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SOLAR DEPOT

(Homeowners and Business Owners Inquiries Welcome)

 BOOTH # 521

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

WHAT IS THE 
SOLAR DEPOT
ADVANTAGE?
Pre-Engineered Packaged Systems                       

Superior Technical Support                            

Rebate Filing Assistance

Jobsite Delivery                                                   

Lead Referral Program

Product Shipment Nationwide      

Marketing & Advertising Support

SOLAR DEPOT
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.

DISCOVER SOLAR WITH
SOLAR DEPOT
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 4,000 
contractors on solar in the past decade. 
Register today for a workshop with us!

VISIT WWW.SOLARDEPOT.COM
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.

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

SOLAR DEPOT BRANCHES:
Petaluma, CA         Sacramento, CA         Corona, CA NEW! St. Augustine, FL
800-822-4041        800-321-0101        800-680-7922    1-904-827-9733

SOLAR DEPOT
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.
   

SOLAR DEPOT
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SOLKIT 2 includes:

info@stiebel-eltron-usa.com

Season after season,
the sun gives its light to the earth, 
allowing life to bloom.

Every day a limitless crop of free,
clean energy reaches our planet.

Stiebel Eltron manufactures all the tools you 
need for a successful thermal solar harvest.
And we’ve been doing so since 1976.

From our highly efficient flat plate collectors and 
storage tanks to our complete line of mounting 
hardware,  pump stations,  controllers,  and 
accessories,  we have it all.

SBB 300 Plus Storage Tank

2 x SOL 25 PLUS
Flat Plate Collectors

Pump station with
SOM 6 Controller

Because every installation is 
different, we have a full line of 
SOLKITS and mounting 
hardware kits available.  All 
components and accessories are 
available for individual sale.

Simply the Best

TOLL FREE 800.582.8423
www.stiebel-eltron-usa.com

Harvest the power ofHarvest the power of
thetheSunSun

Stiebel Eltron is your one stop source for thermal solar products.



The inverter is the heart
of every solar power system.

www.SMA-America.com

The Future of Solar Technology
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An inverter transforms the DC power produced by solar panels into utility-compliant AC power, 
allowing it to be fed into the utility grid. During the transformation process, it is very important 
that energy loss be minimized. SMA inverters reduce loss and maximize your solar system’s 
performance. SMA is the world‘s largest manufacturer of solar inverters and builds the most 
efficient, technologically advanced inverters available. When considering an inverter for your 
solar power system, SMA is the only logical choice.

SMA Inverters: Ask for them by name.
Visit us at

Solar Power International
BooTh #1421

SMA_SB7000_SPIBUG_093011.indd   1 7/28/09   10:37:29 AM





1155 Redway Drive
 PO Box 339
 Redway, CA 95560

800-777-6609
8:30 to 5:00 Pacific Time
Monday-Friday

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

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

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

FROM KILOWATTS TO MEGAWATTS...

HUGE SALE on REC AE-US Solar Modules

                  

REC modules are Buy 
American Act compliant.

 We will beat any verifiable, written offer on
modules of comparable size and quality. 

To make room for the new black-
framed AE-US modules coming from 
REC in Q4 2009, we are o�ering 
unprecedented prices on the 2nd 
generation silver-framed AE-US 
modules – exactly the same 
except the color of the frames. 

2nd Generation 
REC AE-US PV module
■  New junction box design
■ Uses 100% American produced,   
 high-grade polysilicon 
■ Manufactured in Scandinavia to   
 exacting standards
■  Acid-etched cells for higher energy   
 yield; optimized for low light conditions
■  10-year 90%, 25-year 80% power   
 output warranty
■  63 months materials & 
 workmanship warranty 
■ Available in sizes from 210 to 225 watts

To get a quote for your 
residential or commercial 
project, call 866-717-6527.
 If you are already an AEE Solar dealer,  
 have your dealer number ready.

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

 AEE Solar sells only to licensed solar  
 installers and resellers. If you are   
 interested in top-quality REC solar  
 panels for your home or business,  
 please contact us for a dealer near you. 

 have your dealer number ready.

 If you are not yet an AEE Solar dealer  
 but you are a licensed contractor, 

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

HP_AEE_REC_Sale_10_09redo.pdf   1   8/13/09   4:34 PM
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Think About It...

“Real knowledge is to know the extent of one’s ignorance.”
—Confucius

Over the past 22 years, the cross section of Home Power readers has expanded 
from resourceful off-gridders seeking hard-to-find information to 
mainstream home and small business owners wanting to become educated 

consumers of on-grid technology or even seek work in the RE industry. The number 
of readers has been steadily increasing, into what seems now like a tidal wave 
of individuals seeking technically focused, expert information on how to design, 
install, and live with RE systems, and improve efficiency through conservation, 
technology, and eco-savvy construction. 

I have also witnessed this transition as an educator with Solar Energy International 
(SEI). Years ago, SEI courses were not always full and were mostly attended by 
DIYers and college students looking for hands-on RE experience. Now, classes are 
generally filled months in advance and the majority of SEI students are destined 
for (or already working in) the RE industry. These students do not have the luxury 
of increasing their RE knowledge gradually, but need detailed RE expertise—and 
they want it fast. And that’s where Home Power comes in, providing students 
and graduates alike with a constant stream of new information on developing 
RE technologies. Among other newsstand titles, Home Power’s level of technical 
focus remains unique—serving the nitty-gritty details to existing and future RE 
professionals and end users, to keep them on the cutting edge of this rapidly 
changing industry.

Sometimes I find myself missing those “old days,” when only a handful of us 
RE geeks discussed the technical details of this PV installation or that wind 
generator. But I remind myself that this new movement is a fantastic testament 
to the burgeoning 
RE industry, one 
that for decades 
we have been 
hoping for. This 
“renewable 
energy stuff” is 
finally catching 
on, which means 
there’s still hope 
for a sustainable 
future after all.

—Justine Sanchez,  
for the Home 

Power crew

from us to you

Growth
Development



FLEXpower ONE
The new pre-wired FLEXpower ONE system includes all the essential protective devices in the 
smallest possible space at the lowest installed cost. 

Utilizing the compact design of the FLEXware 250 enclosure, the fully pre-wired FLEXpower 
ONE system is designed for a quick and easy installation, saving both time and money. Using 
the new FLEXware 250 mounting plate the FLEXpower ONE system includes a single inverter, 
two FLEXware 250 enclosures, a single FLEXmax charge controller, a MATE, and a HUB4 in a 
small footprint. The FLEXpower ONE system also includes the inverter and PV array breakers, PV 
ground fault protection, an Input-Output-Bypass breaker assembly and either a US type GFCI 
(Type B) or a  EU (Type F) AC outlet with one AC load breaker. The included hanging bracket 
makes the FLEXpower One easy to install and hides all of the mounting hardware for a cleaner, 
more professional installation.

The OutBack Power FLEXpower ONE system is the only choice when you need a fully integrated, 
true-sinewave, reliable power system that saves both time and money while still looking great.    

 

GTFX & GVFX LA Series 
The new OutBack LA Series true sinewave grid interactive inverter/charger is designed for use in 
60 Hz countries outside of the US and Canada that have utility grids with nominal AC voltages 
higher or lower than 120VAC. 

The LA series has been developed for areas that frequently experience high or low voltage 
conditions such as surges, spikes or brownouts, the LA Series grid reconnect timers have also been 
shortened to improve system performance. Incorporating a DC to AC sinewave inverter, battery 
charger and AC transfer the GTFX and GVFX LA Series Inverter/Chargers give you the ability to sell 
solar, wind or hydro power back to the utility grid while providing back-up power in the event of 
a utility outage. Our built in transfer switch automatically disconnects your loads from the utility 
grid and powers them from the inverter in the event of an outage, allowing you to continue using 
your solar and battery back-up power, unlike traditional battery-less grid-tie systems.

SmartRE
The revolutionary Smart Renewable Energy solution from OutBack Power, bringing you simplified 
grid-tie solar with back-up power for residential and small commercial applications. 

Designed with an emphasis on ease of installation, the SmartRE solution installs and operates 
similarly to a regular grid-tie solar inverter but with the unique additional benefit of providing 
UPS quality battery back-up during utility outages. An integrated ultra-fast AC transfer switch 
guarantees that even sensitive back-up loads, like computers, never know when a utility outage 
occurs. Matching outdoor/rainproof power electronics and battery enclosures constructed of 
aluminum make the SmartRE a versatile product that can be installed both indoors or outdoors. 
Available in power levels up to 6kW and capable of providing as much as 69 kWh of back-up 
power during outages, there is a SmartRE solution for your application.

NEW Growth Home Power AD Final.indd   1 7/21/09   10:18:08 AM
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Hands-on Workshops 
for PV & Solar Thermal  

Installations

making renewable do-able™

East Coast  

Classes! 

Upcoming Classes in Hudson, MA

Basic & Intermediate PV Design
August 17-21•	
October 12-16•	

Advanced PV Design & Installation
August 24-28•	
October 19-23•	

Solar Thermal Design & Installation
September 15-18 •	

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



we make renewable do-ableTM

renewable energy gear for DIYers

altE get started today >> www.altEstore.com/HP133
[Use code: HP133 for extra savings] (877) 878-4060

®

step 1: learn
•  free how-to articles & videos online
•  classes in Massachusetts & Ohio 
•  learn from our active community

step 2: design
•  assess your home 
•  free online system calculators
•  design your own system 

step 3: buy & build
•  buy your gear
•  diy installation tutorials & support
•  make your own energy

                                              making renewable do-able for over 10 years!



Last April, Julie Erickson opened what she thought was her 
family’s electricity bill from Connexus Energy. Instead, she 
found a statement—an energy report card—that compared 
her home’s energy use with that of 100 neighbors in similarly 
sized homes. Much to her surprise, her family scored poorly 
in terms of energy conservation, having used more energy 
than the majority of their neighbors over the past year. 

“We thought we were pretty energy-conscious, yet we 
were on the higher end of consumption among our neighbors. 
It was a real wake-up call,” says Erickson. 

Erickson is one of 40,000 customers randomly selected to 
receive a customized home energy report as part of a one-year 
pilot program sponsored by Connexus Energy, in conjunction 
with the Minnesota Department of Energy Security. 

12

the circuit

The program—created by Positive Energy, a Virginia-
based software company that specializes in energy-
efficiency solutions for utilities—takes a “Keeping up with 
the Joneses” approach to energy conservation, comparing 
neighbors with neighbors and bringing social motivators 
into play. The premise is based upon studies conducted 
by Robert Cialdini, a social psychologist at Arizona State 
University, whose research indicates that comparing people 
with their peers is one of the most effective motivators for 
changing behavior. 

Connexus Energy, an electricity cooperative serving 
portions of the Minneapolis-Saint Paul metro region, is 
among the first utility companies in the nation to put 
this nontraditional approach into practice. The Sacramento 
Municipal Utility District led the way, conducting the first 
large-scale trial of the program in 2007. 

So far, the results have been impressive, with participants 
saving an average of 2% to 3% more energy than other 
customers. As a result of Sacramento’s initial success, more 
than 17 other major utilities nationwide are scheduled to 
implement similar programs in the next year. 

news NOTES GEAR
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Cutting Back (with the Joneses)

Co
ur

te
sy

 P
os

iti
ve

 E
ne

rg
y

“It’s a much more intelligent use of data,  
yet so incredibly simple...That information alone  
is resulting in energy savings.”
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“Our goal for the next 12 months is to save enough 
energy to completely power 50,000 homes, and over the next 
five years, to take that number up to 500,000—by simply 
providing better information and helping people make small 
and easy adjustments to their daily habits,” says Alex Laskey, 
cofounder of Positive Energy.   

Connexus is currently running several energy-efficiency 
pilot programs to determine which ones will prove most 
effective in meeting state-mandated conservation targets that  
require utilities to cut their customers’ consumption by 1.5% 
annually beginning in 2010. The home energy report program 
is among the most promising, according to Bob Saylor, manager 
of conservation and improvement for the utility.

Since the program rollout in February 2009, Connexus 
customers who received the reports have reduced their 
energy use by 2% more than those who did not. Saylor says 
no other program, aside from promoting the use of compact 
fluorescent bulbs, has proven as successful in reducing 
energy use or as cost-effective.  The program, he says, costs 
only $10 per customer annually, or roughly 5 cents for every 
kWh saved, compared to $1 for every kWh saved from 
rebates for energy-efficient appliances.  

“It’s a much more intelligent use of data, yet so incredibly 
simple. All we’re doing is sending out a piece of paper 
showing people how much energy they use compared to 
their neighbors and customizing the energy-efficiency tips 
to be more relevant to each household,” Saylor says. “That 
information alone is resulting in energy savings.”

Only halfway through its first trial year, a third-party 
assessment of customer feedback is underway. Barring any 
major hiccups, the utility intends to expand the program to 
its entire customer base in the next few years.   

“We’re banking on customers wanting to one-up each 
other,” Saylor says. “It’s the American way, and it just might 
be the key to reducing our nation’s energy use.” 

Erickson and her family are proof positive that a little 
healthy competition can work wonders. 

“I remember looking at the graph and thinking, ‘Our 
neighbors are down here, and we’re up here. We need to do 
better,’” Erickson says. “It definitely got the point across and 
goes to show that peer pressure can still get to you at any age.”

Since receiving their first “report card” in the mail, the 
Erickson household has made some big changes. In addition 
to switching to compact fluorescent lightbulbs and using 
power strips to minimize phantom loads, the family installed 
a geothermal system to cut back on heating and cooling 
energy use. 

Unlike Web-based home energy reporting services that rely 
on customers logging in to monitor their home energy 
consumption, Positive Energy’s reports are distributed 
through the mail in partnership with the utility. 

Usage data is supplied by the utility to Positive Energy’s 
software, which tailors the conservation tips in each 
household report based on information distilled from public 
records and third-party marketing research. It also takes into 
account other factors, such as whether the customer rents or 
owns the home, or whether the house is heated by natural 
gas or electricity.

The reports—which arrive in the same kind of envelope 
that the utility uses for its official bills and notices—are 
mailed separately from the bill because studies show that 
mailers that arrive in the same envelope as bills are usually 
discarded without being read. 

The reports show how much energy the average home in 
the neighborhood uses and how much energy is used by 
the most-efficient homes in the area. If a customer uses less 
electricity than their neighbors, they are praised with a row 
of smiley faces. If they use more, they receive no smiley 
faces. (Frowns were used initially in a similar program 
in Sacramento to indicate “below average” performance, 
but Positive Energy stopped using them after customers 
became upset.)

Customized Web-
based interfaces 
round out the 
program, allowing 
customers to post 
feedback and learn 
about energy-saving 
solutions through 
the utility’s Web 
site. 

A Positive Energy Report Card

www.homepower.com

“I remember looking at the graph and thinking,  
‘Our neighbors are down here, and we’re up here. 
We need to do better.’”

A+

They’ve also been working as a family, Erickson says, 
to practice energy-efficient behaviors. “Now, instead of 
leaving their computers on all the time, our daughters put 
them to sleep or shut them down, and my husband has 
become absolutely obsessed with unplugging the coffee pot 
and any other appliance that has a digital clock running all 
the time,” she says. 

With all these changes in place, it’s no wonder that 
Erickson is anxiously awaiting her family’s next report 
card from Connexus. “We’re hoping,” she says, “for a 
smiley face or two.” 

—Kelly Davidson



home power 133/ october & november 200914

the circuit

The View & The Vision:
DENMARK 2005 

On Cape Cod, Massachusetts, the biggest energy story for nearly a decade has been 
the Cape Wind Project, the proposed offshore wind farm in Nantucket Sound (www.
capewind.org). A number of groups and prominent figures have fought the project 
for years, saying that the installation would hurt wildlife, fishing, and tourism; spoil 
the beauty of Nantucket Sound; and interfere with airplane and marine radar. 

Objections to the project inspired an enterprising group of Cape Cod residents 
to travel to Denmark to observe comparable offshore wind farms in Nysted and 
Blavand. Clean Power Now, a local nonprofit organization in Cape Cod, and Argo 
Video Productions spearheaded the trip and a film—The View and The Vision: 
Denmark 2005—that documents the group’s journey and details how wind farms 
quite similar to Cape Wind’s proposed project actually play out over time. 

The film—presented in six- and 28-minute versions—follows the group 
on its tours of the wind farms and examines the issues surrounding the 

farms’ development through a series of interviews with local residents, 
businesspeople, and government officials. As the film reveals, the 

people of Nysted and Blavand had reservations similar to those 
of the Cape Cod residents, but their objections turned out to be 

groundless. Over time, the wind farms have become sources 
of pride for the communities. 

A DVD of the film, which has been shown at eco-film 
festivals nationwide, is available for free from Clean 
Power Now (508-775-7796; www.cleanpowernow.org).

—Ian Woofenden

MEDIA

Energy Management Inc., the company behind the Cape 
Wind Project, is nearly through all the legal hoops and is 
likely to begin installing the wind farm in the coming year. 
With a peak capacity of 420 megawatts, 130 turbines will 
supply electricity for 120,000 homes.

Cape Cod Wind Update



SolarWorld. And EveryDay is a SunDay. www.solarworld-usa.com

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

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

service@solarworld-usa.com
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Tigo Energy (www.tigoenergy.com), based in Los Gatos, California, is among a new 
wave of distributed maximum power point tracking (MPPT) PV system architecture 
providers and is set to release its Module Maximizer (retail: $56 for each PV module) 
this fall, with UL listing pending. Installing a unit on a module optimizes the peak 
power performance of that module, and can help reduce losses due to partial array 
shading and module performance differences. The Maximizer allows modules of 
differing types and set at different orientations to feed the same grid-tied string 
inverter—without compromising system performance. Optionally, PV modules 
can be individually monitored with the Maximizer Management Unit (retail: about 
$1,000). Tigo Energy’s Web-based system monitoring allows installers and end users 
to access system performance from any Internet-connected 
computer. The MMU comes with a five-year Internet 
data-hosting contract (for an additional $350 after a 
free six-month trial period).

Both the Module Maximizers and MMU 
can be installed on new or existing systems. 
Systems with existing inverters call for a 
series-string configuration using the MM-ES 
Maximizer. New systems will have the option 
of using a parallel configuration with the MM-EP, 
where the module maximizers create both a positive 
and negative array bus. For maintenance or emergency 
situations, the parallel configuration allows each module to be 
electrically shut down by either a safety button on the MMU or 
remotely over the Internet, reducing the danger of exposure from several hundred 
volts DC down to the open-circuit voltage of one module. Inverter manufacturer 
Kaco New Energy has collaborated with Tigo Energy to offer an inverter designed 
to optimize the benefits of the MM-EP, basically removing the MPPT hardware 
from the inverter and allowing the maximizers to perform this function instead. 
According to the manufacturer, the decreased cost of the inverter can offset much of 
the cost of adding Maximizers to the PV modules.

—Justine Sanchez

home power 133 / october & november 2009

Co
ur

te
sy

 w
w

w
.ti

go
en

er
gy

.c
om

 (3
)

Tigo Energy PV Module Maximizer 
& Maximizer Management Unit

Independence
You Can Afford

Why Choose Us?
10•	  years in the business

90•	 + years of experience 
with our staff & technicians

10•	 ,000+ systems delivered

  •	 A+ Rating
   HIGHEST RATING

1 (800) 810-9939
www.affordable-solar.com

David Hughes
PRESIDENT, AFFORDABLE SOLAR

thirdpage_hp132.indd   1 6/4/09   5:36:05 PM
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Independence You Can Afford
visit www.affordable-solar.com
call 1 (800) 810-9939
Request a free quote, speak with
a Solar Pro, or start with our grid tie
or off grid solar estimators.

Solar Pros

Dealers Welcome!

Special pricing for repeat 

and large orders.

Evergreen Solar
ES-A-205-fa3b** $551.00 $2.69/watt

ES-190* $568.00 $2.99/watt

ES-180* $538.00 $2.99/watt

*Pallet pricing
**Blemished modules are only visualized 
blemished. The are fully warrantied, UL Listed, 
and generate normal rated power.

Kyocera
KD210GX-LP $643.00 $3.06/watt

KD205GX-LP $603.00 $2.94/watt

KD180GX-LP $529.00 $2.94/watt

KC135GX-LP $397.00 $2.94/watt

KC85T $389.00 $4.58/watt

*Pallet pricing

Sharp
ND-V230C1 $761.00 $3.31/watt

ND-224UC1 $715.00 $3.19/watt

ND-216C1 $689.00 $3.19/watt

NT-175U1 $557.00 $3.18/watt

*Pallet pricing

Suntech Power
STP270-24/Vb1 $807.00 $2.99/watt
STP210-18/Ub $628.00 $2.99/watt
STP200-18/Ub $598.00 $2.99/watt
STP175S-24Ab-1 $523.00 $2.99/watt
*Pallet pricing

Schott Solar
Poly 220 220W Panels

Our Price: $636.00 $2.89/watt

*Pallet pricing

Sanyo
HIP-215NKHA5, 215W 30V Panels

Our Price: $935.00 $4.35/watt

*Pallet pricing

Enphase Micro-Inverter
M190-72-240-S11

Our Price : $ 192.00

Outback Flexmax 80
Charge Controller

Our Price : $ 580.00

Morningstar Sunsaver
SS-MPPT-15L Charge Controller

Our Price : $239.00

Southwest Windpower
Air-X Land 12V Wind Turbine

Our Price : $699.00

SMA SB 7000US
7000W inverter

Our Price : $4,108.00

Xantrex XW6048-120/240-60
Hybrid Inverter Charger

Our Price : $ 3,488.00

Batteries VOLTS/Ah OUR PRICE

Deka/MK Battery 8G8DLTP-DEKA Gel 12V 225Ah $559.00

Surrette S-530 Deep Cycle Battery 6V 400Ah $372.00

Concorde Battery PVX-2580L 12V 255Ah $862.00

Trojan Battery T105 6V 225Ah $160.00

Charge controllers AMPS OUR PRICE

Xantrex XW Solar Charge Controller - $557.00

Xantrex C35 Charge Controller 35A $104.00

Apollo T80 Charge Controller 80A $657.00 
Blue Sky Energy Solar Boost 6024HDL w/Display 60A $583.00 

Morningstar TriStar TS-60 Charge Controller 60A $202.00

*Please note pricing and availability subject to change in this crazy market

Panels by the Pallet

Products

Grid Tie Kits

$999 Solar
Starter Kit
Features an Enphase 
Micro-Inverter, a Sharp 
NT-175, 175 watt module 
and Unirac mounting.

ASG Power Kyocera 3.0 kW GT Kit
Features a Fronius Inverter IG Plus 3.8-1 uni and 
KD205GX-LP 205W panels.

Our Price: $13,515.00 

ASG Power Kyocera 4.9 kW GT Kit
Features a Fronius Inverter IG Plus 6.0-1 uni and 

Kyocera KD205GX-LP 205W panels.

Our Price: $21,039.00

Featured Product
205 Watt Panel
Cosmetic Blemishes

These 205 Watt panels are some of the 
most cost effi cient, high quality panels 
available. UL Listed and a full power 
warranty. Sold in pallets of 28.

Normal ‘A’ Quality Pricing:  $668.00
Cosmetic Blemish Pricing: $552.00*
Savings: $116.00
*Pricing is per panel when purchased in pallet of 28.

ES-A-205b-fa3b

$2.69
a Watt

fullpage_hp133.indd   1 8/2/09   12:30:15 AM



Pathfinder SHW Upgrade
The Solar Pathfinder (www.solarpathfinder.com), long 
an industry favorite as a solar site analysis tool, just 
got more useful for solar water heating designers and 
installers who want to estimate a system’s performance at 
a particular site. The company’s new software—a thermal 
module plug-in—interfaces seamlessly into the Pathfinder 
Assistant 4 software, providing information on more 
than 200 solar hot water collectors from the Solar Rating 
& Certification Corporation’s OG-100 Standard catalog. 
Selecting a collector from the list automatically gives the 
collector’s specifications, and aperture area, Y-intercept, 
and slope are integrated into the program. Data can also 
be entered manually for unlisted collectors. Entering other 
information, such as tank volume, azimuth, tilt angle, and 
tank and supply water temperature, allows the Assistant 
to calculate a performance estimate for the proposed 
system. The thermal module retails for $49—and is in 
addition to the base Assistant program ($149).

—Chuck Marken
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EnerWorks HX & Insulated Line-Set
EnerWorks (www.enerworks.com), a Canadian solar water heating 
manufacturer, has added two options to its product lineup: a new 
double-wall heat exchanger for its Energy Station and a new flexible 
bundled line-set. The double-wall heat exchanger has been developed to 
comply with the regulations of some jurisdictions in United States and 
Canada. For areas where this is not a regulatory requirement, EnerWorks 
offers its standard single-wall heat exchanger. The company also offers 
small-diameter insulated tubing, with a temperature sensor and sensor 
wiring, for connections between SHW collectors and the pump station. 
The 50-foot and 75-foot sets come with “quick” connects on both ends to 
cut installation time. 
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With back-to-school time upon us,  Home Power applauds a 
few initiatives that are empowering the next generation with 
a positive RE outlook. 

Solar Schoolhouse
www.solarschoolhouse.org 
Started in 2000 by the Rahus Institute, a California-based 
nonprofit research organization, the Solar Schoolhouse (SSH) 
is spearheading renewable education for educators. The 
organization hosts one-day workshops where teachers can 
learn to build solar-powered fountains, set up a solar derby 
with miniature solar-electric cars, and design model homes 
using passive solar strategies and solar-electric principles.

In SSH’s one-day Solar Primer workshops, teachers learn 
basic solar concepts by building miniature power stations and 
wiring PV modules—projects that can be easily replicated in 
most classrooms. In the five-day Summer Institute training 
session, participants learn how to integrate solar concepts into 
their curricula and tackle hands-on projects like building solar 
cookers and solar fountains. Educators have come from as far 
as Israel to take part in the program at Walker Creek Ranch 
in Petaluma, California.

SSH’s signature workshops are an extension of the 
organization’s DVD and books. The Your Solar Home series 
and Teaching Solar lessons include easy-to-follow instructions 
for activities ranging from building a pizza-box solar oven to 
organizing a “Solar Olympics.” 

SSH also has partnered with Solar Energy International 
and SMA America to present PV design and installation 
workshops at environmental outdoor schools throughout 
California. During this weeklong, on-site program, participants 
install a grid-tied solar-electric system at the host school.

The KidWind Project
www.kidwind.org
Michael Arquin didn’t need a weatherman to know which 
way the wind was blowing. After teaching sixth-grade science 
in California, Arquin grew dissatisfied with the cost and 
quality of teaching materials for energy education. So, in 2004, 
after studying on a fellowship at Tufts University’s Wright 
Center for Science Education, Arquin struck out on his own.

KidWind began as a Web site offering free lesson plans 
and other wind energy project ideas for educators. Then, 
in the fall of 2004, from Arquin’s basement office and with 
a $1,000 startup investment, KidWind started developing 

and selling wind energy kits online. Now based in Saint 
Paul, Minnesota, Arquin has added other RE kits, and uses 
the revenue to support community outreach programs and 
workshops for elementary and secondary education teachers. 
Budget-strapped educators also can apply to win kits through 
a giveaway program. Beyond the classroom, KidWind offers 
educational tools and materials for science fairs, hobbyists, 
and professionals.

Wisconsin K-12 Energy Education Program (KEEP)
www.uwsp.edu/cnr/wcee/keep/
Wisconsin’s state motto is “Forward,” and nothing more aptly 
describes the future-looking vision of “America’s Dairyland” 
than its K-12 Energy Education Program (KEEP), funded by 
Focus on Energy, a public-private partnership supplying energy 
information and services to utility customers throughout the 
state.

KEEP’s primary initiative is the Focus on Energy Schools 
Program, which sponsors development courses for educators, 
opportunities for faculty to network with energy professionals, 
and student activities that allow kids to get their hands dirty and 
minds working. The program also facilitates energy audits for 
schools and helps them secure the funding to implement energy 
improvements and upgrades. In its 14 years, KEEP has reached 
thousands of teachers and more than 200,000 students.

Among the program’s most successful and imitated 
activities is the annual Solar Olympics, where students 
from across the state compete in contests ranging from 
the best solar cooker to solar Q&A. The program’s annual 
Energy Bookmark Contest combines art and energy: fifth 
through seventh graders design bookmarks that exemplify 
an energy theme, like that of the 2009 contest—“Energy 
Superheroes: The Quest for an Energy-Efficient Planet.” Other 
competitions, including an international electric vehicle race 
and student builders of the year, target construction and 
technology students. 

—Kelly Davidson

The nonprofit Redwood Alliance is providing free two-
year subscriptions to Home Power magazine specifically 
for K–12 school libraries. School librarians can apply at 
www.hpmag.org.
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Nearly 1 in every 10 of the world’s solar energy systems has been supplied, installed and/or developed 

by Conergy. In more than 15 countries on 4 continents, Conergy is driving innovation and market 

creation for solar energy.  We are passionate about providing solar energy – a sustainable solution to 

meet the world’s burgeoning power needs. 

Conergy provides end-to-end solutions for commercial enterprises, utilities, government, and 

agriculture clients with reliable, cost effective solar electric systems and serves a national network 

of installers, developers and dealers with solutions for residential and small commercial markets.  

Our dedicated team of experienced professionals, relentless customer focus, innovative financing, 

and products ensure that projects backed by Conergy meet – and exceed – your expectations.  

 

Discover Solar Energy:

www.conergy.us  |  info@conergy.us  |  (888) 396-6611

Visit us at Solar Power International, Oct 27-29, Anaheim, CA, Booth #511

OUR
WORLD
IS FULL OF
ENERGY

10
Conergy

years of
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This kind of reaction is exactly why data monitoring 
systems are gaining popularity with end users and installers 
alike, and why Lighthouse Solar now includes them with all 
the systems the company installs. Scott Franklin, president 
of Lighthouse Solar, explains, “By making the electricity 
consumed in your home or business visible in real-time, the 
abstract understanding of electrical usage becomes tangible—

and manageable.”
—Topher Donahue

Net-Zero Energy Home
...with Data Monitoring

When architect Michael Kracauer decided to design his 
carbon-neutral home, he knew it would include renewable 
energy. What he didn’t anticipate was what the PV system 
would reveal about his electricity use. 

Kracauer’s PV installation also included Lightgauge, a 
real-time data monitoring system based on eGauge—one 
of several online data monitoring solutions that give real-
time visibility into renewable energy system performance. 
Attached to the utility service entrance into the home and 
the inverter output (or other devices being monitored), 
Lightgauge measures electrical flow through household 
and system wiring via current transformers. The software 
simultaneously monitors the PV system’s production and the 
home’s electric consumption and presents the information 
through a user-friendly computer interface.

“By making the electricity consumed in your home or business visible in real-time,  
the abstract understanding of electrical usage becomes tangible—and manageable.”

the circuit
SOLUTIONS

PROJECT: Kracauer residence

System: Residential grid-direct PV

Installer: Lighthouse Solar, www.lighthousesolar.com

Date commissioned: September 2008

Location: Boulder, Colorado, 40.02°N

Solar resource: 5.5 average daily sun-hours

Array size: 7.2 kW STC

Average annual production: 10,434 kWh AC

Average annual utility bill offset: 100%

EQUIPMENT SPECIFICATIONS
Modules: 36 Sanyo HIP-200BA3, 200 W STC

Inverter: Sunny Boy 7000

Array installation: Flush roof-mounted with UniRac SolarMount 
Standard Rail mounts to S5! clips to a standing seam metal roof 
oriented at 171° (west of south) at a 30° tilt

Courtesy Lighthouse Solar

Web Extra: For more information on online system 
performance monitoring, see our article on “Monitoring 
Grid-Tied PV Systems” at www.homepower.com/
webextras

The data monitoring system takes readings every second 
to log real-time performance data, with a capacity of up to 30 
years’ worth of information. Users access the information via the 
Web or a local area network. The Web page displays real-time 
PV system performance, the home’s actual consumption, total 
PV-generated energy, kWh purchased from the grid, pounds 
of carbon dioxide offset, and carbon-savings equivalencies 
presented in “miles not driven” and “trees planted.”

For Kracauer, the data monitoring system went beyond 
interesting—it also resulted in some lifestyle changes. “I was 
shocked by the load the electric dryer put on the system and 
the heat it added to the home,” he explains. “So I bought a 
clothesline to use instead—my solar-powered clothes dryer.”

Courtesy Lighthouse Solar



The Powerful Difference

Think 
inside the 

smaller box

The NEW Mini Magnum Panel (MMP)

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

Includes:
One DC breaker – 175A or 250A 

One AC bypass breaker – 30A  
dual pole or 60A single pole

One AC input breaker – 30A  
dual pole or 60A single pole 

500A/50mv DC shunt 

DC buss bars for battery  
positive and negative

Din rail for optional DC mini  
breakers – will hold up to 
six breakers

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

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

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

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

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

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

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

Shown with inverter (sold separately) and optional remote, DC breakers, and backplate.

Now Shipping
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Shading Solutions
The first step in PV system design is to conduct a solar site 
analysis to determine if your site is a good candidate for a 
solar array. Typically, designers strive for placing systems in 
a wide-open, shade-free solar window from 9 a.m. to 3 p.m. 
But even the best plans go awry: A neighbor puts on a two-
story addition, small trees grow into big trees…and shade 
happens. 

Shading is a more prevalent occurrence in grid-tied PV 
systems, for two main reasons. First, the majority of these 
systems are located in urban and residential settings, where 
there are lots of nearby obstructions, such as trees, power 
poles, and other buildings. Second, because these systems 
are generally offsetting utility electricity usage—not acting as 
the sole power source—shading effects are less noticeable. If 
your system isn’t producing optimally, your only indication 

would be a slightly higher electricity bill. In an off-grid system, 
shading’s impact is more immediately noticed and tangible—if 
the PV system’s production cannot adequately charge the 
batteries, the inverter may shut down due to low battery 
voltage and/or the generator may come on more frequently.

Strategies for dealing with shade depend on the amount 
of shade. For example, if the site is shaded for several peak 
sun-hours and the shade is unavoidable, then a solar array 
may not be an appropriate power source for the location (see 
“Solar Site Assessment” in HP130).

But what about other situations, such as a site that gets 
only minimal shading, say for an hour during the prime solar 
window? The first and simplest step is to use the “shade 
factor” feature of a solar site assessment tool to estimate the 
system’s performance. For example, if the Solmetric SunEye 
tool reports an annual solar access value of 81%, you can 
include this value in the PVWatts system derate factor to 
estimate annual system output. Multiply the default derate—
0.77—by the tool’s solar access value to get an adjusted 
derate factor. Once you’ve entered the remaining system 
parameters, such as array size and orientation, PVWatts 
generates estimated production figures that incorporate the 
shade factor. Then you can either live with it, or increase the 
array size to make up the difference, but only if additional 
modules are unshaded.

Another possibility for dealing with partial 
shading is to consider a system that uses 
distributed MPPT system architecture, such as 
the Enphase Energy microinverter approach 
(see HP129), Tigo Energy’s Module Maximizer 

(see page 16), or National Semiconductor’s SolarMagic Power 
Optimizer. Installed on each module, these products can help 
keep shaded modules from compromising the rest of the array’s 
power output. Some of these products can have additional 
benefits as well, such as allowing systems to use different-sized 
modules, or modules or strings in different orientations within 
the same array, without compromising system efficiency. Some 
have individual module monitoring options to help pinpoint 
underperforming modules. 

These new products are a hot topic in the solar industry, 
especially when discussing increased system costs versus 
benefits and long-term reliability, yet some PV professionals 
are already singing their praises, especially in terms of 
mitigating the effects of shading.

While partial shading is not an ideal situation for any PV 
array, solar site assessment tools used to calculate realistic 
system output expectations, along with some new PV 
technology, are helping address shading issues.

—Justine Sanchez

METHODS

Once you’ve entered the remaining system parameters, such as array size and orientation,  
PVWatts generates estimated production figures that incorporate the shade factor.
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used to adjust 
system output 
expectations.

Justine Sanchez



NEED TRAINING?

DC Power Systems is a full service distributor of renewable energy solutions.  Working with our national network of 

qualified dealers and installers, we design and supply solar electric and wind power systems for business, residential and 

government applications.  We offer training programs for renewable energy dealers and contractors with support from 

our manufacturing partners.  The training sessions include seminars at supplier facilities, at our headquarters in Northern 

California, and at various locations across the country.

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

VISIT US AT SOLAR POWER: BOOTH 801!

DC POWER SYSTEMS
trains more installers than any other solar distributor nationwide.

Solar Pro DC Training.indd   1 8/5/2009   11:32:46 AM
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MAIL LAMINATE HEAT ISSUE

I enjoyed your article reviewing thin-film and crystalline solar-electric technologies 
in HP127. However, a major consideration that may result in a net energy loss 
was overlooked. [Here in south Florida,] the dramatic increase in grid-tied 
customers with air-conditioning has changed our thinking. In most cases, air-
conditioning represents 60 to 75% of the home’s annual energy consumption. 
It takes about 1,250 watts of PV to offset just 1 hour of a high SEER, 12,000 Btu 
(1  ton) air conditioner’s operation. Most homes have a 2- or 3-ton unit, cycling 
most of the day.

