compatibility of various metals—electrolytically incompatible
metals are clearly shown. For instance, copper and aluminum
should not come in contact—if they do, the aluminum at
the contact point will suffer galvanic corrosion, destroying
the connection. (Inadvertent contact between the copper
grounding conductor and an aluminum module frame or
rack does not pose problems because the small amount of
aluminum that may be corroded is part of the electrical
contact.) But some module manufacturer instructions call for
isolating the copper conductor from the aluminum frame by
using a stainless steel washer—without specifying surface
preparation of the oxidized, anodized, and/or clear-coated

Although this
copper ground
appears installed
per the module’s
instruction manual,
the copper is
touching the
aluminum frame
which will corrode
the aluminum

and destroy the
electrical contact.

www.homepower.com

code cormer

When other I
good methods

are unavailable,
use surface
preparation and a
tin-plated copper
lay-in lug listed for
direct burial, and

a torque screw
driver for accurate
tightening.

aluminum module frame. Done properly—that is, with surface
preparation—the presumption is that the mechanical fastener
(screw and nut) and the stainless steel washer would carry
the fault currents. However, these devices have not been
evaluated and listed for carrying current.

To further confuse the situation, it appears that the high
currents, steel plates, and test methods used in UL Standard
467 for evaluating and listing grounding devices may not be
applicable to evaluating grounding devices for PV modules
and racks where the currents are low and the aluminum
surfaces are oxidized, anodized, or clear-coated.

UL is developing specific UL Standard 1703 requirements
for PV module grounding that will appear at some future
date. The requirements will cover methods and hardware
supplied by the module manufacturers, as well as third-party
grounding devices.

For now, when the grounding instructions furnished
by the module manufacturer are inadequate or contradict
NEC or UL requirements, the PV installer and the inspector
must work out an acceptable module grounding method and
hardware. One method used by utility companies for many
years to connect copper conductors to aluminum bus bars
in an outdoor environment uses surface preparation and a
tin-plated copper lay-in lug listed for direct burial. It may be
found in the Burndy instructions for installing lay-in lugs and
in Appendix G of the NEC/PV Suggested Practices manual.
Both may be found on my Web site (see Access).

Access

John Wiles (jwiles@nmsu.edu; 575-646-6105) works at the Institute
for Energy and the Environment (IEE) at New Mexico State University,
providing engineering support to the PV industry and a focal point for PV
system code issues. For PV and code training programs (which qualify
for NABCEP continuing education credits), visit the STDI Web site at
www.nmsu.edu/~tdi/Photovoltaics/Codes-Stds/Codes-Stds.html

This work was supported by the United States Department of Energy
under Contract DE-FC 36-05-G015149.
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Solar Energy Pure and Simple

0ff-Grid & Remote Solar Specialists

Py | JOE SIS

HIGH OUTPUT SOLAR DIRECT VENTILATION

%,
% -
4 ,
o
\ =

HIGH OUTPUT

DC POWERED VENTURI FANS

HIGH PERFORMANCE - Cubic Feet per Watt unmatched in agricultural and industrial ventilation.

ENERGY INDEPENDENT- A stand-alone product capable of providing ventilation to OFF-Grid locations. RES\?’R?%AZggSGO
ENGINEERING EXCELLENCE- The Snap-Fan motor continously and reliably captures max solar for optimal air flow. P: 707 923 4900

CLEAN ENERGY = MONEY $ AVING $- Reduce energy consumption during the hottest times of day. Great R.O.1. F: 707 923 2008

Adjustable Permanent Magnetic
Brushless Alternator

DA Manufactured|by Lo Power; Engineering Pedbetter;
PO} Box: 1567, 1.07-986-7771
Redway, CA 95560 delejo@humboldt:net
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Schletter Inc.

3761 E Farnum Place
Tucson, Arizona 85706
USA

Telephone: +1 (520) 289-8700
FAX: +1 (520) 289-8695

www.schletter.us
mail@schletter.us

Steca PF 166 is the most energy saving
DC fridge/freezer combination ever.

m Automatic switch on 12 V or 24 V
system voltage

Unit runs on a single 70 W module
in most climates

Digital temperature setting and display
Power outage display
Fast cooling due to compressor speed control

Patented Stop-Frost system
to reduce condensation

= SunWize To purchase, contact: SunWize Technologies Inc. A 800-817-6527 | info@sunwize.com

Www.sunwize.com

www.homepower.com




AAASOoIar,Suppiy;inc:

FEATURING: Serving the Solar Industry Since 1979
& Bt ] Py Also Featuring:
l“' mml s SUN AIRE
5 i e Tl Air Collectors
B : e e g et for Home Heating
Liquid Collectors - g gt e bene

for Solar Hot Water
& Radiant Floor Systems

Other Solar H,O

Products & Parts o St
ek P Bkt

* Pumps Ly ’
* Heat Exchangers T —— : Other Solar Hot Air
* Storage Tanks g i -y A Products & Parts
* Complete Systems o A g ey " Blowers
« Control [T — £ '} Capemg * Backdraft Dampers

