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See Why
The world’s largest solar installations depend 
on Satcon® PV inverters to maximize power 
production and increase profitability. With a 
proven track record of innovation and reliability, 
Satcon provides solutions that stand up to the 
challenges of large-scale PV plants, delivering 
more kWh per day than any other system.

Broadest Range of Power Ratings in the Industry
Satcon offers 11 power ratings—ranging from 30 kW 
to 1 MW (UL and CE certified).www.satcon.com

©2009 Satcon Technology Corporation. All rights reserved. Satcon is a 
registered trademark of Satcon Technology Corporation.
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System Integrators
Choose Satcon PV Inverters

Fact

www.satcon.com


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/rec

Norway-based REC combines high-grade US-produced silicon with renowned 
Scandinavian design and manufacturing standards to produce solar modules 
with uncompromising quality and performance.

As the world’s most integrated solar energy company, REC is uniquely positioned 
to deliver rigorous quality assurance and high environmental standards from 
start to finish. 

Available exclusively from AEE Solar! 
And when you purchase REC modules in North America, 
you get the added value of AEE Solar’s industry-leading 
technical support and dealer training. 

Put AEE Solar on your team for solar success. 
Call or apply online today!

Get the best of two continents with
REC high-performance modules.

REC modules are available in 
sizes from 205 to 230 watts.

you get the added value of AEE Solar’s industry-leading 

REC modules are available in 

www.aeesolar.com/rec


 

www.us.schottsolar.com

Green jobs for a better future

SCHOTT Solar is well known 
for producing high-quality 
and durable solar modules and 
receivers. We are proud to 
announce the start-up of our 
state-of-the-art manufacturing 
facility in Albuquerque, New 
Mexico where our employees are 
dedicated to producing quality 
products, the SCHOTT Solar 
Poly 225 photovoltaic modules 
and PTR 70 concentrating solar 
power receivers that will deliver 
top performance, whatever the 
future holds.

Visit our website to find a 
distributor in your area
www.us.schottsolar.com

www.us.schottsolar.com
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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/RE008.

  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 2009, Buffalo, NY • May 11 – 16, 2009 
               and Intersolar Munich 2009 • May 27 – 29, 2009

www.trojanbattery.com/re008


800-351-8273 www.fabrico.com
Fabrico is a trademark of EIS, Inc. info@fabrico.com

There’s a side of solar energy that few

people see – the underside. That’s where

multiple layers of film, conductive foil,

and sealing and insulation material

combine with solar technology to convert

the sun’s rays into useable heat and power.

We support the leading providers

of solar technologies with highly

engineered and converted

flexible materials to meet the

world’s growing energy needs.

This includes innovative product

design, rapid materials sourcing and

prototyping, and one of the world’s most

extensive converting capabilities.

Contact us today.

We know the materials
side of solar.

FAB Solar Ad 10.2:Layout 1  10/2/08  3:38 PM  Page 1

www.fabrico.com
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24  Can We Land? 
Code allows both supply side and load side PV system 
utility interconnections, but there are pros and cons  
to each. Which is best for your application? Learn  
how to evaluate electrical systems for compliant inter-
connection options, how to weigh and increase viable 
approaches and how to choose the right hardware  
for a successful landing.
By Ryan LeBLanc and TaRn yaTes 

48  c-Si Photovoltaics 
Changes in standards, codes and market conditions  
will impact crystalline silicon PV module listing and 
availability and also affect your business model. To  
help integrators navigate the unprecedented bounty of 
c-Si PV products, we provide insights on how to best 
put these modules to use, with an emphasis on optimal 
design and installation practices. 
By david BReaRLey

62  2009 c-Si PV Module  
 Specifications Table 

SolarPro has assembled comprehen-
sive data for over 200 modules that 
are currently listed and available in 
the US marketplace. Use this guide to 
determine the best panel for your next 
project based on electrical, physical 
and aesthetic characteristics.

76  Inside the  
 Mechanical Room

Here we examine the storage tanks, 
heat exchangers, pumps and controls 
that are specified for commercial  
scale solar water heating systems, 
including a detailed look at hydraulics 
and pump curve considerations.
By Rich Louis and chuck MaRken

Contents June/July 2009  Issue 2.4
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O u r  W O r l d  i s  f u l l  O f  E n E r g y

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

in ten solar energy systems has been deployed by Conergy in the past decade -- 

more than one gigawatt worldwide.  Whether you are an experienced veteran or new 

to the industry, our local expertise powered by our global strength makes Conergy 

your ideal solar energy partner.

Build a strong relationship with a partner you can count on: 

| Best service and support in the industry

| Field and business skills training

| Financing and project management tools

Easily conduct business on your schedule:

| Secure online ordering 24/7

| Inventory look-up and account management

| Real-time order tracking

 

Experience unbeatable supply chain and logistics support:

| Multiple warehouses

| Low shipping costs

| Scheduled delivery available

Discover Solar Energy:   

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

Power your business with a global leader

Photo by Darcy Varney for Bella Energy;
Kent School, Denver, CO, 100 kW;
Financed by Conergy SHA

and many other
premium vendors!

www.conergy.us
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f O n  t h e  C O v e r
craig hammon from conergy Projects Group at one of two revenue meters that are backfed at 

the south san Joaquin irrigation district water treatment plant in oakdale, ca. Because the  

interconnected PV capacity at the site exceeds 1 MW—

the maximum capacity allowable under California’s PUC 

rules—a second meter was required, and the facility’s 

load and PV capacity was split between them. The photo 

to the left shows the point of interconnection, which 

is designed to allow load and generation circuits to be 

reconfigured, if necessary, for optimal net metering.  

Photos by Shawn Schreiner
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SunWize  
Solar Modules
The SW180 leads  
the industry in value

The new SunWize SW180 module is the right choice when you need a 
workhorse module that delivers the best bang for the buck – whether 
it’s for a residential rooftop or a large commercial job.

• High quality mono-crystalline cells  • 14.1 % efficiency

• Quality manufacturing and materials  • UL-1703, cUL, IEC

• 25-year limited warranty  • Wide operating range (-45ºC to 95ºC)  

It competes favorably on price with other modules in its class while 
outperforming them with quality, high efficiency mono-crystalline 
cells. Best of all, it’s from SunWize. A name you can trust. A company 
that you know will provide exceptional support and stands behind 
its products.

OFFICES THROUGHOUT THE US AND CANADA 
800.817.6527 • lwheeler@sunwize.com • www.sunwize.com

The optimal combination of  
price, performance and support

SunWize SW180 solar module

www.sunwize.com


Contributors

Tarn Yates is a project designer and technical advisor  

at SPG Solar. He is a California certified electrician with 

over 4 years of field experience installing and interconnect-

ing PV and other electrical systems. Tarn holds a  

BS in Physics from the University of California at Santa 

Cruz, where he completed research into the temperature 

effects on solar cells in concentrating systems. 

Since 1999, Kristopher Sutton has worked in the PV  

industry as an installer, project manager, safety trainer  

and design consultant. Trained as an electrician, Kris has 

held NABCEP PV certification since 2004 and is an ISPQ 

Certified Master PV Trainer. He works for Solar Energy 

International in Carbondale, Colorado, as the PV instructor 

trainer, and serves on the Board of Directors for the Colo-

rado Solar Energy Industries Association.

Peter Parrish is the president of California Solar Engineer-

ing, a PV and SDHW integration firm in Los Angeles,  

California. He holds BS and PhD degrees in Physics from 

the University of Colorado and University of California, 

Berkeley respectively. He is a NABCEP Certified Solar  

PV Installer and a California licensed solar contractor. 

Peter takes pride in optimizing performance and  

aesthetics in his solar projects, while preaching the  

need for conservation.

Richard Louis is a partner with Sunnyside Solar Energy in  

Parkton, Maryland, a solar thermal and PV design and  

installation company for residential and commercial applica-

tions. He is a licensed professional engineer with over 18 years 

of utility experience. Rich has designed numerous large and 

complex water pumping and piping systems. He has a BS  

in Civil Engineering from Rutgers University and a MS in  

Environmental Engineering from Virginia Tech.

Ryan LeBlanc is a NABCEP Certified Solar PV Installer; a 

lead project designer at SPG Solar in Novato, California; a 

contract instructor at the Solar Living Institute in Hopland, 

California; and the founder of Natural Energy Works in Santa 

Rosa, California. Ryan has been a renewable energy system 

designer, installer and consultant for more than 7 years.  

He has installed everything from small residential solar, wind  

and microhydro off-grid systems to large commercial,  

government and agricultural grid-tied PV projects. 

Experience + Expertise 

•	 Easy	to	Install

•	 Grid-Tie	with	Battery	

Back-up

•	 UPS	Quality	Battery	

Back-up

•	 Up	to	6.0	kW	of	Solar

•	 Indoor	and	Outdoor	

Rated

•	 Wall	or	Pad	Mountable

www.outbackpower.com/smartre

www.outbackpower.com/smartre


Simplified Grid-Tie With
Back-Up Power.

The SmartRE is the newest development from OutBack

Power Systems, simplifying grid-tie solar with battery

back-up and drastically reducing installation times 

compared to other battery based systems. Rated 

for both indoor and outdoor installations the 

SmartRE is either wall or pad mountable and 

provides customers the peace of mind 

that power will be available when they 

need it most. For use in systems 

up to 6.0 kW the SmartRE is the 

SMART choice for grid-tie with 

battery back-up.