A roof with an array of modules, plus a ventilated air space underneath the 
array, realizes as much as an 80% reduction in required air-conditioning compared 
to a roof without an array of solar-electric modules. The “heat-shield” results in a 
significant “negawatt” gain on a daily basis, in addition to the electricity production. 
Thin-film arrays laminated to a roof surface essentially create a black solar-absorbing 
roof, potentially requiring more air-conditioning power than can be produced by the 
array. This is especially true for concrete and asphalt roofs that tend to retain the 
heat gain.

Bob Williams, Sea Air Land Technologies • Marathon, Florida

FINDING TRUE SOUTH
Your recent article on finding south (“Finding True South,” HP131) overcomplicates 
the issue. Most media in most locales publish the hour and minute of sunrise and 
sunset. Subtract the former from the latter, divide by two, and add the result to the 
former to find the hour and minute of local high noon.

Select the appropriate corner of your house (any vertical object that will cast a 
shadow at the location of interest) and, precisely at the hour and minute of high 
noon, mark a convenient spot up the shadow line from a comparable point on the 
shadow line at the bottom end. Voila—you have the line of true north.

But if perchance you are sun-starved in Seattle, near or north of 66.5° latitude in 
the northern hemisphere around December 21, or have a burning desire to determine 
true north in the middle of the night, you may have to do it the hard way.

Robert R. Bullard, P. E. • New Smyrna Beach, Florida

Off-Grid Tracking
Justine Sanchez did a nice job with the tracking article in HP131 (“Tracked PV Array 
Systems & Performance”), but left out one of the key reasons for off-grid tracking. 
If you live in the Southwest and want to avoid running a generator, a tracker is 
one way to accomplish this. Last winter, we had seven days that the sun came out 
between 8:30 a.m. and 10:30 a.m.—which gave us enough energy to charge our 
batteries. There were several late afternoons that provided good sun for a few hours, 
at a time when a fixed array would not reap the energy.

In summer, we run a small split-type air conditioner unit in the evenings. Our 
tracked array points at the sun until 7 p.m.—just when we need it to. Living off-grid 
is a challenge. But once you track the sun, there is no going back.

Dave Angelini • Mariposa, California

No Capacity Cap on Tax Credit
In the HP131 article on the economics of renewable energy (“Money Matters: Does an 
RE System Make Economic Sense?”), I read, “For systems under 10 kW, the federal 
government offers a 30% tax credit to homeowners and businesses, with no cap.” 
I believe that the 10 kW limit mentioned here is incorrect. There is no cap on PV 
system size. For reference, see Section 25D in Title 26 of the U.S Internal Revenue 
Code: “Residential energy efficient property.”

Chris Carbonella, Whidbey Sun & Wind • Coupeville, Washington

Thanks for that clarification, Chris. To read the full text of that section, visit the Database 
of State Incentives for Renewables & Efficiency at www.dsireusa.org/documents/Incentives/
US37Fa.htm.

Courtesy www.uni-solar.com

Courtesy www.directpower.com

vs.
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MAIL Solar Boat

My friend and I built a solar-powered 
pontoon boat at our college in southwest 
Florida. All materials and cash were 
donated. We raised all the money, and 
of course, put all the pieces together.

Our boat is a 2003 Crest pontoon 
boat (22 feet long; 8 1/2 feet wide) that is 
now powered by a solar-electric array. 
Although we haven’t had a chance to 
test its limits yet, from early runs, we 
feel confident we can get 6 to 8 hours 
of run time using nothing but solar-
generated electricity.

The array canopy stands 7 feet above 
the deck of the boat and is 10 feet long 
by 8 feet wide, with six BP Solar 175-
watt modules. OutBack Power Systems’ 
MPPT controller controls charging to 
our five 12-volt, 105 amp-hour AGM 
batteries.

Not-So-Smart RFI
In the “Making the Connection” sidebar 
of the “smart grid” article in HP132, 
Mark Hazen describes BPL (broadband-
over-power lines), which is also referred 
to as PCL (power line communication), 
in this way: “This technology rides over 
the power grid without polluting the air 
with radio frequency interference.”

This is exactly what the BPL 
manufacturers, some utilities, and the 
Federal Communications Commission 
would want you to believe. Nothing 
could be further from the truth. 
Widespread interference is one of 
the well-documented problems that 
continue to plague this technology. 
There has been interference to police, 
fire, amateur radio, and other services. 
It can and does interfere with very low-
output wireless radio devices used in 
homes and businesses. Unfortunately, 
our government touted this technology 
as a silver bullet without understanding 
or listening to good science and 
research.

The G2 or G3 technologies are much 
better suited to provide the needed 
communications required for the “Smart 
Grid.” More can be learned about this at 
www.arrl.org/tis/info/HTML/plc.

Steven B. Handy •  
Kekaha, Kauai, Hawaii 

To Contribute
write to: 

mailbox@homepower.com
or Mailbox, c/o Home Power

PO Box 520, Ashland, OR 97520

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

A Whisper XT outboard brushless 
motor propels the boat, using neodymium 
boron iron magnets, which produce more 
power than standard magnets, and at a 
higher rate of efficiency.

Now that we’ve built our boat, 
we’re showing it off. We were in the 
Fourth of July parade with our boat in 
Naples, and when school starts this fall, 
we’ll be demonstrating the technology 
to kindergarten through twelfth-grade 
students.

Matt Coalson • Naples, Florida

Courtesy Matt Coalson



Become a 
groSolar dealer
and join America’s premier solar network. 

 

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

We’ve learned a few things along the way:
• The most warehouses in North America equals better service
• The value of industry-leading training programs
• Our exclusive PanelClaw flat roof mounting system 
• Quick access to more products with less shipping
• Engineering and installation support that makes it easy

About groSolar
groSolar is North America’s premier distributor, installer and integrator of solar 
energy solutions for residential and commercial installations. Founded in 1998, 
groSolar is the largest 100 percent U.S.-owned distribution company in the solar 
industry. The company has offices and warehouses across the US, distributing 
solar electric and solar hot water systems from offices in VT, NJ, NY, CT, MA, 
MD, DE, PA, CO, MT, and CA.

Plug into Solar Power SM

866.GRO.SOLAR
groSolar.com/hot
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“The more series strings that are paralleled, 
the more difficult it is to evenly charge each 

cell throughout the pack.”

Battery Woes
I have three parallel strings, each consisting of two Trojan T-105 
batteries, in an off-grid, DC-only application (see HP75, page 21). 
The battery bank has never been discharged more than 100 Ah, 
and is usually fully charged the next day. Although the batteries 
once went 10 weeks without having water added, the electrolyte 
was never below the top of the plates. However, recently the 
electrolyte level in the middle pair of batteries was below the 
top of the plates after being topped off only two weeks before. 
The level in the other two pairs of batteries had only dropped a 
very small amount. What accounted for the large drop (about 
750 ml each) in the middle pair?

John Surber • via e-mail

The middle pair of batteries is sick, very sick. As lead-acid batteries 
age, their internal resistance grows because of plate sulfation. This 
process progresses at a different rate in each 2-volt cell. The more 
series strings that are paralleled, the more difficult it is to evenly 
charge each cell throughout the pack.

With so many paralleled cells (six in each string), cell sulfation 
can occur (often in the middle of the pack), while adequate charge 
is maintained on other portions. In this circumstance, I suspect that 
the middle string of the battery bank experienced one or more of 
three effects:

•	 The middle pair has cells that are significantly sulfated, so as the 
pack charged they gassed considerably more than the remaining 
two battery pairs.

•	 The interconnects became corroded, leading to further unequal 
charge rates. (It could even have been the series interconnects.)

•	 The outer two pairs are sulfated only slightly less than the 
inner pair, creating resistance in their charge rate that further 
exacerbates the high rate of resistance—causing heat buildup 
and gassing of the inner pair. As the bank experiences greater 
resistance in each of the pairs, all of the cells experience the 
downward spiral of increasing sulfation and resistance, with the 
worst effects in the poorest cells of the bank.

Finally, if the pack truly never cycles below 85% state of charge, 
the pack may actually need more exercise. Lead-acid batteries 
don’t like to be discharged fully and then only partially recharged, 
and they also do not like to be floated at a full state of charge 
without a regular discharge of 20% to 30%. A smaller pack may 
be exercised better and perform better, while eliminating some 
of the interconnects that limit the ability to create an even charge 
throughout the bank.

Regardless of the original cause of losing equal charging among 
the three pairs, the middle pair is clearly resisting charge, gassing 
rapidly, and wasting charge current while it boils off electrolyte. 
These 6-volt batteries are compromising the remaining T-105s and 
are best removed from the bank. When this is done, the remaining 
T-105s should be discharged and charged to see if they have any 
useful capacity remaining.

During charging, dying batteries will show rapid voltage rise; 
while under discharge, they’ll show rapid voltage decrease. If this is 
the case, the remaining T-105s may be dying as well and the entire 
bank may need replacement. If, however, the remaining two or four 
T-105s charge and discharge slowly, they can be used until their 
capacity becomes inadequate. Adding new batteries to these old 
T-105s is a waste of funds and should be avoided. Use the remaining 
capacity for now, and replace the entire pack when the old batteries 
are no longer useful.

A lingering issue is how to avoid repeating this problem. The main 
concern is that multiple series strings of batteries put in parallel lead 
to uneven charge rates between series strings. To avoid this, first try to 
limit parallel strings by using larger 6-volt batteries (such as L-16s) or 
large 2-volt cells. Having fewer external series and parallel connections 
can help equal charging between battery cells. Also, cabling running 
to and from the battery bank charging/discharging sources should be 
located at electrically opposite corners of the battery bank for a more 
equal charge and discharge across the battery bank. 

Next, regular, equalizing charges to the entire pack will aid in 
getting a complete charge to each cell. Finally, rotating batteries 
within the pack can more evenly distribute the charge between cells 
and also provides the opportunity to clean interconnects of corrosion 
and make sure connections are tight. If you think it sounds like getting 
the longest life from batteries is more work, you have it right.

Christopher LaForge • Great Northern Solar, Port Wing, Wisconsin

Courtesy John Surber



$/W is soooo 2008.

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 

e�ciency 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 

email pv@meus.mea.com

call 714-236-6137 or visit

www.MitsubishiElectricSolar.com 

It’s all about $/kWh now.
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Solar Heating for a Hot Tub
I have a 250-gallon electrically heated hot tub and want to know 
if there is a less costly way to heat that water. I also have a 
home office on my nearby back porch and wonder if the hot tub 
system could also provide space heating for the office in winter.

James Ball • Stamford, Connecticut

See the photo (this page, at right) of a drainback system installed 
on a 500-gallon hot tub. This simple system doesn’t require any tub 
modification. The hot tub drain is connected to the pump inlet with 
a washing machine hose to supply the relatively cold water at the 
bottom of the tub to the collectors. The hose has a quick disconnect so 
it can be easily uncoupled for freeze protection. The hot return line is 
insulated and flows into the top of the tub.

When the pump shuts off (at night or during cloudy weather), air 
enters the return pipe and all the water drains out of the collectors 
and back into the hot tub. The March pump used requires the top 
of the collectors to be within 15 feet above the water level in the 
tub. The system also could be powered by a higher-head DC hot 
water circulator pump (harder to find) or an AC-powered high-head 
pump with a differential control. AC-powered high-head pumps are 
available in heads up to 32 feet.

The cost of this system was minimal (about $550) because 
the owners had purchased a couple of used collectors. Other 
components included a PV module, pump, a little piping and 
insulation, and a switch to turn off the pump when the tub gets 

too hot. A new collector and concealed plumbing would cost 
more—perhaps about $1,500—to heat a 250-gallon tub. The system 
could be integrated into a space-heating assist, but the ease of the 
retrofit would depend on the existing heating system. If the water 
in the hot tub is maintained at a pH of 7 or above (to protect copper 
tubing), the system could be easily configured to use a fan-coil unit 
for heat delivery, which includes a fan and copper tube finned heat 
exchanger (radiator) to distribute the heat. Myson and McQuay are 
common trade names of fan-coils.

Chuck Marken • Solar Thermal Editor

...Ask the EXPERTS!

Co
ur

te
sy

 M
ar

y 
M

cA
rth

ur
, N

ew
 M

ex
ic

o 
So

la
r E

ne
rg

y 
As

so
ci

at
io

n

HelioFlow 
Plug-n-play solar pumping, 
control, monitoring, and 
maintenance station. 

“You only had one solar accessory 
to hook up in your basement?”

Remember all those times you said: 

SunFlexx Line Set 
Pre-insulated, flexible, easy 

to connect sensor, solar and 
return loop line set.

1-800-786-0324    www.SunMaxxSolar.com    www.SiliconSolar.com

when installing a solar thermal system...
“Wouldn’t it be nice if”

At SunMaxx, we listened!

SunMaxx Collectors
Carrying cutting-edge and cost-effective evacuated tube and flat plate  

solar collectors, without pushing you on one technology or the other.  
Available alone or in SRCC OG-300 pre-packaged kits. 

“You could get the best flat plate and evacuated tube 
systems from one company, without being hassled?” 

“You only had one, easy to install, 
pre-insulated line to hook up your collectors?” 

SunMaxxTM

Solar Thermal Systems



Which Solar Collector?
I am planning to install a solar water heater soon. Reading  
Home Power articles has me wondering which type I should buy. 
I live in Ohio near the Pennsylvania border, about an hour due 
east of Cleveland. Peak sun-hours average about 3.8 hours a day 
here. What’s your recommendation?

Frank Carradine • Fowler, Ohio

In a climate like Ohio’s, you can expect that a selective surface flat-
plate collector and evacuated-tube collector of equal size will produce 
about the same amount of domestic hot water year-round. But under 

more ideal solar conditions, a flat-plate collector will outproduce the 
evacuated-tube collector most of the year, except during the winter.

Be aware that snow and frost can cause performance drops in 
evacuated tube collectors. The super-insulation of the vacuum in 
an evacuated tube collector can prevent snow from melting off the 
tubes. The sun can penetrate the snow to heat the absorber, but the 
superior insulation in some tube designs prevents the heat from 
melting the snow off the glass. There is no independent test data on 
how much this affects evacuated-tube collectors in different climates 
but it does mitigate—and can eliminate—the performance advantage 
of evacuated tubes in areas with large snow loads.

Note the photo (at left) of my home after a snow. The long collector 
on the left is double-glazed—the industry standard for air collectors 
in the early 1980s. Toward the back on the right is a smaller, more 
recently installed collector that’s single-glazed and has a selective-
surface absorber—the industry standard today. You can see that the 
snow is already sliding off the collector on the right, while the snow 
remains on the better-insulated, double-glazed collector on the left. 
I would imagine the phenomena would be more pronounced with a 
tube collector since their insulation is superior to double-glazing.

If frost and snow are an issue, which I believe they are in Ohio, I 
would choose a flat-plate collector. If winter snow or frost isn’t a big 
issue, I would pick whatever collector has the lower cost (making 
sure to compare collectors of the same size)—unless you have an 
aesthetic preference.

Chuck Marken • Solar Thermal Editor

...Ask the EXPERTS!

Chuck Marken

AURORA®

Photovoltaic Inverters
AURORA®

Photovoltaic Inverters

Your Best Choice!Your Best Choice!

Requirements for

choosing the inverter:

✓ high efficiency

✓ field-proven reliability

✓ easy installation

✓ applications flexibility

PVI-6000            PVI-3.0/3.6/4.2

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

Call or Click Today for Details.
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Typical PV System  
Cost Per kWh

Cost Per kWh

Grid-Tied System Sunny Climate Cloudy Climate

2 kW with battery backup $0.36 $0.80

50 kW batteryless 0.26 0.57

500 kW batteryless 0.20 0.45

*Source: www.solarbuzz.com (July 2009 estimates)

PV Cost
Scientific American’s March 2009 issue contains a survey of the 
status of alternative types of electricity generation. The author 
estimates the cost of solar electricity at between 46.9 and 70.5 
cents per kilowatt-hour (kWh). This seems quite high to me. 
I have been subscribing to Home Power for many years and 
would be interested to learn your present estimate.

Carroll Swain • via e-mail

The per-kWh cost of PV electricity is calculated by dividing the cost 
of the complete solar-electric system by the system’s energy output 
over its lifetime. So the cost will vary depending on system size, 
type, and location. Other expenses include design and installation, 
maintenance, and financing.

Total system energy output is measured by multiplying the rated 
power of the modules by the peak sun-hours for the location, and by 
applying an efficiency factor based on the type of system (batteryless or 
battery-based). Multiplying this by the PV system’s estimated life span 
(in years) will give the system’s estimated total lifetime output.

The calculations in the table are based on a 20-year system life 
span (which is conservative; other methods for estimating total PV 
system output use 30 years) and do not adjust for any incentives 
available. If both of these factors were incorporated, the estimated 
per-kWh cost would be reduced accordingly. (Also note that the 2 
kW system example includes battery backup, which lowers system 
efficiency and yields a higher per-kWh rate compared to a 2 kW 

batteryless system.) Utility-scale systems produce electricity even 
more cheaply—a 12.6 MW solar-electric power plant in sun-drenched 
Nevada produces solar electricity at only 7.5 cents per kWh.

Compare these prices with retail grid electricity. Southern 
California Edison’s prices range from about 10 to 37 cents per 
kWh depending on the amount used by customers. Peak electricity 
in California can cost as much as 42 cents to commercial users. 
Hawaiians pay more than 21 cents per kWh for residential use; 
commercial customers are charged almost 20 cents per kWh. Hence, 
in many situations, PV systems today already produce electricity 
cheaper than the grid. And barring battery or inverter replacement, 
a solar-electric system is a fixed, up-front investment, while most 
analysts expect utility electricity prices to continue to rise.
John Perlin • Author, From Space to Earth: The Story of Solar Electricity 

*5 Year Warranty applies to certain models used in select applications only. Please see fullriverdcbattery.com for more information.

Less Work, More Energy.
A sealed, maintenance-free battery to power your needs!
• Superior Capacity - To meet your daily energy needs

• High Quality Product - For long battery life

• Maintenance Free - No watering

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

• Your Clean-Green Energy Solution

sales@ful l r iverdcbattery.com  |   800-522-8191  |   www.ful l r iverdcbattery.com

For more info contact  us:
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Metal Conduit Required?
I want to install a code-compliant, off-grid PV system for backup. 
My question concerns running conduit through a cinder-block wall. 
From my reading of the 2008 National Electrical Code, metal—not 
plastic—conduit should be used, although that section of the code 
is vague. My electrician friends think using PVC conduit should be 
OK and the building commissioners don’t care as long as the PV 
modules are not mounted on the house or grid-tied.

How do most installers run conduit from one box to another 
box through cinder block? I am using metal boxes on each side 
of the wall and want to use 1-inch conduit. The cinder block is 
approximately 71/2 inches thick. I could use standard nipples 
through the block, but the stock lengths don’t accommodate 
this well. I also thought of using fittings and flexible EMT inside 
the block to bridge between the two metal boxes. I can cut the 
EMT to size, but if I use fittings I would have to drill a 2-inch-
diameter hole through each side of the cinder block. 

Rick Phillips • via e-mail

The wording in Section 690.31(E) of the 2008 NEC is indeed vague 
and contained a typographical error. Code expert John Wiles believes 
that all PV source and output circuit wiring (both for off-grid and 
utility-interactive systems) should be contained in a metal raceway if 
run inside a building.

I think you could simply cut your EMT to size and attach your 
male adapters with locknuts and bushings entering each box. Flexible 

EMT would work too, but you shouldn’t need a 2-inch hole all the 
way through the cinder-block wall to accommodate 1-inch EMT. I 
would think a 1 1/4-inch hole would work. Making a slightly larger 
opening on each side of the wall would allow you to slide the outer 
part of the male adapters into the wall for a flush mount.

Justine Sanchez • Technical Editor, Home Power magazine

Power Factor Energy Savers?
I’ve seen a lot of devices advertised to shave your utility bills by 
correcting the power factor in your appliances. Do power-factor 
correction capacitors actually save homeowners kilowatt-hours 
and dollars?

James LaChance • Memphis, Tennessee

For years, numerous companies sold “magic boxes” that plug into the 
wall and promise to save electricity. In earlier decades, these devices 
were pure hoaxes. But in recent years, the rip-off artists have devised 
a better scam—claiming that they use phase shift (PF correction). Both 
“technologies” primarily perform one task—extracting money from 
customers’ wallets.

A bad power factor occurs when feedback from the windings 
of electric motors causes a timing shift between AC voltage and 
amperage waveforms. A bad power factor just makes your kWh 
meter vibrate a bit as it spins, so it doesn’t add any energy to the 
total amount—the meter is designed to ignore it. It does waste some 

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

Solar Controller with Maximum Power Point Tracking

45 or 60 amps at 
up to 150 volts 
open circuit

45 or 60 amps at 
up to 150 volts 
open circuit

INTRODUCING... INTRODUCING... 

The TriStar MPPT is an advanced maximum power 
point tracking charge regulator for off-grid PV systems 
providing many advantages:

•  PV’s most efficient MPPT controller. Peak efficiency of 99%

•  PV’s most reliable MPPT controller. No internal cooling 
fan yet runs cooler than any other MPPT controller. 
No mechanical relays.

•  PV’s only controller with on-board Ethernet. Fully internet 
enabled from any browser. Also sends email and text 
messages.

•  PV’s best MPPT tracking algorithm. Recognizes multiple power 
peaks and performs well at low light levels.

Please contact your local PV distributor 
or visit www.morningstarcorp.com for further details.

NEW!
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real energy as excess current in power lines, but your meter only 
measures real energy flows and ignores “phase-shifted” flows. 

It was a scam when it was a magical power-saving box, and 
it’s still a scam, even if these companies claim that the technology 
is based on PFC phase shifting. The only truth is that your energy 
savings remain imaginary, while the profits flowing into the scam 
companies are real! 

Bill Beaty • www.amasci.com

Judging Transportation
I will buy a new vehicle in the next year, and I’m trying to sort 
through the hype. Can you give me some guidance on how 
to evaluate passenger cars for their environmental impact? I 
know that some hybrids are more fuel-efficient than others. 
And I know that some diesels get very high fuel economy. 
Then there are electric vehicles. What criteria should be used 
to make an intelligent environmental transportation decision? 
Fuel economy? Cost? Carbon footprint? I hope you can give me a 
sensible approach to this decision.

James Randelli • Charlotte, North Carolina

If you rack up lots of miles each year, then fuel efficiency should be 
a high priority. In this case, your best option would be a pure electric 
vehicle (if its range can meet your needs), but none are currently 
available from major manufacturers. Next best would be a plug-

in hybrid electric vehicle (PHEV), which makes a very significant 
difference in fuel consumption by shifting part of your driving to 
a different energy source: electricity. If you have a clean electricity 
source, such as solar, wind, or hydro, that’s even better from an 
environmental standpoint. PHEVs are expected to hit the mainstream 
market in the near future. After that, a regular hybrid, which gets 
all of its energy from gasoline, since the gas engine charges the 
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This Toyota Prius was converted to a plug-in hybrid electric 
vehicle by www.CalCars.org. 
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To submit a question to  
Home Power’s Ask the Experts, 

write to: asktheexperts@homepower.com 

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

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

batteries, is a good choice. The hybrid takes advantage of the higher 
efficiency of the electric motor to improve fuel economy. If there is a 
comparable gas-engine version of the same vehicle, you can compare 
how much the mileage increases with the hybrid system. Beware, 
though: A so-called “mild hybrid” doesn’t do much more than paste 
a green label on a standard vehicle.

Another avenue for more eco-friendly transportation would be 
to buy a diesel vehicle with the intention of operating it on biodiesel 
or straight/waste veggie oil (SVO/WVO). This requires a little more 
commitment on your part. For SVO operation, you need to install a 
special kit in the vehicle. For biodiesel, you need to locate a source of 
fuel or make your own. Both SVO and biodiesel face some regulatory 
hurdles, so you should check out the situation in your area before 
committing to this option. Caution is in order, though: Because of 
California’s clean air regulations, most of the diesel passenger cars 
being imported to the United States do not achieve the good fuel 
economy of similar, but older models.

If you drive infrequently, other considerations will carry some 
weight. I would select a few high-fuel-efficiency vehicles that interest 
you, then check the manufacturers’ Web sites to see what they say about 
clean manufacturing processes and manufacturing for recyclability. If 
the vehicle is being built in a new factory, it will almost certainly be 
built with cleaner processes, and the factory itself will be more efficient 
in its use of energy. In addition, there are new types of paint that are 
less toxic, and manufacturers are starting to build with more materials 
that can be recycled at the end of the vehicle’s useful life.

From an emissions standpoint, a pure EV powered by RE 
produced at your home base, or an SVO vehicle would be cleanest. 
A plug-in hybrid would be a close second if your battery pack alone 
can get you most places you need to go. Conventional hybrids and 
biodiesel-fueled vehicles would be next. They both cover a broad 
range of emissions, depending on how much of the load is carried 
by the clean portions of the systems (batteries in the hybrid, bio in 
the biodiesel).

In all cases, the vehicle you choose should be small and, if non-
electric, have a small engine. The bigger the vehicle, the more fuel it 
will consume. Small engines are “good enough” and appropriate for 
anyone serious about fuel economy.

Other options include a neighborhood electric vehicle (NEV), 
electric scooter, or bicycle, saving the car only for trips that really require 
it. Maybe joining a car-sharing service would meet some of your needs.

You’re right: there are a lot of variables, and there is no one best 
answer for everyone. The good news is there are several options for 
creative solutions tailored to your needs.

Shari Prange • Transportation Editor
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Even with the small-town conveniences of Peterborough, 
New Hampshire, only miles away, Chris admits that the idea 
of moving off the grid was somewhat intimidating. Although 
he was confident that the solar-electric and solar thermal 
systems could be sized appropriately to meet their needs, the 
transition from city life to country living was a concern. 

hen California-based Borrego Solar Systems 
decided to open a regional office in New England, 
Chris Anderson, the company’s chief technology 
officer, jumped at the chance to work in the new 

office. After more than a decade living in the San Francisco 
Bay Area, he and his wife, Anna Von Mertens, were 
ready for a change. The couple had wanted to move back 
east to be closer to family, and the new office location in 
Lowell, Massachusetts, was just across the state line from 
Hillsborough County, New Hampshire, Anna’s hometown 
and where her parents lived. 

Years of close-quartered urban abodes had left the couple 
longing to spread out and build a home that fit their needs 
and ideals. Not surprisingly, their vision included solar-
electric and solar hot water systems. And while living off 
the grid may not have been on their minds when they went 
house-hunting, being gifted with 14 acres within a 108-acre 
parcel that Anna’s mother had purchased to save from 
development changed their plans. 

A conservation easement acquired by Anna’s mother 
limited construction on the acreage to a maximum of two 
homes, protecting all the farmland and forestland from 
additional development for perpetuity—even under new 
ownership. 

home power 133 / october & november 200940

Homeowners Chris Anderson and Anna Von Mertens (pictured above, with daughter Hayden) made a successful transition from city life 
to solar living in their off-grid home.

The neo-traditional farmhouse’s sunroom provides  
a warm transition from the outdoors.

by Kelly Davidson
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Months of collaboration gave way to a simple design 
with a two-and-a-half-car garage and a main house, joined 
by a mudroom and vestibule, and topped by gabled roofs. 
Though the expansive use of windows on the south side 
and a standing-seam metal roof may not strictly adhere 
to the local aesthetic, the profile takes its cues from the 
area’s colonial farmhouses. The exterior appears traditional, 
with rot-resistant cedar shingles left unfinished to weather 
naturally. 

Inside, the layout and materials are modern. The 
1,525-square-foot first floor hosts a great room and kitchen to 
the south, with a den, half bathroom, mudroom, and laundry 
room, while the second floor is divided into three bedrooms 
and two bathrooms, with an additional studio space for Anna, 
who works from home as a textile artist. 

The home’s layout was designed for energy efficiency and 
passive solar gain. Primary living spaces, like the living room 
and dining area, are laid out along the south side, maximizing 

“We were coming from the city, 
where we had amenities at our 
fingertips,” says Chris, “and now we 
were trying to figure out what it was 
going to take to live off the grid. We 
had to learn the ins and outs of septic 
systems, evaluate the benefits of well 
water versus town water, and figure 
out how to get Internet and phone 
service.”

With power lines a third of a mile 
from the property, connecting to 
the grid was an option. And while 
they liked the idea of feeding excess 
generation from their solar-electric 
system back to the grid and capitalizing 
on the state’s net-metering rules, they 
didn’t feel comfortable with the idea 
of running power lines through the 
adjacent wetlands. The cost of grid connection—close to 
$50,000, including wetlands mitigation and utility work—
seemed wasteful as well. Instead, the couple chose to put that 
money toward outfitting their home for off-grid living. 

Chris and Anna enlisted longtime friend and architect 
Peter Larsen, of San Francisco, to design the home. The 
couple, who lived in an industrial loft space in Berkeley at 
the time, had a tall order. They wanted a home that fit the 
rural site and respected the local vernacular, yet had open, 
easily configurable spaces. Since they were planning to start 
a family, they also wanted room to grow—three bedrooms 
to accommodate a family of four comfortably. The design 
needed to be reasonably achievable for novice builders as 
well, since Chris and Anna planned to do much of the work 
themselves. Plus, the building design also needed to integrate 
the home’s solar energy systems gracefully. 

The design premise included a roof-mounted 
photovoltaic system with a battery bank; a solar hot 
water (SHW) system for domestic 
water heating and in-floor radiant 
heating; and a backup pellet-fueled 
boiler and propane generator. A large 
south-facing roof sloped to optimize 
production from the PV modules and 
SHW collectors, plus enough utility 
storage space for all of the requisite 
RE equipment, were among the key 
design requirements.  

Building the Vision
Determined to have the exterior of 
the new structure fit in, the couple 
studied the design of the area’s original 
farmhouses and colonial homes. 
Together with Peter, they explored 
various ways to combine the modern 
and colonial influences, from the basic 
building shape and roof profiles to fine-
scale details and finishes. 
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Large, south-facing windows admit solar gain, while the thermal mass in the concrete 
floors absorbs, stores, and reradiates the solar resource for wintertime heating.

Energy-efficient appliances and cabinets made from  
locally milled lumber lend to the sustainable design of the kitchen.
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natural light in the most occupied portions of the house. In 
the winter, large south-facing windows capture solar heat 
until the late afternoon. On the north side, where the building 
will lose the most heat and needs protection from winter 
storms, windows are fewer and smaller. Secondary spaces, 
such as the closets, mudroom, half bathroom, and laundry 
room, are also clustered to the north.

On the first level, a concrete floor made with slag (an industrial 
by-product that replaces some of the portland cement) provides 
thermal mass for the radiant heating system and passive solar 
gain, minimizing backup heating needs in the colder seasons. 
High-density spray-foam insulation fills the wall cavity (2-by-6-
inch studs on 16-inch centers), creating an insulating air seal for 
the entire home. An additional layer of 1-inch rigid foam board 

Overview
System type: Off-grid solar-electric 

Location: Peterborough, New Hampshire

Solar resource: 4.6 average daily peak sun-hours

Record Low Temperature: -23°F

Average High Temperature: 79°F

Average monthly production: ~ 600 AC kWh

Percentage of required energy produced by the system: 
95%; generator used 8 to 10 hrs. per week during the winter 

Equipment
Modules: 42 modules: 27 Sharp 160, 160 W STC, 22.8 Vmp, 
7.02 Imp, 28.4 Voc, 7.82 Isc; 15 Sharp 167, 167 W STC, 22.8 
Vmp, 7.33 Imp, 28.9 Voc, 8.16 Isc

Array: Three 14-module series strings, 6,825 W STC total, 
319.2 Vmp, 21.4 Imp, 400 Voc, 23.8 Isc

Array combiner box: Three strings run into fused DC 
disconnect, paralleled in wiring gutter before inverter

Array installation: Unirac SolarMount Light Rail, installed on 
south-facing roof (15° east of south), 45° tilt

Inverter: SMA America, Sunny Boy 7,000US, 600 VDC 
maximum input, 250–480 VDC MPPT operating range, 
7,000 W AC, 240 VAC output

Charge controller/battery inverter: Two, SMA America 
Sunny Island 5048

System performance metering: Sunny Web Box

Backup generator: Kohler 12 kW residential model

Batteries: 24 Surrette S460, 1,050 Ah at 48 VDC

The 6.8 kW array was oversized to accommodate future loads. 
The array strings were configured to minimize the impact of 

early morning shading from the chimney.

Most renewable energy systems are DC-coupled, which 
means power sources, such as a PV array, wind generator, 
and battery bank, are joined together on the DC side of the 
system. An inverter is used to convert DC to AC power for 
any AC loads present. 

AC coupling joins the various power sources on the AC side. 
With a PV system, this technique requires using more than 
one inverter since DC sources of power are still present and 
each power source must be converted to AC before they are 
joined.

The Anderson-Von Mertens off-grid system consists of a 
PV array that feeds through an SMA America Sunny Boy 
string inverter. The output of the Sunny Boy inverter is then 
routed to the AC load center—just as in a batteryless, grid-
tied system. This system also uses two SMA Sunny Island 
inverters to convert 48 VDC from batteries into 120/240 VAC 
power that also feeds the AC load center. 

With this AC coupling setup, the Sunny Island inverters 
provide AC voltage to the AC load center, effectively “tricking” 
the Sunny Boy inverter into thinking grid power is available 
and enabling it to send out power from the array. This power 
can then be used for powering AC loads that are running 
and/or be pulled back through the Sunny Island inverters to 
charge the batteries.

The last power source in the system is the Kohler generator 
that exports power to both AC inputs of the Sunny Island 
inverters for battery charging when the PV array isn’t 
producing sufficient power. It also sends power to the AC 
load center.

Finally, a manual transfer switch allows the AC load center 
to be fed by the Sunny Boy and the Sunny Island inverters or 
the backup generator if the Sunny Island inverters fail.

A primary advantage of using an AC-coupled setup in an off-
grid system is that high-voltage DC strings of modules can be 
used, reducing wire-size requirements and, therefore, array 
wiring costs. Plus, through the use of a string inverter, AC-
coupled systems offer improved system efficiency since the 
array is not directly tied to the battery bank.

—Justine Sanchez

(continued on page 44)
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AC Mains Panel:
To 120/240 VAC loads

Backup Generator:
Kohler 12 kW, 

120 / 240 VAC output

Breaker: 60 A

Generator AC Disconnect: 
60 A breakers

Battery Bank: 
24 Surrette S460 lead-acid batteries, 

350 Ah at 6 VDC each, wired in three series strings 
of eight batteries for 1,050 Ah total at 48 VDC

PV Inverter:  
Sunny Boy 7000US, 

600 VDC maximum input, 
250-480 VDC MPPT 

operating range, 
7,000 W AC, 240 VAC output

Battery Inverters: 
Two, Sunny Island 5048, 

48 VDC input, 
5 kW output at 120 VAC

Manual Transfer 
Switch: 

Generator or 
inverter/battery 

selection

60 A

70 A

40 A

Pass-through box: 
On roof

DC Disconnect: 
15 A breakers

Wiring 
Gutter/Combiner 

Box

200 A

Photovoltaic Array:  Forty-two modules total: 
27 Sharp 160, 160 W STC; 15 Sharp 167 W STC, 

wired in series strings of 14 modules 
each for 6,825 W total

Note: All numbers are rated, manufacturers’ specifications, 
or nominal unless otherwise specified.
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Among those choices was the 
decision to put in a propane range 
and clothes dryer, instead of electric 
models that can tip the energy 
scales with even occasional use. 
As a concession, however, Chris 
and Anna vowed to line-dry their 
clothes as much as possible and 
use the propane dryer sparingly. 

Based on a load estimate of 
17 kWh per day (including future 
demands—i.e. children), Chris 
determined that a 6.8 kW system 
would slightly exceed their needs, 

allowing about 3 daily kWh of wiggle room. 
Then the work was to maximize the PV system size in 

the allotted space. Chris ended up pairing 15 new 167 W 
Sharp modules with 27 used 160 W Sharp modules that he 
purchased from a system owner who had the other half of 
their roof-mounted modules stolen. Although the plug-and-
play connectors had been cut in the theft attempt, Chris was 
able to make them work with some jumpers he made. He also 
ended up modifying the frames of the old modules to make 
them compatible with the new modules’ rail-mounting clips. 

Although the inverter manufacturer does not recommend 
mixing and matching different module sizes, these modules 
had almost identical voltage ratings, so the losses were minimal 
and justified the money saved by purchasing the used modules. 
Ultimately, the pairing of new and used modules—wired in 
three 14-module series strings (fourteen 167 W modules, fourteen 
160 W modules, and the last string comprised of thirteen 160 W 
plus one 167 W module)—worked well on the roof.