Bonl-:-(:/j . -l'u-ll...n i = By (PO Caning sl e Controls
* Batc ater Heaters AT et Wi ey | o

b Pt e ek DIY Systems

(800) 245-0311 - www.aaasolar.com °* solarstuffCaaasolar.com

2021 Zearing NW, Albuquerque, NM 87014

ELECTRO AUTOMOTIVE

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

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

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

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

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

P.O Box 1113-HP, Felton, CA 95018-1113 — 21> 831-429-1989
WWW.ELECTROAUTO.COM —iZ74 ELECTRO@CRUZIO.COM

1 12 home power 137 /june & july 2010



3

A INALAY (5
O Green B Applies Magnets
WIND TURBINES, BLADES, NEO MAGNETS, MAGNET WIRE
D1y PLANS, CONTROLLERS, INVERTERS, SOLAR POWER

5-blade wind turbines: Higher energy

output at low wind, quieter than TH’NK THERMAL-
e THINK SUNEARTH

[.2kw-3.5kw Max Hybrid Systems:
Maintenance-free, high efficiency,
quiet, grid-tie w/backup

Top Quality DIY Turbine Parts:
Efficient blades, powerful NEO
magnets, controllers, Inverters,

Towers and more WWW. S U n e

SunEarth, Inc.
WINDMAX GREEN ENERGY

8425 Almeria Avenue, Fontana, CA 92335
Web: WWW.MAGNET4LESS.COM
Tel: (800) 379 6818 or (972) 432 6508
Add: 1111 Summit Ave #8 Plano TX 75074

WHY RENT YOUR POWER WHEN YOU CAN OWN IT?

SolMan ‘sz

GENERATOR

120vACor 12vDC

3 - 100 Amp/Hr Batteries

1200w Inverter/Charger
Plug & Play - Point of use

renewable energy for home
Clean, Silent, and Portable 24 ’
work or recreation.
No Gas - No Fumes - No Hassle

Designed and Produced in America

for High Quality and Lasting Value S OL

>SOLUTIONS

INTEGRATED SOLUTIONS
FOR ENERGY INDEPENDENCE

Special Expandable Option
Add 2 Extra PV Panels
and Get a Free LED Bulb!

www.sol-solutions.com ® 800-828-2965

515 S. Main Street, Hwy 101, Willits, CA, 95490

www.homepower.com
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Hot Tub 2.0

by Kathleen Jarschke-Schultze

Tales of off-grid living from
seasoned homesteader
Kathleen Jarschke-Schultze.

After years of wanting a hot tub, my
husband Bob-O and I purchased a
wood-fired model—the Snorkel. The
tub assembly went very well. As did
filling the tub with water and testing the
stove. We had gathered a cord of dry,
fallen wood. I made an insulating cover
out of recycled bubble wrap. It was time
to hone our skills at regulating the water
temperature.

Temperature Trials

We had a floating thermometer in the
tub. We hung a plastic canoe paddle by
the tub for circulating the water. The Snorkel stove is made
to run a hot, quick fire. The long-dead, very dry creek slash
got a fire roaring in the stove, and then we tracked the water
temperature. When the desired temperature is reached, the
stove is manually closed down—both lid and damper. This
quickly stops the heat from building further by cutting off
the fire’s oxygen supply.

While the hot tub instructions told us the 400 gallons
of water would heat quickly, we were not prepared for
a temperature rise of 64°F in four hours—kind of crazy.
Midafternoon, the tub water was a scorching 114°F—way
too hot to even dip a toe into. A temperature of 104°F is the
hottest recommended for human comfort and safety in hot
tubs or spas. But the temperature takeoff just happened. Well,
it happened in part because of the distance between our house
and the tub.

Tough Tubbing
Our tub is situated out the back door, across the driveway,
and up a short rise to a semi-level area. It sits on the north
side of the house, which means it gets the down-canyon
winds that power our wind turbine, which is situated a little
further out into the meadow. You gotta be tough to tub at our
house, braving the chill winter winds and, at that time of year,
treading through the snow.

Our hot-tub preparation ritual was this: We would trek
out to the tub, check the fire in the stove, and add wood
if the fire had died down. We would stir the tub with

the canoe paddle, wait a minute or so, and then pull the
floating thermometer to the side to read the temperature. It
is an old liquid-in-glass type, so we had to be careful not to
accidentally break it with the paddle. As the temperature
neared the goal of 104°F, the trips to the tub multiplied.
But after we had raised the temperature too high on several
occasions, Bob-O decided to devise a system where we
could do the stirring and the temperature check from the
house.

Tub 2.0

Since he had already buried a power line to the hot tub
structure, he installed an all-weather covered outlet there.
After much investigation and a couple of false leads, he
bought an aquarium pump (8 watt, 620 gph) to circulate the
water in the tub as it was heating. We start the pump when
we kindle the fire in the stove. It works great. No more cold
water lurking under the benches.

Bob-O found a wireless digital indoor/outdoor
thermometer with a remote readout and a submersible
temperature probe. He placed the probe about halfway down
on the tub’s inside wall. The remote readout sits on his desk.