The SMART Renewable
Energy Solution.

www.outbackpower.com/smartre

www.outbackpower.com/smartre


 Publisher/Editor Joe Schwartz

 Managing Editor Kathryn Houser

 Technical Editor/PV Systems David Brearley 

 Engineering Editor/PV Systems Blake Gleason, PE

 Technical Editor/Solar Thermal Systems Chuck Marken

 Creative Services Midnight Oil Design, LLC

 Advertising Director Kim Bowker 

 Advertising Manager Connie Said

 Operations Director Scott Russell

 Chief Information Officer Rick Germany

 Data Manager Doug Puffer

 Customer Service & Fulfillment Jacie Gray, Shannon Ryan

Copyright © 2009 Home Power Inc. Contents may not be reprinted or otherwise reproduced without written permission.   
While SolarPro magazine strives to publish only safe and accurate content, we assume no responsibility or liability for the  

use of this information.

Interior paper is made from 85%–100% recycled material, including 20%–30% postconsumer waste.
 
National Electrical Code®, NFPA 70® and NEC® are registered trademarks of the National Fire Protection Association, 
Quincy, Massachusetts.

g C O N T A C T  U S

Subscriptions
To apply for a free subscription:  
solarprofessional.com/subscribe

Send subscription questions to:  
subscribe@solarprofessional.com

To change subscription information:
solarprofessional.com/myaccount

Marketing
Promotional opportunities and offers:
marketing@solarprofessional.com

Advertising
For inquiries and information related to 
advertising in SolarPro or on  
solarprofessional.com:
solarprofessional.com/advertise 

connie.said@solarprofessional.com
541.326.5773

kim.bowker@solarprofessional.com
541.858.1791

Q&A 
To have your technical question considered 
for publication, send it to:
techquestions@solarprofessional.com

Letters to the Editor 
Email your comments and suggestions to: 
editor@solarprofessional.com

The Wire 
Send news or new equipment releases  
to be considered for publication to:  
thewire@solarprofessional.com

Project Profiles
System integrators and installers are invited 
to submit information on installations for 
potential publication at: 
solarprofessional.com/projects

Training 
Subscribers are invited to post details on 
professional trainings for the solar industry at:  
solarprofessional.com/training

SolarPro magazine  |  PO Box 68  |  Ashland, OR  97520  |  US

Proud member of:

SOLAR WATER HEATING

IT’S ALL IN THE
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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

www.solarthermal.com


The Highest Efficiency 
Inverters In Their Class

Exclusively from

PVMate
2900U, 3900U, 4900U & 5300U

PV interactive inverters with  
fused combiner and switch

More energy
The Motech series of PV inverters with isolation are 
CEC rated at 96% with maximum efficiency of 96.7%.

Easy installation
Motech inverters are light weight and easy to install.

Greater flexibility
The wide MPPT tracking voltage of 200 to 550 Vdc 
provides the greatest flexibility in module selection  
and sizing of PV systems. 

Supported locally by John Berdner  
and the groSolar team

Find out more today at
groSolar.com/motech

800.374.4494
groSolar.com

North America’s 
Premier Provider of 
Solar Energy Solutions

www.grosolar.com/motech
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mail Feedback from the Field

The Positive
Keep up the good work. SolarPro is the 
first magazine I’ve ever read cover to 
cover. I like your prod-
uct tables that include 
all pertinent specs, like 
those on string and 
central inverters. Just 
this morning I was feel-
ing like a combiner box 
article would be helpful. 
I looked on my desk 
and the new issue was 
there with combiners 
on the front cover—
same day service.

–Jeff Lauckhart / 
Sunsense Solar 

Every 2 months I block 
out an entire day on 
our company’s Google calendar and read 
SolarPro cover to cover. We consider it a 
training day and are only satisfied when it 
is wrung out like a wet towel. Thanks for 
the free training!

–Mathew Wilkens / EnergyWise Systems 

Thank you for the opportunity to profile 
the Far Niente “flotovoltaic” project. We 
really needed more than 250 words to 
describe the pitfalls and accomplish-
ments, the interesting design, planning 
and coordination elements on that 
project! I really appreciate the magazine. 
I think it has done a great job of dissemi-
nating technical PV information. It fills a 
gap in the industry. 

–Dan Berger / SPG Solar 

Thanks for the constructive feedback, Dan. 
We are trying out our first 2-page project 
profile in this issue. 

–Joe Schwartz / Publisher, SolarPro 

The Negative
Regarding the lack of eye protection on 
the cover of the April/May 2009 issue, 

this is a clear safety violation. The article 
is about dc side connections that can 
be as high as 600 volts. In articles like 
this please show persons wearing safety 

glasses, especially 
when the eyes are 
only a foot or so from 
active circuits. If this 
multi-meter was left 
in current measuring 
mode and the leads 
were connected to 
measure voltage, the 
result would be a  
high voltage arc and 
flying particles of  
molten metal.
–Bill K. via  
solarprofessional.com  
tech forum 

The Tech
The photograph titled “Why so negative” 
on page 42 in the “Common Connec-
tions” article (SP2.3) appears to show 
fusing in grounded conductors. Either 

that or the installer identified all negative 
conductors as grounded, even though 
half of the bipolar array feeding the AE 
Solaron inverter is positive-ground. If this 
recombiner is providing fusing for the 
positive-ground subarray, the positive 
conductors should be identified with 
white or gray markings, and the  
negative fused conductors should not  
be so identified. 

–Dan Rice / Conergy 

I just wanted to offer a quick com-
ment on Tim Harvey’s Q&A column: It 
is fortunate that the City of Austin has 
custom aerial survey data. For the rest 
of us, there is Google Maps (maps.
google.com). You can zoom in and get 
a decent satellite image for almost any 
address. In most urban areas you can 
get several street level views. This gives 
a solar professional the opportunity to 
do a no cost virtual drive-by and fly-over 
of any property of interest. This can help 
to eliminate a large number of properties 
that may not have good solar orientation 
or exposure.

–Guy Marsden / ART TEC Solar

Addition:  
In addition to the manufacturers listed in “Pulling It All Together,” the source 
circuit and array combiner article published in the April/May 2009 issue, 
Solectria Renewables offers a complete line of fused string combiners  
for integrators to choose from. 
Listed to UL 1741, STRCOM 
combiners from Solectria are 
NEMA 4 rated in powder-coated 
steel or NEMA 4X rated in  
stainless steel enclosures.  
The STRCOM combiners are 
available in 21 different mod-
els, with 8- to 30-circuit options 
available. Solectria sells direct to 
installers and integrators.  
For complete specifications for 
the STRCOM fused combiner 
boxes visit solren.com.
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SMA’s innovation has set the standard in solar technology for over 25 years. The Sunny Boy 
inverter is a prime example of this success and is ideally suited for residential and commercial 
applications. When investing in an inverter, reliability and performance are paramount. 
World-class German engineering and manufacturing standards assure long term, trouble-free 
performance; and with a peak efficiency of over 97%, energy harvest is unmatched. 

SMA Inverters: Ask for them by name.
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Q&A Technical Questions & Answers

Until recently, I assumed that federal tax 
credits for PV systems were based on 

the net cost of the system after subtract-
ing any utility rebates. But a newsletter I 
received indicates that the 30% investment 
tax credit is based on the total PV system 
cost, before subtracting the state incentive. 
Is this accurate? 

This depends on whether your 
customer is a homeowner or a 

business. The distinction hinges on 
the terms personal tax credit and  
investment tax credit. The Database 
of State Incentives for Renewable 
Energy (DSIRE) makes this distinction, 
for example. On the DSIRE Web site 
(dsireusa.org), the “Residential Renew-
able Energy Tax Credit” is described 
as a personal tax credit, whereas the 
“Business Energy Investment Tax 
Credit” is identified as a corporate 
tax credit. Personal and corporate tax 
codes are quite different, specifically 
with regards to the way one accounts 
for utility rebates. 

Homeowners. For most homeowners 
who purchase a grid-tied PV system, 
there are two principal financial incen-
tives: a rebate and the federal tax credit. 
The rebate is usually available from 
the utility to which the system is con-
nected. The federal tax credit takes  
the form of a personal tax credit (PTC) 
that is available to the homeowner. 