An architectural engineer and a licensed electrician, 
Chris has a technical background that trumps the average 
homeowner. Even still, he faced a slight learning curve when it 
came to working with the additional equipment that goes into 

insulation was attached to the exterior framing under the wood 
shingles, reducing thermal bridges at each stud, resulting in 
R-24 in the walls. Additionally, wood-to-wood junctions in the 
framing were caulked to reduce air infiltration. 

To insulate the basement floor and walls, 2 1/4-inch thick 
rigid foam board (R-10) was mechanically fastened to the 
exterior of the moisture-sealed foundation walls and 2 inches 
of CFC-free rigid foam board was placed on grade prior to 
pouring the basement floor. In addition, foam was applied to 
the junction between the sills and sill-plates and to the entire 
rim/band perimeter in the basement to reduce infiltration. 
Eleven inches of blown-in cellulose insulation in the attic (R-40), 
and triple-glazed windows and insulated doors complete the 
high-performance building envelope. 

Siting for Solar
An early challenge was siting the proposed 2,900-square-
foot house on the 14-acre parcel, which is bound and 
fragmented by colonial-era stone walls common throughout 
New England. The way in which the stone walls cut across 
the most viable site—a hilltop clearing—made a true-south 
orientation impossible. So the broad side of the house was 
angled to magnetic south—15° east of true south—only 
slightly reducing the solar exposure.

The designs for the energy systems evolved over several 
months alongside the architectural plans. Ultimately, the 
parameters set forth by the structure—siting, roof angle, roof 
space, and equipment storage—dictated what was possible for 
system size and equipment selection. The final architectural 
plans called for a roof angle of 45° for year-round RE system 
production and roughly 1,000 square feet of south-facing roof 
space to mount PV modules and SHW collectors. 

Sizing the Solar-Electric System
Designing the PV system began with a comprehensive load 
analysis, including the electricity needed for the well pump, 
refrigeration, water filtration system, and the computer 
controls and circulating pumps for the heating system. 

“Calculating loads is where being the homeowner and 
system designer is a real advantage. No information gets 
lost in the exchange,” Chris says. “Because I was closer to 
the information and I understood our daily use and lifestyle, 
I knew where we could trim down, and I was able to make 
realistic choices.”

home power 133 / october & november 200944

solar solutions

Seven Heliodyne Gobi flat-plate collectors provide domestic hot water  
and hydronic space heating.

The main 738-
gallon storage 

tank’s heat 
exchangers serve 

the solar input 
and DHW and 

hydronic output 
loops.

(continued on page 46)
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Overview
System type: Closed-loop antifreeze system with heat 
exchanger

Percentage of hot water and heat produced annually: Est. 50%

Equipment
Collectors: 7, Heliodyne, Gobi 410, 4 x 10 ft.

Collector installation: Roof-mounted parallel to roof plane at 
15° east of south

Heat-transfer fluid: Dowfrost HD

Circulation pump: 2 Grundfos SuperBrute 15-58 (in series)

Pump controller: PLC (controlling all mechanical systems) by 
Optimal Energy Solutions LLC

Storage
Main tank: STSS Co Inc., 738 gal.

Heat exchangers: STSS Inc.; two parallel 120 ft. copper coils 
in lower part of tank (solar collectors to storage); two parallel 
90 ft. copper coils in upper part of tank (storage to radiant 
heating); plus 180 ft. copper coil to heat/preheat DHW

Backup DHW: Heat Transfer Products Inc. SuperStor 50 gal., 
heated by Harman PB105 pellet boiler

Temp. 
Gauges

Pressure 
Gauge

T&P Relief 
Valve

Air Vent

Fill 
Valve

Drain 
Valve

Expansion 
Tank

Fill 
Valve

Reverse Thermosiphon 
Cooling Loop: 

Thermostatically controlled

Zone 
Valve

Circulation Pumps: 
Two Grundfos 15-58

Air 
Vent

Collectors: 
Seven Heliodyne Gobi, 

4 by 10 ft.

Tempering 
Valve

Recirculating 
Pump: 

Taco 006

Check
Valve

To 
DHW
Loads

From
Recirculation 

Loop

Cold 
Supply 

In

To & From Hydronic Heating Loop: 
Including backup heat sources (not shown)

Storage Tank: STSS, 738 gal. Backup Heater: 
Superstor SSC50, 

50 gal., boiler fueled

Note: Sensors and controls 
omitted for clarity; only one 
heat exchanger per pair 
shown.



•	 Conservation easement (protects open land from 
development)

•	 Orientation & window placement maximizes natural 
daylighting & solar heat gain

•	 PV-generated electricity

•	 Solar-heated water for domestic water & in-floor radiant 
heating

•	 Wood-pellet-fueled backup boiler

•	 Hot water recirculation system

•	 Heavily insulated: spray-foam insulation; triple-glazed 
windows

•	 Slag used in concrete to replace a portion of the portland 
cement

•	 Native & low-water landscaping; pervious paving

•	 Finish lumber milled from trees felled on site (flooring, 
siding, cabinetry)

•	 Aluminum-clad & FSC-certified wood windows

•	 Naturally weathering exterior wood finishes (no 
refinishing/repainting)

•	 Metal roof (long life span, low maintenance)

•	 Durable, low-maintenance concrete floors 

•	 Zero VOC paint

•	 Compact fluorescent lighting

•	 Energy-efficient appliances

an off-grid PV system. “At Borrego, we specialize in grid-tied 
PV systems, so it was challenging for me to shift my mind-set, 
and think in terms of battery banks, chargers, and backup 
generators,” he says. 

The array feeds an SMA America Sunny Boy inverter that 
is AC-coupled to two SMA Sunny Island inverters wired to 
the battery bank in the basement. At a depth of discharge of 
80%, 24 deep-cycle Surrette S460 batteries provide 840 amp-
hours—up to two and a half days of energy with normal 
usage (about 17 kWh per day) or longer with conservative 
usage (13  to 14  kWh per day). The Sunny Island inverter 
system also controls a Kohler 12 kW propane generator to 
automatically charge the batteries as necessary—usually 
twice per week in winter and a few times per month the rest 
of the year, depending on weather patterns. The inverter will 
also start the generator periodically to equalize the batteries. 
The two Sunny Island inverters allow 240 VAC input/
output to be used for balanced generator battery charging—
and will be useful for powering a future workshop and a 240 
VAC well pump. 

Tackling the Solar Thermal System
For the solar thermal system, Chris turned to Henry Spindler 
of Optimal Energy Solutions in Keene, New Hampshire. 
Seven Heliodyne 4-by-10-foot collectors in a closed-loop 
antifreeze system with a heat exchanger heat water for a 738-

gallon storage tank with two output heat exchangers each for 
the domestic hot water and radiant floor systems.

The domestic hot water system uses a 50-gallon Superstor 
pressurized tank that is heated through heat exchangers in the 
larger tanks. A Harman pellet boiler provides backup heating 
for the radiant floor system and the DHW. The 50-gallon DHW 
tank is piped to the boiler as a separate zone. This is a typical 
setup with hydronic heating systems, where the boiler provides 
heating for the DHW tank through a heat exchanger. 

The radiant floor system was designed for minimal power 
usage, with zone valves to allow individual thermostat control 
in seven zones of the home. The pellet boiler acts as a backup to 
the solar thermal system, also providing heat to a 1,200-gallon 
storage tank. (Additionally, the wood heater in the living room 
provides supplemental space heating, typically in the shoulder 
seasons when it is more practical to put another log on the fire 
than start up the boiler.) 

The solar thermal system uses three strategies to prevent 
overheating in the summer months due to seasonal load 
imbalances. The control system energizes a zone valve that 
allows the system to thermosiphon at night until a selected 
temperature is reached, effectively limiting tank temperature 
through passive night radiation. Should the tank temperature 
still be too hot, the controls then circulate water to the larger 
1,200-gallon boiler storage tank. In the event that both tanks 
reach the selected high temperature, the collector loop is 
energized at night to circulate fluid through the system and 
dissipate heat through night radiation. 

Low-flow faucets and showerheads help conserve water 
throughout the home. A water recirculation system sends 
sink and shower water back to the tank—instead of down the 
drain—until it warms up.

Off-Grid Payoff
Currently, the AC-coupled PV system generates an average 
of 12.5 kWh per day. This is well below the designed 
20 kWh per day that the system should be able to produce, 
due to the system being oversized for future needs. When 
energy production exceeds household consumption (frequent 
especially in the summer months), the Sunny Island sends 
a signal to the Sunny Boy inverter to put out less energy to 
prevent overcharging the batteries. This is the case with any 
stand-alone PV system that does not use diversion loads. 
If excess power is available but there is nowhere to send it, 
available power must be tapered down to avoid overcharging 
the batteries. When the future loads are added, the system 
will be able to more fully utilize the existing PV array, and the 
average daily kWh production will be higher.

The solar thermal system provides all of the DHW and 
any required heat for the home through early fall. In the dead 
of winter, the thermal energy generated from the collectors 
is enough to bring water in the 738-gallon storage tank up to 
about 92°F—an ample temperature to provide baseline heating 
through the radiant floor system. For heating performance, 
Chris says, the system must circulate water that’s at least 10°F 
warmer than the desired air temperature. Since the DHW 
generally requires a temperature of 115°F, the backup boiler is 
usually required in the late fall, winter, and early spring.
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Off-grid homeowners Anna and Chris.

Chris estimates that they’re saving approximately $1,700 
per year in avoided heating fuel costs—assuming $2,400 fuel 
costs for fuel oil compared to their actual cost of $700 for 
pellets. Their solar thermal investment will continue to pay 
off as heating oil prices rise.

Chris and Anna say that the shift to off-grid living with 
renewable technologies has been fairly seamless. The real 
challenges of off-grid living were less tangible—adapting to 
the seclusion of their new surroundings, for instance, while 
raising their daughter Hayden, who was born a month after 
their home’s completion.

“Not having neighbors was a big change. There’s no running 
next door to borrow a cup of sugar. Our only neighbors are the 
few houses we can see far across the valley,” Anna says. 

That may soon change. Friends from Berkeley, who also 
plan to start a family, purchased the adjacent 14-acre lot 
from Anna’s mother and are starting construction on the 
second home allowed under the conservation easement. 
The plan is to connect the two homes’ solar-electric systems, 
using underground conduit Chris already put in place, and 
someday add a wind turbine between the two properties for 
additional RE generation.

Access
Associate editor Kelly Davidson (kelly.davidson@homepower.com) 

and her niece are doing their part to keep New Jersey’s beaches 

clean by picking up trash on their walks. Even 4-year-old Ava Jade 

knows that trash on the beach spoils the fun for everyone.

Optimal Energy Solutions LLC • 603-354-7919 • SHW design 

Peter Larsen • 415-335-0857 • Architect

PV & Solar Thermal System Components:

Grundfos • www.grundfos.com • Circulation pump

Harman • www.harmanstoves.com • Pellet boiler

Heat Transfer Products Inc. • www.htproducts.com •  

DHW storage tank

Heliodyne • www.heliodyne.com • SHW collectors

Sharp Solar • www.solar.sharpusa.com • PV modules

SMA America • www.sma-america.com • Inverters

STSS • www.stsscoinc.com • SHW storage tank & heat exchangers

Surrette • www.surrette.com • Batteries

The TriMetric
Basic Battery 
System Monitors

The PentaMetric
Battery System Monitor 
with More Capability
The choice for advanced system analysis 
and maintenance. 

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

•  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.

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   

The TriMetric

System Monitors

The PentaMetric
Battery System Monitor 
with More Capability
The choice for advanced system analysis 
and maintenance. 

Display vital battery system data to help users provide Display vital battery system data to help users provide 
better battery care, conservation awareness and aid better battery care, conservation awareness and aid 

Two New 
Products!

NEW!  TriMetric
TM-2025-RV

TM-2025-RV features:
12-48V operation standard. 
Higher lightning resistance. Smaller 
package includes  enclosure. Also 
Watts.  Records system analysis 
information to help �nd system 
problems.  $180

Two New 
Products!

Traditional TM-2020
(without optional enclosure) $169

BOGART ENGINEERING  (831) 338-0616  19020   
Two Bar Rd. Boulder Creek, CA  95006 USA

details at:  www.bogartengineering.com
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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 400 installations across the world 

have chosen a Bornay.

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.

In Movement
Since 1970.bornay.com

Bornay Windturbines   600  1500  3000  6000 W
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mJoin the Bornay
experience.

1970
First Bornay.

1978
Fiberglass

parts.

1982
Induction
alternator.

1984
Injected

nylon blades.

1988
Permanent

magnet alternators.
Adjustable blade pitch.

1993
Fiberglass/carbon

fiber blades.
Tilting brake.

1997
Neodymium

magnets.

2000
Fiberglass/carbon

fiber blades
by RTM.

2008
Grid connection

systems.

Today

Today
Still evolving

with you.



SOLAR WATER PUMPS

water filled brushless DC motor  i
maintenance-free

no electronics in the motor i

12-200V DC, 110-240V AC solutions i

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

all 316 stainless steel,  i
not thinner than 0.16” (4mm)

2,000ft (600m) lift ability i

pump speed adjustable  i

remote tank shut off with integrated  i
timer and pressure switch

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

LORENTZ Germany 
www.lorentz.de

SINCE 1993
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initial cost: Each clean kWh produced by a PV system can 
displace a kWh that would be produced by conventional 
(polluting) energy sources. So wringing as much production 
as possible from your PV system makes good sense financially 
and environmentally.

PV modules typically have warranties of 20 years or 
more, and expected operational lives of more than 30 years. 
Over this time, a small amount of lost energy each day 
can add up to significant losses. Poor installation practices 
can result in increased maintenance, added downtime, and 
even greater losses. Fortunately, there are opportunities to 
optimize performance throughout the design and installation 
process—and lower the cost per kWh.

olar-electric systems are becoming more common on 
homes, businesses, and as large generating facilities. 
This is partially due to increased incentives and 
rebates available, which help reduce system costs. 
However, while it may not be an apples-to-apples 

comparison, the fact remains that PV-generated electricity can 
be 1.5 to 4 times the cost of the typical, fossil-fuel-dominated 
utility blend.

The price per kilowatt-hour (kWh) for a PV system is 
calculated by dividing the system cost by its estimated lifetime 
energy production. One way to reduce the cost per kWh is 
to maximize the energy the system produces. Of course, the 
benefits of PV-generated electricity go far beyond the system’s 
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SEEKING PEAK

by Brian Mehalic

This Bainbridge Island, Washington, home maximizes PV coverage of south-facing roof area.  
To avoid shading and simplify the layout and rack system, chimney and other roof penetrations are concentrated on the north roof.

PERFORMANCE

Lowering the Cost of Grid-Tied PV Systems
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www.KelvinHughesProductions.com



Site Analysis
A thorough analysis of the proposed 
site and the associated electrical 
load is one of the first steps in 
system design. Poor decisions or 
miscalculations during these early 
stages can dramatically affect system 
performance. In many cases, system 
size is influenced mainly by budget 
and space constraints, with load 
requirements usually a lesser factor.

Squeezing in modules to 
increase array size can sometimes 
result in diminishing returns. For 
instance, at a partly shaded site, 
adding an additional module to a string may be more trouble 
than it’s worth. If even one module ends up with more 
shading than the others in the string, the whole string’s 
production can be reduced. Additionally, if an array is shaded 
above a certain percentage, some rebate programs reduce the 
amount reimbursed. Bypass diodes inside modules, specifying 
microinverters, and careful siting can help mitigate shading, 
but adding modules solely to increase system size beyond the 
shade-free maximum must be carefully considered to ensure 
that it is not done at too high of a cost per kWh.

A shade-free south-facing roof, in great condition, with a 
good pitch for the latitude and lots of space, is an installer’s 
dream. More typical, however, are roof penetrations (such 
as chimneys and vents) that obstruct and eat up potential 
space, trees that will eventually shade the site, and future 
buildings that may get placed on the empty lot next door. 
Some of these issues can be predicted by using one of the 
popular site analysis and shading tools available (see “Solar 
Site Assessment” in HP130 for details). Addressing others 
requires foresight and planning: Who will trim the trees? Will 
new construction nearby be tall enough to cause shading? 
Will the roof last the life of the array?

In most cases, the greatest amount of annual energy 
production requires the array to face true south and be tilted 
at an angle equal to the local latitude. This can often be 
accomplished with pole- or ground-mounted arrays. Roof-
mounted systems are less flexible—typically the angle and 
orientation of the array will be that of the roof.

An array facing within 45° of true south and tilted to 
within 20° of the latitude will usually produce 85% or more of 
that of a perfectly oriented array. A program such as PVWatts 
(see Access) can be used to estimate array production based 
on the proposed installation. Calculating the output of the 
proposed array and dividing this result by the output for 
an array set at an ideal angle and orientation will determine 
what percentage of the ideal output the actual installation will 
generate (see “Shade-Free Solutions” in HP132).

Site variables may also have an impact on available 
rebates. Larger installations typically receive production-
based incentives (PBIs), which are also becoming more 
common in residential programs. Under these incentive 
programs, payments are made over time to system owners 
based on the energy produced. Lost production equals a 
lower PBI payment. Other incentive programs pay rebates 

www.homepower.com

PV performance

51

Even a small amount of shading can have  
a significant effect on array production.

While perfect solar orientation may maximize production, other costs  
(labor, racks, wind loading, and aesthetics) may outweigh the benefits.

Solar site 
assessment  

tools can help 
you select a 

shade-free 
location.
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The nameplate power rating of a PV module is determined under 
standard test conditions (STC): insolation of 1,000 watts per 
square meter and a 25°C (77°F) cell temperature. Unfortunately, 
these conditions are not typical of real-world situations. For 
instance, on sunny days the actual temperature of a cell in a 
module can be 25°C to 40°C above the ambient temperature, 
raising the operating temperature well above that at which the 
module was tested for rating purposes.

As the temperature of a PV cell increases, voltage decreases—
this is known as the temperature coefficient. Module current 
(Isc) actually increases as the temperature rises, but not as fast 
as the voltage decreases, which means that a module’s output 
will normally be less than its rated power. The overall effect of 
temperature may be published as the coefficient of maximum 
power (Pmax or Pmp) of the module. For example:

•	 Module rating, STC =	 180 W
•	 Temperature coefficient, Voc =	 -0.346%/°C
•	 Temperature coefficient, Isc =	 +0.057%/°C
•	 Temperature coefficient, Pmax = 	 -0.478%/°C

In this case, for each degree Celsius that the cell temperature 
rises above 25°C, the module output (Pmax) will decrease by 
almost half a percent. A cell temperature of 45°C (113°F—not 
an uncommon operating condition) would mean a 9.6% loss 
of power:

(Cell temperature – STC temperature) x temperature coefficient 
Pmax = Adjusted power at operating temperature

(45°C - 25°C) x -0.478%/°C = -9.56%
180 W x -0.0956 = -17.2 W
180 W – 17.2 W = 162.8 W at 45°C cell temperature

In cold, sunny conditions with cell temperatures below 25°C, 
power increases proportionally. However, “less than labeled” 
output is normally the case with PV modules. For more realistic 
ratings, the www.gosolarcalifornia.org Web site lists module 
PTC ratings. Based on different test conditions—a 20°C ambient 
(rather than cell) temperature—PTC ratings typically run 10% to 
20% less than the STC ratings for the same module.

Leaving an air space between the roof surface and mounted 
modules allows for airflow to keep operating temperatures as low as 
possible. Four inches of space is the minimum, though sometimes 
aesthetics trumps performance. Adding a space between rows of 
modules can have a similar effect (and also allow easier access). 

Pole- and ground-mounted arrays typically operate at cooler 
temperatures compared to roof-mounted systems, and usually 
offer the ability to match the ideal angle and orientation. However, 
even though a few more kWh can be wrung from a ground- or pole-
mounted system, increased rack and labor costs mean that the cost 
per kWh is likely to be higher than a roof-mounted system.
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based on the system’s rated size. Rebates can be reduced if 
the array orientation deviates too far from true south, the tilt 
angle is too flat or steep, or if shading affects the array. The 
double whammy of lost production and lost incentives can 
dramatically increase the cost per kWh. (For more information 
on the impacts of angle and orientation, see “Optimizing a PV 
Array” in HP130.)

Load Analysis
Off-grid and other battery-based PV systems may be the 
only source of electricity—or supply critical backup power—
and proper design requires a detailed accounting of each 
electrical load to be powered. Load analysis tends to be more 
straightforward with grid-tied systems. For existing utility 
customers, one or more years of billing history is usually 
available, showing kWh consumed and total cost by month. 
Projecting the electricity consumption of new occupancy can 
be more challenging, and may require a thorough analysis of 
the appliances and other loads, along with an examination of 

Realistic Expectations

Example of the Temperature Dependence  
of Isc, Voc & Pmax

Roof standoff height—the space between the back of the 
module and the roof—affects air circulation,  
and thus cell temperature and performance.
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Time-of-Use 
Metering
Especially during the cooling season, the 
load on the electric grid varies greatly 
at different times of the day. Peaks 
coincide with people getting ready for or 
coming home from work, and with the 
hottest part of the day, when the most air 
conditioners are running full-blast.

Utilities need to be able to safely meet 
the peak demand, and they accomplish 
this through a combination of “peaker” 
generating facilities and energy purchase 
contracts. But peak energy is the most 
expensive for the utility to maintain since 
these power plants have to be ready to 
supply energy only during peak usage 
times, and sit idle other times.

To encourage decreased use during 
peak periods, time-of-use (TOU) rate 
plans charge more for electricity when 
there is more demand and less when 
demand is reduced. Lower-than-normal 
rates in off-peak times compensate for 
the increased on-peak rates, potentially 
reducing electric bills and reducing the 
amount of peak capacity the utility must 
have available.

The details for TOU rate plans—including 
whether or not net-metered PV systems 
can take advantage of them—can vary 
considerably and can be complicated to 
decipher. But often, a PV system’s highest 
production—during the peak sun-hours 
between 9 a.m. and 3 p.m.—also coincides 
with the highest peak grid usage. If excess 
PV energy is credited in dollars at the 
higher on-peak rates, then the credit can 
be used to purchase lower-priced, off-
peak kWh at night, when the PV system is 
offline. This can tremendously lower the 
system’s cost per kWh.

Another possible TOU scenario is when 
excess energy can only be used as a credit 
during the period in which it was generated. 
This is the most difficult situation to assess, 
and requires careful analysis of system 
production and load by period, as well as 
how annual surplus is accounted for. 

For customers who already have TOU 
metering and are adding a PV system, 
detailed billing history will usually break 
down total consumption into on- and off-
peak periods. Customers with higher on-
peak usage are most likely to benefit from 
the combination of PV and TOU. This 
includes home offices, commercial and 
industrial facilities, and households with 
large daytime loads.
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utility bills from the previous residence, past tenants, and/or similar homes. 
The more data the better—if possible, view several years’ worth to take into 
account occasional aberrations, such as a holiday when lots of guests increased 
the load.

A thorough profile is necessary because of the various utility accounting 
methods for grid-connected PV systems, particularly with surplus generation. 
The most progressive programs use feed-in tariffs (a type of production-
based incentive), which pay premium prices for RE-generated electricity. But 
most utility customers have only net metering—a kWh-for-kWh exchange. 
Net metering values PV energy at the retail price but usually does not pay 
for production beyond what the customer uses. Any excess production is 
usually carried over between billing cycles and for up to a year. After that it 
is lost—given away to the utility. In some states, the utility pays for excess 
generation at “avoided cost,” closer to the wholesale price per kWh.

Any time PV production is undervalued in this manner, the effective cost per 
kWh of the system increases. In contrast, many utilities have tiered rate plans, 
where the cost per kWh for utility electricity increases as more energy is used, 
especially during the hot summer months. During these times, increased PV 
output, whether by design or by the simple fact that there is more sun, increases 
the average value of each kWh generated by the system. In this scenario, a 
smaller system may have a lower price per kWh because a larger percentage of 
the energy generated will be credited at a higher rate—effectively “shaving” the 
most expensive kWh purchased during the year. Time-of-use rate plans further 
complicate the analysis (see “Time-of-Use Metering” sidebar). Coordinating 
between monthly consumption patterns, expected system output, and the ins 
and outs of specific utility requirements and programs can be daunting—just 
remember PV energy is pricey, so there’s no reason to give it away.

Selecting Equipment to Maximize Performance
The list of available PV modules, inverters, and other equipment literally grows 
by the day. Ten-year inverter and 25-year module warranties are the industry 
norm, with some exceptions. Competing claims of performance and efficiency 
are complicated by standardized ratings that don’t duplicate realistic operating 
conditions (see “Realistic Expectations” sidebar). Cost, usually expressed in 
dollars per watt when pricing modules or inverters, always plays a role, along 
with availability and familiarity—look for the good deal, but in all cases, choose 
equipment that has a good reputation in the field.

Inverter manufacturers offer online tools to make sure series strings of modules 
are optimally matched to an inverter, maximizing system performance.



Even though it’s not a calculation required by the NEC, 
ignoring voltage drop—caused by a conductor’s internal 
resistance as current flows through it—can result in sizable 
energy losses as well as increase the possibility of the 
array output falling below the inverter’s minimum DC input 
voltage.

Good system design limits total voltage drop on DC circuits 
to 2% or less. Voltage drop between the inverter and its 
connection with the grid should usually be 1.5% or less to 
ensure that the inverter has enough voltage to push back 
the AC voltage from the grid. Voltage drop on this circuit will 
result in the inverter “seeing” a voltage above that measured 
at the point of connection; if this is too high, it can exceed the 
AC operating voltage window of the inverter, causing it to go 
offline. (See “Back Page Basics” in this issue and “Voltage 
Drop after NEC Requirements” in HP80.) Numerous voltage-
drop calculators, such as those on inverter manufacturer 
Web sites, are available—though it is always wise to double-
check results.

significantly different maximum power points. Because they 
are often wired together to an inverter capable of tracking 
only one maximum power point, the lower-output modules 
will tend to “pull down” the ones with higher outputs. When 
wired in series, the current of the string will be closer to the 
current of the lowest-rated module. When wired in parallel, the 
voltage of the strings will tend to be the average of the strings’ 
combined voltages. Since most grid-tied systems have source 
circuits wired in series and parallel, this results in lost power 
and means that a +/- power tolerance is usually only a minus. 
To combat this issue, modules with a narrow (or positive only) 
power tolerance can be used. Or consider using microinverters, 
where each module is paired with its own inverter or with 
inverters that can track more than one MPPT.

Matching the number and model of a PV module to an 
inverter requires careful consideration of local temperature 
extremes and the overall size and wiring configuration of the 
array (see “String Theory: PV Array Voltage Calculations” in 
HP125). Coupling an inverter to an array that barely meets 
the inverter’s DC input voltage will result in disappointing 
performance: In addition to the decrease in voltage due to 
temperature, modules will also lose some power output 
over time due to dust, degradation, corrosion, and increased 
connection resistance. Though it may take several years, 
these combined factors can result in a low-enough voltage to 
shut down the inverter. (See the “Grid-Tied Inverter Buyer’s 
Guide” in this issue for more information.)

Installation Considerations. Regardless of how well a system is 
designed, improper installation can result in poor performance. 
PV systems should operate for decades, and the materials and 
methods to install them should be selected accordingly. Wire, 
conduit, and associated hardware typically make up a small 
percentage of PV system cost—skimping on them may result in 
decreased output and, therefore, a higher cost per kWh.

Loose connections are a common and potentially serious 
installation issue. They lead to increased voltage drop, lost 
output, and added maintenance costs. At worst, the increased 
resistance leads to heat buildup and fire. Troubleshooting 

Module Considerations. One of the biggest differences between 
modules is power tolerance, which is the expected variation 
from a module’s rated output. For example, a 200-watt module 
with a tolerance of +/-7% could actually produce from 186 to 
214 W. Many modules are in the +/-3 to +/-5% range; some 
have a wider range, as high as +/-10%. Others guarantee a 
positive power tolerance, stating that the module will produce 
at least its rated power.

The wider the power tolerance in the module, the more 
likely it is that the PV array will have modules with different 
operating characteristics. For instance, the 200 W module 
mentioned previously has a power tolerance spanning nearly 
30 W. Individual modules in this array are likely to operate at 

Mounting thermally sensitive fuses or breakers  
on hot roofs or in other sunny locations can cause nuisance-

tripping, increasing downtime and reducing the system’s 
lifetime energy production.
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Roof overhangs 
can provide some 

shade, but the 
inverter may still 

be subject to 
direct sunlight 

and elevated 
operating 

temperatures 
at different 

times. A shading 
analysis tool 

can also be used 
to determine 

inverter 
placement.

Voltage Drop

PV 
Array

Inverter Grid 
Connection

≤ 2% V drop ≤ 1.5% V drop

Co
ur

te
sy

  B
ria

n 
M

eh
al

ic

Co
ur

te
sy

  B
ria

n 
M

eh
al

ic



loose or sporadic connections can be time-consuming and 
frustrating, so minimize their likelihood from the start: 
All connections in the system should be tightened to the 
specifications of the device, and should be appropriate for 
the size and type of wire, as well as for the location. Torque 
wrenches are fairly common (torque screwdrivers much less 
so), but specs for tightening screw terminals are provided for 
components and should be followed.

But They’re Supposed To Be in the Sun
Both PV modules and inverters operate more efficiently 
at cooler temperatures. While most grid-tied inverters are 
designed for outside installation and housed in outdoor-rated 
enclosures, they should not be mounted in direct sunlight, as 
this will cause them to operate less efficiently. In addition to 
the lost output, inverter life is likely to be shortened. While the 
expectations built into most PV financial modeling programs 
include inverter replacement, “burning” through several 
expensive inverters will dramatically increase the system’s 
cost per kWh. The LCD display in most inverters also can be 
rendered useless after too much sun exposure.

Placing overcurrent protection devices in excessively hot 
and sunny locations can also lead to unexpected downtime 
and the loss of energy production. Fuses and breakers are 
thermal devices—they rely on the heat generated by current 
running through them to “trip” and disconnect, protecting 
the wiring from overcurrent conditions. When operating in 
high ambient temperatures, the ratings of fuses and breakers 
are effectively lowered, meaning that they may “nuisance 
trip” even when carrying less current than they are rated for.

Until the fuse is replaced or the breaker reset, the 
output of the PV source circuit or array connected to that 
overcurrent device will be lost. Because grid-tied systems 
operate “silently,” the building will still have power even if 
the inverter is offline—lost production may not be noticed 
until the next electricity bill reports higher-than-normal 
usage. Keeping combiner boxes off hot roofs and out of direct 
sunlight and wiring roof-mounted arrays with home runs 
from each source circuit back to an inverter mounted in a 
shaded location (build an awning if necessary) can be good 
strategies to ensure that the system stays online. 

Access
Brian Mehalic (brian@solarenergy.org) is a NABCEP-certified PV 

installer, with experience designing, installing, and servicing PV, thermal, 

wind, and water-pumping systems. He is currently an instructor for 

Solar Energy International and works on curriculum development for 

SEI’s PV program from his home in Prescott, Arizona.

Further Reading:
“Solar Survey,” by Justine Sanchez, HP130

“Optimizing a PV Array” by David Del Vecchio, HP130

“String Theory: PV Array Voltage Calculations,” by Ryan Mayfield, 

HP125

“Voltage Drop after NEC Requirements,” by John Wiles, HP80

Consumer Energy Center Equipment Ratings •  

www.gosolarcalifornia.org/equipment

PVWatts • www.nrel.gov/rredc/pvwatts
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DC Input Variables
Maximum Recommended PV Input Power—The 
recommended or maximum input power values for the 
inverter. This typically exceeds the AC output power rating 
by 5 to 40%, as STC power is rarely achieved due to inverter 
inefficiencies, module operating temperatures, and wire loss. 
If the array is located in a cool climate, where power losses 
due to temperature are minimal, then sizing a system at this 
spec may yield an array that is slightly oversized. This can 
cause power clipping, where some of the available input 
power is not processed into output.

Maximum Open-Circuit Voltage—All inverters have 
a limited amount of voltage they can accept. This number 
is dictated by the manufacturer’s design and choice of 
components. The maximum voltage for residential inverters 
is limited to 600 VDC. For equipment exceeding this voltage, 
the NEC has increased requirements.

The PV array’s maximum open-circuit voltage (Voc) 
must always be less than the inverter’s limit. Since an array’s 
voltage is directly affected by temperature, the design voltage 
calculations must reflect this relationship (see “PV Buyer’s 
Guide” in HP128; “String Theory” in HP125, and “Code 
Calculations” in HP129 for more information). Dividing 
the inverter’s maximum Voc by the module’s temperature-

In the past decade, manufacturers have made advancements 
in their grid-tied (GT, a.k.a. utility-interactive or grid-
direct) inverters that have helped the PV industry flourish. 

The ability for PV arrays to operate at elevated DC voltages, 
and for inverters to accurately operate at the array’s maximum 
power point to produce maximum power and simultaneously 
safely interact with the utility grid, are two examples of the 
technologies used in modern GT inverters.

Traditional high-DC voltage GT inverters are commonly 
referred to as “string” inverters because multiple modules 
wired into a series “string” are needed to meet the 
inverter’s operating voltage specifications. This article 
focuses mainly on available residential grid-tied string 
inverters that are UL-listed for use in the United States. 
Additionally, information on microinverters is included in 
the text and specifications table.

The Specs
The specifications table shows grid-tied inverters available 
for the residential market. Technical data listed for each 
inverter has either been supplied directly by the inverter 
manufacturers or taken from inverter specification sheets 
and owner’s manuals. Each specification and its relevance to 
system design and inverter selection is discussed below.
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adjusted Voc will yield the maximum number of PV modules 
that can be placed in series for your site.

Many inverter manufacturers have online string-sizing 
calculators to figure how many modules of a particular model 
can be used in series with the inverter. The recommended 
module configurations listed in these programs consider the 
maximum Voc and the minimum operating voltage, as well as 
the PV start voltage (see below), so that designers can easily 
determine the appropriate number of modules in series.

PV Start Voltage—This is the minimum PV array voltage 
the inverter needs to put out energy. Array voltage typically 
approaches Voc as the morning sun first hits the modules, 
making the startup voltage easy to achieve. But if the fewest 
possible number of modules were used in the series string, 
and module temperatures are high, it is possible for the 
inverter to shut down because of reduced voltage. The array’s 
voltage would not be high enough to run the inverter, and 
the inverter would not turn on again until the array cooled 
considerably.
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String Inverters vs. 
Microinverters

Unlike a string inverter, which is connected to a 
string of many modules, a microinverter is paired 
with each module.

Microinverters have certain advantages 
compared to traditional string inverters. Their use 
eliminates the need for string-sizing calculations. 
Plus, because each module–inverter pair is wired 
in parallel to the other module–inverter pairs, modules 
with lower power outputs do not drag down higher-
producing pairs, and energy loss due to partial array 
shading is reduced. Finally, instead of working with high-
voltage DC, installers need only work with conventional 
AC electricity.

However, not all installations are compatible with a 
microinverter system. Microinverters have a narrow 
voltage window that works only with some PV modules. 
Also, in a situation where there is minimal shading, 
a traditional string inverter may prove to be a more 
economical choice.

Some installers are embracing the new release of the 
Enphase microinverters, while others are holding a wait-
and-see approach. Other microinverters are likely to 
follow and we may also see some true AC modules, 
where the unit includes an inverter attached and prewired 
to the module.

Microinverters are still considered utility-interactive 
inverters in the eyes of the National Electrical Code 
(NEC), so make sure you and the authority having 
jurisdiction (AHJ, or electrical inspector) are in 
agreement about installation requirements—specially 
with regard to disconnects. For additional information 
on the installation of a microinverter system, see “PV 
Micromanaging” (HP129).

Courtesy www.enphaseenergy.com

Enphase M series microinverters help mitigate partial array 
shading issues and allow for standard AC wiring on the roof.

The Fronius IG Plus series 
inverter has an integrated 
fused combiner box and 
DC disconnect. Also, 
its AC output is field-
adjustable for 208, 240, 
or 277 VAC for either 
residential or commercial 
applications.
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The Motech PVMate 
inverter has an integrated 
fused combiner box and DC 
disconnect. Its AC output is 
also field-adjustable to 208 
or 240 VAC.
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Coupled with module voltage degradation over time, PV 
start voltage becomes more difficult to achieve as the array 
ages. That’s why system integrators aim for the middle-to-
high end of the recommended number of series modules. For 
example, if a manufacturer’s string-sizing program calculates 
that the inverter will work with eight to 12 modules in series, 
it is prudent to specify 10 to 12 modules in each series string.

Maximum Power Point Tracking (MPPT) Voltage 
Range—Most grid-tied inverters include MPPT circuits, 
enabling them to harvest the maximum amount of power 
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Kaco xi 02 series 
inverters have 
integrated DC and AC 
disconnects, and AC 
output is field-adjustable 
to 208 or 240 VAC.

Power-One/Magnetek  
PVI series inverters have two 
MPPT input circuits and an 
integrated DC disconnect. AC 
output is field-adjustable to 
208, 240, and 277 VAC.