Now, just by reading the remote display, we can tell
exactly when the water reaches the right temperature for
tubbing—or when we need to add wood. There is also a
digital readout mounted by the tub so we can check the
ambient and tub temperatures while we are in the water. It’s
quite a clever setup.
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The bubble wrap insulating cover had a brief lifespan and
quickly disintegrated. So we replaced it with Snorkel’s closed-
cell foam insulating cover, cutting it to size. By judicious use
of the scissors, we were almost able to cut two full-sized
layers, doubling the thickness to increase the R-value. Having
a short, flat side next to the wooden fence that shields the
tubbers from the stove gave us enough extra for this to work.
The top of one curve is only missing a 3-inch-wide strip.
The double thickness of foam is very insulating—and light
enough to move on and off the tub quickly and easily.

Tub Tea

We tubbed just about every night this winter. Bob-O would
call when he left a job and I would start the fire. On weekends,
we’d go in a couple of times a day. If the sun came out, we
would drain the tub, scrub it down, and refill it using the solar
pump in the well. It was quite a cold winter and the warmth
of the tub was glorious. Ever see pictures of Japanese snow
monkeys basking their bones in the hot springs? That was us,
just less furry and not picking nits off each other.

At first the tannins leaching out of the cedar staves gave
the water a brownish tint. I asked my sister Mary about this
effect, as she has owned a Snorkel tub longer than we have.
“Don’t worry,” she joked, “just think of it as sunless tanning.”
But I never noticed any tanning effect, which would have
been welcome in the dead of winter.

Winter Spring

Just about four weeks after we started using the tub, the
weather turned cold. I mean, really cold for these parts—7°F;
the next night, 6°F; the night after that, it warmed up to 8°F.
No rain, no snow—just cold.

Our house’s water system is charged by a spring that’s
piped underground to a gravity-fed, 1,000-gallon concrete
tank buried in the hillside across the creek. From there, the
water line is buried down the hill and under the road, coming
out of the bank about 5 feet above the creek. The pipe crosses
over the creek before it is again buried all the way to the

www.homepower.com
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house. The creek crossing is the weak link, although the pipe
is insulated with foam, wrapped with electrical heat tape,
and covered with a protective metal pipe. The extra need
for electricity for the heat tape is not an issue, since its use
coincides with our plentiful wintertime hydropower supply.

The night it was 7°F, the water line across the creek
froze—even with the heat tape turned on. The next morning,
we used the solar pump and the well to fill buckets of water
for use in the kitchen and the bathroom. While we were still
pumping from the well, we drained, cleaned, and refilled the
tub. I thought this was pretty tolerable. At least we weren’t
breaking a hole in the creek ice to get water. (Been there, done
that.)

The next night it dropped another degree, and the water
line from the solar pump and the wellhead froze. The water
we had then was all we would have until things thawed. The
house system even froze, up the buried pipeline underground
and in the pipes under the house. The next night remained in
the single digits. We had to conserve the water we had and
wait for warmer weather, but we could still soak in the hot
tub every night. It was a real comfort to be warm all over.
Well, except our ears. We took to wearing hats in the tub.

Although the nights did not get above freezing for two
more weeks, we were able to thaw the wellhead and pump
line. We dipped water from the creek, heated it, and slowly
poured it on the frozen areas. Once we had the well water
pumping again, I used bags of old packing peanuts to cover
the exposed areas, then weighted the bags down. On sunny
days, we were able to drain, clean, and fill the Snorkel. (Doing
that about once a week was just right.) We topped off the
buckets in the house at the same time.

There have been a few times through the years when
our spring-fed holding tank was drained. Usually on those
occasions, we would hook up a hose between the well line
and an outside faucet on the house to the holding tank, using
the solar pump to back-charge the house’s holding tank. With
all the frozen lines in the house system, though, we just had
to wait for a thaw. When the system did thaw, we found that
the spring itself had frozen—the first time that has happened
in the 20 years we’ve been here—but then we were able to use
the well to back-charge the tank.

Warm Regards

Hot water is a miracle. Just wait till you don’t have it. Was it
serendipity that we got the hot tub just in time to be such a
comfort in our time of need? Clean living? Kismet? We were
just glad we had the Snorkel. We are tubbing regularly and
look forward to many years of heated relaxation and quiet
conversation under the stars or surrounded by snow. You
know, moonlight on the snow really is wonderful.

Access

Kathleen Jarschke-Schultze (kathleen.jarschke-schultze@
homepower.com) has leaped into the blogosphere at
www.theoffgridlife.com from her off-grid home in northernmost
California.

Snorkel Stove Co. ® www.snorkel.com
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WMLE ENERGY
NING CENTER

The Renewable Energy Training Center in Central
New York offers NABCEP-approved and CEU/PDH
credit-bearing workshops on:

e Small Wind * Micro Hydroelectricity
* Solar Photovoltaics e Ground Source Heat Pumps
e Solar Thermal e Biofuels

Scholarships available for most participants.
Morrisville State College offers an A.A.S. degree in
Renewable Energy Technology!