When a rebate is available from 
the utility company, the rebate is 
treated as a purchase price reduc-
tion. This means that the value of 
the rebate is subtracted from the 
total purchase price, resulting in a 
net adjusted cost for the purposes of 
determining the value of the federal 
tax credit. So, for homeowners the 
value of the PTC is calculated as  
follows, where P is the purchase  
price and R is the rebate amount:

PTC = (P – R) x 30%

Prior to January 1, 2009, the federal 
tax credit for homeowners was capped 
at $2,000. This made for pretty simple 
math, since this cap was reached on 
all but the smallest PV systems. For 
example, assuming a rebate of $3.50 
per watt, a purchase price of $12,750 
($8.50/watt) and a 2008 placed-in- 
service date, the $2,000 cap for the 
Residential Renewable Energy Tax 
Credit is exceeded even on a 1.5 kW 
grid-direct PV system: 

PTC = ($12,750 – $5,250) x 30%
PTC = $7,500 x 0.30 
PTC = $2,250 ≥ $2,000 cap

With the passage of the Emergency 
Economic Stabilization Act of 2008, 
the $2,000 cap on the PTC for PV 
systems was lifted, and tax credits for 
solar were extended for 8 years. Resi-
dential grid-tied PV systems installed 
between January 1, 2009 and Decem-
ber 31, 2016 qualify for a full 30% tax 
credit. For a 5.6 kW PV system with a 
purchase price of  $46,200 ($8.25/watt) 
and a 2009 placed-in-service date, an 
additional $5,980 PTC ($7,980 - $2,000) 
results compared to a 2008 placed-in-
service date, under the same $3.50 per 
watt rebate:

PTC = ($46,200 – $19,600) x 30%
PTC = $26,600 x 0.30 
PTC = $7,980 

Two items are worth noting before 
we look at how the federal tax credit 
is calculated for businesses. First, 
according to version 2.0 of the Solar 
Energy Industries Association (SEIA) 
Guide to Federal Tax Incentives for 
Solar Energy, “Most rebates from state 
governments or non-profit organiza-
tions do not reduce the basis for the 

federal credit.” So make sure you know 
where your rebate comes from and 
its tax classification. Second, dwelling 
units with a home office serve a dual 
residential and commercial purpose. 
So while depreciation in general is 
unavailable to homeowners, those 
with an in-home business may be able 
to depreciate the portion of the PV sys-
tem that qualifies according to the IRS 
as commercial property, usually on the 
basis of a square foot determination. 

Businesses. In addition to rebates 
and federal tax credits, commercial 
customers who purchase grid-tied PV 
systems are also entitled to a third 
major financial incentive: deprecia-
tion. Depreciation is a mechanism for 
spreading out the cost of acquiring 
large capital items over time. Solar 
projects, even though they have a 
25-year service life, qualify for 5-year 
accelerated depreciation. Further-
more, systems placed in service in 
2008 and 2009 also qualify for bonus 
depreciation. These PV systems are 
still depreciated over 5 years, but they 
can take 50% the first year and 12.5% 
in each of the succeeding 4 years. 
Originally, the bonus depreciation of 
50% in year one was available only 
for systems placed in service in 2008, 
and it expired on January 1, 2009. But 
the American Recovery and Reinvest-
ment Act, signed into law by Presi-
dent Obama on February 17, 2009, 
reinstates bonus depreciation for PV 
projects completed in 2009. 

Unlike the PTC, the commercial 
tax credit—usually referred to as the 
investment tax credit (ITC)—can 
be calculated in two different ways. 
The first process is the rebate-first 
method, which is the same as for 
homeowners. In this case, the busi-
ness subtracts the rebate amount 
from the purchase price of the PV 
system and uses the net difference  

Accounting for PV System Rebates
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Accounting for PV System Rebates
to determine the ITC amount. The 
second approach is the ITC-first 
method. In this case, commercial 
property owners apply the ITC to the 
full purchase price first and then treat 
the rebate as taxable income. This is 
the method mentioned in the newslet-
ter you received. The formula for cal-
culating the ITC in this case is simply 
to take 30% of the purchase price:

ITC = P x 30% 

The ITC-first method results in 
a larger basis for the tax credit and 
for the 5-year accelerated deprecia-
tion plus bonus depreciation. If the 
business reduces the purchase cost 
of the PV system by the value of the 
utility rebate, then the depreciation 
is based on this adjusted value. If the 
business does not reduce the system 
cost by the value of the utility rebate, 
however, then depreciation is based 
on the nonadjusted purchase price. 
This results in a significantly larger 
depreciable basis. 

In either case, before depreciation 
is calculated, it is necessary to first 
reduce the purchase price by one-half 
of the value of the federal tax credit. 
So using the rebate-first method 
of accounting—the purchase price 
reduction method—the depreciable 
basis (DB) for a 12.5 kW PV system 
sold to a business for $100,000 ($8.00/

watt) with a $3.50 per watt rebate is 
calculated as follows:

DB = (P – R) – (0.5 x ((P – R) x 30%))
DB = ($100,000 – $43,750) –  

 (0.5 x (($100,000 - $43,750)  
 x 30%)

DB = $56,250 – (0.5 x ($56,250 
 x 0.3))

DB = $56,250 – (0.5 x $16,875)
DB = $56,250 – 8,437.50 
DB = $47,812.50

Compare this to the depreciation 
basis using the ITC-first method of 
accounting:

DB = P – (0.5 x (P x 30%))
DB = $100,000  

 – (0.5 x ($100,000 x 0.3)
DB = $100,000 – (0.5 x $30,000)
DB = $100,000 – $15,000 
DB = $85,000

The ITC-first method results in 
a much more attractive basis for 
depreciation. It also leverages a larger 
federal tax credit. But does it actually 
provide the best financial return? 

As illustrated in Table 1, the ITC-
first method does indeed provide the 
most favorable return. This leverages a 
$30,000 tax credit, as well as deprecia-
tion totaling $22,848 (assuming a 28% 
marginal tax rate  and a 4% discount 
rate.) This requires that the business 

treat the $43,750 rebate as taxable 
income, but the tax on the rebate is 
only $12,250 ($43,750 x 28%). Taking 
the rebate first leaves $23,121 on the 
table (($30,000 + $22,848) – ($16,875 + 
$12,852)). Therefore, taking the ITC first 
and taxing the rebate nets the business 
nearly $11,000 in this example. 

This is the reason that the newslet-
ter you received recommends taking 
the ITC on the total PV system cost. 
In his excellent article “Payback and 
other Financial Tests for Solar Elec-
tric Systems,” Andy Black of OnGrid 
Solar (ongridsolar.com) confirms this 
approach. He notes, “While it might 
seem obvious to avoid the rebate tax 
... it is actually financially more attrac-
tive to claim the rebate as taxable, 
pay the tax, then claim a higher basis 
for each of the federal tax credit and 
depreciation.” 

Please note that this review of 
incentives is based on information 
contained in the Federal Tax Code 
and bills recently signed into law. This 
is not to be construed as tax advice. 
Always consult a tax professional. 
SEIA members can download the tax 
manual for free from its Web site at 
seia.org.

—Peter Parrish, Ph.D. / California Solar 
Engineering / Los Angeles, CA / calsolareng.com 

The author wishes to thank Sue Kateley of CALSEIA for her 

input and review of this article.

Table 1  Taxing the rebate increases both the tax credit amount and the total depreciation. The net benefit to the customer is 
greater than the tax on the rebate. 

Price Rebate  ITC

Depreciable 

basis

Marginal 

tax rate

Total  

depreciation 1st Year 2nd Year 3rd Year 4th Year 5th Year

Rebate first $100,000 $43,750 $16,875 $47,813 28% $13,388 $6,694 $1,673 $1,673 $1,673 $1,673

Discounted (4%) $12,852 $6,426 $1,607 $1,607 $1,607 $1,607

ITC first $100,000 $43,750 $30,000 $85,000 28% $23,800 $11,900 $2,975 $2,975 $2,975 $2,975

Discounted (4%) $22,848 $11,424 $2,856 $2,856 $2,856 $2,856

Total Depreciation: Rebate First vs. ITC First
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Q&A

Hard water is a problem with heat 
exchangers in solar water heaters 

and on demand water heaters. What’s the 
best way to prevent scaling in areas with 
hard water?

According to the US Geological Sur-
vey, 85% of the United States—and 

ironically most of the country’s best 
solar areas—has hard water. As shown 
on the map, the softest waters occur 
along most of the eastern corridor, 
along the Central Gulf coast, in the far 
Pacific Northwest and in Hawaii. The 
rest of the country has anywhere from 
moderate to very hard water.

Hard water contains high levels of 
calcium, with magnesium, bicarbon-
ates and sulfates as other possible con-
tributors. Scale is the precipitation or 
physical buildup from these minerals, 
although mineral content is only part 

of the equation. The water’s acidity or 
alkalinity (pH), its temperature, water 
flow characteristics and the physical 
composition of the water’s enclosure 
also greatly affect the extent of scale 
buildup. The science and calculation 
of scaling is complicated in that there 
are many variables, equations and real 
life situations that can be difficult to 
calculate and can vary greatly from 
site to site.

Over time, scale will accumulate 
on the inner components of a water 
heater’s heat exchanger or element and 
affect a system’s performance. Scale 
acts as an insulating barrier within the 
heat exchanger. According to a study 
from the Army Corps of Engineers, just 
a slither of scale buildup can reduce 
a heat exchanger’s efficiency by 15%. 
Since this buildup increases exponen-
tially as temperatures within the heat 

exchanger or system rise, it is impera-
tive to keep the water heater’s tempera-
tures to a minimum and utilize a very 
efficient heat exchanger.

Effects on Solar Water Heating 
Systems 
Assistant professor at Middle East 
Technical University in Ankara, Tur-
key, Dr. Derek Baker, as a University 
of Texas graduate student, conducted 
research regarding scale within solar 
water heating systems. After review-
ing prominent scaling research papers 
over the past 25 years, he realized 
that the studies lacked a consistency 
and none included long-term trials. 
All of the studies were conducted by 
oversaturating water with calcium 
rather than testing the effects of hard 
water over time. He thinks that more 
research pertaining to real life scaling 
situations should be done. 