The SMA America  
Sunny Boy US 
series inverter has 
an integrated fused 
combiner box and 
DC disconnect. AC 
output is also field-
adjustable to 208 or 
240 VAC, and some 
models also adjust 
to 277 VAC.
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from the PV array. MPPT must operate within a range of 
voltages—the MPPT window.

The upper end of the MPPT window will always be less 
than the maximum open-circuit voltage. The lower end of the 
MPPT window is usually of greater concern. If array voltage 
drops to the minimum MPPT value, the inverter’s ability to 
harvest the maximum amount of power will be compromised. 
Again, this problem can be avoided by choosing a string of 
modules with the number of modules in series at the middle to 
higher end of the recommended range.

Maximum Input Current—This is the DC current the 
inverter can accept. Some inverter manufacturers will 
specify the maximum short-circuit current allowed from 
the array, while others will list the maximum operating 
current. This value should always be reviewed during 
design. But so long as the array operates within the correct 
voltage window and less than the maximum power input 
value, the current maximum will almost always be within 
specification. In addition, the inverter will also limit input 
current by keeping the output current at the required level 
to protect itself.

Number of String Inputs—This value tells us the number 
of input terminal pairs. Most inverters can accommodate 
more than one series string of modules, allowing installers to 
parallel strings of modules in the inverter itself. If bringing 
separate individual series strings from the array to the 
inverter is inconvenient (say if the distance from the array to 
the inverter is far and, perhaps, for troubleshooting purposes, 
isolating strings closer to the array is desired), another option 
is to parallel strings in an external combiner box.

Courtesy www.kaco-newenergy.com



Number of Independent MPPT Circuits—Currently, 
only Aurora inverters have multiple MPPT circuits within 
a single inverter. This feature allows arrays with differing 
configurations and/or different orientations and tilts to be 
connected to the same inverter without maximum power 
point tracking losses. Differing arrays will have different 
maximum power points. Some inverters without multiple 
MPPT circuits (such as SMA America’s) require keeping all 
module strings identical so that the inverter can find and 
track the maximum power point of the PV system. Other 
inverter companies (like Fronius) claim their inverters can 
accommodate differing strings with one MPPT circuit and 
suffer only minimal (1%) MPPT losses. Regardless, the best 
practice is to keep all the strings at the same orientation on a 
single MPPT circuit.

AC Variables
CEC Rated Power Output—The maximum output watts from 
the inverter. This spec can vary depending on environmental 
factors, such as inverter operating temperature.

The Consumer Energy Center (CEC), which administers 
California’s PV rebate market, has established a testing 
protocol to compare inverters’ rated power output, efficiency, 
and night tare losses on an equal basis. The CEC requires 
that all inverters sold within their rebate program list the 
inverter’s maximum continuous power output at an ambient 
temperature of 40°C (104°F). This number can help determine 
the inverter’s ability to produce continuous power at elevated 
temperatures. Many manufacturers include this information 
on their spec sheets.
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(continued on page 64)

PV Powered  
PVP series inverters 
have integrated DC 
and AC disconnects 
that meet the 
UL 98 standard, 
which means they 
are considered 
to be “enclosed 
and dead-front 
switches” helpful 
for installation and 
inspection.

Solectria Renewables PVI 1800 and 2500 series 
inverters come prewired with DC and AC cabling, 
and can be integrated with DC and AC disconnect 
assembly options. The AC output is field-
adjustable to 208 and 240 VAC.

Xantrex GT 
inverters have 
integrated DC and 
AC disconnects, 
and AC output is 
field-adjustable to 
208 or 240 VAC.
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Batteryless Grid-Tied Inverter Specifications

Manufacturer Model

Max.  
Recommended 
PV Input Power 

(kW)
Max. 
Voc

PV Start 
Voltage

MPPT 
Voltage 
Range

Max. 
Input 

Current 
(A)

# of  
String 
Inputs

# of 
Indep. 
MPPT 

Circuits

CEC Rated 
Power 
(kW)

Nominal Output 
Voltage

Max. Output 
Current (A)

Peak 
Efficiency

CEC 
Weighted 
Efficiency

CEC Night 
Tare Loss 

(W)
Cooling 
Method

Integrated  
AC/DC  

Disconnects

Integrated 
Fused 

Combiner 

Max. AC 
OCPD
Rating 

(A)

DC/AC 
Terminal 

Range 
(AWG)

NEMA
Encl. 

Rating
Weight 
(Lbs.)

Warranty 
(Standard/ 
Extended)

Enphase 
Energy  

www.
enphaseenergy.

com

M175-24-240-S 0.21 54 25 25-40 8.0 — 1 0.175 240 0.8 95.0% 94.5% 0.58 Passive — — 15 — 6 4 15

M190-72-240-S 0.23 54 22 22-40 10.0 — 1 0.190 240 0.8 95.5% 95.0% 0.03 Passive — — 15 — 6 4 15

M200-32-240-S 0.24 80 44 44-65 5.0 — 1 0.200 240 0.8 95.3% 95.0% 0.48 Passive — — 15 — 6 4 15

Fronius  
www.fronius.com

IG 2000 2.5 500 150 150-450 13.6 3 1 2.0 240 8.4 95.2% 93.5% 0.91 Fan DC/AC No 20 8-12; 6-12 3R 26 10

IG 3000 3.3 500 150 150-450 18.0 3 1 2.7 240 11.3 95.2% 94.0% 0.91 Fan DC/AC No 20 8-12; 6-12 3R 26 10

IG Plus 3.0 3.45 600 245 230-500 14.0 6 1 3.0 208; 240; 277 14.4; 12.5; 
10.8 96.2% 95.0%; 95.5%; 

95.5%
0.62; 0.83; 

1.10 Fan DC Yes 20; 20; 15 6-14; 4-14 3R 31 10

IG Plus 3.8 4.4 600 245 230-500 17.8 6 1 3.8 208; 240; 277 18.3; 15.8; 
13.7 96.2% 95.0%; 95.5%; 

95.5%
0.62; 0.83; 

1.10 Fan DC Yes 25; 20; 20 6-14; 4-14 3R 31 10

IG 4000 5.0 500 150 150-450 26.1 3 1 4.0 240 16.7 95.2% 94.0% 0.90 Fan DC/AC No 30 6-10 3R 42 10

IG Plus 5.0 5.75 600 245 230-500 23.4 6 1 5.0 208; 240; 277 24.0; 20.8; 
18.1 96.2% 95.5%; 95.5%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 30; 30; 25 6-14; 4-14 3R 57 10

IG 5100 6.3 500 150 150-450 33.2 3 1 5.1 240 21.3 95.2% 94.5% 0.91 Fan DC/AC No 30 6-10 3R 42 10

IG Plus 6.0 6.9 600 245 230-500 28.1 6 1 6.0 208; 240; 277 28.8; 25.0; 
21.7 96.2% 95.5%; 96.0%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 40; 35; 30 6-14; 4-14 3R 57 10

IG Plus 7.5 8.6 600 245 230-500 35.1 6 1 7.5 208; 240; 277 36.1; 31.3; 
27.1 96.2% 95.0%; 95.5%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 45; 40; 35 6-14; 4-14 3R 57 10

IG Plus 10.0 11.5 600 245 230-500 46.7 6 1 10.0 208; 240; 277 48.1; 41.7; 
36.1 96.2% 95.0%; 95.5%; 

96.0%
0.64; 0.85; 

1.13 Fan DC Yes 60; 60; 45 6-14; 4-14 3R 82 10

IG Plus 11.4 13.1 600 245 230-500 53.3 6 1 11.4 208; 240; 277 54.8; 47.5; 
41.2 96.2% 95.5%; 96.0%; 

96.0%
0.64; 0.85; 

1.13 Fan DC Yes 70; 60; 60 6-14; 4-14 3R 82 10

IG Plus 11.4-3 13.1 600 245 230-500 53.3 6 1 11.4 208; 240 31.6; 27.4 96.2% 95.0%; 95.5% 0.90; 1.00 Fan DC Yes 40; 35 6-14; 4-14 3R 82 10

Kaco Solar  
www.kacosolar.

com

1501xi 1.8 400 125 125-300 15.0 2 1 1.5 240 15.0 95.0% 94.0% 2.63 Passive — No 15 6-12 3R 31 10

1502xi 2.0 500 125 125-400 13.0 2 1 1.5 208; 240 8.0 95.5%; 
95.9% 95.0%; 95.5% 0.3 Passive DC/AC No 15 6-12 3R 41 10

2502xi 3.0 550 200 200-450 13.0 2 1 2.5 208; 240 12.5 95.6%; 
95.9% 95.0%; 95.5% 0.3 Passive DC/AC No 20 6-12 3R 52 10

2901xi 3.8 400 125 125-300 33.0 2 1 2.9 240 20.0 95.0% 94.0% 2.77 Passive — No 20 6-12 3R 52 10

3601xi 4.8 400 125 125-300 48.0 3 1 3.6 240 30.0 95.0% 93.5% 3.11 Passive — No 30 6-12 3R 66 10

Motech  
www.motech.com.

tw

PVMate 2900U 3.6 600 235 200-550 16.0 3 1 2.7; 2.9 208; 240 13.0 96.4%; 
96.7% 95.5%; 96.0% 10.6; 10.3 Passive DC Yes 20 6-12 3R 51 10

PVMate 3900U 4.9 600 235 200-550 20.0 4 1 3.4; 3.9 208; 240 16.3 96.5%; 
96.7% 95.5%; 96.0% 12.0; 11.0 Passive/

Fan DC Yes 25 6-12 3R 51 10

PVMate 4900U 6.2 600 235 200-550 25.0 4 1 4.3; 4.9 208; 240 20.7 96.4%; 
96.7% 96.0%; 96.0% 14.0; 14.0 Passive/

Fan DC Yes 30 6-12 3R 62 10

PVMate 5300U 6.7 600 235 200-550 25.0 4 1 4.6; 5.3 208; 240 22.1 96.3%; 
96.6% 95.5%; 96.0% 14.0; 14.0 Passive/

Fan DC Yes 30 6-12 3R 62 10

Power-One/ 
Magnetek 

www.power-one.
com

PVI-3.0-OUTD/-S 3.5 600 200 90-580 10.0 2 2 3.0 208; 240; 277 14.5; 14.5; 
12.0 96.8% 96.0% 0.1; 0.1;  

0.2
Passive DC No 20; 20; 15 6-20 4X 46 5; 10(CA)/10

PVI-3.6-OUTD/-S 4.2 600 200 90-580 16.0 2 2 3.6 208; 240; 277 17.2; 17.2; 
16.0 96.8% 96.0% 0.1; 0.2;  

0.2
Passive DC No 25; 25; 15 6-20 4X 46 5; 10(CA)/10

PVI-4.2-OUTD/-S 4.82 600 200 90-580 16.0 2 2 4.2 208; 240; 277 20.0; 20.0; 
20.0 96.8% 96.0% 0.1; 0.2;  

0.2
Passive DC No 25; 25; 25 6-20 4X 46 5; 10(CA)/10

PVI-5000-OUTD-US 5.3 600 200 90-580 18.0 2 2 5.0 208; 240; 277 24.0; 20.0; 
18.0 97.0% 96.0%; 96.5%; 

96.5%
0.18; 0.24; 

0.32 Passive DC No 40 4-10 4X 66 5; 10(CA)/10

PVI-6000-OUTD-US 6.4 600 200 90-580 18.0 2 2 6.0 208; 240; 277 29.0; 25.0; 
21.6 97.0% 96.0%; 96.5%; 

96.5%
0.18; 0.24; 

0.32 Passive DC No 40 4-8 4X 66 5; 10(CA)/10
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Batteryless Grid-Tied Inverter Specifications

Manufacturer Model

Max.  
Recommended 
PV Input Power 

(kW)
Max. 
Voc

PV Start 
Voltage

MPPT 
Voltage 
Range

Max. 
Input 

Current 
(A)

# of  
String 
Inputs

# of 
Indep. 
MPPT 

Circuits

CEC Rated 
Power 
(kW)

Nominal Output 
Voltage

Max. Output 
Current (A)

Peak 
Efficiency

CEC 
Weighted 
Efficiency

CEC Night 
Tare Loss 

(W)
Cooling 
Method

Integrated  
AC/DC  

Disconnects

Integrated 
Fused 

Combiner 

Max. AC 
OCPD
Rating 

(A)

DC/AC 
Terminal 

Range 
(AWG)

NEMA
Encl. 

Rating
Weight 
(Lbs.)

Warranty 
(Standard/ 
Extended)

Enphase 
Energy  

www.
enphaseenergy.

com

M175-24-240-S 0.21 54 25 25-40 8.0 — 1 0.175 240 0.8 95.0% 94.5% 0.58 Passive — — 15 — 6 4 15

M190-72-240-S 0.23 54 22 22-40 10.0 — 1 0.190 240 0.8 95.5% 95.0% 0.03 Passive — — 15 — 6 4 15

M200-32-240-S 0.24 80 44 44-65 5.0 — 1 0.200 240 0.8 95.3% 95.0% 0.48 Passive — — 15 — 6 4 15

Fronius  
www.fronius.com

IG 2000 2.5 500 150 150-450 13.6 3 1 2.0 240 8.4 95.2% 93.5% 0.91 Fan DC/AC No 20 8-12; 6-12 3R 26 10

IG 3000 3.3 500 150 150-450 18.0 3 1 2.7 240 11.3 95.2% 94.0% 0.91 Fan DC/AC No 20 8-12; 6-12 3R 26 10

IG Plus 3.0 3.45 600 245 230-500 14.0 6 1 3.0 208; 240; 277 14.4; 12.5; 
10.8 96.2% 95.0%; 95.5%; 

95.5%
0.62; 0.83; 

1.10 Fan DC Yes 20; 20; 15 6-14; 4-14 3R 31 10

IG Plus 3.8 4.4 600 245 230-500 17.8 6 1 3.8 208; 240; 277 18.3; 15.8; 
13.7 96.2% 95.0%; 95.5%; 

95.5%
0.62; 0.83; 

1.10 Fan DC Yes 25; 20; 20 6-14; 4-14 3R 31 10

IG 4000 5.0 500 150 150-450 26.1 3 1 4.0 240 16.7 95.2% 94.0% 0.90 Fan DC/AC No 30 6-10 3R 42 10

IG Plus 5.0 5.75 600 245 230-500 23.4 6 1 5.0 208; 240; 277 24.0; 20.8; 
18.1 96.2% 95.5%; 95.5%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 30; 30; 25 6-14; 4-14 3R 57 10

IG 5100 6.3 500 150 150-450 33.2 3 1 5.1 240 21.3 95.2% 94.5% 0.91 Fan DC/AC No 30 6-10 3R 42 10

IG Plus 6.0 6.9 600 245 230-500 28.1 6 1 6.0 208; 240; 277 28.8; 25.0; 
21.7 96.2% 95.5%; 96.0%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 40; 35; 30 6-14; 4-14 3R 57 10

IG Plus 7.5 8.6 600 245 230-500 35.1 6 1 7.5 208; 240; 277 36.1; 31.3; 
27.1 96.2% 95.0%; 95.5%; 

96.0%
0.71; 0.76; 

1.02 Fan DC Yes 45; 40; 35 6-14; 4-14 3R 57 10

IG Plus 10.0 11.5 600 245 230-500 46.7 6 1 10.0 208; 240; 277 48.1; 41.7; 
36.1 96.2% 95.0%; 95.5%; 

96.0%
0.64; 0.85; 

1.13 Fan DC Yes 60; 60; 45 6-14; 4-14 3R 82 10

IG Plus 11.4 13.1 600 245 230-500 53.3 6 1 11.4 208; 240; 277 54.8; 47.5; 
41.2 96.2% 95.5%; 96.0%; 

96.0%
0.64; 0.85; 

1.13 Fan DC Yes 70; 60; 60 6-14; 4-14 3R 82 10

IG Plus 11.4-3 13.1 600 245 230-500 53.3 6 1 11.4 208; 240 31.6; 27.4 96.2% 95.0%; 95.5% 0.90; 1.00 Fan DC Yes 40; 35 6-14; 4-14 3R 82 10

Kaco Solar  
www.kacosolar.

com

1501xi 1.8 400 125 125-300 15.0 2 1 1.5 240 15.0 95.0% 94.0% 2.63 Passive — No 15 6-12 3R 31 10

1502xi 2.0 500 125 125-400 13.0 2 1 1.5 208; 240 8.0 95.5%; 
95.9% 95.0%; 95.5% 0.3 Passive DC/AC No 15 6-12 3R 41 10

2502xi 3.0 550 200 200-450 13.0 2 1 2.5 208; 240 12.5 95.6%; 
95.9% 95.0%; 95.5% 0.3 Passive DC/AC No 20 6-12 3R 52 10

2901xi 3.8 400 125 125-300 33.0 2 1 2.9 240 20.0 95.0% 94.0% 2.77 Passive — No 20 6-12 3R 52 10

3601xi 4.8 400 125 125-300 48.0 3 1 3.6 240 30.0 95.0% 93.5% 3.11 Passive — No 30 6-12 3R 66 10

Motech  
www.motech.com.

tw

PVMate 2900U 3.6 600 235 200-550 16.0 3 1 2.7; 2.9 208; 240 13.0 96.4%; 
96.7% 95.5%; 96.0% 10.6; 10.3 Passive DC Yes 20 6-12 3R 51 10

PVMate 3900U 4.9 600 235 200-550 20.0 4 1 3.4; 3.9 208; 240 16.3 96.5%; 
96.7% 95.5%; 96.0% 12.0; 11.0 Passive/

Fan DC Yes 25 6-12 3R 51 10

PVMate 4900U 6.2 600 235 200-550 25.0 4 1 4.3; 4.9 208; 240 20.7 96.4%; 
96.7% 96.0%; 96.0% 14.0; 14.0 Passive/

Fan DC Yes 30 6-12 3R 62 10

PVMate 5300U 6.7 600 235 200-550 25.0 4 1 4.6; 5.3 208; 240 22.1 96.3%; 
96.6% 95.5%; 96.0% 14.0; 14.0 Passive/

Fan DC Yes 30 6-12 3R 62 10

Power-One/ 
Magnetek 

www.power-one.
com

PVI-3.0-OUTD/-S 3.5 600 200 90-580 10.0 2 2 3.0 208; 240; 277 14.5; 14.5; 
12.0 96.8% 96.0% 0.1; 0.1;  

0.2
Passive DC No 20; 20; 15 6-20 4X 46 5; 10(CA)/10

PVI-3.6-OUTD/-S 4.2 600 200 90-580 16.0 2 2 3.6 208; 240; 277 17.2; 17.2; 
16.0 96.8% 96.0% 0.1; 0.2;  

0.2
Passive DC No 25; 25; 15 6-20 4X 46 5; 10(CA)/10

PVI-4.2-OUTD/-S 4.82 600 200 90-580 16.0 2 2 4.2 208; 240; 277 20.0; 20.0; 
20.0 96.8% 96.0% 0.1; 0.2;  

0.2
Passive DC No 25; 25; 25 6-20 4X 46 5; 10(CA)/10

PVI-5000-OUTD-US 5.3 600 200 90-580 18.0 2 2 5.0 208; 240; 277 24.0; 20.0; 
18.0 97.0% 96.0%; 96.5%; 

96.5%
0.18; 0.24; 

0.32 Passive DC No 40 4-10 4X 66 5; 10(CA)/10

PVI-6000-OUTD-US 6.4 600 200 90-580 18.0 2 2 6.0 208; 240; 277 29.0; 25.0; 
21.6 97.0% 96.0%; 96.5%; 

96.5%
0.18; 0.24; 

0.32 Passive DC No 40 4-8 4X 66 5; 10(CA)/10



Nominal Output Voltage—The nominal utility voltage the 
inverter can be connected to. Residences usually have 120 or 
240 VAC utility service. Some inverters can be field-configured 
to other voltages, such as 208 and 277 VAC, which are usually 
at commercial sites. This flexibility is handy for installers 
working in both of these PV markets, as they do not have to 

worry about accidentally ordering or bringing a residential 
inverter to a commercial job or vice versa.

Maximum Output Current—GT inverters are current-
limited on the output side, meaning that they are unable to 
produce current levels above their rating. This spec determines 
overcurrent protection and is used to calculate conductor size.
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Manufacturer Model

Max.  
Recommended 
PV Input Power 

(kW)
Max. 
Voc

PV Start 
Voltage

MPPT 
Voltage 
Range

Max. 
Input

Current 
(A)

# of  
String 
Inputs

# of 
Indep. 
MPPT 

Circuits

CEC Rated 
Power 
(kW)

Nominal Output 
Voltage

Max. Output 
Current (A)

Peak 
Efficiency

CEC 
Weighted 
Efficiency

CEC Night 
Tare Loss 

(W)
Cooling 
Method

Integrated  
AC/DC  

Disconnects

Integrated 
Fused 

Combiner 

Max. AC 
OCPD 
Rating 

(A)

DC/AC 
Terminal 

Range 
(AWG)

NEMA
Encl. 

Rating
Weight 
(Lbs.)

Warranty 
(Standard/ 
Extended)

PV Powered  
www.pvpowered.

com

PVP1100EVR 1.4 500 130 115-450 10.0 3 1 1.1 120 10.0 92.5% 90.5% 3.60 Passive DC/AC No 15 6-18 3R 55 10

PVP1100 1.4 500 165 150-450 10.0 3 1 1.1 120 10.0 93.3% 91.5% 3.60 Passive DC/AC No 15 6-18 3R 55 10

PVP2000EVR 2.5 500 130 115-450 18.0 3 1 2.0 240 9.0 93.5% 92.0% 3.60 Passive DC/AC No 20 6-18 3R 65 10

PVP2000 2.5 500 165 150-450 18.0 3 1 2.0 240 9.0 93.9% 92.5% 3.60 Passive DC/AC No 20 6-18 3R 65 10

PVP2500 3.13 500 155 140-450 20.0 3 1 2.5 240 11.0 95.8% 94.5% 3.90 Passive DC/AC No 20 6-18 3R 70 10

PVP3000 3.75 500 185 170-450 18.0 3 1 3.0 240 13.0 94.3% 93.5% 3.63 Passive DC/AC No 20 6-18 3R 80 10

PVP3500 4.38 500 215 200-450 18.0 3 1 3.5 240 15.0 96.7% 95.5% 3.86 Passive DC/AC No 30 6-18 3R 85 10

PVP4800 6.0 500 215 200-450 26.0 3 1 4.8 240 21.0 97.2% 96.0% 4.10 Passive DC/AC No 30 6-18 3R 135 10

PVP5200 6.5 500 255 240-450 25.0 3 1 5.2 240 23.0 97.0% 96.0% 4.00 Passive DC/AC No 30 6-18 3R 135 10

SMA America  
www.sma-america.

com

SB 700U

0.875 250 150 125-200 7.0 2 1 0.7 120 7.0 93.6% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

0.750 200 125 100-160 7.0 2 1 0.6 120 6.0 93.3% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

0.575 150 95 77-120 7.0 2 1 0.46 120 4.0 92.4% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

SB 3000US 3.75 500 228 180-400; 
200-400 17.0 21 1 3.0 208; 240 15.0; 12.5 96.5% 95.0%; 95.5% 0.08; 0.07 Passive/

Fan DC Yes 30 6-10 3R 84 10/20

SB 4000US 5.0 600 285 220-480; 
250-480 18.0 21 1 3.5; 4.0 208; 240 17.0; 16.6 96.8% 95.5%; 96.0% 0.14; 0.17 Passive/

Fan DC Yes 30 6-10 3R 84 10/20

SB 5000US 6.25 600 300 250-480 21.0 31 1 5.0 208; 240; 277 24.0; 20.8; 
18.0 96.8% 95.5% 0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

SB 6000US 7.5 600 300 250-480 25.0 31 1 6.0 208; 240; 277 29.0; 25.0; 
21.6 97.0% 95.5%; 95.5%; 

96.0%
0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

SB 70000US 8.75 600 300 250-480 30.0 31 1 7.0 208; 240; 277 34.0; 29.0; 
25.3 97.1% 95.5%; 96.0%; 

96.0%
0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

Solectria 
Renewables 
www.solren.com

PVI 1800 2.2 400 150 125-350 11.0 1 1 1.8 208; 240 10.0; 8.7 94.5% 92.5% 0.26; 0.14 Passive N/A2 No 15 10 4 34 5/10 & 15

PVI 2500 3.2 400 150 125-350 15.0 1 1 2.5 208; 240 12.0; 10.2 94.8% 92.0%; 93.0% 0.10; 0.32 Passive/
Fan N/A2 No 15 10 4 35 5/10 & 15

PVI 3000 3.6 600 235 200-550 16.0 3 1 2.7; 2.9 208; 240 13.0 96.4%; 
96.7% 95.5%; 96.0% 0.50; 0.50 Passive DC Yes 20 6-12 3R 47 10/15

PVI 4000 4.9 600 235 200-550 20.0 4 1 3.4; 3.9 208; 240 16.3 96.5%; 
96.7% 95.5%; 96.0% 0.50; 0.50 Passive DC Yes 25 6-12 3R 48 10/15

PVI 5000 6.2 600 235 200-550 25.0 4 1 4.3; 4.9 208; 240 20.7 96.4%; 
96.7% 96.0%; 96.0% 0.50; 0.50 Passive/

Fan DC Yes 30 6-12 3R 58 10/15

PVI 5300 6.7 600 235 200-550 25.0 4 1 4.6; 5.3 208; 240 22.1 96.3%; 
96.6% 95.5%; 96.0% 0.50; 0.50 Passive/

Fan DC Yes 30 6-12 3R 60 10/15

Xantrex 
www.xantrex.com

GT2.8 3.1 600 160 195-550 14.9, 
15.4 2 1 2.7; 2.8 208; 240 13.0; 11.7 94.6%; 

95.0% 93.5%; 94.0% 1.00 Passive DC/AC No 15 6-14 3R 49 10

GT3.3N 3.5 600 160 200-550 16.5, 
17.5 2 1 3.1; 3.3 208; 240 14.9; 13.8 95.6%; 

95.9% 95.0%; 95.5% 1.24; 1.52 Passive DC/AC No 20 6-14 3R 49 10

GT3.8 3.6; 4.2 600 160 195-550 19.5, 
20.8 2 1 3.5; 3.8 208; 240 16.8; 15.8 95.6%; 

95.9% 95.0% 1.00 Passive DC/AC No 25; 20 6-14 3R 58 10

GT4.0N 4.2 600 190 235-550 17.0, 
18.0 2 1 3.8; 4.0 208; 240 18.3; 16.7 95.7%; 

96.0% 95.0%; 95.5% 1.00 Passive DC/AC No 25 6-14 3R 58 10

GT5.0 4.8; 5.4 600 190 235-550 20.0, 
22.0 3 1 4.5; 5.0 208; 240 22.0; 21.0 95.5%; 

95.9% 95.0%; 95.5% 1.00 Passive DC/AC No 30 6-14 3R 58 10

1. Optional SMA America disconnect includes four fused series string inputs. 2. Solectria Renewables offers integrated power panels with DC or AC disconnects.
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Performance
Peak Efficiency—The efficiency under optimum conditions; 
not the inverter’s average efficiency.

CEC Weighted Efficiency—A more helpful efficiency 
value, derived from testing inverters at various DC voltage 
inputs. If the manufacturer doesn’t publish this data, it is 

available on the Go Solar Web site (see Access). The CEC’s 
test has become a de facto specification for all U.S. inverter 
manufacturers. The efficiencies recorded at each power and 
voltage level are weighted for the portion of time the inverter 
is run under each condition, then averaged for a more 
accurate overall operating efficiency.

Batteryless Grid-Tied Inverter Specifications, cont.

Manufacturer Model

Max.  
Recommended 
PV Input Power 

(kW)
Max. 
Voc

PV Start 
Voltage

MPPT 
Voltage 
Range

Max. 
Input

Current 
(A)

# of  
String 
Inputs

# of 
Indep. 
MPPT 

Circuits

CEC Rated 
Power 
(kW)

Nominal Output 
Voltage

Max. Output 
Current (A)

Peak 
Efficiency

CEC 
Weighted 
Efficiency

CEC Night 
Tare Loss 

(W)
Cooling 
Method

Integrated  
AC/DC  

Disconnects

Integrated 
Fused 

Combiner 

Max. AC 
OCPD 
Rating 

(A)

DC/AC 
Terminal 

Range 
(AWG)

NEMA
Encl. 

Rating
Weight 
(Lbs.)

Warranty 
(Standard/ 
Extended)

PV Powered  
www.pvpowered.

com

PVP1100EVR 1.4 500 130 115-450 10.0 3 1 1.1 120 10.0 92.5% 90.5% 3.60 Passive DC/AC No 15 6-18 3R 55 10

PVP1100 1.4 500 165 150-450 10.0 3 1 1.1 120 10.0 93.3% 91.5% 3.60 Passive DC/AC No 15 6-18 3R 55 10

PVP2000EVR 2.5 500 130 115-450 18.0 3 1 2.0 240 9.0 93.5% 92.0% 3.60 Passive DC/AC No 20 6-18 3R 65 10

PVP2000 2.5 500 165 150-450 18.0 3 1 2.0 240 9.0 93.9% 92.5% 3.60 Passive DC/AC No 20 6-18 3R 65 10

PVP2500 3.13 500 155 140-450 20.0 3 1 2.5 240 11.0 95.8% 94.5% 3.90 Passive DC/AC No 20 6-18 3R 70 10

PVP3000 3.75 500 185 170-450 18.0 3 1 3.0 240 13.0 94.3% 93.5% 3.63 Passive DC/AC No 20 6-18 3R 80 10

PVP3500 4.38 500 215 200-450 18.0 3 1 3.5 240 15.0 96.7% 95.5% 3.86 Passive DC/AC No 30 6-18 3R 85 10

PVP4800 6.0 500 215 200-450 26.0 3 1 4.8 240 21.0 97.2% 96.0% 4.10 Passive DC/AC No 30 6-18 3R 135 10

PVP5200 6.5 500 255 240-450 25.0 3 1 5.2 240 23.0 97.0% 96.0% 4.00 Passive DC/AC No 30 6-18 3R 135 10

SMA America  
www.sma-america.

com

SB 700U

0.875 250 150 125-200 7.0 2 1 0.7 120 7.0 93.6% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

0.750 200 125 100-160 7.0 2 1 0.6 120 6.0 93.3% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

0.575 150 95 77-120 7.0 2 1 0.46 120 4.0 92.4% 91.5% 0.04 Passive — No 15 6-10; 6-14 3X 51 10/20

SB 3000US 3.75 500 228 180-400; 
200-400 17.0 21 1 3.0 208; 240 15.0; 12.5 96.5% 95.0%; 95.5% 0.08; 0.07 Passive/

Fan DC Yes 30 6-10 3R 84 10/20

SB 4000US 5.0 600 285 220-480; 
250-480 18.0 21 1 3.5; 4.0 208; 240 17.0; 16.6 96.8% 95.5%; 96.0% 0.14; 0.17 Passive/

Fan DC Yes 30 6-10 3R 84 10/20

SB 5000US 6.25 600 300 250-480 21.0 31 1 5.0 208; 240; 277 24.0; 20.8; 
18.0 96.8% 95.5% 0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

SB 6000US 7.5 600 300 250-480 25.0 31 1 6.0 208; 240; 277 29.0; 25.0; 
21.6 97.0% 95.5%; 95.5%; 

96.0%
0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

SB 70000US 8.75 600 300 250-480 30.0 31 1 7.0 208; 240; 277 34.0; 29.0; 
25.3 97.1% 95.5%; 96.0%; 

96.0%
0.46; 0.72; 

1.41
Passive/

Fan DC Yes 50 6-10 3R 141 10/20

Solectria 
Renewables 
www.solren.com

PVI 1800 2.2 400 150 125-350 11.0 1 1 1.8 208; 240 10.0; 8.7 94.5% 92.5% 0.26; 0.14 Passive N/A2 No 15 10 4 34 5/10 & 15

PVI 2500 3.2 400 150 125-350 15.0 1 1 2.5 208; 240 12.0; 10.2 94.8% 92.0%; 93.0% 0.10; 0.32 Passive/
Fan N/A2 No 15 10 4 35 5/10 & 15

PVI 3000 3.6 600 235 200-550 16.0 3 1 2.7; 2.9 208; 240 13.0 96.4%; 
96.7% 95.5%; 96.0% 0.50; 0.50 Passive DC Yes 20 6-12 3R 47 10/15

PVI 4000 4.9 600 235 200-550 20.0 4 1 3.4; 3.9 208; 240 16.3 96.5%; 
96.7% 95.5%; 96.0% 0.50; 0.50 Passive DC Yes 25 6-12 3R 48 10/15

PVI 5000 6.2 600 235 200-550 25.0 4 1 4.3; 4.9 208; 240 20.7 96.4%; 
96.7% 96.0%; 96.0% 0.50; 0.50 Passive/

Fan DC Yes 30 6-12 3R 58 10/15

PVI 5300 6.7 600 235 200-550 25.0 4 1 4.6; 5.3 208; 240 22.1 96.3%; 
96.6% 95.5%; 96.0% 0.50; 0.50 Passive/

Fan DC Yes 30 6-12 3R 60 10/15

Xantrex 
www.xantrex.com

GT2.8 3.1 600 160 195-550 14.9, 
15.4 2 1 2.7; 2.8 208; 240 13.0; 11.7 94.6%; 

95.0% 93.5%; 94.0% 1.00 Passive DC/AC No 15 6-14 3R 49 10

GT3.3N 3.5 600 160 200-550 16.5, 
17.5 2 1 3.1; 3.3 208; 240 14.9; 13.8 95.6%; 

95.9% 95.0%; 95.5% 1.24; 1.52 Passive DC/AC No 20 6-14 3R 49 10

GT3.8 3.6; 4.2 600 160 195-550 19.5, 
20.8 2 1 3.5; 3.8 208; 240 16.8; 15.8 95.6%; 

95.9% 95.0% 1.00 Passive DC/AC No 25; 20 6-14 3R 58 10

GT4.0N 4.2 600 190 235-550 17.0, 
18.0 2 1 3.8; 4.0 208; 240 18.3; 16.7 95.7%; 

96.0% 95.0%; 95.5% 1.00 Passive DC/AC No 25 6-14 3R 58 10

GT5.0 4.8; 5.4 600 190 235-550 20.0, 
22.0 3 1 4.5; 5.0 208; 240 22.0; 21.0 95.5%; 

95.9% 95.0%; 95.5% 1.00 Passive DC/AC No 30 6-14 3R 58 10
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CEC Night Tare Loss—The power losses incurred when 

the inverter is on, but not producing energy. This is the 
phantom load of the inverter. The higher the value, the more 
energy that will be consumed overnight, when the array is 
not producing power. If the manufacturer doesn’t list this 
information, it is available on the CEC Web site.

Mechanical
Cooling Method—As with all electronics, inverters work best 
at moderate temperatures. It is best to mount the inverter out 
of direct sunlight and allow good airflow around the unit, but 
every inverter will use either active (fans) or passive cooling.

Active cooling can quickly move air across the inverter 
when cooling is required, but having moving parts increases 
the risk of failure. Plus, the fan consumes additional energy.

Passive or convective cooling uses heat sinks—metal fins 
that help draw heat away from the electronics. This eliminates 
moving parts, but adds to the weight of the inverter. It also 
may limit inverter placement, since sufficient airflow is 
imperative with convective cooling.

Integrated AC/DC Disconnects—Some inverters include 
AC and DC disconnects (and some combine them into a 
single switch), creating a simpler installation and giving 
service personnel an easy disconnect location. Many of 
these included disconnect boxes also act as the DC combiner 
with fusing (see next spec). Some inverters can be detached 
from their disconnect enclosures without dismounting the 
disconnect box, for easier and safer inverter servicing. Even 
with integrated disconnects, a local AHJ may still require 
including external disconnects, depending on the location 
of the inverter and service entrance equipment.

Integrated Fused Combiner—This feature eliminates the 
need for an upstream combiner box with fusing. Individual 
string fusing may not be required for systems containing 
three or fewer series strings (see “PV Combiner Box Buyer’s 
Guide” in HP132). Even if fusing is not required, isolating one 
string from another can help in troubleshooting and servicing 
the system. In some scenarios, using an integrated combiner 
in the inverter will be convenient and less expensive (less to 
be purchased). If the arrays are far from the inverter, then a 
combiner box closer to the array may be convenient.

Maximum AC Overcurrent Protection Device (OCPD) 
Rating—Typically, a dedicated breaker in the AC main load 
center connects a residential inverter to the utility service. 
The current rating of this OCPD is specified by the inverter 
manufacturer.

An undersized breaker can cause “nuisance tripping,” 
turning off the inverter even though the array is producing 
power. An oversized breaker may not properly protect the 
inverter or wiring in the case of a malfunction.

DC/AC Terminal Conductor Range—Large-enough 
terminals are crucial for accommodating the large wires used 
to limit voltage drop for longer wire runs. If the terminal size 
is not large enough, using smaller wire pigtails spliced to the 
larger wire inside the inverter housing (if there is room) or in 
an external junction box may be necessary.