View our events calendar and sign up at:
http://retc.morrisville.edu

an equal-opportunity institution

AUTOMAGIC BATTERY WATERING
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RE happenings

CALIFORNIA

Jul. 13-15, "10. San Francisco. Intersolar North
America. Solar trade exhibit & conf. Market
developments & trends, government policies &
technology & products. Info: www.intersolar.us

Arcata, CA. Workshops & presentations on RE
& sustainable living. Info: Campus Center for
Appropriate Technology ® 707-826-3551
ccat@humboldt.edu e 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 e 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

Cedar Rapids, IA. I-Renew "10 workshops.
Basic PV, SHW, Intro to Small Wind, SHW
Site Assessor, PV Site Assessor & Wind Site
Assessor. Info: (see IRenew below)

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

Hartsburg, MO. Workshops & online courses on
PV & more. Info: Show Me Solar ¢
www.showmesolar.org

New Bloomfield, MO. Workshops, monthly
energy fairs & other events. Info: MO RE e
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
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NEW MEXICO

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

NEW YORK

Jun. 14-18, 10 (again Jul. 5-9 & Aug. 2-6).
Delhi, New York. PV Design & Installation
Basics training. Info: SUNY e 607-746-4545
communityservices @delhi.edu

Oct. 18-21, '10. Chatham, NY. PV Design &
Installation Basics. Site analysis, system sizing
& some hands-on. Info: SunDog Solar e

betsy @sundogsolar.net e www.sundogsolar.net

OHIO

Cleveland, Cincinnati, etc. Workshops & RE
events throughout the state. Info:
www.greenenergyohio.org

OREGON

Jul. 10 EORenew workshops. John Day,

OR. Jul. 19-22: Cob Bench Sculpture &
Construction; Jul. 22: Domestic SHW; Jul. 23:
Cob Techniques & Materials Lab; Jul. 26-27:
Earthen Plasters. Info: (see EORenew below)

Jul. 23-25, "10. John Day, OR. SolWest RE Fair.
Exhibits, workshops, speakers. Info: EORenew ¢
541-575-3633 ¢ info @solwest.org ®
www.solwest.org

Cottage Grove, OR. Adv. Studies in Appropriate
Tech. internships. Info: Aprovecho Research
Center ® 541-942-8198 ¢ apro@efn.org ®
www.aprovecho.net

PENNSYLVANIA

Jun. 26-27, '10. Dallas, PA. NE PA Energy
Solutions Expo. Exhibitors & vendors:
technology, products & innovations to
conserve, reduce, or supplement energy use.
Info: www.pnercd.org

TENNESSEE

Summertown, TN. Workshops on PV,
alternative fuels, green building & more. Info:
The Farm © 931-964-4474 ¢
ecovillage@thefarm.org e www.thefarm.org

TEXAS

Austin, El Paso, Houston, North TX & San
Antonio. TX Solar Energy Society chapters
and affiliates have regular meetings across the
state: Info: www.txses.org
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WASHINGTON STATE
Oct. 9, '10. Guemes Island, WA. Intro to RE.
Info: see SEl listing in CO.

Oct. 11-16, '10, Guemes Island, WA. PV
Fundamentals & Grid-Tied Design. Info: see SEI
listing in CO.

Oct. 18-23, "10. Guemes Island, WA. Wind-
Electric Systems Maintenance & Repair. Info:
(see SEl listing in CO)

Oct. 25-30, '10. Guemes Island, WA. Homebuilt
Wind Generators. Info: see SEl listing in CO.

WISCONSIN

Jun. 15-16, '10. Stevens Point, WI. Small Wind
Conference, for installers and industry. Info:
www.smallwindconference.com

Jun. 18-20, '10. Custer, WI. The Energy Fair
(a.k.a. MREF). Exhibits & workshops on solar,
wind, green building, transportation, energy
efficiency & more. Home tours, silent auction,
Kids’ Korral, entertainment, speakers. Info: See
MREA listing below.

Custer, WI. MREA "10 workshops: Basic, int.

& adv. PV, SHW & space heating, wind; site
assessor certification, RE business, straw bale,
cordwood, masonry heaters & more. Info:
MREA ¢ 715-592-6595 ¢ info @the-mrea.org ®
www.the-mrea.org

Ambherst, WI. Artha 10 workshops: Intro

to Solar Water & Space Heating Systems;
Installing a Solar Water Heating System; Living
Sustainably & more. Info: Artha e

715-824-3463 e chamomile @arthaonline.com
www.arthaonline.com

INTERNATIONAL
CANADA

Jul. 2-9, "10. Smithers, BC. Off-grid Systems for
Remote Locations. Info:
www.buckvilleenergy.com

Downsview, ON. Workshops on RE, PV, wind,
SHW, green building, efficient heating & more.
Info: www.kortright.org

RE Happenings
Exclusively Online

Although this is the last print
edition of RE Happenings, you
can still keep tabs on local,
national, and international

RE events online at
http://homepower.com/
resources/events

Tosubmityoureventonline,goto
www.homepower.com




“Solar Wand”
Iln Your
Existing Tank
858-259-8895

BUTLER
| SUNSOLUTIONS

www.butlersunsolutions.com

Western North Carolina
Renewable Energy Initiative

2010 Workshops Announced
TOPICS INCLUDE:

www.homepower.com

The BEST Tool for Solar Site Analysis

JUST GOT BETTER!
f u?%\_ The original Solar Pathfinder

"”-»i with its reflective properties
'LE; gives an excellent “instant solar
% blueprint” of the prospective site.