The result of Dr. Baker’s research is  
a downloadable solar water-scaling cal-
culator called Solscale. This straight- 
forward program requires the user 
to input information such as dis-
solved calcium concentration (ppm as 
CaCO3), total alkalinity, pH and total 
dissolved solids (ppm). Users can pur-
chase a water testing kit and enter the 
data to check scale potential for differ-
ent systems in their area. Water qual-
ity varies greatly, even within the same 
geographic regions. Using generalized 
numbers for a specific location could 
be a mistake. Solscale does not allow 
the user to set a maximum high tem-
perature for the solar system, a glaring 
omission from the program. Some 
solar water heating systems, such as 
drainback systems, allow the owner 
to set the maximum temperature for 
the solar storage tank. In retrofitting 
many systems in central Texas, I have 
seen considerably more scale buildup 
within glycol antifreeze systems as 
compared to drainback systems. 

Scale—Solar Water Heating’s Hidden Nemesis

Concentration of hardness as CaCO3 in mg/L

0–60
61–120
121–180
181–250

US patterns of water hardness  Softest waters are found in parts of New England, 
the South Atlantic-Gulf, the Pacific Northwest and Hawaii. Hardest waters are in 
Texas, New Mexico, Kansas, Arizona and southern California.
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Dr. Baker recommends a solar 
system that utilizes a tank with a 
wraparound heat exchanger, which is 
isolated from the potable water since 
it is a copper pipe wrapped around 
the outer wall of the steel tank. The 
collector fluid within the copper pipe 
transfers its heat to the copper pipe 
wall, through the steel and ultimately 
to the glass lining of the tank wall. Dr. 
Baker’s logic is that even though it is 
not very efficient, the wraparound heat 
exchanger provides more surface area 
for the scale to attach. The overall effi-
ciency is less affected than exhangers 
with smaller surface areas. 

I agree with his general asser-
tions, but I believe there are other 
variables to consider, including cost. 
The cost difference between a tank 
with a wraparound heat exchanger 
and a regular electric water heater, 
external heat exchanger and pump 
can be significant. An 80 gallon 
Rheem Solaraide HE, for example, 
costs approximately $1,400 wholesale 

and $1,750 retail. It includes a 6-year 
warranty with just 2 inches of insula-
tion, and actually less around the heat 
exchanger. A high efficiency 80 gallon 
electric water heater can be pur-
chased for approximately $600. Many 
models carry 12-year warranties and 
have 3 inches of insulation. Combined 
with an external heat exchanger and a 
small bronze or stainless steel pump, 
the total cost would be less than $900. 
The $500+ cost differential could be 
spent on a whole house water soft-
ener or on a technician to flush the 
external heat exchanger and check 
the system every 4 to 5 years—a wise 
thing to do regardless. 

Another consideration is that most 
water heater tanks in the US have 
an average lifespan of 10 to 15 years. 
Purchasing a replacement electric 
water heater increases the cost dif-
ference to more than $1,000 over the 
system’s lifespan. Lastly, per the Solar 
Rating and Certification Corporation, 
a wraparound exchanger tank with 
a 40 square foot collector has a 1.7 
solar energy factor (SEF) rating. The 
same collector with a simple external 
exchanger and pump has a 1.9 SEF 
performance rating, which includes 
extra energy for the pump. In my own 
testing of these tanks, I have found 
that collector loop temperatures typi-
cally run 20° or more higher than the 
solar tank temperatures. Although not 
a huge difference, the higher tempera-
ture differential between the closed 
loop and the potable water can cause 
more scale along the tank wall—scale 
that cannot be easily removed.

I suggest that solar installers 
utilize the water hardness map. If the 
customer resides in an area that has 
more than 61 milligrams of CaCO3 per 
liter, the installer should consult with 
the customer to determine a proper 
system. If the customer wants to save 
money and have better efficiency, a 
drainback system with an external 
exchanger would be a wise choice. If, 
however, the customer wants to avoid 

periodic exchanger maintenance and 
is willing to forego the cost savings 
and system efficiency, a wraparound 
exchanger drainback system would be 
the better fit. Regardless of the type of 
heat exchanger, a drainback system 
set at a maximum of 125° to 130° with 
a standard sediment filter is the best 
configuration to reduce scale buildup 
in a solar water heater. 

Effects on Instantaneous  
Water Heaters
Instantaneous, on demand or tank-
less water heaters are in reality flash 
heaters and are therefore a scaling 
nightmare. The gas models essentially 
take a wound copper pipe the size or 
your pinky and blast it with flames. As 
you can imagine, in hard water areas 
scale will start to adhere to the copper 
pipe walls in just a few months. Due to 
its initial oxidation within water, cop-
per will scale more quickly than 316L 
stainless steel or plastic. The October 
2008 Consumer Reports magazine 
featured an article about on demand 
water heaters. It contended that, aside 
from tankless heaters not being as 
efficienct as advertised (real paybacks 
are 20+ years), scaling can be a major 
problem. A system’s 15% to 30% effi-
ciency savings can quickly be elimi-
nated due to scaling, and eventually 
scale can clog the water flow. No on 
demand water heater warranty on the 
market covers scaling issues. I recently 
visited a national HVAC convention 
with all the major tankless manufac-
turers present. All the manufacturer’s 
onsite engineers admitted that scaling 
problems are, indeed, the product’s big 
gorilla in the closet and that they are 
feverishly working on a better solu-
tion. They all recommended either 
a water softener or a flush kit, to be 
done yearly as stated in most system 
warranties and manuals, to help deal 
with the crusty gorilla.

—Thomas Isaac / Techsun Solar Water 
Heating Systems / Martindale, TX /  
solarme.com

Scale buildup  Over time, hard water 
can significantly impact solar thermal 
system efficiency and operation. Sys-
tems installed at sites with hard water 
can benefit from proper component 
selection and periodic maintenance. 
This section of a copper heat exchanger 
was taken from a 16-year-old glycol 
antifreeze system located just north of 
San Antonio, Texas. 
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the Wire Industry Currents

[Boston, MA]   Satcon Technology 
Corporation has launched its next 
generation of PV energy harvest-
ing technology, the Satcon Solstice. 
This distributed energy manage-
ment solution utilizes a unique dc 
circuit architecture. Every Solstice 
subcombiner MPPTs source circuits 
individually. Optimized string 
outputs are then processed through 
dc-to-dc converters to a constant 
575 Vdc, which is delivered to the 
inverter. This topology allows for a 
smaller inverter that is optimized 
for a single dc voltage input. The 
Solstice distributed energy manage-
ment solution provides design flex-
ibility (because identical source circuits are no longer required), granular monitor-
ing and string level control. Satcon estimates that Solstice will boost total energy  
harvest by 5% to 12% over standard central inverters. The Solstice is currently 
being beta tested at customer sites; Satcon expects general availability in the  
fall of 2009.

Satcon / 617.897.2400 / satcon.com

Unirac’s CLICKSYS 
Flush Mount Is a  
Snap to Install 
[Albuquerque, NM]   CLICKSYS is Unirac’s newest 
low profile solution for flush mount applications. 
Designed for ease of installation and efficient use 
of materials, the unique I-beam rail features “click 
and secure” connections that eliminate the use 
of nuts and bolts. With only five installation steps 

from structural attachment to module installation, Unirac estimates labor 
savings of 33% using the CLICKSYS. The product line features waterproof-
ing attachments for a variety of roof types, as well as integral grounding. 
Documentation, engineering and training support are available online at 
clicksys-beam.com.

Unirac / 505.242.6411 / unirac.com

Central communication 
& control

dc-to-ac
converter

Communication 
& control

dc-to-dc
convertersMPPTs

Satcon Beta Tests Granular Solution
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Andalay System Integrates Enphase 
Microinverters
[Los Gatos, CA]   Introduced in 2007, Andalay Solar’s preengineered PV system 
includes 175 W SunTech modules, racking with integrated module equipment 
grounding, factory assembled wiring connections and materials for flashing roof 
penetrations. All components are black, right down to the module frames and 
backsheets, creating an aesthetically unobtrusive system. Andalay recently added 

Enphase microinverters to the 
package, further reducing the 
system’s already streamlined 
installation, which minimizes roof 
penetrations, installation time and 
tool count. The Andalay/Enphase 
system will begin shipping in  
May 2009.

Andalay Solar / 888.395.2248 /  

andalaysolar.com

Blue Oak energy and SolarPro 
relaunch PV Select
[Davis, CA and Ashland, OR]   Blue Oak Energy and SolarPro have teamed 
up to relaunch PV Select, a Web-based photovoltaic string, array and 
inverter sizing calculator at pvselect.com. The tool allows system engineers 
and designers to quickly compare preliminary system configurations. The 
tool’s dataset includes specifications for over 60 string and central invert-
ers from nine manufacturers and specifications for over 200 PV modules 
currently available in the US from more than 20 manufacturers. The assem-
bled dataset is continually updated. PV Select is a free design resource for 
solar professionals, courtesy of Blue Oak Energy and SolarPro. 