NEMA Enclosure Ratings—The National Electrical 
Manufacturers Association develops electrical industry 

standards and ratings for electrical enclosures. Some PV 
inverters are rated Type 1, which indicates that the inverters 
must be installed in an indoor environment. Ratings of 3R 
and 3X indicate that the unit is weather-resistant and can 
be mounted outside in a vertical position. (Most grid-tied 
inverters carry a 3R rating.) A 4 or 4X rating indicates that the 
enclosure is watertight and that the inverter can be mounted 
in a sloped or horizontal position. Boxes with a NEMA 6 
rating can handle being submerged for a limited duration and 
at a certain maximum depth.

Weight—Needed to determine the ease of lifting the 
inverter into place for installation. For inverter spacing, 
also check manufacturer’s specifications for the unit’s 
dimensions.

Warranty—Before you buy, evaluate the warranty terms 
for each inverter considered. Typically, inverter manufacturers 
offer full warranties for their products for five to 10 years. 
Extended warranties can sometimes be purchased as well.

Depending on the situation and the particular 
manufacturer’s in-house warranty process, it may be possible 
to receive an advanced replacement for failed units, reducing 
the time that your system is down. Some manufacturers also 
pay the service technician for dealing with warranty claims.

Additional Information
Manufacturer spec sheets may not always include all the 
information needed to plan the installation, so check the 
installation manual for additional information. Some inverters 
require a neutral connection to monitor the AC voltage and 
frequency per Underwriters Laboratories Standard 1741; 
others do not. You will also need to verify the mechanical 
data, including the mounting method and hardware needed 
for mounting.

After the installation, if you want to keep tabs on your 
inverter and system’s function, one option (not listed on 
the table) is computer or Web-based monitoring. A variety 
of system monitoring solutions are available, from simple 
on-board displays to full online power/energy monitoring 
and weather-station-type displays. For an overview, see 
“Monitoring Grid-Tied PV Systems” in HP132.

Access
Ryan Mayfield (ryan@renewableassociates.com) has a degree in 

environmental engineering from Humboldt State University and lives 

in Corvallis, Oregon. He teaches PV classes at Lane Community 

College and Solar Energy International, and is a principal at Renewable 

Energy Associates, a PV system design and training firm. He holds an 

Oregon renewable energy technician license.

California Energy Commission • www.gosolarcalifornia.org • Listing 

of California eligible RE equipment, including the state’s additional 

inverter specifications
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Solar for the real world. www.solarmagic.com

Optimize your system and maximize your return with SolarMagic™ power optimizers.
SolarMagic technology enables each solar panel to produce maximum energy regardless of whether other panels 
are under-performing due to real-world conditions such as shade and architectural obstructions. This advanced 

technology monitors and maximizes the energy harvest of each individual solar panel and reclaims more 
than 50% of energy lost to real-world mismatch conditions.

Real-world residential conditions like shade from trees, chimneys,
and power lines, can significantly decrease solar power output.

Real-world commercial building conditions like shade, vents, and 
air-conditioning units, can limit solar power output and ROI.

SolarMagic power optimizers can recover up to 57% of the 
energy lost to real-world conditions.

To learn more and find an authorized dealer, visit www.solarmagic.com/payback 

WINNER,
Innovation Award—

Photovoltaics

Is your solar payback disappointing?

SM Ad #2 0610  6/11/09  3:22 PM  Page 1



www.DEGERenergie.com

Patented control system: The 
DEGERconecter identifi es the 
strongest light source at any 
time of day.

DEGERtraker: The single and 
dual axis fastening system 
ideally aligns the photovoltaic 
modules.

Up to 45 % more energy gained 
using the DEGERconecter
Intelligence designed by Nature. Solar tracking systems 

from DEGERenergie exactly align each individual solar 

module to the most intense light source – whether the sun 

is shining or it‘s heavily overcast. An impressive energy 

gain of up to 45 percent.

BENEFIT FROM THE KNOW-HOW OF THE MARKET LEADER

▶ Best price-performance ratio – therefore a fast payoff

▶ 25,000 DEGERtrakers on the grid

▶ Lowest transport costs

▶ Most clever control unit

▶ TÜV tested and certifi ed, UL/CSA tested and certifi ed

Catches every 
ray of sun.



Introducing the HIT® Double bifacial solar panel. With up to 30% more power than its STC rating, 
it is the most powerful panel in the world, from a trusted name in the business – SANYO. 
Innovative in its design and versatile in its application potential, the HIT Double delivers maximum 
efficiency by producing power from both sides of the panel. At SANYO we are pioneers in power, 
and we are committed to developing technology you can trust. As powerful as they are beautiful, 
HIT Double bifacial solar panels by SANYO bring energy independence into your life.

CONFIDENCE IS A BEAUTIFUL THING. 

SANYO Energy (USA) Corporation www.sanyo.com/solar solar@sec.sanyo.com

Visit us at
SOLAR POWER 2009

in Anaheim, CA  BOOTH #1327



p r o t e c t i o n 
from the 
weather, these 
systems are only 
for seasonal use in 
most climates. Solar 
pool heating systems 
have such a high benefit-to-
cost ratio that they are routinely 
excluded from incentives for solar 
energy heating equipment.

Solar collectors are the engines that drive all solar energy 
heating systems. If variety is the spice of life, then the 
full lineup of solar thermal collectors is a flavorful dish 

indeed. Although solar heating collectors have settled upon 
a few basic designs, they are still manufactured in an array 
of configurations. We’ll look at the different classifications 
and types of collectors, and briefly examine the construction 
differences, which can affect system performance. For in-
depth coverage of Solar Rating and Certification Corporation 
(SRCC) certified collectors, see the 2008 buyer’s guide in 
HP123. 

Solar collectors are classified by the temperatures that 
can be produced under normal amounts of solar radiation. 
The collector’s end-use application can be determined by the 
temperature classification. Low-temperature collectors (which 
typically produce temperatures lower than 110°F) are used 
for applications such as swimming pool heating. Medium-
temperature collectors (up to 200°F) are used for space 
heating and heating domestic hot water. High-temperature 
concentrators (greater than 250°F) track the sun and are 
capable of producing the high temperatures required to drive 
Stirling-cycle heat engines and steam turbines. Let’s start low 
and work our way up.

Low-Temp Collectors
First in the collector lineup are unglazed collectors, which 
include swimming pool collectors—the most popular solar 
thermal system in the United States. The collectors are simple 
and inexpensive, and the systems follow suit.

Early pool collectors were made from copper tubing 
and plates—essentially the absorber of a classic flat-plate 
collector with larger header tubes to accommodate the flow 
rates associated with swimming pool pumps. But copper 
swimming pool collectors gave up the market long ago to 
black plastic polymer collectors, especially polypropylene, a 
relatively high-temperature plastic. With no insulation or other 
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Solar Collectors

by Chuck Marken

…Behind the Glass
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Simple unglazed solar pool collectors offer great energy 
savings over conventionally heated pools and spas.

Chuck M
arken

Cutaway of a polypropylene solar pool heating collector.



Medium-Temp Collectors
For all but the mildest climates, two main types of 
medium-temperature collectors are available: flat-plate 
and evacuated-tube. Flat-plate collectors have a history 
going back at least 100 years; evacuated tubes have been 
available for about three decades. Flat-plate collectors 
are less expensive per square foot of collector—and this 
has made market penetration tough for evacuated-tube 
collectors, except in colder, cloudier climates where tube 
collectors may outperform flat plates. The cost difference 
between the collectors fluctuates with the price of copper, 
a primary material used in most flat-plate collectors. Both 
tubes and plates are used in applications such as domestic 
hot water systems, space heating, and indoor pool heating. 
To be eligible for the federal government’s residential 
solar investment tax credits, collectors must be certified by 
the SRCC. Commercial and industrial scale projects don’t 
require the certification to be eligible for the 30% credit.

Flat-Plate Collectors
Flat-plate collectors are named after their 
flat absorber plate. These collectors are 
made with a metal enclosure (usually 
aluminum) and high-temperature 
insulation, and usually are covered 
with a sheet of low-iron tempered glass. 
Low-iron glass is important in collector 
design because, compared to typical 
window glass, it passes about 7% more 
light to the absorber inside the collector. 
The tempering of the glass makes it 
tough enough to withstand all but the 
largest hailstones.

Absorbers can be configured in a couple of ways. One 
design—a grid—uses multiple small riser tubes spaced a 
few inches apart. Each riser is brazed to the headers—the 
horizontal tubes that allow collectors to be connected together 
quickly. The entire tube assembly is then bonded to the 
absorber plate. Multiple riser tubes allow even flow through 
the collector with minimal restrictions.

Another design uses a single tube to bend back and forth 
in a serpentine pattern between two headers, a strategy for 
antifreeze-based systems. A downside to this design is that, in 
a drainback system, the single, bent riser tube can retain water 
and possibly freeze.

Besides differences in absorber configuration, collectors 
may locate headers inside or outside of the frame. Collectors 
with internal headers are designed to be connected together. 
With two inlets and two outlets, connections between 
collectors can be accomplished with minimal materials and 
labor. A classic internal-header collector has headers that are 
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Flat-plate collectors are most commonly 
used to supply hot water for domestic and 
space heating uses.

Low-Iron Tempered
Glass

Fiberglass Insulation

Rigid Foam
Insulation

Glazing Seal

Extruded Anodized
Aluminum Casing

Painted Aluminum
Backsheet

Copper
Riser Tubes

Copper Absorber
Plate

Black Chrome or
Selective Absorber

Coating

Header Tube

Typical Flat-Plate
Anatomy

Courtesy www.synergysolar.com
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Courtesy www.sunearthinc.com



large enough not to impede the flow when a row of eight to 
10 collectors are installed in parallel.

External header collectors have a single inlet and outlet, 
and a simple serpentine bend tube. External header collectors 
require extra materials and labor in parallel-collector 
configurations.

An option to the external header is connecting multiple 
collectors in series. A series connection requires that each 
collector’s outlet is connected to the next collector’s inlet. Each 
collector in series is hotter than the preceding one and the 
system experiences more heat loss. While an appreciable drop 
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in production doesn’t occur with just a couple of collectors in 
series—the more that are connected, the worse the heat loss 
becomes.

Regardless of the design, the riser tubes through which the 
collector-loop fluid flows must be soldered, brazed, or welded to 
the absorber plate, or bonded to the absorber plate with a high-
temperature, thermally conductive adhesive. Bonding of the plate 
to the tubes is critical to the collector’s performance—a poor bond 
can cut the collector’s heat production by 50% or more.

The oldest design for a medium-temperature collector is the 
batch water heater. At its simplest, it is an insulated box with 
a black-painted tank inside and a glass cover that faces the 
sun. The use of batch heaters in mild climates transcends 
more than a century of fairly wide popularity. In places where 
freezing temperatures are common, batch heaters can be 
used seasonally, and bypassed and drained when winter 
weather comes.  

Progressive-tube batch water heaters are a more recent 
development. Instead of a single, large tank, the water is 
contained in several 4-inch-diameter tubes. The tubes are 
piped in series, with the cold water entering at the bottom of 
the collector and the hot exiting at the top. The progressive-
tube design allows the water to stratify more, limiting the 
mixing of the incoming cold water with the exiting hot water. 
Both the tank-type and progressive-tube batch heaters are 
classified as integrated collector/storage (ICS) units.

Flat-plate and twin-tube evacuated collectors that are designed 
with the tank attached are also classified as ICS units. These 
designs depend upon thermosyphoning, where hotter liquids 
“rise” and colder “fall” as long as the storage tank is higher 

than the collector. ICS units are completely passive and don’t 
depend on any moving parts or electricity to operate, though 
some contain electric water-heating elements for backup.

The flat-plate ICS designs use a classic flat-plate collector. 
The hot exit pipe of the collector is piped to the top port of the 
storage tank. The cold (or bottom) port of the storage tank is 
piped to the cold inlet at the bottom of the collector. As long 
as the sun is shining, water circulates through the collector 
and tank.

The twin-tube evacuated tube design is similar, although 
these heaters are only for use with unpressurized water 
systems. The inner tube of the twin tube is painted black and 
acts as an absorber. Each tube is “plugged in” at the bottom 
of a special stainless steel tank with gasketed ports the same 
diameter of the twin tube, one port for each tube. When the 
tank is filled with water, the inner tube is also filled with water. 
When the sun heats the inner tube through the black-painted 
absorber, the water moves by thermosyphon into the tank. 
The evacuated tube ICS has a freeze-tolerance advantage over 
the flat-plate thermosyphon unit due to the high insulation 
value of the vacuum.

Integrated Collector/ 
Storage Units

Grid-Style 
Absorber with 

Internal Headers

Serpentine-Style 
Absorber with  

Internal Headers

Serpentine-Style 
Absorber with 

External Headers

Flat-Plate
Configurations



Evacuated-Tube  
Collectors
Evacuated-tube collectors depend on 
vacuum technology for superior heat 
retention—a vacuum is an excellent 
thermal insulator. Even a relatively 
small space filled with a vacuum 
provides much better insulation than 
the foam, fiberglass, and glass cover 
of a flat-plate collector. With superior 
heat retention, evacuated tubes are 
often preferred in colder climates 
and cloudy regions where flat-plate 
collectors have lower performance.

Many early evacuated tubes had 
design flaws that caused the loss of the 
vacuum after only a few years. When 
the vacuum is gone, the heat retention 
advantage is also eliminated. But the 
past problems with vacuum loss have 
been addressed, and vacuum tube 
collectors are enjoying a renaissance 
throughout many countries in the 
world. Because of their popularity in China and Europe, the 
tubes have an increasing share of the world market in SHW 
collectors.

Tubes can be configured differently for various 
applications. The largest difference is where the all-important 
vacuum is contained.

In a single-glass tube, the vacuum fills the entire space 
inside the glass tube. These were the first type of evacuated-
tube collectors manufactured, and experienced problems with 
the vacuum escaping at the top of the tube, where the glass 
was sealed to the absorber tubing. These early collectors also 
were made of inferior glass that was very fragile, and many 
fell victim to hailstones. Today, all the tubes are made with 
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Absorber Coatings
Flat-black paint was used on all solar collectors up to the 
late 1970s. Although this coating has high absorption 
(about 95% of solar radiation), it also has high emissivity 
(also about 95%), resulting in efficiency losses.

A significant improvement in collector performance 
came from the advent of selective-surface coatings, 
which absorb about as much radiation as flat-black 
paint but emit only 10% to 20%. This amounts to a gain 
of a few percentage points in collector performance. A 
selective coating is a complex and expensive process 
compared to simply painting an absorber—but it is 
worthwhile in many cases, such as installations in colder 
climates. Some selective-surface coatings are called 
black chrome, black crystal, and sputtered aluminum.

Heat
Exchanger:
Plugs into
a manifold

Absorber Absorber

Water

Collector-
loop fluid

flows in the
metal heat-pipe

Inner
glass wall

is black

Vacuum:
Fills the area

between inner
& outer glass

Twin-Tube Heat Pipe:
With inner and
outer one-piece

 glass

Twin-Tube Type:
For use with unpressurized 

ICS units; inner tube 
painted black

Twin-Tube Type:
Direct flow; 

cold flows down
center tube, 
hot flows up
outer tube

Vacuum:
Fills the entire

single-wall tube

Single-Glass
Heat-Pipe

This type
collector
is for a
low/no

pressure
system

more-durable borosilicate glass or soda-lime glass. Older 
designs with single-glass tubes have a copper waterway 
bonded to a flat copper absorber inside the tube. The collector-
loop fluid enters the tube at the top and exits at the bottom. 
Another direct-flow design locates both the supply and return 
tubing at the top of the tube. However, this design—where 
the collector loop fluid directly flows through the tube—has 
fallen out of favor because trapped fluid limits the tubes to an 
antifreeze system. Plus, broken tubes are not easily replaced.

The most popular evacuated-tube design incorporates 
a heat exchanger in each tube. In these designs, the heat 
exchanger consists of a single tube—a “heat pipe”—bonded 
to the absorber plate. The solar radiation heats the tube 
absorber, which heats the heat pipe, boiling and vaporizing 
the fluid (typically alcohol or purified water with special 
additives) inside it. At the top of the tube, a heat exchanger 
transfers the heat from the vapor to a manifold, through 
which collector-loop fluid circulates. The heat-pipe design 
allows each evacuated tube to be a separate collector and 
makes the entire system modular. This is popular with some 
installers since the collector can be assembled on the roof. 
Plus, since there is a “dry” connection between the absorber 
and the header, installation is much easier than with direct-
flow collectors. Individual tubes can also be exchanged 
without draining the entire system of its fluid. Finally, should 
one tube break, there is little impact on the complete system.

 Twin-tube collectors are built similarly to the popular 
vacuum bottles that keep drinks warm or cold. Two separate 
tubes, one inner and one outer, contain a vacuum between 
them. Most twin tubes use the heat-pipe design described 
above, but can be used in direct-flow and integrated collector/
storage units (see “Integrated Collector/Storage Systems” 
sidebar, previous page). The heat-pipe design in a twin-tube 
collector is the same as in a single-glass collector and they 
enjoy the same benefit of superior insulation.



Air Collectors
Least known in the medium-temperature category, air 
collectors are used for space heating. They are similar to 
liquid flat-plate collectors and are difficult to differentiate 
from a distance. The only differences from SHW collectors 
is that air collectors don’t have any tubing bonded to the 
absorber plate and use round ducts on the back, instead of 
tubing on the side, as the collectors’ inlets and outlets.

Air from any room or building is ducted to the collector, 
where it passes over its aluminum absorber, gaining 30°F to 
60°F depending on the room air temperature and amount 
of sunshine available. Then the heated air is circulated back 
into the room/building. The collectors can use passive air 
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Absorber:
Absorbs solar radiation;

heats fluid, which vaporizes
and rises to top of tube

Vacuum Space

Heat exchanged to header

Heated liquid, 
as vapor, rises

to top

Cooled, condensed
liquid

returns
to bottom

Heat Pipe

A modern evacuated-tube collector, showing the heat exchanger at the top of the tube and its connection to the manifold.

Evacuated Tube
Operation

circulation but most often include a blower to force circulation 
and increase efficiency. The efficiency of air collectors is about 
10% lower than liquid collectors due to the lower density and 
heat-carrying capacity of air.

Air collectors can also be configured as transpired air 
collectors, which have thousands of tiny holes in the absorber. 
Heat is transferred from the absorber to the air as it moves 
from one side of the absorber sheet to the other.

High-Temperature 
Concentrating Collectors
Solar concentrators are capable of making high-
pressure steam (400°F to 750°F) and have limited 
residential applications. With few exceptions, the niche 
for concentrators is utility-scale electrical generation. 
Concentrators compete economically with hydro, wind, 
biomass, and photovoltaics. 

Concentrators must track the sun throughout the day 
to maximize their potential. The concentration of the 
sun’s rays requires direct-beam solar radiation (primarily 
desert sun) and this need is a limiting factor in their 
deployment. 

Concentrators come in two types: line-focus and point-
focus collectors. A parabolic trough reflector is the collection 
part of a line-focus collector. A black target tube runs the 
length of the trough and is mounted at the focal point of the 
mirrored, curved surface. The trough reflects about 90% to 
95% of the direct-beam radiation onto the target tube, heating 
the circulating collector-loop fluid within it. Typical systems 
run synthetic oil through the target tubes and exchange the 
heat to a water loop, creating steam to drive a turbine that 
generates electricity. 
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Point-focus collectors typically resemble satellite dishes. 
Instead of focusing on a tube, the collectors focus on a point. 
The dishes that collect the solar radiation are also parabolic 
mirrors, only round. These systems are used to heat buildings 
and make hot water in desert climates, although the market 
is limited. The piping to and from the collector is usually 
underground. In freezing climates, antifreeze is used as the 
collector fluid. The dishes are also used as the heat source 
for a Stirling engine. A single, large mirror or several smaller 
mirrors focus the solar radiation on the cylinder of a Stirling-
cycle heat engine, which is coupled to a generator to make a 
stand-alone electric power plant. The units have been built in 
5 to 30 kW capacities.

A central receiver system is another type of point-focus 
collector. It consists of a receiver tower surrounded by 
large mirrors called heliostats. The heliostats are computer-
controlled and track the sun in concert to reflect the solar 
radiation onto the receiver. The collector-loop fluid is piped 
to a heat exchanger and steam is used to drive a turbine 
to produce electricity. These large point-focus collectors 
can concentrate enough solar energy on the receiver to 
create temperatures in the thousands of degrees. Few large 
central receivers are in operation—they are still considered 
to be in the research-and-development phase. They also 
have high initial costs and other issues surrounding the high 
temperatures they produce. The only application for central 
receivers is the utility-scale generation of electricity.

What’s Best for You?
The classification of the collectors by their effective end-
use temperatures is a helpful method of differentiation. The 
residential uses of solar heating collectors eliminate high-
temperature collectors for consideration by most people. 

Medium-temperature collectors apply to residential 
applications, and can effectively heat domestic water and 
assist in space heating throughout most of North America. 
Commercial or industrial applications not requiring high 
temperatures are also good candidates for medium-
temperature collectors. ICS units are popular in many 
southern states with mild climates. Flat plates are the 
choice throughout most of the United States for heating 
water, but evacuated tubes have become popular in some 
northern climes.
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Parabolic Reflector

Collector Tube:
At focal point
of parabola; 

contains 
collector-loop �uid

Sunlight:
Parallel rays

A large array of parabolic trough concentrating collectors at 
Kramer Junction, California.

Parabolic Trough Reflector
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Point focus parabolic dish with Stirling engine at Plataforma 
Solar de Almería in Spain. Note the parabolic troughs in the 
background, turned out of the sun to stop heat production.



Low-temperature collectors are used almost exclusively 
for heating pools and hot tubs, with the season dictated by 
the local climate. They can also be used for heating domestic 
water in very mild climates, but these systems are rare and 
have questionable performance in medium to cold climates 
in the winter.

The SRCC publishes catalogs of the collectors and systems 
certified under their program, which is recognized in many 
federal, state, local, and utility incentive programs for solar 
thermal systems. The catalogs are updated a few times per 
year and are available at www.solar-rating.org.

Access
Solar thermal editor Chuck Marken (chuck.marken@homepower.

com) is a New Mexico licensed plumber, electrician, and heating and 

air conditioning contractor. He has been installing and servicing solar 

thermal systems since 1979. Chuck is an instructor for Solar Energy 

International and teaches solar workshops throughout the United 

States.
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A Stirling engine driven by heat from focused mirrors can 
produce up to 30 kW of electricity.
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While it’s easy to get focused on our energy and economic problems 
here in North America, the largest portion of the globe’s population 
lives well below our standard of living and our standard of energy 
usage. Yet many aspire to our standard, so if you care about the 
environment, you should care about how people in “developing” 
areas change and develop in relation to energy. If they all follow our 
North American example, Earth is in big trouble. 

If you care about people and want to become involved in 
spreading renewable energy, the developing world is ripe for your 
efforts. With a modest amount of money, time, and effort, you can 
have a big impact on families and communities. And if a good job 
is done, the systems will be an example for others in the community 
and beyond.

This article looks at specific technologies that you might 
consider working with in the developing world, and explores their 
appropriateness and cost, as well as design and implementation 
issues. Susan Kinne of Grupo Fenix, an organization that implements 
appropriate technologies in Nicaragua, says that developing-world 

communities have a chance to avoid some of the poor development choices we in the 
“prematurely developed” world have made. Properly executed, technology in the developing 
world can provide sustainability, a higher quality of life, and renewable energy for all.

Energy Use in the Developing World
The Alliance for Rural Electrification reports that roughly 2.4 billion people rely on burning 
biomass—wood, agricultural residues, and dung—for cooking and heating. About 1.6 billion 

have no access to electricity. Of the homes not connected to the grid, about 10% use 
car batteries for electrical energy storage, according to a report published by the 
World Bank.

Current mainstream energy technologies in the developing world tend to 
mirror what we see in North America:

•	 Electrical grids powered by coal, oil, gas, nuclear, hydro, and diesel 
•	 Propane for cooking, space heating, and water heating
•	 Diesel- and gasoline-fueled transportation
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Appropriate
Technology

for the Developing World
by Ian Woofenden

Top to Bottom: 

Putting up a PV system for home lighting and communications in Ecuador. 
A rooftop PV system in Sierra Leone provides power for lighting an educational facility.
A PV-powered health clinic in Burma.   
Piping for a solar-powered water pumping system in Benin.
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All of these technologies have social, environmental, and economic 
costs. Besides increasing air pollution and having serious environmental 
impacts for extraction and transportation, fossil-fuel-based electricity—
when available—is often unreliable and expensive enough that poorer 
people cannot hook up to the grid.

Propane, diesel, and gasoline are also expensive, and often require 
transportation from rural areas to towns to refill portable bottles or fuel 
tanks. In one rural Costa Rican town I work in, buying fuel means a one- to 
three-hour trip by bus, horse, car, or motorcycle.

Energy sources tend to be less clean and less safe than what we 
are used to in the “developed” world because standards of living and 
environmental quality are lower, and corners get cut in the design and 
operation of energy plants. And because family income is much lower, 
these fuels tend to be relatively expensive—sometimes prohibitively—for people in the 
developing world. In Namibia, for example, consumers pay $0.83 per liter ($3.13 per gallon) 
for diesel fuel. While this doesn’t sound like much, put this in context with the country’s 
average annual income of about US$4,200 in 2008. In comparison, U.S. consumers paid an 
average of $2.46 per gallon for diesel fuel (July 2009) and had an average income almost 
10 times greater than that of a Namibian.

Wood and other biomass, which are typically used for cooking 
and heating, come at less out-of-pocket expense in most cases, but at 
greater time and health costs. People (most often women and children) 
may spend many hours every day gathering wood, sometimes from a 
great distance. Increasing populations have put increased pressure on 
wood resources, resulting in localized deforestation. In some areas, the 
nearest fuelwood can be a five-mile trek (or more), according to the 
Food and Agriculture Organization of the United Nations. As regions 
become deforested, women and children are forced to walk longer 
distances to find firewood, leaving less time for other pursuits—like 
learning to read, helping with the home, and livelihoods.

The indoor air pollution from burning biomass in open fires and 
unvented, inefficient stoves causes major health problems. In a 2008 
study published in the BMC International Health & Human Rights 
journal, which focused on the health effects of burning biomass fuels, 
rural women “reported two to three times more respiratory disease in their children and 
themselves” compared to those with urban-traditional and middle-class backgrounds.

Appropriate Technology
So what can renewable energy offer people in the developing world? A lot! In fact, much 
more for much less than it can for those of us with “developed” energy appetites. A very 
modest investment in renewable technology infrastructure can mean dramatic changes in 
comfort, health, education, income, and safety.

The primary renewable technologies used in the developing world are solar cooking;  solar 
water heating and purification; solar, wind, and hydro electricity; and methane biodigesters.

Solar cooking is one of the simplest and most cost-effective RE technologies. 
With adequate sunshine, a solar cooker can offset the use of electricity, gas, or 
wood for cooking, saving families money, time, and effort spent gathering, and 
reducing the pressure on natural resources.
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Top to Bottom: 

Putting up solar-powered lighting at a medical training facility in Burma. 
PV electricity powers a medical center in Rwanda.

School-children work on PV-powered computers in Pinar del Rio, Cuba.
Mounting an array for a medical center in Rwanda. 

Rumalda, of the Solar Women of Totogalpa, prepares to bake a cake 
 in a solar oven in Sabana Grande, Nicaragua. 
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A solar cooker is an insulated box with a glass top and one 
or more reflectors to concentrate sunlight through the glass. Even 
home-built versions can attain temperatures of 300°F. A wide 
variety of foods can be conveniently and safely cooked, including 
beans, rice, vegetables, tubers, and whole roasts of meat.

Because it is not a fast cooking method in most cases, 
solar cooking requires some advance planning and some 
patience—two things that people in “developed” countries 
may be short on, but people in the developing world come 
by more naturally. By preparing the evening meal right after 
lunch and putting it in the solar oven, the meal can be ready 
to go when dinnertime rolls around.

A high-performance solar cooker can be built or bought 
for a few hundred dollars. Simpler manufactured cookers can 
be purchased for less than $100, or constructed for far less in 
materials cost.

Solar Water Heating. Just as it can heat a solar cooker, 
sunshine can heat water for dish and hand washing, bathing, 
and cooking. If freezing is not a concern, solar hot water 
systems can be as simple as a black plastic bag, a coil of black 
pipe, or even a black-painted barrel.

Low-pressure passive solar water heaters—with no pumps 
or controls—are well suited for the developing world. These 
“batch collectors”—where a quantity of water is contained in 
a collector vessel and heated without cycling between a tank 
and the collector—are effective and practical.

Solar water heating is not common in the developing 
world for a couple of reasons. Many such places are located 
in warmer climates, where hot water is less desired: People 
have lived for centuries in these locales without hot water, 
so culturally it is not the norm. In one location, a group I was 
leading installed a solar water heater for a shower. Later, we 
were told by one of the locals that they wait until the evening 
to shower—when the stored water is at its coolest.
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What’s Development?
While there is much debate about the terminology and what 
constitutes a “developing” country, it is generally agreed 
that the economies of countries are categorized by statistical 
indices, such as per capita income, literacy, life expectancy, 
and so forth. The International Monetary Fund’s April 2009 
World Economic Outlook report classifies about 150 out 
of the world’s almost 200 countries as “emerging and 
developing economies.”

The United Nations Statistics Division notes that “the 
designations ‘developed’ and ‘developing’ are intended for 
statistical convenience and do not necessarily express a 
judgment about the stage reached by a particular country or 
area in the development process.”

Often, “undeveloped” countries are more developed in 
the things that make higher-quality lives—more time for 
connecting with family, community, and friends, and a 
stronger connection with nature. While we in “developed” 
countries have an image of our life as better, we actually 
spend much of our working lives dreaming of the leisure, 
connection, and lack of focus on superficial things that many 
people in the developing world already have.

There’s a popular tale that involves a North American 
businessman giving advice to a Mexican fisherman. The 
businessman notes that the fisherman goes out in his 
boat for only half the day, catches the fish he needs, and 
spends the rest of his day with his family. He suggests that 
the Mexican invest in more boats, hire other fishermen, 
catch a lot of fish, and become “successful,” so that in 20 
years, he will have the leisure time to go out in his boat 
for just the morning and spend the rest of the day with 
his family.
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Left to right: A thermosyphon solar hot water system in Costa Rica. 

A simple batch water heater in Costa Rica. 

Installing a 200 W low-head hydro turbine in Mae Klang Luang village, Chiang Mai province, Thailand. 

PV-powered water pumping in Pakistan.

Courtesy www.sunepi.orgCourtesy www.solarenergy.org (2)

Courtesy www.palangthai.org



lights. In some cases, a rag wick stuffed into a jar of kerosene 
serves as illumination. A small solar-electric system with electric 
lighting can provide much more and better-quality light, and 
eliminates the ongoing costs of buying candles or fuel. 

Early adopters of PV technologies tend to be community 
organizations such as schools, clinics, and community 
centers—but individuals soon see that the technology will 
also work in their homes. Though simple lighting systems are 
common, the applications for solar-electric technology don’t 
end there, but include water pumping, refrigeration, and 
electricity for appliances and tools.

Developing world solar-electric systems often take the form 
of a single PV module, a controller with built-in metering, a 
deep-cycle battery, wiring, and disconnects. Most system parts 
are durable and long-lasting if installed well. The battery will 
need to be replaced perhaps every five years, depending on the 
original quality and how well it is cared for.

Because most developing world PV systems are off-grid, 
users must be educated about the limits of the systems. Some 
method of monitoring the battery state of charge is crucial. 
Sometimes this can be as simple as a red-yellow-green light 
system in the charge controller, which warns users when the 
battery is low. State of charge may also be displayed graphically 
or numerically, either with a “fuel gauge” or a percentage. It is 
common to include a low-voltage disconnect in the controller, 
which automatically shuts off electrical output until battery 
state of charge returns to an acceptable level.

The downside to solar electricity is its relatively high 
up-front cost, which can range from $200 to $600 for a 

rudimentary system to power 
a few lights. Financing or 
subsidization from nonprofit 
organizations, community 
groups, or individuals is often 
necessary.

With all renewable energy technologies in the developing 
world, being aware of the actual need is important. Solar hot 
water may be most applicable in health clinics, schools, and 
daycare centers where there is a need to cleanse instruments 
or dishes. In areas where cold temperatures prevail, including 
mountainous regions and northern climes, solar heating 
systems can also be important for heating bathing water.

Solar water purification can help provide safe drinking water 
to the estimated 1.3 billion people worldwide who suffer with 
contaminated water supplies, which lead to the deaths of 
2 million children each year.

Two solar technologies can help. One is solar distillation, 
which uses a box, pit, or cone-shaped plastic structure that 
allows water to condense on a piece of glass or plastic and 
run into a collection container. The condensed water is pure 
and safe to drink. Unfortunately, except for very large units, 
most solar stills only produce modest quantities of distilled 
water.

Solar pasteurization is a more practical alternative for 
purifying larger volumes of water. Tests have shown that 
bringing water to 149°F inactivates all pathogenic microbes, 
and solar cookers can easily achieve this. To provide 
temperature monitoring to assure water is adequately 
heated, Solar Cookers International has developed a low-
tech thermometer for use with water heating in solar 
cookers. Placed in the water to be pasteurized, a tube, 
which contains soybean wax that melts at 158°F, shows 
when the water has achieved the appropriate temperature.

Solar Electricity. In many 
undeveloped areas, people 
rely on candles or kerosene for 
lighting, or disposable batteries 
and car batteries powering DC 

www.homepower.com

appropriate tech

83

Right: Wind energy powers a 
school and community center 

on a remote Nicaraguan island. 

Below: Fabricating PV racks  
for off-grid schools 

 in Sierra Leone. 

Below: A 1 kW hydro system in  
E Wi Jo village, Tak Province, 
Thailand, powers lights for 
40 huts and the school.  

Courtesy www.sunepi.org

Courtesy www.palangthai.org

Courtesy  www.solarenergy.org



Hydro-Electricity. Where available, hydro-electricity can offer a cost-effective 
and reliable source of electricity. Applications range from very small homebrew 
systems to power a few lights to larger, “village power” systems. 

These systems include some form of intake in the stream to get a portion of the 
water into a pipe or flume. The water runs downhill to a turbine, which consists 
of a runner that is turned by the water to spin an alternator. Small systems are 
typically battery-based but can be batteryless for specific applications.

Costs for a very small system might be $1,000 or less, if labor is 
cheap and homebrew equipment is used. A village power system might 
cost $25,000 and up, depending on the size of the system. This might 
sound like a lot, but for the energy delivered, hydro systems tend to be 
the most cost-effective. Fund-raising for village power systems can take 
many forms, including by charitable organizations and individuals, 
with some buy-in by the recipients.

The biggest drawback of hydro systems is that the resource is relatively 
rare. Often the falling water is not located near where the electricity is 
needed. And if it’s a long distance, pipe and wire costs can be high.

Wind Electricity. Of the three renewable electricity technologies, wind 
electricity is the most difficult to tap effectively over the long haul. A 
turbine’s constant exposure to the weather coupled with its difficult job 
of capturing the resource make many small wind installations unreliable 
at best. Plus, few sites have a wind resource worth tapping that is easy 
to access cheaply.

Wind-electric systems consist of a wind generator, a tall tower to 
get it up above all obstructions, transmission wires down the tower 
and to the controller, a battery bank, possibly an inverter, and standard 
distribution hardware.

Village-sized wind systems can cost from $10,000 on up, but grants and private 
donations can cover equipment and installation costs. As with other electrical systems, the 
recipients often contribute labor, food, lodging, transportation, and building materials.

If the people involved are willing to perform regular maintenance, be prepared for 
failure and repair, and understand that this is challenging technology, tapping the wind 
can be rewarding.

Methane Biodigesters. Although less common, producing methane gas with 
a biodigester is one of the simplest and most economical technologies used in 
the developing world. Only solar cooking is easier and cheaper to implement. 
For about $200, a methane biodigester can be built that will produce cooking 
gas for a family of five to seven people from the manure of two or three cows 
or pigs.

These systems use a long, large, doubled plastic tube as the digester—
where microbial breakdown of the manure takes place. An entry pipe to add 
the manure-and-water slurry lies at one end. A pipe at the other end allows 
the digested slurry to exit after several weeks in the tube. A small tube exiting 
the top of the large tube vents the accumulated methane gas through a simple 
pressure-relief valve to the cooking stove.
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Top to Bottom: 

A PV system in Burma.  

Hauling a 3.2 kW hydro turbine to power a school, community center, and 
church in Huai Kra Thing village, Tak Province, Thailand. 

Milling grain with hydro power in Mbinga, Tanzania.

A methane cookstove and a biodigester in Costa Rica.
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Besides making cooking gas, methane systems transform 
a potential pollutant that can end up in streams and rivers 
into a more benign fertilizer. The digesters require protection 
from the elements and from sharp-toothed animals, but are 
otherwise sturdy and long-lasting. They offset the use of 
electricity, propane, and wood for cooking, and can be used 
at any hour of day or night—an advantage compared to solar 
cookers.