. Now, the NEW Solar Pathfinder
Assistant software, and
your digital camera, carry

. that shading information
into a concise, thorough,

~ professional-looking solar site

- analysis report in just seconds.

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

Solar

ASSISTANT

RAISING THE STANDARD IN SOLAR SITE ANALYSIS

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

ZOMEWORKS
CORPORATION

Envirenmewtally amd Financially Sastainshie:
3 mist el an Hydrocarbons or Tax Credits

Double I-"{.w"'“

Sy r.'tu_m-‘;\

Cool Cell®

Sun Control

Universal Root/

Ground Mounts

Enamil: f:|-|h||-|.'urr_h,-':_|"_;u|||1rl.'|.nr]-|_.~:.q_'q'p|||
D haree: BO0-STE-05 148
Wlisite wiwsw romeworks.com
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MICRO HYDRO SUBMERSIBLE GENERATOR

Up to 2.4 kwhrs
perdayin a
fast flowing

stream or river.

WIREWIZ
203-644-2404 * wirewiz@gmail.com * www.wire-wiz.com

Quick-PV allows DIY homeowners
and solar designers to size:

_ u m Design your own PV systems and save!
.

Free subscriptions to Home Power
for K-12 school libraries,
f & no strings attached,
~¢ F from the nonprofit
i ;«" Redwood Alliance.

Stand-alone,
Grid-interactive and
+ Grid-interactive with battery

PV systems. Download a FREE

ick=-P demo from our website below.
Qu c v Requires: Windows 7, Vista or XP.

http://www.energytorus.com
Energy Torus Technologies, LLC

Solar Batteries

solar powered

RAE Storage Battery Company I mﬁ""““l tial ol
Renewable energy does not mean continuous energy... . p. hr
Therefore you must have dependable, reliable batteries... *1 z.n nu Fﬂr 12 or H m DC F“mp!
Rolls, the world’s best.

' lqjult MHI 5-32F
¢ Unsurpassed cycling . : e

¢ Industry’s largest liquid reserve
* 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.

gho?sgssoégaféggm OQ\ 22 simmonsnaturals.com
ax - - 52
: T AN, o MAKING
POB 8005, Berlin, CT 06037 5 o )
= );‘9 5 EVERYDAY
[y —% Q(’) SPECIAL
6 D sOF Off the grid since 1982

ARD A SUSTAINABLE FUTURE - S&
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DC ine Control Made Easy

wwrw. powerplanted, mm
(805) 66T-2142

N Charmge Contrpillery ~ hmaet Swdiches « Tamp’ Lighl SaEckes

Learning about solar
B energy, but don't
SOLAR know where to start?
CLUUCB  start with the basics,
N Solar Basics.
i |\ Written for normal
: ¢ folk, not dummies.

Learn how to get paid
for saving money.

WWW. thesulardeslgﬂbnnk com

anwer Planted ;

_'%ﬁ HYDROSCREEN CO.LLC

Precision Wedge Wire Coanda Screens

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

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

Visit us at www.hydroscreen.com
or call (303) 333-6071
e-mail: RKWEIR@AOL.COM

We don'’t just sell screens, we engineer solutions!

Alternative Power
& Machine

(_ Now Featuring Permanent Magnet Alternators

o
—
4040 Highland Ave. Unit #H * Grants Pass, OR 97526 * 541-476-8916

altpower@grantspass.com

www.apmhydro.com

JOHN AND CAROL SOUSA ;
541-867-4948 OFFICE! ,L
541-961-3572 CELL g

NW DISTRIBUTORS
FOR LGL TECHNOLOGIES

LEDSGROWINGGREEN.COM

4 % 9 ¥ 4.8 &
* F ¥ ¥ % & &
L . L I

-

.
W
L 3
& @

Ph: 530-478-0996 (Sacramento, CA area)
www.pacificrenewablesgroup.com/products
Email: amb@pacificrenewablesgroup.com

www. homepower.com 1 21



marketplace

HYDROELECTRIC SYSTEMS: Pelton
and Crossflow turbines or complete
AC systems for standalone or grid
interconnect operation. Site evaluation
and equipment selection assistance.
Manufacturing home and commercial
size turbines since 1976. Free brochure:
Canyon Industries, PO Box 36HP,
Deming, WA 98244, 360-592-5552. Email:
info@canyonhydro.com Web page:
canyonhydro.com ¢ HP13702

FOLLOW THE SUN! Light seeking single
and dual axis solar tracker controls.
www.theanalogguy.com ¢ HP13703