Blue Oak Energy / 530.747.2026 / blueoakenergy.com 

SolarPro / 541.512.0201 / solarprofessional.com

Sanyo Shifts 
from 96- to 
72-Cell Module  
Architecture
[Frisco, TX]   With the expansion 
of its newest manufacturing facil-
ity in Monterrey, Mexico, Sanyo 
has introduced a module line 
that includes 200, 210 and  
215 W panels. The big shift is 

the move to  
a module 
design with  
72 five-
inch cells. 
Compared 
to Sanyo’s 
96-cell  
modules,  
this design 
allows greater 
granularity  
for string 
sizing and 
reduces 
the paral-
lel strings. 
Depending on 
the specific 

panel model, Power N Series 
modules have a maximum power 
voltage of 40.7–42.0 Vdc. The 
power density per square foot 
remains exceptional, ranging 
from 15.1 to 15.85 W. Rated 
power tolerance is -0%/+10%. 
HIT Power N modules are avail-
able from PV wholesalers such 
as Conergy, Focused Energy  
and SunWize.

Sanyo / us.sanyo.com/solar 
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"We've moved all our installations to the Enphase 
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   operation
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   limited warranty
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   guarantee
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A new era has arrived 
           in the solar industry

www.enphaseenergy.com
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Service disconnect section

Possible supply side connection?

Distribution section

Utility
transformer

Utility distribution

Possible load side connection?

Possible supply side connection?

Possible supply side connection?

Possible load side connection?

Possible load side connection?

Can We Land?
Means and Methods of PV System 

Utility Interconnection 

Supply side or load side 
connection?  NEC Article 
690.64 allows for both 
supply side (or line side) 
and load side connections 
for utility-interactive PV 
systems. 
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Can We Land?
W

hen evaluating a site or plan set for 
the installation of a utility-interactive 
photovoltaic system, one of the most 
important steps is to determine how 
much solar power you can land on a 

breaker or tap into an existing or planned electrical sys-
tem. The result of this site evaluation may ultimately 
limit the size of the PV system that can be cost effectively 
installed. The evaluation needs to be performed with care 
to avoid costly mitigation measures or a disappointed cli-
ent. In this article we discuss methods for determining 
how much solar power can be safely and legally fed into 
an existing electrical infrastructure. We begin with identi-
fying and evaluating the existing electrical system, for both 
residential and commercial PV systems, continue to Code 
compliance and methods of interconnection, and conclude 
with strategies for connecting to a utility grid.

SITE EVALUATION
Here we focus only on identifying and evaluating the 
existing electrical system during a site evaluation, with 
particular emphasis on existing facilities. If you have an 
electrical plan set in front of you for a new facility, you are 
looking for the same general information described. Once 
the electrical service is evaluated, you can determine the 
point of interconnection and the method of interconnect-
ing your PV system to the utility grid. Take plenty of pho-
tographs during the site evaluation. Pictures of the elec-
trical panel and labels may prove useful later. (Be sure to 
turn the flash off and the “macro” setting on when photo-
graphing metallic labels.) 

Electrical service type. In the US we have centralized power 
generating facilities, mostly coal fired, natural gas and nuclear 
powered, charging independent grids at high voltages. Trans-
mission voltages are usually 110 kV to 500 kV. Localized sub-
stations transform the high voltage feed down to less than 
35 kV. Common medium voltages, as described by IEEE, are 
between 1 kV to 35 kV. The distribution voltage will vary, 
depending on the client, location and utility provider. 

After the utility substation, pad- or pole-mounted trans-
formers located close to businesses and homes knock the 

voltage down further. It is helpful to know the common volt-
ages provided by the local utility when performing a site eval-
uation, especially when electrical equipment is not properly 
labeled. (For more information on electrical service types, 
see the sidebar in “From kW to MW: System Design Consid-
erations,” October/November 2008, SolarPro magazine.)

Utility-interactive inverters produce the most common 
voltages in both single-phase and 3-phase configurations: 
120, 208, 240, 277 and 480 Vac. In general, 277/480 V 3-phase 
is used for larger commercial and industrial buildings; 
120/208 V 3-phase is used for smaller commercial and large, 

By Ryan LeBlanc and Tarn Yates

Thoroughness pays Remove panel covers and look inside any 
equipment you plan to work with, as this may eliminate costly 
surprises. Invariably the one thing you forget to record is essen-
tial later, so photograph everything and take detailed notes.
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Can We Land? 

multi-unit residential buildings; and 120/240 V single-phase 
is used for residential buildings; but other service configura-
tions are possible. From these common voltages, ac trans-
formers match less common voltages and accommodate 
electrical transmission over distances.

Utility transformer. The first piece of equipment between 
the customer and the medium voltage utility grid is the util-
ity transformer. The transformer transfers electrical energy 
from one circuit to another using magnetic fields. Trans-
formers have electrical and environmental ranges and limi-
tations. They must be clearly and permanently labeled with 
their electrical characteristics. Utility transformers can be 
oil-filled or dry, and they come in many sizes, shapes and 
designs. Most often a utility transformer will be oil-filled 
and will either be pole mounted near the closest major road 
or pad mounted in various locations. The key utility trans-
former characteristics to record at a site inspection are pri-
mary and secondary voltages, phase type and power rating 
in kilovolt-amps (kVA). Also note the transformer number, 
as marked by the utility, and the approximate location of the 
transformer on a site map.

Several customers may share residential and small com-
mercial utility transformers. Existing utility transformers 
may not be able to handle multiple systems installed on any 
of the shared client’s meters, particularly when loads are 
very low and PV production is very high. The customer who 
installs a PV system that exceeds the capacity of the shared 
transformer will likely be charged for its replacement. This 
should be handled prior to installation, or it may go unno-
ticed until the transformer fails and causes a localized 

outage. Though larger commercial sites generally have dedi-
cated utility transformers, they still have limits. In general, 
the sum of the PV inverter nameplate ratings should not 
exceed the kVA rating of the transformer.  

Revenue meter. Just as the grid utilizes high voltages to trans-
mit large amounts of power on small wires, it can be beneficial 
to interconnect a PV system at the highest voltage available on 
the client side of the meter. Because the highest voltages will 
generally be found at the meter, it is the next thing to look for 
after the utility transformer when identifying electrical sys-
tems. The faceplate will often provide important characteris-
tics of the electrical system. Once you find the meter, record the 
meter number, manufacturer, model numbers, voltage range, 
number of wires and phase of the system.

You should also collect other pertinent information 
about the meter when possible. Document whether the 
meter is digital or analog, mono- or bidirectional and 
whether it is an inline electromechanical meter or based on 
a current transducer (CT). Most residential meters are inline 
types, in which the purchased electricity must flow through 
the meter for measurement. When you pull the meter out of 
its socket, the service is disconnected. Commercial 3-phase 
systems and residential systems above 400 A typically have 
CT-based meters, which monitor consumption by measur-
ing the expanding and collapsing magnetic fields around the 
electrified busbars or conductors.  

Larger commercial locations often have multiple meters, 
and it may make more sense to interconnect at an alternate 
meter that has a larger load or higher utility rate. Clients often 
will not care which loads are offset by the PV system, just that 
the system is as cost effective as possible. You may find that 
another meter is a better option because it   C o n t i n u e d  o n  pa g e  2 8  

Main service 
enclosure Large 
commercial services 
typically house the 
main disconnect in 
the same enclosure 
as the meter, or in 
adjacent enclosures  
that are integrated 
together. Because 
there are multiple 
meters at this site, 
you must verify that 
the PV system is 
connected to the 
appropriate one. 

Transformer markings Pole-mounted transformers are gen-
erally marked with their rating in a way that is visible from the 
ground. If not, the utility should be able to answer any ques-
tions you may have. 
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is closer to the PV system, allows a larger system or is more 
favorable to time-of-use metering, which is most advanta-
geous when installing a PV system that offsets a large percent-
age of consumption. 

Main service enclosure. Commonly referred to as the 
main breaker panel or main distribution panel, the main 
service enclosure is the next piece of equipment to find. 
The main service enclosure is usually near the meter and 
contains a breaker or switch labeled “main disconnect.” 
Each site has its own unique conditions, and electrical 

systems can be configured any number of ways. On larger 
properties you may find the meter located a significant dis-
tance away, usually near the main access road, with the dis-
tribution panel remotely located at a building or dwelling. 

Having found the panel, look for a label stamped with 
electrical characteristics. According to Article 408.58 of the 
2008 National Electrical Code, “Panelboards shall be durably 
marked by the manufacturer with the voltage and the cur-
rent rating and the number of phases for which they are 
designed.” A label on the main service panel should provide 
the specifications for the electrical system. Capture every-
thing indicated on the label, including manufacturer, model, 
voltage, amperage and phase.

Labels can be incorrect or missing, so always verify the 
contents of any equipment you intend to work with. Over 
the years, electrical systems tend to take on a life of their own 
and may not be in Code compliant condition by the time you 
get to them. If you will be working on an electrical system 
that is not Code compliant, keep your eyes open for existing 
violations. You may be responsible for bringing the system 
up to Code. If you find any violations, document and discuss 

them with the client as soon as possible. If anything looks 
dangerous, you should assume it is and either stop this por-
tion of the site evaluation or proceed with extreme caution.  

Remove the dead front or section cover of the main panel 
to inspect its interior, enlisting the services of a qualified 
person if necessary. Verify the size, type and quantity of the 
service entrance conductors or busbars coming from the 
meter and the type of distribution within the enclosure, bus 
or conductors. This is very important when determining the 
method of interconnection. If you do not believe the labels 
on the equipment, you or the qualified professional can test 
the phase voltages with a multi-meter. 