One installation I was involved with in Costa Rica was 
especially successful. Don Mario had enough pigs to supply 
gas for both his and his daughter and son-in-law’s home. On 
a recent visit, Mario showed off the system by cranking up the 
gas flame—it almost scorched the metal roof of the family’s 
kitchen. The gringo visitors teased him that he could fry eggs 
on his roof.

Access
Ian Woofenden (ian.woofenden@homepower.com) coordinates and 

teaches RE workshops in Costa Rica for Solar Energy International, 

and also consults and volunteers on other RE projects in the 

developing world.

Palang Thai • www.palangthai.org

Solar Energy International • www.solarenergy.org

Sun Energy Power International • www.sunepi.org

Further Reading:
“Clean Water from the Sun,” Laurie Stone, HP62

“Cooking Under the Sun,” Rose Woofenden, HP107

“Low-Head Microhydro: Thai Style,” Chris Greacen, HP124

“RE Independence in Nicaragua,” Andreas Karelas, HP123

“Solar Cooking in Kenya,” Barbara Knudson & Mark Aalfs, HP66

“Solar Electricity for the Developing World,” Walt Ratterman,  

HP119

“Turning Waste Into Fuel: Methane Biodigester Basics,” Ilan Adler, 

HP116
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A doctor poses in front of the 10 kW PV array at a health center 
in Burundi.
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APRS World, LLC
P.O. Box 1264  Winona, MN  55987

+1-507-454-2727  www.aprsworld.com

APRS
WORLD, LLC

www.aprsworld.com

Solar hot water and solar hot air differential 
temperature controller for PV and DC powered 

applications. Four temperature sensor channels, LCD 
display for real-time view and easy programming, two 
solid state DC relay outputs. Can run directly from PV 

panel. Other models available that include data 
logging and live Internet data capabilities!

What can we do for you?

from
$265

Solar Powered Outdoor 
Wind Data Logger Package

APRS World's most popular Wind Data 
Logger package. Perfect for remote 
wind data collection under the 
harshest of conditions, this 
package features the #40R 
reed switch anemometer 
for accuracy 
and durability. 

Learn more 
about our renewable 
energy data collection 
and control products at 
www.aprsworld.com.

from

$855



With a solar hot water system from Apricus, you can capture energy 

from the sun to heat your water—naturally, without harming the 

environment. Thermal energy is the most cost-effective form of solar 

power, and our breakthrough technology lets you tap into it every 

day, no matter what the climate or time of year.

From hot water to radiant heating, Apricus provides an affordable 

solution that delivers hot water for your family’s daily uses. About 

20% of a home’s energy bill is from hot water—so an Apricus  

system pays for itself over time with lower bills than traditional,  

dirty energy sources.

Hot Water, Powered by the Sun. Delivered by Apricus.

green never felt so good

965 West Main Street, Branford, CT 06405   |   203.488.8215   |   www.apricus.com
Dealers and distributors wanted! Contact Leslie Higgins at 203.488.8215 or leslie.higgins@apricus.com to find out more.

apricus_homepower_full.indd   1 3/16/2009   5:57:54 PM



New T105-RE Provides Longer Life
As part of Trojan Battery’s RE Series, the NEW T105-RE battery has been optimized to deliver 
superior performance in renewable energy (RE) applications such as solar/photovoltaic, small 
wind and micro hydro. 

Trojan Battery is the most trusted name in deep cycle technology and our T105-RE delivers: 
• Even longer life
• Superior charge performance
• 5 year limited warranty: Best-in-class for Renewable Energy applications

Lab tested for reliability and performance, the T105-RE simply outperforms the rest.   
Experience the difference with the new T105-RE battery.  

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.

  I first used Trojan batteries as an end user and stayed with them 
when I started my own solar business.  I install Trojan batteries 
because they are durable and easy to maintain.       
                                  ~  David Verner, Adirondack Solar

Join us at Solar Power International 2009: 
     Anaheim Convention Center, CA • October, 27–29, 2009  



Living well on a small and finite amount of 
electricity is not mysterious or difficult. It 

starts with careful adherence to three basic 
principles:

1.	 Shift inappropriate loads to other forms 
of energy.

2.	 Reduce waste through efficiency, and 
increase conservation.

3.	 Use energy in proportion to the amount 
available.

The average home here in New Mexico 
uses 600 kWh of electricity per month, or 
about 20 kWh per day. This works out to 
a bill of about $50 per month, plus base 
charges. By comparison, a 1 kW PV array in 
a modern off-grid power system produces 
about 5 kWh per day in summer and a bit 
less than 4 kWh per day in winter. This is 
less than 25% of the amount of electricity 
used by the typical home. Yet for plenty 
of off-grid homes in New Mexico, a 1 kW 
system yields more than adequate power 
to run all of the lights, appliances, and 
electronics that make a comfortable life.
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Toast, 
Pancakes & 

Waffles
by Allan Sindelar

Illustrations by Harry Martin

PLANNING WISELY FOR OFF-GRID LIVING



A load analysis—a systematic and methodical listing of 
everything you expect to power in your home—has always 
been an essential part of off-grid power system design. For 
each load, the expected power consumption and hours of use 
are listed. (For information on completing a load analysis, see 
the “Assessing Loads” sidebar.) There are no one-size-fits-all 
solutions—each off-grid system is uniquely designed to its 
site, loads, budget, and the personal wishes of its owners.

Shifting Loads
All forms of energy are not created equal. Electricity is 
a specialized, high-quality form that is not suited to all 
applications but great for some: lights, electronics, and 
motors, plus a few other specialized uses. By matching 
the best form of energy to its appropriate use, electricity 
consumption can be greatly reduced while enhancing comfort 
and convenience.

Five common uses of electricity in conventional on-grid 
homes won’t typically show up in an off-grid home. Each 
consumes too much energy to be appropriate when the 
supply is limited by typical PV system costs. All five of these 
use electricity in ways best served by other forms of energy.

Space Heating. Electricity may be used to run thermostats, 
pumps, and boiler controls, but in an off-grid system it is not 
usually turned into actual heat. The sun’s heat is best used 
directly. Build or retrofit your home to hold in as much heat 
as possible by maximally insulating the structure’s walls, 
ceilings, and/or attic spaces, and floor. Seal gaps and cracks 
well. If you’re building a new home, incorporate passive solar 
strategies by using properly sized south glazing and plenty of 
thermal mass. If you have or are planning in-floor radiant heat, 
active solar thermal collectors (“solar heat”) can be installed to 
decrease or avoid boiler use. Otherwise (or in addition), plan to 
use wood or propane heaters to provide space heating.

Water Heating. Use the sun directly to heat your water with 
a solar hot water system and use a high-efficiency propane 
water heater as backup.

Tankless gas water heaters are an option for some homes. 
However, in areas where hard water predominates, the cost 
and hassle of the increased maintenance and repairs due 
to scaling buildup tend to offset potential energy savings. 
Tankless water heaters use multiple small tubes to heat 
water quickly. The minerals build up in the small passages, 
decreasing the unit’s efficiency.
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Assessing Loads
A load analysis is a listing of everything you expect to 
power in your off-grid home with the power consumption 
and hours in use summed and averaged to estimate 
normal daily energy consumption. For most off-grid 
homeowners, a load analysis should reflect winter living 
habits, when consumption is greatest.

It’s a rigorous and time-consuming process, but 
necessary. For system designers, it serves four 
purposes:

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

2.	 Helps identify ways to use less energy to achieve the 
same result, which can reduce system size and cost.

3.	 Helps identify overlooked or inappropriate loads, 
potential problems, and special cases, so that 
alternative ways of achieving the desired results, 
while using less electrical energy, can be suggested.

4.	 Serves as a document of record. That is, if a system 
proves insufficient in the future, a record was kept 
of how much energy use was expected. Actual 
consumption can then be reevaluated, and loads 
reduced or the system expanded.

For the client, a fifth benefit arises that is really the 
most important of all: a valuable self-education process. 
Most of us who have lived with utility power have taken 
it for granted: We use it as needed and pay the bill 
each month. We have had little reason to know how 
the energy is used: how much and for what. The load 
analysis process is an excellent consciousness-raising 
activity. By understanding how and where you’re using 
solar electricity, you are far more likely to be satisfied 
with your power system—and its limits and blessings—
over the many decades you will own it.

Many PV system installers or dealers offer forms to help 
the load analysis process. For more information, read 
“Getting Started with Renewable Energy: Professional 
Load Analysis and Site Survey,” available from Home 
Power Web Extras at www.homepower.com/webextras. 
Once you have an understanding of how to perform a 
load analysis, you can use an inexpensive measurement 
device, such as the Kill A Watt meter, which allows you 
to plug in any AC device and measure its power and 
energy consumption.

All forms of energy are not created equal. Electricity is a 
specialized, high-quality form that is not suited to all applications, 
but great for some: lights, electronics, and motors, plus a few 
other specialized uses. 



Cooking. Plan to use a gas range and oven, not an electric one. 
But beware: Many gas ovens use electric “glow-bars” that can 
draw up to 500 W continuously when the oven is on. 

Also consider a solar oven, if your lifestyle allows. Many 
of the common-sense solutions to living well when you’re off 
the grid are simply reapplying lost wisdom from days before 
electricity was taken for granted. For instance, a summer 
kitchen, often located outdoors in a screened porch on the 
north side of the home, allows for preparing summertime 
meals without overheating the home.

Clothes Drying. In most parts of the country, a solar clothes 
dryer (also known as a clothesline) or an indoor drying rack 
can be used year-round. To back up these strategies, however, 
your standard clothes dryer should use gas, not electricity, 
for heat.

Air-Conditioning. Space cooling is usually only needed during 
summer months—when more PV power is often available—
but conventional whole-house air conditioning is still too 
large of a load. Good passive design—like having adequate 
overhangs to shade windows, having trees and shrubs shade 
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the house, and using good ventilation strategies—can often 
eliminate the need for any mechanical cooling. Otherwise, 
fans and evaporative cooling (“swamp coolers”) work well 
in arid climates. Ultra-efficient DC evaporative coolers are 
available that work very well.

Improve Efficiency
Efficiency is always the first step in reducing consumption. 
Efficiency expert Amory Lovins of the Rocky Mountain 
Institute calls this “negawatts”—energy not consumed is 
energy that does not need to be produced. A good guideline 
is that for every dollar spent on upgrading efficiency, about 
$3 to $5 can be saved on PV system costs. Here are some good 
ways to start reducing waste through greater efficiency:

Lighting. Compact fluorescent lightbulbs (CFLs) use one-
third the energy of incandescent bulbs to generate the same 
amount of usable light. Modern CFLs have eliminated the 
flicker and harsh colors reminiscent of fluorescent lighting of 
years past, and will fit in most lamps. 

LED technology also has rapidly advanced in recent years, 
and “bulbs” are now available, generally through online sources, 
to fit most lighting needs. LEDs typically use approximately 5% 
to 15% of the energy of an equivalent incandescent bulb, but are 
significantly more expensive than CFLs.

Consider task lighting rather than area lighting—focus 
light where it is needed, rather than lighting an entire room. 
Use multiple lights in different locations, switched separately. 
Being off-grid doesn’t limit you to boring lighting. Plan your 
lighting to meet building code and functional needs with 
maximum efficiency. Then add decorative lighting wherever 
you wish—just control it separately, and use it with discretion 
and only when you have the energy reserves to afford it.

Refrigeration. A refrigerator is one of the biggest electrical 
loads in an efficient home and is often the single largest daily 
user of electricity in an off-grid home. Older conventional 
refrigerators consume two to five times as much electricity as 
the most energy-efficient new models.

Mainstream brands—like Amana, Maytag, and Kenmore—
have become quite efficient in recent years and are affordable. 
However, the specific model must be carefully chosen, using 
Energy Star guidelines (see Access). The most efficient full-
size modern units only use a bit more than 1 kWh per day, 

Many of the common-sense 
solutions to living well when 
you’re off the grid are simply 
reapplying lost wisdom from 
days before electricity was 
taken for granted. 



which will be reported on the yellow Energy Star tag—for 
instance, “This model uses 392 kWh/year.”

Super-efficient refrigerators that sip even less energy are 
available, such as the Sun Frost or SunDanzer brands. But their 
designs are not quite as convenient as modern mainstream 
fridges, and they can be more expensive. However, in some 
cases, the difference in price can make up for the extra PV 
modules needed to power a mainstream fridge.

If you want a full-size freezer, plan to locate it in an 
unheated outbuilding or portal, shaded from direct sun and 
preferably placed in a relatively cool space. In a cold climate, 
a freezer located outdoors will use very little electricity 
in the winter. Again, choose the most efficient modern 
model available. Chest freezers use less electricity than 
upright models because they do not lose as much cool air 
when the door is opened. Also consider past approaches to 
keeping food: Home-canned preserves and vegetables can be 
a satisfying means of storing food without a freezer.

Clothes Washing. Front-loading clothes washers use far 
less electricity, water, and water-heating energy than 
conventional top loaders, and there are now many efficient 
models to choose from. But make sure to buy one from a 
store with a forgiving return policy: Some modern sine 
wave inverters are not compatible with high-efficiency, 
electronically controlled washers.

Computer. A laptop uses less energy than a desktop model, 
as it’s designed to run on stored battery power. But desktop 
models with LCD monitors are getting more efficient all the 
time. An inkjet printer uses less energy than a laser printer. Plug 
peripherals into plug strips so you can easily turn them off when 
they’re not in use.

Heating. If you plan to have central heat with full thermo
static control, it must be hydronic—meaning hot liquid. 
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Either in-floor, baseboard, 
or wall-panel radiant is fine. 
A conventional hydronic 
system uses a substantial 
amount of electricity: 
Although manufacturers of 
radiant boilers and heating 
systems have put great effort 
into maximizing thermal 
efficiency, they’ve put less 
into electrical efficiency. For 
a home that is served by 
conventional utility power, 
the relatively low electrical demand of a conventional 
hydronic heating system is acceptable. In an off-grid home, 
however, a conventional hydronic installation will often 
lead to disappointing results. When a standard boiler 
system is installed in an independently powered home, the 
electrical demand of the heating system alone can exceed 
the daily output of the renewable power system.

Cost-effective modifications for controlling and 
distributing hydronic heat are available that use a fraction 
of the electricity of a conventional system. Larger-diameter 
tubing and multiple parallel loops allow smaller pumps to 
be used. A master thermostat that shuts off all power when 

Efficiency is always the 
first step in reducing 
consumption…for every dollar 
spent on upgrading efficiency, 
about $3 to $5 can be saved 
on PV system costs. 



the call for heat is satisfied reduces the phantom load. Since 
off-grid homes use batteries, smaller DC primary and zone 
pumps may be substituted for the single large AC pump 
and zone valves. A knowledgeable hydronic engineer who 
is familiar with low-head DC circulators—plumbed typically 
in a primary/secondary loop configuration—may be able to 
design an ultra-efficient system for your off-grid home.

Otherwise, gas space heaters or a wood heater are good 
heat sources, especially in a thermally efficient home. Pellet and 
corn heaters can be used off-grid, but their fans, feed screws, 
and electrical controls are in continuous duty during winter 
and can be significant loads. Interest in geothermal heat pumps 
is growing, but they are typically impractical for an off-grid 
home, since, like an air conditioner, the compressor requires a 
lot of energy. Total electrical consumption for these geothermal 
systems ranges from about 10 to 30 kWh per day depending on 
the climate, season, and home construction and size.

Phantom loads are any devices that consume small amounts of 
power continuously, even when they’re supposedly turned off. 
To point out their significance, phantom loads account for about 
6% of the entire residential electricity consumption in the United 
States. Any appliances that include a remote control or have 
an internal power supply are probably phantom loads: stereos, 
TVs, DVD players, most computers and peripherals, and the AC 
adapters (“wall cubes”) used with many small appliances.

The only way to eliminate a phantom load is to physically 
or electrically unplug the device from its outlet. These loads 
can be plugged into a power strip, which is turned off when 
not in use. When building or remodeling, add switches to 
conveniently control outlets intended for known phantom 
loads, such as audio/video equipment. A tip: Battery-powered 
clocks work just as well as the plug-in kind.

Off-Grid Design & Discretionary Loads
Off-grid home power systems are usually based on winter 
needs, since winter loads are typically greatest. Shorter, colder 
days mean more indoor activities and increased use of lights, 

and most homes will have added heating loads. Shorter days 
also mean less solar energy collected. A well-designed home 
power system in a sunny climate will typically meet 80% to 
90% of the home’s winter base electrical load, usually with an 
engine generator making up the rest.

Note that just adding 10% to 20% more PV power capacity 
won’t eliminate the need for occasional backup charging. 
Predictions of monthly solar irradiance are based on historical 
averages, and weather patterns never play by the rules of 
system design. Sometimes, weeks of bright winter sun—and 
full batteries—will prevail; other times, occasional long cloudy 
periods will necessitate running a generator to keep batteries 
charged. Plus, occasional equalizing (a controlled overcharge) 
of a battery bank is needed. A power system will need a 
substantially oversized array and battery bank to eliminate 
all generator charging, and most budgets don’t allow this. 
Typically, the goal is to balance minimal generator charging, 
which will usually occur in winter, with a PV system that is 
sufficient to meet the majority of winter energy needs.

A PV system that is sufficient during most of the winter 
will provide an excess of charging power the rest of the year, 
when days are longer and loads are typically fewer. Herein 
lies a wonderful paradox of off-grid living: After going to 
the effort to live within the bounds of the system’s reduced 
output in winter, you may have more energy available than 
you can use in other seasons.

This is part of the magic of off-grid living: The role of the 
PV array is to provide energy to fill the batteries. Once the 
batteries are full, the charge controller turns off the power 
from the array, as there’s nowhere else for it to go. At this 
point, any energy not used is energy wasted. But as the 
investment in the power system has been made already and 
the sun’s energy is free, it might as well be used.

A discretionary load is any power-using device that may 
be turned off or left unused when cloudy weather hits and/
or the batteries are depleted. This is a normal and valuable 
aspect of the initial system design process. By identifying 
certain household loads as discretionary, the size and cost of 
the power system can be substantially reduced.

Common household loads identified as discretionary include 
toaster ovens, coffee makers, clothes dryers, and cordless phones. 
A microwave oven is a discretionary load, although most modern 
off-grid homes have one. It uses much less energy than a toaster 
oven, mainly because it runs for only a few minutes at a time. But 
because most microwaves have phantom-load clock-timers, they 
should be installed on a plug strip. When batteries have a low 
state of charge, use of these appliances should be curtailed.
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Toast, waffles, or pancakes: 
Off-grid living means not that 

we go without the energy 
that we need, but that we live 
more in tune with the natural 

rhythms around us.
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Phantom loads like home audio/video equipment, 
chargers for cordless tools, and the like also may be 
considered discretionary: Put on a plug strip, they can be 
left on nine months of the year and turned off when not 
in use during the shorter days of winter. A modern large-
screen TV and home theater system is discretionary if 
there’s a smaller TV for use during winter. “Discretionary” 
also means that the appliance may be used during cloudy 
periods, but may mean using the generator a bit to 
supplement solar charging.

On a typical morning in my off-grid home, I will toast a bagel 
for breakfast. For me and for most people, toast is an important 
part of breakfast, a toaster is a basic tool of daily life, and toast is 
difficult to make any other way. And while a toaster draws a fair 
amount of power, its run time is just a few minutes.

During most of the year, I know that I can toast my bagel 
and do all of the other energy-using activities of daily life 
with the confidence that my batteries will be full by day’s 
end—or, if that day is cloudy, within a day or two. In winter, 
though, I will check the weather report (and look out the 
window) in the morning, then check my system monitor to 
note how full the batteries are. On a typical winter morning 
when my batteries are at, say, 85% full, and I expect them to 
be at 100% by day’s end, I enjoy my toasted bagel. If it looks 
bright and sunny outside, and I know I’ll fill my batteries by 
3 p.m., I may get out the electric waffle iron, knowing that 
the half-hour use of the electric iron will be easily handled 
by the day’s solar input. But if it has been stormy for the 

last three days, my system monitor shows the batteries to 
be about 60%, and it’s still cloudy, I’ll make pancakes on the 
gas stove.

Toast, waffles, or pancakes: Off-grid living means not that 
we go without the energy that we need, but that we live more 
in tune with the natural rhythms around us. Appreciating 
that our electricity comes from the sun, we let our habits be 
defined by the daily and seasonal cycles of the sun’s patterns 
where we live. By paying attention to such natural cycles, 
we greatly reduce our dependence on a fossil-fueled backup 
generator. In my home, we raised our kids for seven years 
with no generator (and, yes, a larger-than-usual PV array 
and battery bank). While we never ran out of stored energy, 
the kids knew that a few times each winter we needed to go 
into “conservation mode,” using fewer lights, keeping the 
computer off, and eating pancakes more than usual.

Access
Allan Sindelar (allan@positiveenergysolar.com) installed his first off-

grid PV system in 1988, founded Positive Energy Inc. of Santa Fe in 

1997, and has lived off-grid since 1999. He is a licensed commercial 

electrician and a NABCEP-certified PV installer.
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F or many years, I have been interested in electric vehicles 
and gasoline-to-electric conversions. In November 2007, 
I attended a weeklong electric vehicle (EV) conversion 

workshop, where the class converted two Volkswagen 
Rabbits. After this, I became even more determined to find a 
way to put this technology to work for my family.

Our initial goal was to use an EV to drive to town (2 miles), 
run errands, then return. Speed limits along the route are 25, 30, 
and 45 mph. Although Washington state limits neighborhood 
electric vehicles to 35 mph, we could probably have sneaked by 
with one. However, eventually we decided that we wanted a 
car with enough range and speed to travel to the nearest large 
town, 36 miles away, and be able to recharge before returning. 
Speed limits there and back are 60 mph.

We considered converting our Ford Escape hybrid to a 
plug-in hybrid electric vehicle (PHEV), but the conversion 
would not allow “electric only” driving for the short distance 
to town and back. As with the stock hybrid, the PHEV would 
require the internal combustion engine (ICE) to run until 
the catalytic converter was warmed up. In winter, this often 
requires the entire trip to town and back. Unlike Toyota Prius 
PHEV conversions, which can use electric propulsion for up 
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Story & photos by Randy Brooks

With lots of elbow grease and 
EV know-how, Randy Brooks 

transformed his Toyota Echo into a 
pollution-free family car.

to 20 miles without starting the ICE, the Escape PHEV would 
require some use of fossil fuel for the short trip.

There are no production all-electric vehicles that would 
meet our needs and budget, so converting an ICE vehicle 
to electric drive was our only option. We decided to find a 
lightweight, relatively late-model car to convert—one with 
four doors and a more efficient standard transmission. 

After considering several vehicles, we identified the Toyota 
Echo as the “donor” car. The Echo has the same body as the 
2001 Prius—light and aerodynamic. A good donor vehicle 
weighs 2,000 to 2,500 pounds; the Echo’s curb weight is 2,055 
pounds. In December 2007, we test-drove a 2002 Echo four-
door sedan with a five-speed, manual transmission. It was a 
comfortable, quiet, peppy car, and we bought it on the spot.

I cleaned out the garage, built a new workbench, and put 
the Echo inside just as snow began to fall. Armed with the 
Echo’s official repair and electrical system manuals, I started 
planning my “winter project.”

One of the first things I did was sign up for the Seattle 
Electric Vehicle Association e-mail list, and sent an e-mail to 
the list with general plans, asking for suggestions. Overnight, 
I had replies to several of my questions. I found the Internet 

GOES ELECTRIC
THE ECHO



to be a terrific resource for researching EV questions and 
components, and I bought several components online, 
including the conversion kit.

In January 2008, my son Greg and I started the project 
by removing the ICE components and mapping out battery 
storage. While we waited for the conversion kit to be delivered, 
the deconstruction continued with removal of the power 
steering rack and the starter gear ring from the flywheel. 

The kit arrived six months later—so much for the 
“winter project” idea—and we started assembling the EV 
components. Attaching the electric motor to the transmission 
and reinstalling it in the car just took a few hours, with help 
from friends, and we starting putting the car back together, 
installing a manual steering rack.
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AC vs. DC Conversions 

Most EV conversions use direct current (DC) motors. 
They are readily available, less expensive than 
alternating current (AC) motor conversions, and 
can offer excellent acceleration. But most DC motor 
conversions do not have regenerative braking, which 
makes the car feel more “normal.” Regenerative 
braking also can improve range (15 to 30%) and reduce 
brake wear by providing some compression-like 
braking. Acceleration in my AC-converted car is brisk 
enough, but certainly not as great as a DC conversion.

1. The author and his son Greg, pictured with the removed engine and transmission. 
2.  Removing the original power steering rack. 3. The AC motor with the clutch 
and flywheel assembly, bolted to the adapter plate.  4. The transmission, ready for 
installation. 5. The motor and transmission installed with the new motor adapter.

1 2

3

54

Installing the Electric Motor



In September, I started planning battery placement. I 
downloaded a spec sheet for the battery I had chosen and 
made a cardboard battery model to test mounting options. 
I printed a scale drawing of the battery on my computer, 
pasted it to architectural foam board, cut it out, and then 
glued it together. From that, I drew up plans for the battery 
boxes—one would go beneath the rear seats and one would 
go under the trunk.

Fourteen Odyssey 12-volt AGM batteries were delivered in 
October. Thirteen were to be used (156 V nominal), with one 
spare. A friend helped cut out the floor pan under the rear seat 
and trunk to prepare for the battery boxes. The locally made 
battery boxes arrived in December, fitting the holes we made in 
the floor pan with only a little trimming on the floor pan. The 
batteries fit into the boxes perfectly, leaving a little room for 
battery expansion as they warm under charge and discharge.

Once the batteries were installed and secure, I started 
working on the wiring, running cabling from the batteries 
to the components in the cab of the car, and installing the 
Link 10 battery monitor. Once that was complete, I secured 
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This page: 6. The foam-board battery 
mock-up. 7. The cut-out trunk floor, ready 
for the battery box. 8. The custom battery 
box, placed in the trunk. 9. The trunk 
batteries, strapped down, with acrylic 
plastic cover in place. 

Opposite: 10. The backseat battery box 
in place. 11. Batteries wired and installed 
in the box. 12. The backseat battery 
installation, safely covered. 13. Seats 
installed and batteries covered.

6

9

Installing Batteries: Trunk &

EV Conversion Costs

Item Cost

Canadian EV conversion kit $10,800

2002 Toyota Echo 8,800

14 Odyssey PC1500/34M 12 V AGM 
batteries

3,500

Battery box (also includes decals & misc. 
supplies)

478

Manual steering rack 262

Repair & electrical system manual 223

Air shocks 90

Wheel alignment 60

Battery mats 50

Freon removal 37

Total $23,822

7
8
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EV Battery Banks 

Choosing a battery type and size requires answering 
several questions: 

•	 What voltage does your motor and controller 
require for optimum operation? The AC motor/
controller we used operates between 144 and 336 
volts. One conversion kit provider recommended 
a 144 V battery bank (twelve 12 V batteries in 
series), but another strongly recommended 156 V 
so the controller would not cut out when voltage 
sagged under load. 

•	 How much weight can the donor car carry? Stay 
within the gross vehicle weight limit, including 
passengers and cargo. Exceeding the weight limit 
can damage the axle bearings.

•	 What is the weight distribution fore and aft? 
Heavily weighting a front-wheel-drive vehicle to 
the rear is probably not a good idea. Consider 
staying close to the stock vehicle weight 
distribution or about 50/50 fore and aft.

•	 How much room do you have? Many EV 
conversions have batteries mounted above the 
motor in the engine bay, obstructing the view 
of the motor and other drive components. For 
educational purposes, I wanted to be able to show 
off the electrical components, so I specified a 
smaller battery pack to meet the decreased space 
available and weight limits.

•	 What range do you want between charges? 
Although most people want as much range 
as possible, I purposefully sacrificed range to 
stay within the original gross weight and not 
have batteries in the engine bay. I also intend 
to upgrade to lithium ion batteries in the future, 
which will improve range.

•	 How much battery maintenance are you willing 
to do? Flooded lead-acid batteries are the least 
expensive type of battery but require vented 
battery boxes and regular maintenance, such as 
adding distilled water. Sealed lead-acid batteries 
do not require active venting or watering but 
require more careful charging to avoid loss of 
their irreplaceable electrolyte. They also need 
a battery management system (BMS) to ensure 
equal charging or regular checks of individual 
battery voltage to discover any state-of-charge 
imbalance between batteries. Nickel metal 
hydride or lithium ion batteries also generally 
require a BMS.

•	 How much money do you want to spend initially 
and in the long run? While lead-acid batteries may 
be cheaper initially, lithium ion may be cheaper 
over the long run because the battery bank will 
last longer.

10 11

12 13

Rear Seat

Tools to Have on Hand

•	 Basic mechanic’s tool set (metric & SAE)

•	 Floor jack & jack stands—get high-quality ones, your 
life depends on them

•	 Creeper—for easy access under the car

•	 Portable engine hoist (borrow or rent)

•	 Volt/ohm meter

•	 Wire and cable cutters & crimpers

•	 Manufacturer’s shop & electrical manual for donor car 
(priceless!)

•	 Resealable plastic storage bags, notepaper & 
permanent-ink pens—for bagging small parts with a 
note describing where the parts go

•	 Camera for taking “before-and-after” photos of 
everything



the rear seat battery box top and reinstalled the rear floor 
carpet, seat belts, seat backs, and seat cushion.

At the end of January, I tested the Link 10 and set it for 
my battery’s amp-hour capacity. I also tested the AC battery 
charger. With the new batteries at above 20% state of charge, 
the charger draws 3 to 9 amps AC.

Next, I installed the Azure digital motor controller 
(DMOC). In early February, I gave the car—still on jack 
stands—its first “test drive.” I switched the forward/reverse 
switch to forward, made sure the transmission was in neutral, 
and advanced the throttle. The motor turned! I put the car in 
first gear and slowly advanced the throttle again. The drive 
wheels turned in the right direction! 

Greg and I took the car off the jack stands and checked 
the fender well height at the rear wheels. It was 1 inch 
lower than the stock height before the conversion. I added 
12 psi to the rear tires (Air Lift recommends adding 2 
psi per 100 pounds of added weight, and we have 650 
pounds of batteries), which reached the maximum 44 psi 
recommended on the tire sidewall. I also added 15 psi to 
the air shocks I had installed and could feel and see the rear 
of the car rise.

Then, the moment of truth—we drove the car out of the 
garage, for the first time in more than a year. But when I 
tried to back up by switching the forward/reverse switch 
to reverse and applying the accelerator, the controller 

cut out. The controller reset immediately when I released 
the throttle. I then switched to forward, and shifted the 
transmission to reverse, and the same thing happened. I 
suspected that the controller cutout was a max torque setting 
issue, which goes into error mode when the motor is starting 
to turn under load.

The next day, I took the car to town, avoiding the 
problem by driving the car using the clutch and first gear 
to start moving, and shifting up and down as needed. 
The EV drove just like an ICE car, with the regenerative 
braking acting like engine compression braking when 
downshifting. It was really nice to see the Link 10 meter 
voltage climb when decelerating, adding that energy back 
into the battery pack.

But there was still the issue of the controller cutout 
to solve. Canadian Electric Vehicles Ltd. e-mailed me 
instructions for using a laptop computer to capture motor 
controller data  for Azure Dynamics to review. I set up the 
laptop in the car and recorded data with the car in first 
gear. As expected, the controller cut out. But this time, I 
had the data, which I e-mailed to Canadian EV. I received 
instructions back in just a few hours to change a setting 
in the controller. On another drive, we captured data on 
two high-speed controller cutouts, and sent that data to 
Canadian EV. In the meantime, I tried easing up on the 
throttle, which eliminated controller cutouts.
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Installing Charger  
& Controller

14. The Azure digital motor controller (DMOC) mounted. 15. The 
AC battery charger mounted in the trunk. 16. Programming the 
DMOC via a laptop.

15



I finally figured out that I’d been shifting up too quickly. 
Based on power curves I’d seen, the optimum motor speed is 
about 4,000 rpm. On another test drive, with a friend reading 
out motor rpm and amps from the PC display, I stayed in 
second gear until 45 mph (4,000 rpm), and stayed in third 
until 60 mph (4,000 rpm). The car cruised easily on a flat 
highway at 70 mph with no problem. There was throttle left, 
but I didn’t try to go faster than that. The return route home 
from the highway includes a steep, 2-mile-long hill. I kept the 
car in second gear and came up the hill with no problem at 
40 to 45 mph, the speed limit.

Later, I received more advice from Azure to change 
another setting. After making the change, I drove to town, 
ran errands, and came home without any controller cutouts. 
Success!

Once the car was road-worthy, I began monitoring mileage 
and charging kWh to calculate the car’s energy use and cost. At 
our electricity rate of $0.028 per kWh, it costs about 25 cents to 
charge the car—about 1 cent per mile. That’s pretty good, even 
compared to the original Echo’s 40 mpg. For comparison, at the 
current $2 per gallon cost for gasoline, it would cost 5 cents per 
mile to run the ICE car. Last summer’s gasoline price of $4 per 
gallon would have cost me 10 cents per mile.
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Main EV Components

Charger: Plugged into a 120 or 240 VAC household outlet, 
the charger converts alternating current to direct current 
to charge the EV batteries.

Batteries: Sealed or flooded, and in an array of possible 
chemistry types and voltages, the battery bank stores 
and provides the energy for the vehicle.

Controller: The brains of the propulsion system, the 
controller adjusts the amount of energy sent to the 
motor based on input from the throttle potbox.

Potbox: Converts the motion of the throttle pedal into an 
electrical signal for the controller.

Motor: The brawn of the EV, a DC or AC electric motor 
converts electrical energy into mechanical energy to 
move the vehicle.

Transmission: Mounted to the electric motor the same 
way it would mount to a gasoline engine, the gearbox 
transfers power and torque to the drive wheels.

Main Contactor: The EV’s main on/off control, this relay 
is often controlled by a standard key switch.

Instrumentation: The right meters are crucial to keeping 
tabs on your EV’s performance. Standard are a voltmeter, 
ammeter, and an amp-hour meter.

Emergency Disconnect: This emergency breaker/switch 
automatically disconnects the battery bank in the unlikely 
event of a short circuit. The switch can also be used to 
manually disconnect the battery bank.

DC/DC Converter: Converts EV battery pack voltage to 
standard 12 VDC to run common automotive electrical 
accessories like the windshield wipers and sound 
system.

21
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17. The Link 10 volt/amp meter: the EV’s “fuel gauge,” 
mounted in the dash for easy viewing. 18. Air shock in stock coil 
spring and tubing to air valve through trunk floor. 19. The AC 
charging plug. 20. Cruising at 70 mph during the highway road 
test. 21. An under-the-hood look at the completed installation.

17

Details

19

20



On average, we use about 0.27 kWh per mile from the 
battery pack (0.3 kWh per mile from the outlet, due to charger 
inefficiency). The battery has a capacity of about 9.7 kW 
(156 V nominal x 62 Ah). If I discharge to 20% state of charge 
(SOC), I’d use 7.7 kWh. At 0.27 kWh per mile, the car should 
be able to travel 28 miles. Although this won’t get us to the 
nearest large town, it’s an acceptable range. (Most Americans 
drive 30 miles or less daily.) If I abuse the batteries to 0% SOC, 
the car might be able to travel 35 miles. But so far, our longest 
drives have been about 22 miles with 40% SOC left, and this 
meets our needs very well.

In the five months since we put the car on the road, we’ve 
put more than 2,000 miles on it. We use it exclusively for 
local driving and don’t cringe when we make multiple trips 
to town in a day, since the cost per mile is minimal and we’re 
using clean, renewable, hydro grid power for our energy 

source. We also have a 1.9 kW grid-tied PV system that 
typically produces more power each day than we use in the 
car. So you could say our car is solar-powered.

We’ve tweaked the DMOC settings a couple times to 
get optimum performance, and will install an electric air-
conditioning compressor and electric cabin heat next. Overall, 
we are quite pleased with the car—you can tell by our “EV 
grin” every time we drive it!

Access
Randy Brooks (randy@brookssolar.com) and his wife Anne operate 

Brooks Solar, a renewable energy business in Chelan, Washington.

Canadian Electric Vehicles Ltd. • www.canev.com • EV conversion 

components (Note: Azure Dynamics systems available through U.S. 

distributor Electro Automotive • www.electroauto.com)
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•	 Subscribe to an EV e-mail list and don’t be afraid to post 
your general plans and ask for comments and suggestions. 

•	 Keep the car in its original condition until the conversion 
kit is received. That way, it’s still functional while you 
wait—not just taking up space in your garage. Most 
importantly, you are more likely to remember how to put it 
back together. 

•	 Identify efficiency gains. For instance, automatic 
transmissions are not as efficient as manual transmissions. 
Power steering is less efficient than manual steering 
mechanisms. Wherever you can reduce mechanical losses 
from motor-driven components, do so.