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
HP13704

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 e
HP13705

PORTABLE AND STANDBY
GENERATORS from Honda, Yamaha,
Winco, and More + Wireless Remote Start
Available. www.hayesequipment.com
1-800-375-7767 ¢ HP13706

| AM A SOLAR WHOLESALER looking
for retailers to carry my solar electronic,
educational & hobby goods. Phone #
(916) 486-4373. Please leave message. ®
HP13707

BOOKS at www.amazon.com: Solar
Photovoltaic Design for Residential,
Commercial and Utility Systems; Solar
Photovoltaic Operation and Maintenance
for Residential, Commercial and Utility
Systems. SOLAR CONSULTANT:
520-247-6282 « HP13708

HYDROELECTRIC SYSTEMS: Custom
turbines 50W-500kW, 82-700mm
diameter, Custom Systems 1kW-500kW,
stainless or molded plastic, from $120,
site analysis spreadsheets,
www.h-hydro.com ¢ HP13709
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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 ®
HP13710

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 ¢ HP13711

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 e
HP13712

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 e
HP13713

LED bulbs from CCrane at discount
prices. Many styles available in 12V and
120V. radiantsolartech.com 707-485-8359 e
HP13714

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 ¢ HP13715

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 e HP13716

NEW BERGEY XL-1 TURBINE COMPLETE
& 83’ guyed “tilt down” tower. $4,000
Northern Lower Michigan 1-231-548-5482
or dpretz1924@centurytel.net e HP13717
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FREE TO SCHOOL LIBRARIES If your
K-12 school library would like a free, 2 yr.
subscription to Home Power magazine,
please fill out the form at
www.redwoodalliance.org . Please, only
school librarians may apply e HP13718

LED LIGHTING: Commercial quality
MR16, PAR30/38 and more from
manufacturers like CREE, LUMINAS,
ADVANCED OPTO, SPJ, USHIO and
ALEDDRA. LED-Zone is your source
for high quality LED lighting products
at a great value. Visit our web page for
more information: www.led-zone.com e
HP13719

SOLAR ELECTRIC 12VOLT PANELS Used
(tested & warranted) many in stock for
immediate shipping or pick up, GREAT
PRICES!!! 530-478-0996
www.pacificrenewablesgroup.com e
HP13720

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 e HP13721

WATER CURRENT TURBINES FOR SALE.
These turbines provide power from

just the flow of water. For additional
information please see
www.althydrosolutions.com You may
also call 416.368.5813 e HP13722

JACOBS 20KW INVERTER ASSEMBLY
FOR JACOBS WIND TURBINE. Has PCB3
upgrade for Cleaner Power. Checked out
Fully Operational by WTIC July 2009 at
20KW. Asking $4,200 OBO. Call
240-538-6536 or 301-994-9211 ¢ HP13723

MOUNTAINTOP FORTRESS IN
MONTANA ROCKIES 56 acres, Large
home, garage, greenhouse, log cabin
guest house, divisible by 4, solar

and wind powered, surrounded by
Helena National Forest. World class
hunting and fishing. See pictures at
http://209.221.136.134/ $590K (appraised
at $950K) call 206-365-3235 ¢ HP13724
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For more than 20 years the Energy
Fair has been the nation’s premier
energy education event.

THE ENERGY FAIR FEATURES:
e Over 200 Workshops
e Over 250 Exhibits

e Inspirational Speakers
e Sustainable Building
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The Energy Fair is sponsored by:

- . y
TANT e~ AWEAT ® " focus on energy Y, Sl i

ST +~MOTORS

- Nie e = ;
aMorTHER  YaliES - 2 P L - Q&
F1| H ." ,"-l:lt-.l-"'. " _j.-rr L.’.!‘It:?g“c - rl-:-._|1-¢--|u.- |:|u.-:|:-. W i e l:-'i-"l] : o i [ -'a



124

installers directory

Experienced renewable energy professionals install high-performance, code-
compliant systems, and will offer you service and support after the sale. As
with any home improvement project, request references and certifications, and
compare bids before you buy. Our readers continue to look to Home Power for
referrals to RE installation professionals in their area.

For more information or to get your business listed in Home Power’s installers
directory, e-mail advertising@homepower.com.

Arizona

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

Arkansas

Rocky Grove Sun Company has been serving NW
Arkansas and the surrounding region since 1986. Design,
Ll installation and consultation with two NABCEP certified
_,.'.-" swki fwnit installers: Flint Richter and Jimis Damet with over 35 years
SHISEEE 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
' F remote commercial solar power. We provide system design,

sales and turn key installation. For do-it-yourselfers, we

-M 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

Elgeirisce ElectriCare, Inc. Among the most reliable solar
integrators in Southern California, we provide design and
installation for commercial and residential customers. With
over 200 residential PV installations in 2009 alone, we offer
the fastest, cleanest, most dependable jobs. Get a FREE install
now! Stop Wasting Time: SUN IS MONEY™:
1-877-45-44-SUN | www.electricare.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

Colorado

Great Solar Works ! Responsible Technology for
Responsible People. 22 years of design, installation, &
service: remote off grid solar electrical and water pumping.
Grid-tie and Thermal Solar w/ boiler design & installation.
Expert troubleshooting. Our commitment is for you to
enjoy your responsibly designed system. Ridgway, CO.
T-970.626.5253, dana@solarwork.com

Connecticut

Sunlight Solar designs and installs solar hot water
& solar electric systems in CT, MA, NY, OR & RI. We've
SUMNLIGHT installed over 2.6 megawatts and offer an unparalleled labor
warranty. All estimates, surveys and custom proposals are
#7eviy FREE, always. See the numbers then decide. Call (203) 878-
9123 or visit sunlightsolar.com.