With the cover off, determine if there is enough space 
between the meter and the main disconnect to make a good 
electrical connection to the busbars or conductors. If the 
distribution inside the panel is bus type, take note of any 
predrilled holes, as these may be convenient interconnec-
tion locations. If the distribution is done with conductors, 
take measurements to verify adequate space to install often 
bulky insulated tapping devices. 

Grounding electrode. Locate and photograph the service’s 
grounding electrode system. Also follow and photograph 
any grounding electrode conductors (GEC) or other wires 
that are attached to it. In larger equipment, grounding elec-
trodes, usually copper, are often contained inside the cabinet 
at floor level. Residential systems usually have an external 
ground rod driven into the earth or a concrete-encased elec-
trode (Ufer) located in the slab. These systems may even use 
water pipes or other objects as the system grounding elec-
trode. You can usually follow the bare copper wire from the 
grounded bus block of the main panel to locate the ground-
ing electrode. If the grounding electrode is not accessible, 

Can We Land? 
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Standard tag  Many commercial enclosures have durable 
metal labels that provide the service voltage and configura-
tion, as well as the amperage rating of the enclosure.  

Plan ahead  An irreversible splice connection is required 
between the inverter’s grounding electrode conductor (GEC) 
and the existing grounding electrode or GEC. 
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an additional one may be required, or you 
may be able to find a location to splice onto 
the GEC. 

Service disconnecting means. Look closely 
at the main breaker or main disconnect 
switch, whichever is present. This should 
stand out as the largest breaker or switch 
in the system and should be clearly labeled 
“Main Disconnect” or “Service Disconnect.” 
Record the device manufacturer, model and 
any electrical characteristics.

Breakers and disconnects should be permanently 
stamped or marked with an amp rating as well as a kilo-
amperes interrupting capacity (kAIC). Capture both of these 
numbers. The amp rating is the current that the device will 
allow to pass through it before tripping. The kAIC is the 
maximum current capacity that the device is capable of dis-
connecting. A fault situation exceeding the kAIC rating may 
render the disconnect device useless, so you need to know 
this rating when specifying equipment.

Once you have captured the main switch information, 
examine the rest of the breakers. Be sure to note the quantity 

and location of unused breaker spots. In some cases it is pos-
sible to use an existing spare breaker for the interconnec-
tion, so take note of the characteristics and quantity of any 
existing unused breakers. On 3-phase systems, keep an eye 
out for high leg or stinger service configurations, such as a 
240 V delta. If you see a lot of blank breaker spaces every 
third breaker, that may indicate the stinger. 

Service entrance conductors. If you could not get a close 
look at the service entrance conductors leaving the meter, 
you should be able to view them entering the main switch. 
Record everything you can read on the insulation of the con-
ductors and photograph them if possible. You need to note 
the quantity, size, insulation type and conductor material 
(usually copper or aluminum).

Inspect the conductor insulation; if it is in poor condition 
the conductors may need to be replaced. If you have trouble 
identifying the conductor size and type, it can be useful to 
carry samples of various sizes and types of wire for compari-
son. Larger commercial systems generally use busbar distri-
bution, and in this case, only the busbar rating is necessary. 
For residential systems, NEC Table 310.15(B)(6) provides the 
minimum allowable conductor size for various service and 
feeder ratings.  

 Ground fault protection device. In larger commercial sys-
tems, it is common to find a ground fault protection device 
(GFP) installed in the main panel coupled with the main 
switch on the client side. The NEC 690.64(B)(3) prohibits 
backfeeding devices that are not listed as suitable for back-
feeding, and most GFP devices today are not listed for this 
purpose. If a GFP is present in the system, capture its make, 
model and electrical characteristics and photograph it. 
You will likely be performing a line side interconnection or 
replacing the unlisted GFP with one that can be backfed.

Subpanels. You may want to interconnect within a sub-
panel, but you will need to do some wire sizing calculations 
and decision making to ensure Code compliance. Intercon-
necting PV systems at the main panel by a dedicated breaker 
or tap is generally preferred. However, if the array is located 
closer to a subpanel, you may consider using it. This can 
result in considerable savings in labor, BOS equipment, wir-
ing and conduit costs. When it is possible to use a subpanel, 

If you will be working on an electrical system that  
is not Code compliant, keep your eyes open for  
existing violations. You may be responsible for 
bringing the system up to Code.

Main breaker The main disconnect, a main breaker in this 
case, is usually easy to spot as it is typically the largest device 
in the system, often isolated from other breakers or discon-
nects. In addition, NEC Article 230.70(C) requires permanent 
markings for all service disconnects. 
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capture the same manufacturer and electrical information 
that was necessary for the main panel, as well as the size and 
type of the feeder breaker, conduit and conductors.  

Locating subpanels should be relatively straightforward. 
Subpanels will either be fed by a breaker in the main or through 
a fused disconnect when connected by a tap. Start by looking in 
the main panel for labels and larger breakers, typically 60 A or 
more. If disconnects are present, look for their labels and, when 
possible, trace the circuit to the subpanel. Typically commercial 
buildings will have complete sets of single line drawings, as well 
as facility managers who can usually answer your questions. In 
residential situations, asking the homeowner should get you to 
most subpanels on-site.  

Some larger commercial buildings have bus ducts, basi-
cally a busbar distribution system within the building. Inter-
connecting at the bus duct is often acceptable and will allow 
you to tap into the load side of the main at the top floor, 
instead of connecting inside a smaller subpanel. This can 
be very helpful in rooftop PV installations on multiple story 
buildings, in some cases eliminating the need for thousands 

of feet of wire and conduit. Bus ducts, however, cannot be 
used for PV interconnection if a GFP is present that cannot 
be backfed.

Deciding on the best GEC sizing and routing method is 
one of the most challenging aspects of designing grid-tied 
PV systems. NEC Article 690.47 discusses GEC and bonding 
requirements for PV systems. Conduit size and type are also 
pertinent when interconnecting at a subpanel. Even if the 
existing feeder conductors are not large enough to handle 
adding the PV system, the existing conduit can still be use-
ful. You may be able to pull larger wire through it that can 
support the system. Just being able to use the existing con-
duit has significant cost savings potential, so capture infor-
mation about subpanels carefully.

POINT Of CONNECTION
Once you have completed a detailed site evaluation, you 
can determine if the existing electrical equipment will limit 
the size of the PV system. A thorough understanding of the 
interconnection options and limitations within the NEC will 
allow you to make safe, cost effective decisions. NEC Article 
690.64 provides two methods for connecting the output of a 
utility-interactive inverter: supply side or load side. 

There are benefits and limitations involved with each, 
and both have their share of interesting Code challenges. 
In this section, we highlight the Code  C o n t i n u e d  o n  pa g e  3 2 

Subpanel connection?  The main lug only design of this  
residential panel is typical of a subpanel or a main panel fed 
from an enclosed main breaker integral with the revenue 
meter. In this case, the half-size twin and quad breakers are 
load breakers, and the full size 20 A, double-pole breaker at 
the bottom of the busbar is the PV interconnect breaker, per 
2008 NEC Article 690.64(B)(7). 
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Empty lugs  The empty lugs on the line side of this 600 A main 
service disconnect provide an opportunity to make a supply 
side connection, one that is subject to fewer size restrictions 
than a load side connection. When making a site survey take 
note of any empty lugs in electrical service equipment. 
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Fronius IG Plus PV Inverters
For large residential and commercial systems

The next generation Fronius IG Plus PV inverter offers solid 
solutions for large residential and commercial installations 
with 10, 11.4 and 12 kW available in a single inverter.

 Save money – purchase fewer inverters for the 
same output.

 Save space – fewer inverters means less space 
needed for installation.

 Save time – install and maintain fewer inverters.

 Save your back – the heaviest IG Plus model, 
the 12 kW, weighs only 82 lbs (power stage only).

Visit www.fronius-usa.com, call 810-220-4414, or stop by the Fronius booth at Intersolar North America 2009, 
July 14-16th, for more information on this exciting addition to the Fronius family.

Like a whole team 
of inverters in one.
10, 11.4 and 12 kW Fronius IG Plus PV Inverters

Models from  3 to 12 kW available in a single inverter.

http://www.fronius-usa.com
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requirements for each method and discuss the important 
changes and clarifications made between the 2005 and the 
2008 NEC. 

S U P P Ly  S I d e  C o n n e C t I o n 
Article 690.64(A) of the NEC allows for a supply side connec-
tion in which a PV system is connected to busbars, conduc-
tors or lugs that are located between the utility meter and the 
service disconnect. A supply side connection is commonly 
called a line side tap though use of this term is controversial. 
The word tap can lead to confusion, causing many to mis-
takenly look to the “10-foot tap rule” or the other feeder tap 
rules found in NEC Article 240.21(B) for guidance. Since the 
service entrance conductors do not have overcurrent pro-
tection and are not feeders, these tap rules and all of Article 
240, except 240.21(D), do not apply.