•	 Use ceramic core heaters instead of fluid heaters. Some 
tests show that fluid heaters take almost 10 minutes to 
warm up, whereas ceramic heaters get hot within seconds. 
A dual ceramic heater core is recommended for cold 
climates. 

•	 Make a battery master plan. Batteries add significant weight 
to the vehicle, so try to distribute the weight evenly. Before 
my conversion, the front axle weighed in at 1,400 pounds 
and the rear axle weighed 980 pounds, for a total of 
2,380 pounds. After the conversion, the front axle weighed 
1,200 pounds and the rear axle weighed 1,520 pounds for 
a total of 2,720 pounds, still below the maximum gross 
vehicle weight (2,915 pounds) listed on the door post.

•	 Decide how active you want to be in managing your 
batteries. I decided to use sealed AGM batteries. Using a 
sealed battery means I won’t have to be concerned about 
battery box ventilation, or have to water them. On the 
downside, a battery management system may be needed 
to ensure the batteries charge equally and do not charge 
too quickly, which can ruin them. If possible, use batteries 
all from the same production run, numbered sequentially, 
to ensure consistent performance. 

•	 Measure the height of the transmission relative to the 
chassis. You’ll need to duplicate this height with the electric 
motor installed to avoid binding the drive train.

•	 Consider removing the starter gear ring from the flywheel, 
since this will slightly reduce air drag inside the bell 
housing. Some people remove the entire flywheel, but I 
think it’s best to keep it for smooth motor operation.

•	 Remember: You’re working with electricity! Take 
precautions. While doing any wiring, turn off the main 
circuit breaker. A mistake here can result in injury, or harm 
components or tools.

•	 Fool the stock gauges. With no gas-tank sending unit, 
the gas gauge shows “empty”, which is no problem, but 
the low-fuel light by the odometer flashed annoyingly. 
Checking the electrical shop manual, I found that a 50‑ohm 
resistor wired to the gas-gauge sending unit would “spoof” 
the gauge to show half full, with no low-fuel light flashing.

•	 Pay attention to the motor power curves. The optimum 
motor rpm for mine is about 4,000. You’ll need to tailor 
your driving accordingly for optimum performance.

•	 Check with your insurance provider. Our insurance 
company initially said they would not insure a conversion, 
but our track record with them over the last 40 years is 
excellent, so they agreed to insure our conversion for 
the car’s book value, plus the value of the conversion. EV 
discussion groups can help you find an insurer if yours 
declines coverage.

EV Conversion Tips & Tricks
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Cobo Center     Detroit, Mi 
www.smallandcommunitywindexpo.org

For homes, farms, ranches, and businesses, wind 
energy creates opportunities to make money, 
save money and be more energy independent.

The Small and Community Wind Conference  
& Exhibition will bring together industry 
leaders, project developers, economic 
development groups, municipalities, 

and land owners to formulate and enact 
growth strategies for small and mid-sized 
wind applications. The program will offer 
information to help you capitalize on wind 
technology by learning about national 
renewable energy legislation, technology costs, 
zoning requirements, utility interconnection, 
tax revenues and investment opportunities.
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Grounding-Electrode Terminal
Nearly all utility-interactive inverters include transformers, 
are connected to grounded PV arrays, and have an internal 
ground-fault indication/detection (GFID) system. This GFID 
system includes the internal bonding jumper between the 
DC grounded conductor and the grounding system. The 
presence of this DC bonding jumper requires, according to 
UL Standard 1741, that the inverter have a DC grounding 
electrode terminal.

Properly connecting a utility-interactive inverter is critical 
to the safe, long-term, and reliable operation of the entire 
renewable energy system. Correct grounding of the inverter 
will minimize the possibility of electrical shock and damage 
from surge currents. While complex, it is important to 
understand and apply the requirements of Section 690.47 of 
the National Electrical Code (NEC) to the inverter grounding 
connections.

Equipment-Grounding Conductors
In a typical small PV system (less than 20 kW), the inverter 
serves as a central point for grounding connections. The DC 
equipment-grounding conductor from the PV array and the 
DC disconnect are connected to the inverter. The AC inverter 
output circuit equipment-grounding conductor leading to the 
point of connection with the utility is also connected to the 
inverter. Under the 2005 NEC, the DC equipment-grounding 
conductors may be the only connection the module frames 
have to earth. If these grounding conductors are connected 
only to the inverter, then the inverter must be properly 
connected to ground (earth) for a safe installation. UL 
Standard 1741 requires equipment-grounding terminals for 
both the AC and DC circuits.

home power 133 / october & november 2009106

Inverter 
Grounding
by John Wiles

This inverter meets the minimum requirement of three 
grounding connection terminals.

With only one grounding terminal (PE), this inverter does not 
meet UL 1741 requirements.

Close-up of an inverter with a grounding bus bar and the 
required grounding electrode conductor (GEC) terminal marking.



These grounding connection requirements require that each 
inverter have a minimum of three terminals available. They 
will normally all be connected (bonded) together electrically in 
the inverter and they will be connected to the inverter chassis. 

To ensure proper grounding of the entire PV system, it 
is necessary to connect all three of these terminals properly. 
Unfortunately, some manufacturers and their certification/
listing agencies are allowing inverters to reach the market 
that do not have all three of these terminals. Because other 
countries do not ground PV systems like our Code requires, 
some inverters get certified/listed without a DC grounding-
electrode terminal. The Europeans use the term “protective 
earth” (PE) terminal instead of “equipment grounding 
terminal.” Others have only one equipment-grounding 
terminal, not the required two, and may not even have a 
grounding-electrode conductor terminal. 

Some inverters have an external grounding electrode 
terminal (see photo, above right) and the equipment-
grounding conductors are permanent leads coming out of the 
inverter (pictured in the photo above).

When using one of these inverters with missing grounding 
terminals, it is acceptable to splice the AC and DC equipment-
grounding conductors together and connect them to a single 
equipment-grounding terminal. However, the grounding-
electrode conductor must be connected directly to the proper 
terminal and should not be spliced.

Grounding the Inverter
Section 690.47(C) of the NEC, which addresses the DC 
grounding electrode connection, contains significant changes 
between the 2005 and 2008 editions. As far as I can determine, 
either the requirements of this section in the 2005 NEC or the 
permissive requirements in the 2008 NEC may be applied to 
connect the grounding-electrode conductor when using either 
Code. A proposal has been submitted for the 2011 NEC that 
includes all three methods and will clarify what is acceptable. 
That proposal (below) may help interpret the requirements 
for 690.47(C) in the 2008 NEC. The first two methods in the 
proposal align with 690.47(C)(1) and 690.47(C)(2) in the 2005 
NEC, while the third method coincides with 690.47(C) in the 
2008 NEC.

690.47(C) Systems with Alternating and Direct Current 
Grounding Requirements. PV systems having direct 
current (DC) circuits and alternating current (AC) 
circuits with no direct connection between the DC 
grounded conductor and AC grounded conductor 
shall have a DC grounding system. The DC grounding 
system shall be bonded to the AC grounding system 
by one of the methods listed in (1), (2), or (3).

This section shall not apply to AC PV modules. 
When using the methods of (2) or (3), a visual 

inspection shall be made to ensure that the existing 
AC grounding-electrode system meets the applicable 
requirements of Article 250, Part III.

FPN No. 1: ANSI/Underwriters Laboratories 
Standard 1741 for PV inverters and charge controllers 
requires that any inverter or charge controller that has a 
bonding jumper between the grounded DC conductor 
and the grounding system connection point have that 
point marked as a grounding-electrode conductor 
(GEC) connection point. In PV inverters, the terminals 
for the DC equipment-grounding conductors and the 
terminals for AC equipment-grounding conductors 
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Equipment grounding conductors are permanent leads coming out 
of the inverter.

Close-up of an external grounding electrode terminal.



are generally connected to or electrically in common 
with a grounding bus bar that has a marked DC GEC 
terminal (depicted in the photo on page 106, upper 
right).

FPN No.2: For utility-interactive systems, the 
existing premises grounding system serves as the AC 
grounding system.
(1) Separate DC Grounding Electrode System Bonded 
to the AC Grounding Electrode System. A separate 
DC grounding electrode or system shall be installed, 
and it shall be bonded directly to the AC grounding-
electrode system. The size of any bonding jumper(s) 
between AC and DC systems shall be based on the 
larger size of the existing AC grounding-electrode 
conductor or the size of the DC grounding-electrode 
conductor specified by 250.166. The DC grounding-
electrode system conductor(s) or the bonding jumpers 
to the AC grounding-electrode system shall not be 
used as a substitute for any required AC equipment-
grounding conductors.
Exception: Where the existing AC grounding electrode 
is not readily accessible, the bonding conductor shall be 
permitted to be connected to the AC grounding-electrode 
conductor as close as possible to the AC grounding electrode 
with an irreversible splice.

(2) Common DC and AC Grounding Electrode. A DC 
grounding-electrode conductor of the size specified by 
250.166 shall be run from the marked direct-current 
grounding electrode connection point to the AC 
grounding-electrode. This DC grounding-electrode 
conductor shall not be used as a substitute for any 
required AC equipment-grounding conductors.
Exception: Where the existing AC grounding electrode 
is not readily accessible, the DC grounding electrode 
conductor shall be permitted to be connected to the AC 
grounding-electrode conductor as close as possible to the AC 
grounding electrode with an irreversible splice.

(3) Combined DC Grounding-Electrode Conductor 
and AC Equipment-Grounding Conductor. An 
unspliced, or irreversibly spliced, combined grounding 
conductor shall be run from the marked DC grounding-
electrode conductor connection point along with the 
AC circuit conductors to the grounding bus bar in the 
associated AC equipment. This combined grounding 
conductor shall be the larger of the size specified by 
250.122 or 250.166 and shall be installed in accordance 
with 250.64(E).

While any of the three methods of making connections to 
the inverter grounding electrode terminal may be used, there 
are advantages and disadvantages to each.

Method 1—similar to 690.47(C)(1) in the 2005 NEC—has the 
advantage of routing surges picked up by the array more 
directly to earth than methods 2 or 3. However, since the 
bonding conductor between the new DC grounding electrode 
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must be bonded to the existing building’s AC grounding 
electrode, the size, routing, and cost of that conductor needs 
to be considered.

Method 2—similar to 690.47(C)(2) in the 2005 NEC—uses 
fewer components than the other two methods and also 
routes surges to earth without getting near the AC service 
equipment.

Method 3 —similar to 690.47(C) in the 2008 NEC—combines 
the inverter AC equipment-grounding conductor with the 
DC grounding-electrode terminal, saving wire. However, 
the requirement to bond the conductor at the entrance and 
exit of each metallic conduit and enclosure may become 
difficult with conductor sizes greater than about 6 AWG, 
especially since the conductor must remain unspliced or 
irreversibly spliced. Also, any surges picked up by the array 
will be routed directly to the service equipment and may be 
more likely to enter the building’s wiring system than when 
grounding-electrode conductors are routed more directly to 
ground.

The complex and unclear section 690.47(D) in the 2008 
NEC requires a direct connection between the array and 
earth, in addition to any required equipment-grounding 
conductors between the array and the rest of the system. This 
requirement applies to ground- and pole-mounted PV arrays 
and to arrays where the inverter is mounted on a different 
structure than the array. There is an exception for systems 
where the PV array and the inverter are mounted on the 
same structure, but exactly what is excepted—the grounding 
electrode conductor, the grounding electrode, or both—is 
not clear. It has been proposed that this lightning damage 
reduction requirement be deleted from the 2011 NEC as it is 
not directly related to safety.

Proper grounding connections at the inverter are critical to 
a safe and properly operating PV system. These connections 
may be the only connections that the entire system has to 
earth. All connections must be made, and that may prove 
difficult if manufacturers have not included the proper 
number of terminals.

Access
John Wiles (jwiles@nmsu.edu; 575-646-6105) works at the Institute 

for Energy and the Environment (IEE) at New Mexico State University. 

He provides engineering support to the PV industry and a focal point 

for PV system code issues.

Southwest Technology Development Institute • www.nmsu.

edu/~tdi/Photovoltaics/Codes-Stds/Codes-Stds.html • PV systems 

inspector/installer checklist, previous “Perspectives on PV” and Code 

Corner articles, and Photovoltaic Power Systems & the 2005 National 

Electrical Code: Suggested Practices, by John Wiles



* Celebrating  over 18 years of Renewable Energy Education
* Hands-on workshops in over 20 locations around the world
* Earn College Credits through online courses
* Trend setting technical PV trainings
* Over 15,000 Alumni since 1991
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Features of the XW E-Panel:
Small size fits underneath inverter 
Dual 120/240 AC inputs
120/240 utility AC output
Battery plus and minus busbars
PV plus and minus busbars
250 amp 125VDC inverter breaker
Direct connection to DC terminals
AC input/output bypass
AC input 1 disconnect
AC input 2 disconnect
Space for 7 din rail mount breakers
Space for 6 panel mount breakers
Neutral and ground busbars
Knockouts and busbars for surge arresters
Mounting for MPPT charge controllers
Reversible door
Wall mounting brackets
500 amp shunt

 
 

 Off-grid or grid tied, MidNite Solar 
E-Panels save hundreds of dollars per
 installation.  The XW E-Panel can save

 enough money to pay for an additional
 PV panel.

Now that’s just too much savings to pass up.

MidNite Solar makes the installation of 
battery based inverters simple and affordable

A triple stack in Hawaii using the 
MidNite Nottagutter 

Photo compliments of  Tom Carpenter

New
MNE250XW

$950

A Magnum Energy 
installation in Oregon 

Photo compliments of 
Lance Barker

17722 67th Ave NE Unit C, Arlington, WA 98223
425-374-9060 www.midnitesolar.com

A Positive Energy Installation in 
New Mexico 

Photo compliments of Allan Sindelar   
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Puzzled? We’ve Got the Solution.

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.

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

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

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

Bob-O Schultze
CA Electrical
Lic # 613554 or
CCB # 185672

Authorized Distributor

Authorized Distributor

800.945.7587 toll free
www.electronconnection.com

Authorized DistributorAuthorized Distributor

R E S I D E N T I A L  A N D  C O M M E R C I A L



conventional market prices for fossil-fuel-based electricity, as 
an incentive to add renewable energy to the grid. Most utility 
tariffs are based on conventional fuel and power plant costs—
in other words, what it takes to replace the energy without 
considering the higher purpose. But not RE FITs: They are 
based on the higher costs of RE because, again, the point is to 
encourage RE sources over the environmentally undesirable 
conventional sources.

With net metering, an RE system’s output may cover 
household usage, then anything left over is often given away 
to the utility, or in some states purchased by the utility at 
wholesale rates. Net metering encourages limiting the system 
size to that which merely covers the household usage. But 
a FIT pays the system owner a premium price for all the 
system’s energy production, thus encouraging as large a 
system as possible, which increases the amount of RE on 
the grid for others to use and furthering even more RE by 
decreasing system costs through ever-increasing economies of 
scale. Finally, FITs help RE cross socio-economic lines. More 
property owners could afford a system under FIT payment 

Fifteen years ago, Home Power first 
reported on rate-based incentives 
(RBIs), which offer a premium per-
kWh price for grid-tied renewable 
electricity with the intent of giving 
RE technologies a boost. At that time, 
Germany had just introduced these 
incentives, showing strong support for 
a renewable energy future.

The crew at Home Power realized that 
RBIs could become the most successful 
method of giving RE the boost it needed 
to catch up with conventional electricity 
production technologies. Now, 15 
years later, the success of Germany’s 
incentive program is proven, with the 
country having greater than half of the 
entire world’s installed PV capacity. But 
here in the United States, conventional 
energy industries prevailed, as their 
vast political influence limited RE 
incentives to the much-less-effective 
rebate programs.

New Game
But maybe that is changing. After a decade and a half of the 
RE industry’s fast growth in Germany and other countries 
with similar government-sponsored incentives, the United 
States is finally inching toward embracing this incentive 
structure.

RBIs are more recently known here as feed-in tariffs 
(FITs), renewable tariffs, RE payments (REPs), and others. But 
no matter what you call them, the concept is the same: Laws 
and regulations require utilities to pay a premium price over 
a set period of time for the renewable energy produced, to 
cover system costs and offer an attractive profit to the system 
owner. These tariffs are structured similarly to how utilities 
buy and sell conventionally made energy. Thus the concept 
is familiar to utilities and their regulators, which may lead to 
somewhat easier acceptance.

The major difference between FITs and conventional 
energy tariffs is that the intent goes beyond just supplying 
energy—the idea is to promote the use of renewable energy 
by richly rewarding system owners. Per-kWh payments 
for renewably produced electricity are set higher than 
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Getting FIT
The Ultimate RE Incentive

by Michael Welch

100 kWh 60 kWh +40 kWh

100 kWh 40 kWh

100 kWh 60 kWh +40 kWh

100 kWh

60 kWh

Net Metering

Feed-In Tariff (FIT)

Adapted from “Feed-In Tariffs in America: Driving the Economy with Renewable Energy Policy that Works,” 
by John Farrell & the New Rules Project

With a feed-in tariff, the homeowner sells all their renewably generated electricity 
to the utility at a premium price and buys all energy used at retail rates.

Under net metering, the homeowner uses renewable energy to offset domestic 
use. Any surplus RE that’s produced is typically donated to the utility.



schemes—whereas as things stand with current incentives, 
often only the well-off can afford systems.

In Florida, the Gainesville Regional Utilities made recent 
headlines by implementing a true FIT for PV systems. Other 
states and municipalities offer customers some type of 
performance-based incentive, but often those are different 
from FITs. For example, for system sizes smaller than 50 
kW, California now offers an up-front single-rebate payment 
that is not based strictly on system size, but includes 
performance factors that affect output, such as geographic 
location, tilt, and shading. Or, system owners can choose a 
per-kWh payout over five years. The payout amount is close 

to European payouts, but the five-year limit disqualifies it 
as a tariff. In California, larger systems must use the per-
kWh payout, and soon all system sizes will be limited to 
that choice.

What It Takes
The key features of successfully implemented FITs have 
been:

•	 High-enough per-kWh payments to cover system costs, 
plus provide a reasonable profit to the system owner

•	 Long-enough terms to ensure confidence that system 
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The point of FITs, as with other current incentives, is to 
increase the amount of RE in the electric-energy mix. Here in 
the United States, we have seen a slow but steady increase in 
the use of PV and wind energy. Compared to places that are 
using effective FIT incentives, however, U.S. RE growth has 
been sluggish. 

The cycle of incentives—and how it increases the use of RE—is 
depicted below. Note that Step 6 brings the cycle back to Step 
2, to start over again with added strength. In addition to its 
initial input (Step 1), an ongoing, effectively large incentive 
compounds the ever-increasing nature of the cycle, adding 
even more growth to the use of RE. In the case of FITs that pay 
a premium price for RE-made electricity, there is nothing to 
stop the cycle.

European FITs had been paying the equivalent of about $0.50 
to $1.00 per kWh for PV-made energy. About five years ago in 

Germany, the amount paid for grid-tied solar-electric systems 
equaled about $0.70 per kWh. The payment was guaranteed 
for 20 years, with the tariff for new systems decreasing 5% 
each year. 

Assuming a 1 kW PV system, payments for energy production 
would total more than $12,000 over the 20 years. At about 
$10 per watt installed (in 2004), these systems were poised to 
make a profit immediately. 

With these kinds of guaranteed payments, lenders are willing 
to make low-interest loans. Loan repayments are low enough 
to create a monthly profit for the system owner and, of 
course, soon lead to ownership of a system that will continue 
producing both energy and income for years to come. The 
German system makes homeowners equal participants in the 
renewable energy revolution—not a second thought or an 
add-on.

STEP 1: The better the incentives,  
the greater the tendency to use RE

STEP 2: The more folks who use RE,
the greater the demand for RE products

STEP 3: The greater the demand, 
the more manufacturing of RE products

STEP 4:  The more manufacturing,
the greater the competition

STEP 5:  Greater competition & 
large-scale manufacturing  =  

cheaper manufacturing & 
better technological innovations

STEP 6:  The better and cheaper 
the products, the greater the demand

How FITs Work



owners (and their financiers) will recoup the initial 
investment

•	 Not limited to any particular class of system installation 
(like residential vs. commercial) or size of project

•	 Payment amounts vary based on technology, system size, 
and application

•	 Simple to understand
•	 Periodic review of both success as an incentive and the 

amount of profit, so that payments and term lengths can 
be adjusted appropriately. Review also allows for addition 
of new technologies to the program, as appropriate.

The main components critical to the success of a FIT plan 
are a high-enough rate and a long-enough contract term. As 
proven by other marginally helpful incentives, payments or 
terms that are too low make it harder for a system owner to 
make an economic case for system purchase. For example, 
Washington state was first to pass a statewide FIT-like 
program. Unfortunately, both the rate and the term were 
low—the program seemed to be designed more to encourage 
the local economy rather than build an RE future. Starting 
at $0.15 per kWh, the rate is adjustable up to a maximum of 
$0.54 per kWh, but only if both the PV modules and inverter 
used are manufactured within the state. The maximum term 
length was nine years, which was not quite long enough for 
most owners to recoup their investment, and there was a 
$2,000 cap on the annual payments that effectively limited 
the size of the eligible system. The program was altered this 
summer to extend payments until 2020, and the annual cap 
increased to $5,000.

Some successful programs have fairly complex tariffs for 
RE projects, carefully constructed to account for a variety 
of circumstances. They often differentiate payment amount 
and term length by the project type (PV, wind, biomass, etc.) 
and the scale of the projects (home, business, or utility; plus 
sizing options within the categories). This makes a lot of 
sense because some RE technologies and scales of systems are 
easier and cheaper to implement than others or have higher 
output, so the tariffs and term lengths need to be adjusted 
accordingly.

Big Business Resists Getting FITs
Just as the United States would benefit from a national net 
metering law that would finally bring all utilities, whether 
private or public, under the same regulations, we would 
also greatly benefit from a national FIT law. Too many states 
and utilities have been dragging their feet when it comes to 
RE incentives. A national FIT would encourage more RE in 
general, help RE businesses that are having trouble during 
our current economic “downturn,” create U.S. jobs, and 
would significantly help the national effort to reduce climate-
changing greenhouse gas emissions to the needed 90% below 
1990 levels.

But establishing FITs is not going to be easy. Corporate 
influence is still a principal driving force behind our elected 
officials’ and bureaucrats’ decisions, and the fossil-fuel and 
nuclear industries work hard to keep their conventional 
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technologies on top. Just as corporations and their legislative 
puppets bent recent climate and energy legislation in the 
House to their wishes, they will be working hard to make FIT 
laws untenable or severely limited in scope.

“Greened” utilities claim to be environmentally 
responsible, but only as far as their own self-interests dictate. 
Already, they are claiming FITs are unfair to users without 
RE systems, since, under the FIT system, the increased 
cost for RE-generated electricity is spread out over all rate 
payers—not just RE system owners. They conveniently ignore 
the fact that their polluting, resource-hogging technologies 
have environmental and human health costs that go beyond 
the balance sheet.

Expect utilities to eventually capitulate and allow FITs, 
but they will seek limits—like requiring that they make 
money off the systems too, possibly by receiving the systems’ 
renewable energy credits (green tags, or RECs) instead of the 
system owners, or claiming others’ FIT-qualified systems as 
part of any required renewable energy portfolio standards. 
They will likely push for low caps to be placed on the number 
of systems, which they successfully have done with other 
incentives and even net metering.

Finally FIT
Our climate and renewable energy future are inextricably 
entwined, and both require leaving the greedy self-interests 
of conventional energy companies behind. We citizens need 
to tirelessly lobby to get first-rate FIT programs enacted, 
and the only way to do that is through participation in our 
government, no matter the difficulty. Let your legislators 
know that you want strong, effective FIT programs, and that 
you want fewer of your tax dollars to go toward supporting 
conventional technologies. For starters, the Alliance for 
Renewable Energy has a sign-on letter that can be sent to your 
representatives (see Access) to begin the citizen-lobbying 
process. Then don’t forget to tell your friends and neighbors 
about FITs via letters to the editor and even online social-
networking sites like Facebook and Twitter.

Access
Author Michael Welch (michael.welch@homepower.com) dreams 

of a nuclear-free and fossil fuel-free future that will come quicker 

with the help of RBIs.

Alliance for Renewable Energy •  

www.allianceforrenewableenergy.org • Take action to promote FITs

Wind-Works • www.wind-works.org • Paul Gipe’s repository of 

articles and commentary on FITs

Further Info on FITs:
World Future Council •  

www.worldfuturecouncil.org/arguing_fits.html

FITs email listserver •  

http://uk.groups.yahoo.com/group/feed_in_tariffs/
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Liquid Collectors 
for Solar Hot Water 
& Radiant Floor Systems

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

(800) 245-0311 • www.aaasolar.com • solarstuff@aaasolar.com

2021 Zearing NW, Albuquerque, NM 87014

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

AAA Solar Supply Inc.
Serving the Solar Industry Since 1979 FEATURING:

Also Featuring:

SUN AIRE 
 Air Collectors
 for Home Heating

Air
CollectorMounts

Backdraft
Damper Blower

Hot Air

Cold Air

Control
System

AAA Solar 125 working.indd   1 04/10/2008   9:53:24 AM

ELECTRO AUTOMOTIVE
Electric Car Conversions Since 1979

Books            Videos            Kits            Components

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

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

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

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

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

WWW.ELECTROAUTO.COM ELECTRO@CRUZIO.COM
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H ome Power  has never been a “disposable” magazine. But there’s 

nothing efficient or easy about paging through a shelf full of back 

issues in search of the information you need. Introducing our second 

edition archive DVD-ROM. Easy access...and a lot of extra shelf space.   

 131 back issues spanning 22 years. Every page, every article. 

 125 “Editor’s Choice” articles, extracted and categorized for easy reference.

 Comprehensive bookmarking and linking for easy navigation.

 Portable, searchable, printable PDF files.

 Includes a one-year HomePower.com membership, enabling you to keep your archive 
complete with subsequent published issues of Home Power.

$75. Free shipping to all destinations. To order, visit homepower.com/ArchiveDVD 

or call 800-707-6585 or 541-512-0201. Adobe Reader software required. 

...includes a
fold-out gallery
of Home Power

covers! 

NEWEDITION
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125 “Editor’s Choice” articles, extracted and categorized for easy reference.
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expensive. I’m crafty, but sewing up some window shades 
was a daunting proposition for a non-seamstress like me. 
Thankfully, Warm Window promised a non-sewing work-
around.

I had to think about constructing the insulated shades for 
a couple of days just to work up my courage. This was going 
to be an expensive commitment and I was still doubtful about 
my success in taking the non-sewing approach. I decided I 
would give it a go, as the broken shade was a daily hassle 
to carefully, but not completely, raise and lower. The site 
offered an assembly manual, which I printed. There were the 
instructions and a worksheet to work out exactly what and 
how much materials I would need for our big front window. I 
took the required measurements and then plugged them into 
the worksheet formulas.

Order Up
I needed to buy enough decorative fabric to cover the entire 
window, with a little extra on both sides. The next item I 

Continuing our effort to use fewer resources to heat and cool 
our 1960s-era home, my husband Bob-O and I decided to make 
a “Warm Window” shade for the large, 5- by 8-foot picture 
window in our living room. Although we upgraded it from a 
single to double-pane unit 19 years ago, it still was a significant 
source of heat gain and loss through the seasons.

It’s Curtains for Me
For the last 13 years, this window has sported a paper 
honeycomb shade, which was fairly efficient at keeping the 
heat in during the winter and keeping the house cooler in the 
summer. Recently, though, one of the internal support cords 
broke. Those shades are very expensive, especially such a 
large one, so I tried every way I could to fix it, to no avail. 
Then Bob-O came across the Warm Window insulated shade 
system during an Internet search.

That sounded great, but here’s the thing: You can’t just 
buy one. You have to make it yourself. Several companies 
will sell you the components, but those components are also 
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needed was the Warm Window fabric, which consists of four 
layers of material: a lining of lightweight cotton cloth; thin 
polyester batting; a reflective polyethylene vapor barrier; 
and a reflective poly film with air-trapping fibers. This is all 
quilted together, with the seams running horizontally the 
length of the fabric in 3.5-inch-wide rows. It comes in 65-inch 
and 45-inch widths, so my huge window required piecing a 
length of each together.

Also needed are many little plastic rings (96, for my job), 
which act as guides for the large amount of cordage needed to 
thread the mechanism that raises and lowers the shade. Along 
the sides of the shade are 3-inch-long magnetic strips (one 
between each quilt line), to line up with the long magnetic tape 
you fasten along each side of the window. Oh yes, and a small 
metal pulley, a 1-foot-wide by 2-inch-thick board the width of 
the window, and enough eyebolts to place one every 12 inches 
along the board, above each line of little plastic rings for the 
draw cords. The last item I purchased was enough sticky-
backed Velcro to span the top of the curtain on its top back 
edge, with its mating side spanning the fabric-covered board.

I drove the 50-plus miles to the fabric store—by myself—
to choose the cover cloth. I could not let Bob-O pick the cover 
cloth. I may be paranoid here, but this man has no fashion 
sense—I even pick out all his clothes. What if he picked a 
plaid? Yikes! After all, we were going to be staring at the 
decision for years to come.

I had measured and calculated for a 65-inch-wide bolt of 
cloth, but the only acceptable pattern to my discerning eye, a 
brown background with green palm fronds, was on a 45-inch-
wide bolt. I explained the problem to the salesperson, who 
pointed me to a conversion table for just that issue. I got the 
recommended length, plus another half yard just in case.

Construction Zone
The Warm Window cloth, metal pulley, nylon cord, and 
magnetic strips arrived shortly after ordering them. I started 
to lay out the cover cloth, which required emptying the living 
room to use the floor. I marked off the measured corners with 
masking tape, and then discovered I was short 30 inches of 
the cover material. It was another two weeks before I could 
get to town to get what I needed. Thankfully, the bolt had 
enough fabric, but not much more. The clerk gave me the rest 
of the bolt for half price. (I figure to make a matching couch 
bolster with the leftovers.)

Some stuff called Steam-a-Seam 2 was recommended for 
non-seamstress types. To use it, you need a steam iron, so 
I dug in my back closet and found mine gathering dust. A 
little gadget known as the Buttoneer was my next purchase. I 
would use this to attach all the itty-bitty plastic rings.

Now, I did my best to follow Warm Window’s Six Simple 
Steps. I labored, hunkering down on my hands and knees, 
for two days. It started with cutting, pinning, and then steam-
ironing seams shut. Then I had to place the little magnetic strips 
in the right sequence and all in the same direction on each side. 
Two panels of the cover cloth could not easily be joined with the 
Steam-a-Seam, so I ended up hand-sewing the entire length.

I will say here that nothing turned out or was as easy as it 
had been purported to be. The Steam-a-Seam was supposed 

to provide a temporary bond between two pieces of fabric—
and become permanent when you steam-ironed it. But with 
the fabric I used, there was no temporary bond, so I was 
forced to do all my ironing in the living room on my hands 
and knees, with a piece of cardboard under the material to 
prevent melting our rug. Once I steamed the seam, it did hold 
well, though. I had to practice several times to get the hang of 
the Buttoneer contraption to attach all my little plastic rings. 
But I was victorious there as well.

The small magnetic strips had little arrows on them so 
you could be sure to place them in the right direction. The 
whole drape was inside-out when I attached the magnetic 
strips. When I turned it right-side out, the strips were inside 
the overlap of the cover cloth on each side, and magnetically 
facing the right way. I was very pleased.

I covered the board with extra cloth using white glue 
brushed on and dried in the sun. Once the glue was dry, I 
attached the metal pulley on one side of the board, placing 
the eyebolts every 12 inches across the bottom of the board. I 
adhered the Velcro tape to the bottom front of the board, then 
stapled it down.

I attached the drape to the mounting board, mating the 
Velcro strips. I strung the nylon cord, starting at the bottom 
ring in each row, threading the cord up through each ring, 
then along the bottom of the board through each eyebolt, and 
finally through the pulley at the end. As I worked across the 
drape, each cord was successively longer and the cord bundle 
coming through the pulley was fatter. When I had finished 
threading, I pulled down each cord from the pulley until the 
tension was equal on each and tied them all into a knot near 
the pulley. Then I braided the dangling mass of cords into 
submission and order.

Curtain Call
Standing on a kitchen chair, I attached the anchor board to 
the wall above the window with deck screws. I wanted to 
surprise Bob-O with the finished Warm Window when he got 
home that day. I got my roll of sticky-backed magnetic tape 
and ran a strip down each side of the window to mate with 
the little strips in the shade. I was very careful to check the 
orientation of the magnetic attraction so they would mate and 
not repel each other.

It all worked. We have to carefully raise the shade and 
help it fold correctly as we raise it, but that will become 
easier as the material gets a memory and folds in the right 
places more easily. I’m glad I attempted the largest window 
first. Even though it was a more painful process, it will make 
the biggest difference in energy savings, keeping the house 
cooler in summer and warmer in winter. Making shades for 
the smaller-sized windows will be easier with my learned 
experience, but I won’t be tackling those for a while. Now, the 
bigger question remains: Do you think I can make that couch 
bolster with a glue gun? [Ed. Note: Yes, we do.]

Access
Kathleen Jarschke-Schultze (kathleen.jarschke-schultze@homepower.

com) is keeping her cool at her off-grid home in northernmost 

California.
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SNAP-FAN

THE GREEN FAN

DC POWERED VENTURI FANS  

HIGH OUTPUTHIGH OUTPUT

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.         

ENGINEERING EXCELLENCE- The Snap-Fan motor continously and reliably captures max solar for optimal air flow. 

CLEAN ENERGY = MONEY $AVING$- Reduce energy consumption during the hottest times of day. Great R.O.I. 

HIGH OUTPUT SOLAR DIRECT VENTILATION

SNAP-FAN
PO BOX 1250 

REDWAY, CA. 95560
P: 707 923 4900 
 F: 707 923 2008

Expert Solar Design, 
Unsurpassed Customer Service 
Whether you are looking for a solar system to power your entire 
home, or a small system to provide back-up during a power 
outage, the sales and design team at Innovative Solar Solutions 
brings the experience and commitment to service that instill 
confidence in our customers.

 Solar Water Pumping Systems
 Inverters, Charge Controllers and Batteries
 Large Selection of Solar Panels
 Complete Systems – Grid Tied & Off Grid Systems

2725 WESTINGHOUSE BLVD., SUITE 100, CHARLOTTE, NC 28273

Toll-Free
866-856-9819 

innovativesolar.com

We carry all major brands: 

Sharp, Kyocera, 
Grundfos, Outback, 
Conergy 

an SC Solar Company

Energy Efficient
Refrigerators and Freezers
Available in 12/24 VDC or new 12/24 VDC / 120 VAC
Runs on 70 watt panel and 110 amp/hr battery in most climates!
Features:
 Thick polyurethane insulation
 Patented low frost system
 Automatic operation
 Easy to clean interior
 Interior light Contact us at (915)821-0042

www.SunDanzer.com | info@SunDanzer.com

Visit us at SOLAR POWER INTERNATIONAL 2009 - Booth 3072!
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Or visit us online at: www.ElectricCarCorp.com
Call us today at (801) 566-7744

The future is powering your 
vehicle with total electric 

renewable energy!

 •  We can convert a light truck using our standardized system
 •  We offer you the best complete conversion kits and components
 •  Get certiied with our hands-on EV conversion training seminar

The Electric Car Company of Utah is ready to help!
Are you ready to take the next step toward energy independence?