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.

0

Florida

AAA Solar Source Since 1984, Largo, FL full line
contracting PV & thermal. Installation services available
"i‘ 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.
§ LARESURCE 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

| L XERE | K 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

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

£

=00 AR F T “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.

Illinois

Prairieland Wind and Solar A full service renewable

energy company offering consultation, design, finance,

and installation. Located in Central Illinois but offering
fﬁn,mirid,m d nationwide service. Visit www.prairielandwindandsolar.com
— T T eiesess 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,

m 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

Sunlight Solar is a solar electric and hot water design
and installation company dedicated to educating and
empowering customers to make intelligent buying decisions.

U "I"'IEH-TWe provide high quality systems and convenient turn-key
solar solutions including permits & incentive applications.
Call (617) 332-1870 to schedule a free site evaluation or visit
SunlightSolar.com.
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Missouri

Good Energy Solutions Professionals serving MO,
T KS, and proximity. Residential and Commercial. Specializing
= in grid-tied PV installations. Providing solutions for

& solar thermal. As engineers, we design high performance
LA systems. As craftsmen, we install quality workmanship. MO
:"n"l“':1’il‘:[h"l“_; incentives: Up to 65% residential, 80% commercial. www.

goodenergysolutions.com MO: 816-841-4981 KS: 785-371-1198
Montana

Oasis Montana Inc. designs and sells renewable energy
power systems in North America and also offers efficient and
i LP gas appliances. Call to discuss your project. 877-627-4768
.-n*u".':'.ﬂ.: 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

Advanced Green Builders specializes in the design
and installation of green construction and remodeling. With
NABCEDP certification we easily meet the strictest standards
and policies of the photovoltaic industry. Based in Reno, NV
we're licensed to serve California and Nevada. Call or go

4 online for a free consultation. (775)412-5944.
b B« Brwslew v vww.advancedgreenbuilders.com

New Mexico

310 Solar, LLC. New Mexico’s premier, award winning solar
provider. A full service comprehensive sales and installation
contractor, supplying leading edge solar technology in
photovoltaic and thermal heating to commercial and residential
customers. Fully licensed and certified, MM, GB, EE. References
provided. Contact us @ (505)-822-9200 or visit
www.310solar.com.

PRELIN

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. Seven owners
are NABCEDP certified installers; Seven members live on
solar power; +E is carbon neutral. (505) 424-1112 info@
positiveenergysolar.com www.positiveenergysolar.com

New Jersey
GARDEN STATE SOLAR, LLGC, 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

B
=i

;
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New York

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

North Carolina

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
mw 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
RE F'J_'DWE‘F & small commercial energy audits. Erika Weliczko - NABCEP

e " 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
wa rmee 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.

www.homepower.com

installers directory

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

C:

e Sunlight Solar provides system design and turn-key
installation of grid-tied solar electric, solar hot water, radiant
floor, and pool heating systems for homes and businesses

s""r""'“';M-'rthroughout CT, MA, NY, OR & RI. We are a Licensed
Electrical Contractor, SunPower Premier Dealer, and Energy
Trust Trade Ally. Call (541) 322-1910 or visit
SunlightSolar.com!

Pennsylvania

Faaig

Belmont Solar Experienced, solar installer. NABCEP
certified. Specializing in off-grid PV and solar hot-water.
--ﬂ“‘ﬂ"‘\-\_ Personalized service. Located in beautiful Lancaster County PA.
B Visit: www.belmontsolar.com call: 717-768-7796 Where quality
F workmanship comes standard.

Solar Tech of PA a full service, licensed solar contractor
for Solar Hot Water & Photovoltaic Systems. Our own
(A 5] L3N =) master plumbers & Electricians will meet all your design &
"m installation needs. Servicing the Greater Harrisburg Area for
*= residential and commercial customers since 2005. Learn more
at SolarTechofPA.com, or call 877.636.3475.

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

mw 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

Tennessee

LightWave Solar Electric, LLC provides design,
consultation, and turnkey installation of solar electric systems
LIGHTW AN throughout TN and southern KY. With NABCEP-certified
. i installers on staff, LightWave is a leading PV installer in the
area. LightWave guarantees quality installations of sustainable,
renewable, PV systems. Visit us at www.lightwavesolarelectric.
com or call (615) 641-4050.

Virginia

Chesapeake Renewable Energy services Virginia
with design/installation services for Wind /Solar PV,
residential and commercial grid-tied applications. Eight

) years experience. Dealer/Installer — Bergey Wind Power,
Installer — SkyStream Turbines, Certified Sharp Solar Installer.
Installations by partner — PHI VA Class A — 2705 126958A, AE,
BLD, CEM, ROC e-mail:ddalessandro@me.com 804-239-2567.