A supply side connection requires an additional service 
disconnect and new service entrance conductors. The appli-
cable regulations for this are found mostly in NEC Article 
230, which addresses the installation of services. A standard 
supply side connection, as seen in Diagram 1, includes new 
service entrance conductors, a fused PV service disconnect, 
fuses and bus or conductor tapping devices.

PV service disconnect. When a supply side connec-
tion is made, as permitted by Article 230.82(6), a mini-
mum of two service disconnects are involved: the exist-
ing main disconnect and the new PV service disconnect.    

Can We Land? 

Residential service enclosure
with integral inline meter and main breaker

Main service
disconnect

PV service entrance conductors—
minimum 60 A rating per 230.42(B) 

PV service disconnect—
minimum 60 A rating per 230.79(D) 

Overcurrent protection device—
sized per 690.8(B)(1) 

Inverter output 
circuit

Utility grid

120/240 V loads

Diagram 1  Components of a typical residential supply side connection are shown here. Note that per NEC 230.79(D), the  
minimum rating of the new service entrance conductors and the PV service disconnect is 60 A. 

PV service disconnect  A fused 3-phase safety switch  
serves as the PV service disconnect at a site employing a 
supply side connection. Note the use of paralleled  
conductors and lugs rated for two conductors each. 
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Although multiple service disconnects may seem unusual, 
they are actually very common in the field. Article 230.71(A) 
addresses this issue, stating that no more than six switches 
or sets of breakers be required to disconnect a service. Com-
monly referred to as the “six switch rule” or “six handle rule,” 
it makes supply side connections possible; but it can also 
be a limitation. A problem can arise when main panels are  
lug fed instead of having a main breaker. A PV breaker 
landed in this type of panel is a supply side connection 
and must be counted as one of the six allowed switches. If  
this type of panel already contains six breakers, and they 
often do, measures will need to be taken to enable a Code 
compliant installation. 

Some jurisdictions do not allow a supply side connec-
tion. The AHJs in these areas argue that a supply side tap, 
made inside the enclosure, may void both the UL listing and 
the manufacturer’s warranty for the existing service panel. 
Although it is possible to overcome these issues, these AHJs 
have gone with a better-safe-than-sorry approach, banning 
supply side connections altogether. 

Selecting and locating the disconnect. NEC Article 230.66 
requires that disconnects installed as part of a PV supply 
side connection be listed for use as service equipment. In 
addition, Article 230.70(A)(1) states that a “service discon-
necting means shall be installed at a readily accessible loca-
tion either outside of a building or structure or inside near-
est the point of entrance of the service conductors.” Article 
230.72(A) clarifies the location of the service disconnect for 
the PV system, requiring that multiple service disconnects 
be grouped together. Taken in total, these rules require the 
use of a listed device that is accessible, near the service 
entrance conductors and grouped with the other service 
disconnects. The disconnect may also have to satisfy utility 
or fire marshal requirements.

Ampacity ratings for equipment. There is some debate over 
the minimum rating of the PV service disconnect when mak-
ing a supply side connection for a PV system requiring over-
current protection of 30 A or less. Some industry experts 
believe that the PV service disconnect rating need only be 
large enough to handle the PV load. However, the prevailing 
opinion is that NEC Article 230.79(D) requires a minimum PV 
service disconnect rating of 60 A.  

Article 230.42(B) requires that service entrance conduc-
tors have an ampacity not less than the rating of the service 
disconnecting means. For this reason the conductors that 
run between the PV service disconnect and supply side con-
nection must have a minimum rating of 60 A.  In most cases, 
NEC Article 240.21 requires that conductors have overcur-
rent protection at the point where the conductor is supplied 
with power. However, because the conductors running from 
the supply side connection to the PV service disconnect are 
considered service entrance conductors, Articles 240.21(D) 

and 230.91 allow them to be protected at the PV service 
disconnect. Some jurisdictions may require running the PV 
service entrance conductors in rigid metal conduit for addi-
tional protection.  

The overcurrent protection in the PV service disconnect 
and the conductors that run between this disconnect and 
the inverter do not need to conform to the minimum 60 A 
rating.  Instead, they should both be sized according to Arti-
cle 690.8(B)(1), which requires them to carry at least 125% of 
the inverter’s continuous output current. 

Interrupt ratings for equipment. NEC Article 110.9 states 
that any new service equipment installed shall have an 
interrupt rating enabling it to withstand the total pos-
sible fault current in the system—the kAIC rating. In most 
cases, it is sufficient to use the rating of the existing service 
equipment as a minimum. However, the size of the avail-
able fault current is determined by the rating of the utility 
transformer supplying power to the location. The service 

Supply side connection at breaker  The original fused main 
disconnect at this site would not accommodate a supply side 
connection. Since a load side connection was not compliant 
per the 2005 NEC, the main disconnect was upgraded to a 
main distribution panel (MDP). Service breakers in the new 
MDP are subject to the six handle rule, providing room for 
future expansion. 
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equipment or utility transformer may 
have been changed since the original 
service was designed, so the safest bet 
is to contact the utility and request 
information about the available fault 
current for that specific site. 

Sizing limitations. Electrically speak-
ing, the size of a supply side connected 
PV system is limited only by the ampac-
ity of the existing service entrance con-
ductors. Article 230.90(A) indicates that 
the ratings of the PV service disconnect 
and overcurrent protection devices 
(OCPD) shall not exceed the rating of 
the existing service entrance conduc-
tors. For a supply side connection this 
means that the new PV service discon-
nect rating may be as large as that of the 
main service disconnect. At first glance, 
this might seem troublesome, since the 
service conductors are protected by 
overcurrent devices with a sum as much 
as double the ampacity of the conduc-
tors. When two to six circuit breakers or 
sets of fuses, however, are used to provide overload protection, 
you can look to Exception No. 3 under NEC Article 230.90(A), 
stating that the “sum of the ratings of the circuit breakers or 
fuses shall be permitted to exceed the ampacity of the service 
conductors, provided the calculated load does not exceed the 
ampacity of the service conductors.” This rule applies because 
the power produced by a PV system will actually diminish 
the load being drawn from the utility, not add to it. Therefore, 
there is no danger of overloading the service conductors with 
the addition of a Code compliant PV system.

L o A d  S I d e  C o n n e C t I o n

NEC Article 690.64(B) states that a load side connection is 
allowable at any distribution equipment on the premises, as 
long as the connection is made at a dedicated circuit breaker 
or fusible disconnection means. This type of connection most 
often consists of backfeeding a breaker, or multiple break-
ers, located in the main distribution panel. However, a load 
side connection can also be made through a backfed breaker 
located in a subpanel or by connecting to feeder conductors. 

The 120% rule. This simple rule lets you determine how 
many amps you can backfeed through service equipment. 
NEC Article 690.64(B)(2), more than any other Code section, 
limits the size of a load side connected PV system. When a 
supply side connection is impossible or impractical, this 
rule is the limiting factor on the system size. The 2005 

NEC states, “The sum of the ampere ratings of overcurrent 
devices in circuits supplying power to a busbar or conduc-
tor shall not exceed the rating of the busbar or conductor.” 
This rule is restrictive as most busbars and conductors are 
already fed at, or very near, their capacity. Most residen-
tial installations take advantage of the  C o n t i n u e d  o n  pa g e  3 6  

240 Volts, Single Phase

Enclosure rating 
(amps)

Main breaker 
rating  
(amps)

Maximum sum of 
PV breaker size(s) 

(amps)

Maximum total 
inverter size                       

(watts)

100 100 20 3,840

125 125 25 4,800

125 100 50 9,600

200 200 40 7,680

225 225 45 8,640

225 200 70 13,440

400 400 80 15,360

600 600 120 23,040

Maximum Connected PV Inverter Watts

Table 1  This table shows the maximum PV inverter watts that 
can be connected to the load side of common single-phase 
residential electrical service equipment. Note how undersizing 
the main breaker relative to the panel’s busbar rating allows 
for additional inverter capacity.

Load side connec-
tion at breaker  This 
800 A, 3-phase, 240 V 
delta panel is protected 
by a 600 A fused main 
disconnect switch (not 
shown), allowing for the 
connection of 200 A of 
PV per the 2005 NEC 
or 360 A of PV per the 
2008 NEC. In this case, 
the 2005 Code applied, 
and the PV intercon-
nect breaker is the third 
one down on the right 
side of the panel. Local 
codes require that the 
high leg—or stinger—is 
landed on the B phase. 
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The Powerful Difference

Room to move

Magnum Panel DC
All DC connections in  
one panel
Lots of room to work 
Clean styling with all front- 
access breakers
Available with 500 or 1000  
amp shunt, depending on 
power level required
Easy to expand.  Start with  
two units and expand to 
three or four
Holds up to 15 mini  
DC breakers
All connections are  
front mount

Magnum Panel AC  
All AC connections in  
one panel
Lots of room to work 
Clean styling with all  
front-access breakers
Larger bypass – up to 125  
amps available
Easy to expand.  Start with  
two units and expand to 
three or four
All connections are  
front mount

To learn more about 
these new products visit 
www.magnumenergy.com

The NEW Magnum Panels.
Roomy and all the features you asked for.

www.magnumenergy.com
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exception that follows, which allows the sum of the overcurrent 
protection devices supplying power to a busbar or conductor 
to be as much as 120% of the rating of the busbar or conductor.  