Off-Grid & Remote Solar Specialists
• 10 years off-grid  installation experience
• Electrical schematics
• Customer Service - Monday-Saturday

Get answers from people who 
live with renewable energy:

Toll free: 888-782-0706
www.apxsolar.com

Solar Energy Pure and Simple

• Packaged systems,        
   fully programmed and    
   ready for operation

Design, Sales, Installation and Support for Do-It-Yourselfers

TR 0603mc U

6 inputs, 
3 outputs

Energy-metering
Designed for code compliant 
 installations
Labor saving
Pre-wired for plug-and-play
ETL approved, tested to 
UL standard
Designed specifically for 
American market













Steca Elektronik GmbH | Germany | To purchase, contact: SUNEARTH Inc. | Phone (909) 434-3100 | www.sunearthinc.com

NEW*

*also new – TR 0502 U
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Send your renewable energy event info to happs@homepower.com

U.S.A.
Oct. ’09. Everywhere. National Solar Tour of RE 
homes & businesses, organized locally. Info: 
American Solar Energy Society • www.ases.org

CALIFORNIA
Oct. 27–29, ’09. Anaheim, CA. Solar Power 
2009. Conf. & expo. Info: SEIA • 202-296-1688 • 
www.solarpowerconference.com

Arcata, CA. Workshops & presentations on RE 
& sustainable living. Info: Campus Center for 
Appropriate Technology • 707-826-3551 •  
ccat@humboldt.edu • www.humboldt.edu/~ccat

Hopland, CA. Workshops on PV, wind, hydro, 
alternative fuels, green building & more. Solar 
Living Institute • 707-744-2017 •  
sli@solarliving.org • www.solarliving.org

COLORADO
Paonia, CO. Workshops & online courses on 
PV, water pumping, wind, RE businesses, 
microhydro, solar hot water & more. Info: Solar 
Energy Intl. • 970-963-8855 •  
sei@solarenergy.org • www.solarenergy.org

ILLINOIS
Oct. 8–Nov. 5, ’09. Skokie, IL. Wind Power 
Basics. Class meets on Thursdays. Info:  
www.oakton.edu/all

IOWA
Iowa City, IA. Iowa RE Assoc. meetings. Info: 
319-341-4372 • irenew@irenew.org •  
www.irenew.org

KENTUCKY
Oct. 24–25, ‘09. Lexington. Bluegrass 
GreenExpo. Workshops & expo on RE, 
efficiency, green building, etc. Kids’ expo. Info: 
Bluegrass Greenworks · 859-523-4773 ·  
www.bluegrassgreenworks.org

MASSACHUSETTS
Hudson, MA. Workshops: PV, wind & solar 
thermal. Intro to advanced. Info: AltE University • 
http://workshops.altenergystore.com

MICHIGAN
West Branch, MI. Intro to solar, wind & hydro. 
First Friday of each month. Residential system 
design & layout. Info: 989-685-3527 •  
gotter@m33access. com •  
www.loghavenbbb.com

MISSOURI
Gerald, MO. Workshops on energy efficiency, 
PV, wind, solar heating & more. Info: Evergreen 
Institute • info@evergreeninstitute.org •  
www.evergreeninstitute.org

New Bloomfield, MO. Workshops, monthly 
energy fairs & other events. Info: MO RE •  
800-228-5284 • info@moreenergy.org •  
www.moreenergy.org

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

NEW MEXICO
Oct. 22–Nov. 19, ’09. Deming, NM. Home-Made 
Solar Electricity. Class meets on Thursdays. 
Info: Mimbres Valley Learning Center •  
575-546-3158

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

OHIO
Cleveland, Cincinnati, etc. Workshops & RE 
events throughout the state. Info:  
www.greenenergyohio.org

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

TENNESSEE
Summertown, TN. Workshops on PV, 
alternative fuels, green building & more. Info: 
The Farm • 931-964-4474 •  
ecovillage@thefarm.org • www.thefarm.org

TEXAS
El Paso Solar Energy Assoc. Meets on the first 
Thursday of each month. Info: EPSEA •  
915-772-7657 • epsea@txses.org •  
www.epsea.org

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

WASHINGTON STATE
Guemes Island, WA. SEI ’09 workshops. 
Oct. 19–24: Advanced PV; Oct. 26–31: EV 
Conversion. Info: See SEI in Colorado listing. 
Local coordinator: Ian Woofenden •  
360-293-5863 • ian@solarenergy.org

WISCONSIN
Custer, WI. MREA ’09 workshops: Basic, int. & 
adv. RE; PV site auditor certification test; veg. 
oil & biodiesel; solar water & space heating; 
masonry heaters; wind site assessor training & 
more. Info: 715-592-6595 • info@the-mrea.org • 
www.the-mrea.org

Amherst, WI. Artha ’09 workshops: Intro 
to Solar Water & Space Heating Systems; 
Installing a Solar Water Heating System; Living 
Sustainably & more. Info:  
715-824-3463 • chamomile@arthaonline.com • 
www.arthaonline.com

INTERNATIONAL
CANADA
Downsview, ON. Workshops on RE, PV, wind, 
SHW, green building, efficient heating & more. 
Info: www.kortright.org

COSTA RICA
Jan. 2–10, ’10. Mastatal. Solar Electricity for the 
Developing World. Hands-on workshop. See 
SEI in Colorado listing. Local coordinator: Ian 
Woofenden • 360-293-5863 •  
ian@solarenergy.org

RE happenings
SOLAR WATER HEATING

IT’S ALL IN THE
VACUUM

26 years
of industry leadership

zev@solarthermal.com
Call Toll Free

1-888-923-9443
Ask About Dealerships

New Mazdon HP 200 System

26 years

Commercial • Residential 
Solar Radiant Floor

• Save up to 80% on 
Heating bills

• All weather performance
• Low Maintenance

Temperature Limited 
Condenser

zev@solarthermal.comzev@solarthermal.com

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

Up to 45 amp output current• 
500 watt PV input• 
Universal PV input 12 to 48 volts• 
12, 24 or 48 volt output• 

BZ Products, Inc.
314-644-2490 • www.bzproducts.net • bzp@bzproducts.net

7914 Gravois, St. Louis, MO 63123, USA

BZ Products 
Model MPPT250
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% ef cient• 
Digital metering• 

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

800-522-8863 • GeoBulb.com

• 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®3
5-Year 24/7 Warranty

• Only Uses 3 Watts!
• Equivalent to 20 Watt Halogen
• 12 Volt AC/DC • No Mercury or Lead
• Available in Cool White, Warm White

NEW! GeoBulb® MR16
5-Year 24/7 Warranty

LED LIGHT SAVES POWER

Ad.CraneHomePower1009_qtrpg_Bulb_MR16.qxd:C.Crane_HomePower  8/4/09  11:25 AM  Page 1

Sun Frost
Energy Efficient  

Refrigerators & Freezers

Customized To Fit Your Needs

4	Available in DC  
or AC

4	Select From Over  
10 Models

4	Choose from 1000’s 
of Colors, Finishes  
& Woods

“Higher efficiency standards for refrigerators  
have saved the equivalent of all the energy  

generated in the US by wind and solar.”
Dr. Chu, US Secretary of Energy

Please Contact Us For More Info
P.O. Box 1101, Arcata, CA 95518

tel: (707)822-9095 • fax: (707)822-6213  
info@sunfrost.com • www.sunfrost.com



home power 133 / october & november 2009124

Phone: 877.669.0123  *  Fax:  843.795.2335
www.Palme�oAirQuality.com

Pa lme    o  Ai r-Q ua li ty  Soluti on s

Save Some $ Green $

ESUN 

For more info about                      contact:ESUN 

Connect your solar 
hot water to your 
furnace and get more 
bang for your buck 
with...

Specializing in photovoltaic 
system design of any type.

Call one of our solar design 
technicians for system design 

or visit our web store for thousands 
of renewable energy products.

800-383-0195

http://store.solar-electric.com
4091 E Huntington Dr • Flagstaff, AZ 86004

Providing renewable energy since 1979

Off Grid?  Have flowing water? 
Light up your life!

Energy Systems & Design
“Innovative turbines since 1980”

Manufacturing cost-effective 
water powered generators

For more information: 
www.microhydropower.com

506-433-3151

Low head turbine:
Works with heads • 
of 2 to 10 feet 
and large  ows
Low  ow • 
runner option

Higher head turbine:
Operates at heads • 
of 10 feet and up
High output wheel • 
option for heads 
over 50 feet

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 to 1KW • 
or more at best sites

Stream Engine

LH1000

Buy Direct 
from the Source

order autographed books online, call or write
www.PixyJackPress.com

call (303) 810-2850    |    PixyJack Press  •  PO Box 149  •  Masonville, CO 80541

NEW  A straight-talking guide 
for grid-tied homeowners
 photovoltaics
 wind electricity
 solar water heating
 passive solar 
 geothermal heating/cooling

Got Sun? Go Solar 2nd edition 

$20  FREE SHIPPING

Grab this book and explore your 
green energy career options

solar & wind energy     bioenergy 
geothermal      hydrogen energy

hydropower      green building
green transportation      and more

Careers in Renewable Energy

$20  FREE SHIPPING

Grab this book and explore your 
green energy career options

  bioenergy 
   hydrogen energy

   green building
and more

Careers in Renewable Energy

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

COMBINE SCIENCE & HANDS-ON TRAINING
FOCUS ON PHOTOVOLTAIC DESIGN AND INSTALLATION

TWO YEAR A.A.S. DEGREE OR
ONE YEAR CERTIFICATE PROGRAMS

BOTH EMPHASIZE FULL N.E.C. COMPLIANCE
PLEASE VISIT US ONLINE AT www.sanjuancollege.edu/reng

BLAZE NEW TRAILS
WITH A RENEWABLE ENERGY DEGREE

$1260 OUT-OF-STATE &
$576 IN-STATE / SEMESTER

BE A PIONEER IN

RENEWABLE
ENERGY
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marketplace

Marketplace Advertising
Rates: $2.50 per word. $50 minimum 
per insertion, paid in advance of 
publication. Submit your ad to 
marketplace@homepower.com or 
call 800-707-6585.

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• HP13302

FOLLOW THE SUN! Light seeking single 
and dual axis solar tracker controls. 
www.theanalogguy.com • HP13303

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. • 
HP13304

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 • 
HP13305 

PORTABLE AND STANDBY 
GENERATORS from Honda, Yamaha, 
Winco, and More + Wireless Remote Start 
Available. www.hayesequipment.com 
1-800-375-7767 •  HP13306

I AM A SOLAR WHOLESALER looking 
for retailers to carry my solar electronic, 
educational & hobby goods. Phone # 
(916) 486-4373. Please leave message. •  
HP13307

EDTA RESTORES SULFATED BATTERIES. 
EDTA tetra sodium salt, $16/lb. plus 
$8 S&H for 1st lb. plus $10 S&H for 
2+ lb. Trailhead Supply, 325 E 1165 N, 
Orem, UT 84057, (801) 225 3931, email: 
trailheadsupply@webtv.net, info at: 
www.webspawner.com/users/edta • 
HP13308

HYDROELECTRIC TURBINES: Custom 
sized runners 50W-500kW, 82-400mm 
diameter, stainless investment castings 
and molded plastic, from $120, site 
analysis spreadsheets, www.h-hydro.com 
• HP13309

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 • HP13311

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 
• HP13310

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 
• HP13312

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 • 
HP13313

LED bulbs from CCrane at discount 
prices. Many styles available in 12V and 
120V. radiantsolartech.com 707-485-8359 
• HP13314

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 • HP13315

EDTA (tetra sodium salt),$10/lb. plus 
$8.00 s&h 1st lb. or $10 for 2-10lbs. 
Northern Michigan 1-231-548-5482 or 
dpretzer@centurytel.net • HP13316

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 http://hpmag.
org . Please, only school librarians may 
apply • HP13317

YOUR RAINFOREST HOME POWERED 
RETREAT, on a Caribbean island. 
Beautiful beaches, fantastic diving. 2.5 
acre lot, tropical hardwoods. $60K http://
www.homepowercozumel.org/ • HP13318

12 - ROLLS BATTERIES - 2KS-33PS 
with connectors and Hydrocaps.  Built 
one house. Never dropped below 90%. 
$5,800, Ellensburg, WA 206-550-6994 • 
HP13319

GREEN ENERGY INVESTMENT!  2.5 acre 
California Wind Farm for Sale. Receive 
longterm income from major wind farm 
developer. No maintenance, high paying 
lease.  $20,000 John 619-347-0347 • 
HP13320
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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 produces 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!

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

To learn more about the entire S-5! line of attachment solutions and  
the S-5-PV Kit visit us at www.S-5.com or call us at 888-825-3432 

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

The original Solar Pathfinder  
with its reflective properties 

gives an excellent “instant solar 
blueprint” of the prospective site. 

Now, the NEW Solar Pathfinder 
Assistant software, and 
your digital camera, carry 
that shading information 
into a concise, thorough, 

professional-looking solar site 
analysis report in just seconds.

Solar Pathfinder Assistant: 
automatically adjusts for magnetic 

declination, latitude, azimuth, tilt angle, & 
tracking mode (fixed, 1-axis, 2 axis); 

automatically does yearly energy computations using included NREL data 
(no internet connection necessary); displays “before/after” results of 
removing obstructions; and creates professional-looking reports!

The BEST Tool for Solar Site Analysis

JUST GOT BETTER!
USER FRIENDLY, 
FAST & ACCURATE!

SolarPath 125 working.indd   1 04/10/2008   10:07:36 AM

FreeFuelForever.com   
Quality Solar Water Heaters 

 
USA     
 417 818 6057 MO 
443 321 9885  MD 

 
Canada    
604 740 9864  BC 
604 796 2649 BC 
519 902 1289 ON  
902 637 8217 NS 

 
 
 

971 50 289 0882 Dubai 
www.freefuelforever.com 

Dealer inquiries welcome 
info@freefuelforever.com 

High Efficiency 
Complete systems 
3 hour installation 
No moving parts 
Corrosion-proof 
Freeze-proof 
From $33/tube 
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THINK THERMAL-
THINK SUNEARTH

www.sunearthinc.com

Quality Solar Energy Products

SunEarth, Inc.
8425 Almeria Avenue, Fontana, CA 92335

(909) 434-3100, FAX (909) 434-3101
Distributor inquiries welcome.

The Empire Series Liquid Flat Plate Collector
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Precision Wedge Wire 
Coanda Screens

for Hydro, Agricultural, and 
Domestic Diversions from 

10 gpm to 500 cfs

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

box mountings

– We specialize in creatively engineering solutions  
for your unique hydro diversion screening needs.

– Our solutions are cost effective with numerous 
screen mounting options; we also have  
durable 304 SS mounting boxes.

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



 



 

 


 
 
 


 

 

RAE Storage Battery Company
Renewable energy does not mean continuous energy...
Therefore you must have dependable, reliable batteries...
Rolls, the world’s best.

• Unsurpassed cycling
• Industry’s largest liquid reserve
• 12 year average life span
• 7 year warranty

Since 1946 the RAE Battery Co. 
has proudly provided knowledgeable, 
honest, prompt sales and service 
world-wide.

Solar Batteries

Phone 860-828-6007
Fax 860-828-4540
POB 8005, Berlin, CT 06037
Fax 860-828-4540

Therefore you must have dependable, reliable batteries...

Phone 860-828-6007
Fax 860-828-4540
Phone 860-828-6007
Fax 860-828-4540
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Arizona

California

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

Acro Electric is a full service electrical contractor 
specializing in solar power. We provide turn-key solutions 
for PV, standby power, LED lighting, and more. Approved by 
the League of California Homeowners (www.homeowners.
org) & Better Business Bureau (www.midcalbbb.org). Free site 
analysis & brochure. (866)711-ACRO • www.acroelectric.com 
Quality installations backed by 32 years electrical experience.

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

EV Solar Products, Inc. Licensed solar professionals 
since 1991. We design and install solar electric and hot 
water systems for grid-tie and remote homes. Visit our retail 
showroom just north of Prescott at 2655 N US Hwy 89. Chino 
Valley, AZ 86323 ROC Licenses: 129793/118299. 928-636-2201.

Apex, Apex Solar Specializing in residential off grid and 
remote commercial solar power. We provide system design, 
sales and turn key installation. For do-it-yourselfers,  we 
can help with wiring diagrams and 10+ years of off grid 
experience. Licensed contractors in California call us toll free 
at 888 782-0706 or visit us at www.apxsolar.com

Rocky Grove Sun Company has been serving NW 
Arkansas and the surrounding region since 1986. Design, 
installation and consultation with two NABCEP certified 
installers:  Flint Richter and Jimis Damet with over 35 years 
combined experienced in PV stand alone & grid-tied, wind and 
hydro. Located in the heart of NW Arkansas Ozarks. Contact us 
at 479-665-2457 or info@rockygrove.com www.rockygrove.com

C & R Solar Quality design, sales and installations of 
solar/wind power systems to meet your application. Serving 
northwest Arizona since 1989 for remote homes and grid 
tied systems. Living off grid since 1980. We achieve customer 
satisfaction with over 25 years of experience in renewable 
energy.  ROC135882. 928-757-7059.

Arkansas

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.

Delaware

Colorado
Eco Depot USA Specializing in education, design, sales and 
installation of solar electric, solar thermal and wind systems. 
Committed to providing professional service for residential, 
commercial, agricultural and school projects. Started in 1995, 
under EcoBuilders.com, a sustainable building company, and 
living with solar since 1989. 719-539-6000, 877-ECO-DEPO  
www.EcoDepotUSA.com

IDC Solar Exclusive products like the Guy-wireless 
Towers, Modular Wiring Unit and Automatic Battery 
Watering System for code compliant, worry-free hybrid 
renewable energy systems. We install locally or nationally. 
Complete licensing for all residential and commercial devices. 
Skystream turbines & towers up to 50’ now available.  
928 636-9864 or idcllc@northlink.com • www.idcsolar.com

Namaste Solar, • Transforming Energy. Transforming 
Business.Namasté Solar works in Colorado to propagate the 
responsible use of solar energy, pioneer conscientious business 
practices, and create holistic wealth for our community. With over 
3 MW installed since 2005, we maintain exceptional standards of 
environmental stewardship, customer satisfaction, and community 
philanthropy. 303-447-0300 • NamasteSolar.com

For more information or to get your business listed in Home Power’s Installers 
Directory, e-mail advertising@homepower.com.

Sunlight Solar designs and installs turn-key commercial 
and residential solar electric systems for your convenience. 
We are a certified installer under Connecticut, Massachusetts, 
New York and Rhode Island solar programs, and we’re the 
proud recipient of SunPower’s Intelegant Award in 2008! Call 
(203) 878-9123 or visit www.SunlightSolar.com to schedule a 
FREE site survey!

Connecticut

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

California, cont.

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.

groSolar, a leading installer of solar electric and hot 
water systems, has locations in California from San Diego to 
Berkeley, and a nationwide network of installers. Founded in 
1998, groSolar offers solar power systems for a little as $1000 
down. We make solar power simple, so you can plug into 
solar power today.866.GRO.SOLAR | groSolar.com



www.homepower.com

installers directory

131

Florida

Montana

Creative Energies Powerful solutions for your energy 
needs. NABCEP certified, electrical contractor. Sunpower dealer. 
All major brands. Consulting, design, sales, & installation for 
commercial & residential projects. Specialize in photovoltaic & 
small wind systems both on & off grid. Let us custom-design a 
system that meets your needs & budget. 208-354-3001  
info@creativeenergies.biz • www.creativeenergies.biz

Idaho

Massachusetts

Nexamp, Inc. is a full service clean energy solutions 
company for homeowners, businesses & government clients. 
Nexamp specializes in solar, wind, geothermal, & energy 
efficiency. Nexamp performs site assessments, financial analysis, 
design, permitting, installation & maintenance services. Learn 
more about how Nexamp can make clean energy simple & 
profitable for you at 978-688-2700 or at Nexamp.com

Oasis Montana Inc. designs and sells renewable energy 
power systems in North America and also offers efficient and 
LP gas appliances. Call to discuss your project. 877-627-4768 
or 4778. Web sites: www.oasismontana.com, www.grid-tie.
com,  www.PVsolarpumps.com, www.LPappliances.com, 
www.eco-fridge.com, E-mail: info@oasismontana.com

Allsolar Service Company Inc., Allsolar is a Florida 
based design-build solar contracting firm specializing in solar 
pool heating, solar water heating, and solar electric systems 
for residential, commercial and industrial applications. Free 
Estimates. Harnessing the sun’s energy since 1974.  
www.allsolarflorida.com 1-888-6solar-1 CVC056657 Joshua 
Bessette

Solar-Fit is one of Florida’s oldest active solar contractors. 
Established in 1975, International Sun Protection, Inc. (dba 
Solar-Fit), has helped over 8,000 families and businesses 
“Plug into the Sun”. Call (386) 441-2299 for FREE information 
on solar electric, solar pool and solar hot water systems, and 
solar attic fans, or visit us on the web at www.solar-fit.com 
State Certified Solar Contractor #CVC56690.

Maine

New Mexico

Positive Energy, Inc. High quality residential and 
commercial solar electricity systems. Grid-tied, off-grid, and 
battery backup systems. Licensed, bonded, insured electrical 
contractors serving NM since 1997. Five owners are NABCEP 
certified installers; five members live on solar power; +E is 
carbon neutral. (505) 424-1112 info@positiveenergysolar.com 
www.positiveenergysolar.com

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.

Valverde Energy: Putting the Sun to Work for You! 
Specializing in high quality turn-key solar thermal & pv systems. 
We install, maintain & troubleshoot for residential & commercial, 
new & existing (retrofit) construction. Professional, NABCEP 
certified installers, licensed, bonded, & insured. Excellent customer 
service. References available. Taos: 575-751-0060; Santa Fe: 505-466-
8000. info@ValverdeEnergy.com; www.ValverdeEnergy.com

Atlas Solar Innovations, 877-299-SOLAR/www.atlas-solar.
com Solar Equip. Distributor ,Florida- Lic.Solar/Roofing Contractor/
PV/Solar H. Water/Solar Pool Heating/Energy/Site Survey/
Design/Eng./Permitting/Installation/Incentives/Roof Assessment/
Warranty/Insured/W. Comp/FSEC Approved Systems/Miami 
Dade Approved systems LIC #CV56733 LIC #ER0015201 LIC 
#QB0001570, CC#000016332, CCC1326337 rr@atlas-solar.com

Benchmark Solar Grid-tied and off-grid Solar and Wind 
Solutions from design through installation for residential and 
commercial buildings. NABCEP Certified Installer on staff, 
Master Electrician licensed in Maine, NH and MA. We serve 
the Island Communities and provide excellent upgrades 
and maintenance. Call 1-800-9SOLAR1 (976-5271) www.
benchmarksolar.com

Solar-Ray, Inc. Florida’s premier photovoltaic system 
designer and integrator. 100% customer satisfaction. 
Commercial, Residential, straight Grid-Tied, Grid-Tie with 
backup, Stand Alone systems and DC systems. 7+ years of 
Photovoltaic’s experience with over 200 systems operating 
at or above rated power. NABCEP, FSEC and SMA Certified 
407-443-4404. www.solar-ray.net

ECS Solar Energy Systems (tel) 352-377-8866  
www.ECS-solar.com / tom@ECS-solar.com We service FL, the 
Caribbean and the Southeastern U.S. FL's first solar contractor 
since 1977. Solar pool heating, hot water, and electric systems 
–commercial & residential. Solar lic. # CVC056643 Florida 
state certified for "grid-connected" systems. Contact us now 
to receive a free solar informational booklet.

Prairieland Wind and Solar A full service renewable 
energy company offering consultation, design, finance, 
and installation. Located in Central Illinois but offering 
nationwide service. Visit www.prairielandwindandsolar.com 
to view our farm/business powered by a 10kw wind turbine 
and 12kw of solar panels. Put your trust in us, you will not be 
disappointed. Ph. 217-864-2525.

Illinois

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

Nevada

AY Solar Owner Andy Young NABCEP Certified Solar PV 
Installer™, located in southern tier of NY State. NYSERDA 
eligible installer since 2004. On-grid, off-grid, & battery 
backup systems serving central and western NY. 607-760-8176 
info@ay-solar.us • www.ay-solar.us

New York

North Carolina
Alternative Energy Concepts, Inc is a professional 
full service design and installation company. With a focus on 
PV, solar hot water heaters and small wind turbines, we strive 
to maximize our customer’s investment and maintain their 
enthusiasm by providing quality, care and fair pricing. Financing 
available. www.alternativeenergync.com or call 910-423-7283, fax 
910-485-4879.

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

AAA Solar Source Since 1984, Largo, FL full line 
contracting PV & thermal. Installation services available 
without geographic limitation. We specialize in large projects 
and have over 30,000 local residential customers. Distribution 
center offers pre-engineered kits Thermal, PV 2.1 to 25.2kW. 
Installation training Solar Source Institute 1-888-876-SOLAR / 
www.SolarSource.net

New Jersey

Massachusetts, cont.

groSolar, a leading installer of solar electric and hot water 
systems, has multiple locations in Massachusetts and a 
nationwide network of installers. Founded in 1998, groSolar 
offers solar power systems for a little as $1000 down. We 
make solar power simple, so you can plug into solar power 
today. 866.GRO.SOLAR | groSolar.com

GARDEN STATE SOLAR, LLC, 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 @gssolar1@aol.com
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South Carolina

Utah

Oregon

Washington

Virginia

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

Creative Energies Powerful solutions for your energy 
needs. NABCEP certified, electrical contractor. Sunpower dealer. 
All major brands. Consulting, design, sales, & installation for 
commercial & residential projects. Specialize in photovoltaic & 
small wind systems both on & off grid. Let us custom-design a 
system that meets your needs & budget. 866-332-3410  
info@creativeenergies.biz • www.creativeenergies.biz

Wyoming

Argand Energy Solutions is a licensed, full-service 
provider of solar PV, solar hot water, & wind system design 
and installation. Lead installer Chris Salmon NABCEP 
Certified Solar PV Installer®, NABCEP Certified Solar 
Thermal Installer®; residential, commercial, government 
customers in NC, SC, GA. Visit www.argandenergy.com or 
call (877) 939-9599, info@argandenergy.com

Belmont Solar A full service licensed solar contractor 
specializing in PV and solar hot water. Complete design and 
installation services. Located in Lancaster County PA. Servicing 
PA, MD, DE & NJ. Visit: www.belmontsolar.com call: 717-768-
7796 Where quality workmanship comes standard.

Pennsylvania

Tennessee

Solar Unlimited Energy & Homes, Inc. Serving 
Southern Utah, Eastern NV and Northern AZ since 1998. 
Providing sales, service and installation of all your alternative 
energy needs, including PV, Wind, Net-Metering, Off-Grid, 
Batteries and Generators. We are also an Authorized Xantrex 
Service Center. Licensed & Insured. Call toll free 866-solar99 
or visit www.solarunlimited.net

Sunlight Solar Energy is Oregon’s only SunPower 
Premier Dealer! We provide the highest quality system design 
and turn-key installation of grid-tied solar electric, solar hot 
water, radiant floor, and pool heating systems for homes 
and businesses throughout Oregon. Energy Trust Trade Ally. 
CCB#158922. Phone: 541-322-1910 or visit us at  
www.SunlightSolar.com

Virginia Renewable Energy A division of Schulz 
Homes Corp has been serving Northern Virginia since 1987. 
We specialize in building Hybrid Homes using Renewable 
Energy Systems, including grid-tied Solar PV. We also retrofit 
Solar PV to existing homes and businesses . 5 N. Hamilton 
St., Middleburg, VA 20017. Learn more at www.schulzhomes.
com/solar. Email: info@schulzhomes.com. Call 540-687-3367

SunBeagle is a brand of SECCO, Inc. We are a full service 
and licensed solar contractor specializing in Hot Water & 
PV. Complete design and installation services. Servicing 
the Greater Harrisburg Area & Cumberland Co. We service 
residential and commercial customers. Visit SunBeagle.com - 
Call us 800-730-2142 – Email us info@SunBeagle.com

SunPower Energy Casper, WY. Design, installation & 
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, 
Skystream wind turbines. Skystream Servicing dealer. 307-
262-4647 (ph); 307-235-2525 (fax); sunpower.wy@gmail.com.

LightWave Solar Electric, LLC provides design, 
consultation, and turnkey installation of solar electric systems 
throughout TN and southern KY. With NABCEP-certified 
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.

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

DT I Solar Inc. Providing alternative energy systems since 
1992. We specialize in the more demanding off-grid as well as 
grid-tie solar power systems for up-scale homes and institutions. 
NABCEP certified installers on staff. Visit our solar retail 
store located between Richmond and Charlottesville, or our 
showrooms in Richmond and Roanoke. 804-457-9566  
www.dtisolar.com

Our readers continue to look to Home Power for referrals 
to RE installation professionals in their area. 

For more information or to get your business 
listed in HP’s installers directory, e-mail 

advertising@homepower.com.

RE Installer? Get Listed.

Third Sun Solar & Wind Power, Ltd. Ohio’s 
premier solar and wind power contractor.  Complete design 
and installation of utility tied or off-grid systems for OH 
and surrounding states. Serving commercial and residential 
customers. NABCEP Certified PV Installer committed to 
excellent customer service & the highest quality systems. 
www.third-sun.com 740 597-3111.

Ohio
REpower SOLUTIONS: Northeast Ohio’s renewable 
energy provider for home & business. Design & professional 
installation of solar PV & wind systems. Home energy ratings 
& small commercial energy audits. Erika Weliczko - NABCEP 
Certified Solar PV Installer, OH LIC #44844, Certified Home 
Energy Rater WEB: www.repowersolutions.com, EMAIL: 
power@repowersolutions.com PHONE: 216-402-4458

Argand Energy Solutions is a licensed, full-service 
provider of solar PV, solar hot water, & wind system design 
and installation. Lead installer Chris Salmon NABCEP 
Certified Solar PV Installer®, NABCEP Certified Solar 
Thermal Installer®; residential, commercial, government 
customers in NC, SC, GA. Visit www.argandenergy.com or 
call (877) 939-9599, info@argandenergy.com

North Carolina, cont.
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Free Help for our 
XW System Clients

Call Toll Free: 
800-222-7242
www.abrahamsolar.com

Including loan
of this $450 tool

Initial Setup

Firmware Updates

Troubleshooting

User Friendly Hydro Power

4040 Highland Ave. Unit #H • Grants Pass, OR 97526 • 541-476-8916 
altpower@grantspass.com

www.apmhydro.com

Now Featuring Permanent Magnet Alternators

Alternative Power 
& Machine 

Ordering or Information call

(269)-365-7744
www.brandelectronics.com

Brand Electronics
info@brandelectronics.com

New USB plug in meter, up to 1 gig of flash memory!

ONEMeter: Standard Features include Multiple AC or DC power 
channels, PC interface, internal logging.  Options include Web 
Interface, Weather Monitoring, and lots more.

4-1850WX: Special meter for Refrigerator Replacement 
Programs. Detects Defrost Cycle, displays cost/kWh-hrs/yr.
Other Models available. Check our website or call for details.

ONEMeter:

Things that Work!
Model 4-1850
Home Power #67 Digital Power Meters

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

All products are California 
CEC eligible meters

Break Free From the Pump
Enjoy the benefits of
driving electric and
declare independence
from expensive
foreign oil.
For more info, join
the Electric Auto
Association at
electricauto.org

© Manfred Geier

Attention School Libraries
Free subscriptions to Home Power  

for K-12 school libraries,  
no strings attached,  

from the nonprofit  
Redwood Alliance.

www.hpmag.org
1-800-806-7109

FREE ENERGY 

www.iloveebikes.comDealer Inquiries Welcome

ELECTRIC Bikes, Scooters, Cycles

BUY MANUFACTURER DIRECT

TM

HELPING THE DO-IT-YOURSELFER:
• Renewable Energy Components for:

Solar, Wind and Hydro
• Code Compliant Load Calculation and

System Design Service
• Pre-Wired Systems and Installation

Also Available

Workshop: 12010 W. HWY 290, STE 160, Austin, TX 78737
Website: www.mavericksolar.com

Questions: 512-919-4493



home power 133 / october & november 2009134

Harris HydroHarris Hydro
Hydro-Power for Home Use

Manufactured by Lo Power Engineering
P.O. Box 1567
Redway, CA 95560

Manufactured by Lo Power Engineering
P.O. Box 1567
Redway, CA 95560

Adjustable Permanent Magnetic  
Brushless Alternator 

•	 25	-	30%	more	efficient	than	Hi	Output	Alternator
•	 Marine	Grade	Construction	throughout
•	 Re-connectable	Stator
•	 Retrofittable	on	existing	turbine

Denis Ledbetter
707-986-7771

delejo@humboldt.net

Denis Ledbetter
707-986-7771

delejo@humboldt.net

Harris	Hydro	125	working.indd			1 04/10/2008			11:24:19	AM

IMAGES NOT TO SCALEIMAGES NOT TO SCALE

www.magnet4sale.com
Toll Free! 866-342-1300
1108 Summit Ave., Plano, TX 75074

Blades & Hub
Magnets
Magnet Wire
Batteries
Generators

Blades & Hub
Magnets
Magnet Wire
Batteries
Generators

Wind Turbine DIY MaterialsWind Turbine DIY Materials
CMS Magnetics has been selling commercial wind generator parts for
years. Our customers require quality, durability, and efficiency. This is
why CMS Magnetics is at the top of the small wind generator industry.
Our powerful neodymium magnets are licensed and include a triple
layer of coating for added protection. All magnet wire is top quality
Essex/REA and made in the USA.

•H
ANDCRAFT ED SOAPS

&
BA

SI
CBODYCARE•W

ORKING
TOWARD A SUSTAINABLE FUTURE •

• Simmons •
Natural Bodycare

simmonsnaturals�com
MAKING

EVERYDAY
SPECIAL

Off the grid since ����

Grow Lights
The Future is 
GREEN

LEDSGROWINGGREEN.com
John & Carol Sousa
Phone: 541.867.4948
Mobile: 541.961.3572
sales@ledsgrowinggreen.com

DSIRE
Database of State Incentives 
for Renewables & Efficiency

www.dsireusa.org
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Voltage Drop
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Terms such as voltage loss, conductor heating loss, or line loss 
all generally refer to the phenomenon of voltage drop—the 
loss of voltage, and therefore energy, over wires due to wire’s 
resistance. This loss is a dissipation of heat from the wire. 

The greater the length, the greater the resistance in the wire; the 
smaller the wire size (diameter), the greater the resistance. For 
renewable energy systems, losses of a few percent can add up to 
a significant energy loss over the system’s life. In addition, sizing 
the wiring so voltage stays within the inverter’s specified range 
is crucial.

Voltage drop is frequently expressed as a percentage of the 
nominal circuit voltage. For household circuits, nominal circuit 
voltage is 120 VAC. In renewable energy systems, it might be the 
nominal battery voltage of 12, 24, or 48 VDC, or the maximum 
power array voltage for a grid-tied PV system. 

For reasonable operation efficiency, voltage drop from source 
to farthest outlet is suggested by the National Electrical Code 
to be less than 5%. But higher standards of 1% to 3% voltage 
drop are common in renewable energy systems, with the grid-
tied inverter output circuit (inverter to main service panel) being 
limited to less than 1.5%.

Since a larger wire has less resistance to the flow of electricity, 
increasing size is usually the solution to maintaining acceptable 
efficiency over greater distance. But how do you know which 
wire size is appropriate?

Voltage (V), current (I), and resistance (R) are related according 
to Ohm’s Law:

V = I x R

Vlost = I x R (over distance)

Vdrop (%) = Vlost ÷ Vnominal

For a household, a #12AWG wire might be specified for a 20 A 
circuit. If 12 A flow at 120 VAC and the outlet is 80 feet from the 
main panel, the voltage drop is as follows (note: don’t forget to 
multiply by 2 to account for round-trip distance and to divide by 
1,000 to change the resistance figure to ohms per ft.):

Vlost = 12 A x 2 x 80 ft. x 1.98 ohms per 1,000 ft. ÷ 1,000 = 3.8 VAC

Vdrop (%) = 3.8 V ÷ 120 V = 3.2%

This is on the edge of the recommended range; upsizing the wire 
to #10 AWG would reduce voltage drop in the circuit to about 
2%.

For a 48 V battery-based system where the PV modules (array 
Imp) might be sending as much as 30 A to the batteries located 
100 feet away, the voltage drop in #4 AWG wire is determined:

Vlost = 30 A x 2 x 100 ft. x 0.308 ohms per 1,000 ft. ÷ 1,000 = 1.85 VDC

Vdrop (%) = 1.85 V ÷ 48 V = 3.9%

Upsizing this to a #3 AWG would keep this circuit to a 3% voltage 
drop. Note: This calculation used the maximum power point 
current (Imp) of the modules. If the modules are spending most 
of their time sending only 20 A, then a #4 AWG wire would keep 
the losses at less than 3%. 

For a batteryless system, the maximum power voltage of a series 
string might be 350 VDC*. If this string carries 16 A at peak power 
over 150 feet on #10 AWG wires:

Vlost = 16 A x 2 x 150 ft. x 1.24 ohms per 1,000 ft. ÷ 1,000  = 5.95 VDC

Vdrop (%) = 5.95 V ÷ 350 V = 1.7%

*Note: Because hotter temperatures will reduce array voltage, 
you may want to incorporate the module temperature coefficient 
of Vmp for the site’s average high temperature to calculate array 
voltage to be used in voltage-drop calculations.

As illustrated, increasing wire size is one way to reduce voltage 
drop. Other options include increasing system voltage (for 
example, design battery-based systems for higher voltage, such 
as 48 V or higher using a step up/down charge controller), or 
reducing wire run length if possible. These are all potential ways 
to reduce voltage drop to help keep system efficiency within 
bounds.

—Erika Weliczko

Resistance in Uncoated Copper 
Stranded Wire

Wire Size (AWG) Ohms per 1,000 ft.

12 1.980

10 1.240

8 0.778

6 0.491

4 0.308

3 0.245

2 0.194

1 0.154

Note: Resistance at 75°C (167°F) for uncoated copper 
wire

Source: NEC Table 8.





You’ve come to expect a lot from Fronius.

What’s next?
It’s innovative and industry-leading as only 
Fronius could bring you.

But you’ll have to wait until Solar Power 2009 to fi nd out more.
Visit the Fronius booth – booth #2300 – at Solar Power International 2009 in Anaheim, California for the unveiling of 

several new products that will revolutionize the way you think about solar.

In the meantime, visit www.fronius-usa.com or call 810-220-4414 for more information on Fronius inverters, accessories, 

and innovative system monitoring and datalogging solutions.