(] |

—= DTT 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

Washington

SolarWind Energy Systems, LLC P.O. Box 1234,
Ay Okanogan, WA 98840 509-422-5309 www.solar-wind.us WA
l-__.---". 3 i Cont. # SOLARES983RQ. Serving Eastern WA & Northern
=HEEE D grid-tied & off-grid RE systems. Solar PV, wind, solar hot
water, remote stock watering. Design, installation, service,
maint. Solar Energy International (SEI) trained. Lic. &
bonded. bclark@solar-wind.us or jmartin@solar-wind.us

Wyoming

SunPower Energy Casper, WY. Design, installation &
L) service to comply with regulatory requirements. Grid-tied
and off-grid systems. Solar electric and hot water, wind
= turbines. Authorized dealer for Suntech& Sanyo panels,
=, Fronius, OutBack & SMA inverters, Surrette batteries,
P % Skystream wind turbines. Skystream Servicing dealer. 307-
262-4647 (ph); 307-235-2525 (fax); sunpower.wy@gmail.com.
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VWhat is the NEC?

The National Electrical Code (NEC) is
a standard of minimum requirements
necessary to achieve safe electrical
installations. Sponsored by the National Fire
Protection Association (NFPA), its purpose
is “the practical safeguarding of persons
and property from the hazards arising from
the use of electricity.”

The first version of the Code, developed in 1897 by members of
the insurance, fire, electrical, and sprinkler industries, reconciled a
variety of standards in use to one standard. The NFPA Committee
on the NEC maintains and updates the Code every three years.
Several code-making panels meet to discuss and revise the finer
points and intent of the NEC, taking recommended changes
to the NFPA committee. The most recent edition is the 2008
NEC. The 2011 NEC will be available at the end of this year.
PV standards first appeared in the NEC 1984 edition and have
evolved as equipment and applications have grown. Small wind
is slated to become part of the 2011 edition.

Although not law, the NEC is often adopted by local authorities
to enforce. Using a national standard saves cities and states from
having to create their own electrical standards. Local governments
may take a few years to adopt a version of the Code. For
example, the state of California currently enforces the
2005 NEC. In some cases, local jurisdictions will remove
or amend portions of the NEC for their purposes.
Electrical standards are enforced by the authority
having jurisdiction (AHJ)—typically, electrical
inspectors. The Canadian counterpart, The
Canadian Electrical Code, is very similar
to the NEC.

The Code encompasses wiring in
buildings, mobile homes, and
on properties, but does not
addressboatsorequipment
controlled by electric or
communications utilities

in their distribution
network. In designing
residential kitchens, com-
mercial production facilities,
or standby generator systems,
for example, there are hundreds
of sections of the Code that come
into play in the initial design and the
actual execution of the work.

The general chapters cover all electrical installations by defining
things like wire types, conduit, proper grounding, and proper
wire and enclosure sizing. As an example, any particular wire
does not care if it is used for a hot tub or a motor; it has a limited
capacity of delivering current before overheating, and sizing is
spelled out in the Code based on current and temperature factors.
Photovoltaic systems have a section in the Code’s “Special
Equipment” chapter under Article 690, which supplements the
standard outlined in many other chapters/articles.

As with most standards, the NEC is quite technical and not
written for leisurely reading. If you are looking for electrical
advice, it's not an easy place to find answers. Using the NEC
properly takes expertise and experience, and even seasoned
professionals sustain heated debates about interpretation of the
Code. Typically, conversations involve deciding which part of the
Code pertains to the situations at hand and choosing a path that
achieves the desired result—safeguarding people and properties
that use electricity.

—Erika Weliczko
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_CAUTION >
'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



Maximum PV system performance
and a lower cost per kWh.

SolarMagic™

Power ICICtive POWGE[ Monitoring &
Optimization aliaceli=l Management

Maximize ROI

SolarMagic’s active power management delivers a comprehensive
and customizable PV management system designed to maximize ROI.

Power Optimization Monitoring & Management

Power optimization increases system energy harvest and SolarMagic’s system manager provides access to real-time PV
maximizes ROI by correcting imbalance and extending system life.  data, monitors array performance, and manages system up-time
Imbalance is caused by environmental and system mismatch to ensure optimal performance across a number of managed sites.
and can prevent systems from meeting performance expectations.  Through intelligent and customizable reports and alerts, operations
Independent studies have shown that SolarMagic power and maintenance costs are reduced while maximizing system
optimization recaptures up to 71% of energy lost to mismatch.* uptime, improving the overall ROI.

For more information, and to see how SolarMagic’s active power management
can increase your return on investment, visit: www.solarmagic.com.
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-z SolarMagic
www.solarmagic.com o" '3 by National Semiconductor

© National Semiconductor Corporation, April, 2010. National Semiconductor is a registered trademark and SolarMagic is a trademark of National Semiconductor Corporation. All rights reserved.

*Based on an i 1t study by Photon i September 2009.