The 2008 NEC expands the 120% rule to include commercial 
projects. These systems often connect to the supply side of the 
service, so they are generally unaffected by this rule. Because of 
its limitations, customers needing to use a load side connection 
must choose between a smaller system and a costly upgrade to 
their existing service. Many jurisdictions have not yet adopted 
the 2008 version of the Code, so it is important to check with the 

AHJ before proceeding with a project that requires utilizing this 
exception in a commercial setting.  

The equation to determine the maximum sum of PV break-
ers that can be landed in a panel using the 120% rule follows:

BpV = (1.2 x aBB ) – aMB 

In this equation, BPV is the maximum sum of the PV breakers, ABB 
is the amperage rating of the panel busbars and AMB is the amper-
age rating of the main breaker.

•  Desired system size: 22.5 kW
•  Service voltage and configuration: 120/208 V, 3-phase
•  Main enclosure rating: 400 A
•  Main breaker rating: 400 A
•  Empty breaker space: 15 empty single-pole breaker  
 spaces
•  No access for a supply side connection
•  AHJ is enforcing the 2008 NEC 

The PV system will be installed on three separate roof sec-
tions, each with a different orientation. To maximize production, 
the system will utilize three separate Fronius IG Plus 7.5-1 UNI 
inverters.

Challenge. To understand this scenario, we need to 
review how single-phase inverters are connected to a 3-phase 
panel. The distribution portion of a 3-phase panel consists of 
three busbars, one for each phase. When single-phase 208 
V or 240 V inverters are connected to a 3-phase panel, each 
inverter connects to two of the three busbars, as shown in 
Diagrams 2a and 2b to the right. It is important to ensure that 
the phases do not become significantly out of balance due  
to the pV system. Most utilities require that no one phase in 
the system be supplied with 6,000 watts more or less than 
any other phase. 

The 120% rule works the same in a 3-phase panel as it 
does in residential panels. No one busbar can be supplied by 
breakers that have an amperage greater than 120% of the  
busbar’s rating. The output of a Fronius IG Plus 7.5-1 UNI 
inverter at 208 V is 36.1 A and must be protected by a 50 A 
breaker. As shown in Diagram 2a, when the proposed system 
is connected, 100 A of PV breakers feed each busbar. Since 
the busbars are 400 A rated and are supplied by a 400 A main 
breaker, only 80 A worth of connected PV breakers is allowed 
per busbar. The following calculations determine the maximum 
connected PV breaker rating:

BpV = (1.2 x aBB) – aMB 
BpV = (1.2 x 400 A) – 400 A
BpV = 480 A – 400 A
BpV = 80 A

Solution. This problem can be solved by landing the PV 
system in a subpanel before connecting it in the main. The math 
needed to prove this point can be done in a variety of ways, 
some involving complex vector addition diagrams. A simple way 
to understand it is this: once a PV system consisting of balanced 
single-phase inverters has been connected in a subpanel, from 
that point on the math is done as if the system consisted of a 
single 3-phase inverter. 

In our example, stacking three single-phase 7.5 kW Fronius 
IG Plus inverters across all three phases of the service results 
in the equivalent of a 22.5 kW 3-phase inverter. The math to 
calculate the phase current for this 3-phase system is relatively 
straightforward, as shown in the following formula, where IPH is 
the phase current, W is the total watts of the inverter(s) and V is 
the system voltage:

iPH = W ÷ (√3 x V)
iPH = 22,500 W ÷ (1.732 x 208 V)
iPH = 22,500 W ÷ 360 V
iPH = 62.5 A

When this equation is applied to a 22.5 kW inverter, it 
yields a phase current of 62.5 A. This requires protection by 
an 80 A breaker (62.5 A x 1.25 = 78.1 A), the maximum size 
allowed to connect to a busbar that is rated at 400 A and  
supplied by a 400 A main breaker. 

If the existing service were 3-phase 277/480 V, the math 
would have been much easier. In this case each single-phase 
inverter is connected between one phase and the neutral. The 
current per phase is simply the sum of the output current of all the 

Commercial Interconnection SCenARIo  
with Single-Phase Inverters
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400 A main
disconnect

Main panel

50 A, 2-P PV breaker (x3)

Fronius IG Plus 7.5-1 UNI (x3)
7,500 W single-phase, grid-interactive inverter

Subpanel

50 A, 2-P PV breaker (x3)

Fronius IG Plus 7.5-1 UNI (x3)
7,500 W single-phase, grid-interactive inverter

400 A main
disconnect

Main panel

80 A, 3-P PV breaker

2a. Sum of breakers feeding busbar
 exceeds 120% of 400 A rating:
 400 A + 100 A = 500 A ≥ 480 A

2b. Sum of breakers feeding 400 A
 busbar meets 120% rule: 
 400 A + 80 A = 480 A ≤ 480 A

inverters connected to each phase. (For more examples of inverter 
output current calculations, see “From kW to MW: System Design 
Considerations,” October/November 2008, SolarPro magazine.)

The calculations here work for systems with balanced invert-
ers only. If a single Fronius IG Plus 5.0 were added to the system 
in this example, it would not be possible to calculate the phase 

current by considering the system to be a single 27.5 kW system. 
Instead, it would be necessary to add the 24 A output current of 
the additional inverter to the two phases it is connected to. {

X WEb ExClUSIVE  see the online version of this article at  

solarprofessional.com for two additional interconnection scenarios.

Diagrams 2a & 2b  In Diagram 2a (top), the sum of the breakers supplying each busbar exceeds 
the limits of the 120% rule. As shown in Diagram 2b, landing the inverters in a subpanel solves the 
problem.

Ground fault protection. NEC Article 690.64(B) provides 
regulations governing load side connections. A PV power 
source should not be connected on the load side of ground 
fault protection (GFP). As noted by John Wiles in “Making 
the Utility Connection,” June/July 2005, Home Power maga-
zine, tests have shown that the sensing and trip circuits 
in GFP breakers can be destroyed if they are tripped while 
being backfed. This is the reason that a connection must be 
made on the line side of all ground fault devices, unless the 
particular device is listed as suitable for backfeeding. This 

issue often comes up on larger commercial systems, because 
many commercial locations include GFPs that are integral 
with the main service disconnect.

listed breakers. Like a GFP device, a standard breaker can 
be damaged by backfeeding if it is not listed for the appli-
cation. Article 690.64(B) in the 2008 NEC specifies that if a 
breaker is marked “Line” and “Load,” it may be fed in only 
one direction. If a breaker has no such markings, it is suitable 
for backfeeding and may be used to connect a PV system. 
When connecting in a subpanel, it is important to determine 
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200 A main
disconnect

Main panel

5 kW single-phase,
grid-interactive inverter

100 A breaker 30 A breaker

Subpanel

Diagram 3  Article 690.64(B)(2) of the 2005 NEC requires using the 100 A breaker in backfeed calculations for the 
main panel busbars. New language in the 2008 NEC clarifies that the rating of only the 30 A breaker is counted, 
although each panel must still be evaluated all the way back to the main. 

whether every breaker that will be backfed by the PV system 
is acceptable for this use.  

Inspectors familiar with NEC Article 408.36(F), which 
requires backfed breakers to be secured with an additional 
fastener, may need to be made aware of Article 690.64(B). This 
states that breakers supplying power to an electrical panel as 
part of a PV system do not need to be individually fastened 
to the panel. It is, however, important to make sure that the 
cover or dead front for the panel is in place.

PV breaker location. Changes in Article 690.64(B) of the 
2008 NEC determine the PV breaker location when the sum 
of the breakers feeding a busbar is greater than the rating of 
the busbar. In such cases the PV breaker must be installed 
at the opposite end of the bus from the main breaker or 
feeder lugs, and a label must indicate that the breaker may 
not be relocated. This positioning ensures that the ampac-
ity rating of the device is never exceeded at any point on 
the busbar.

New language in the 2008 Code clarifies the rules for con-
necting a PV system in a subpanel. Ambiguity in the 2005 
version made it very difficult to employ the 120% rule. This 
is illustrated in Diagram 3. The new language, found in Arti-
cle 690.64(B)(2) of the 2008 NEC, states that only breakers 
directly connected to the inverter are counted in the back-
feed calculations. 

labeling requirements. NEC Article 690.64(B)(2) states that 
labeling is required for equipment containing an overcurrent 

device that supplies power to busbars or conductors that are 
fed from multiple sources. The label must indicate all sources 
of power to the busbar or conductor.  C O N T I N U E D  O N  PA G E  4 0 

Line side residen-
tial at breaker  This 
200 A service panel 
from Midwest Electric 
Products is configu-
rable as either a main 
breaker panel or a main 
lug panel, depending 
on the lugs where the 
utility service conduc-
tors are terminated. In 
this case, the panel is 
configured as main lug 
only, making both the 
200 A main breaker and 
the 60 A PV breaker 
line side service equip-
ment. This supply side 
connection does not 
have to comply with 
the 120% rule found in 
NEC 690.64(B). 
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Can We Land? 

This is to prevent a mistaken assumption that electri-
cal equipment is deenergized when only one of the power 
sources has been shut off. Article 705.10 further requires 
the installation of a permanent plaque or directory at every 
service equipment location, indicating all sources of electric 
power on the premises.

METhOdS Of INTErCONNECTION 
The NEC has many rules and provisions specific to the inter-
connection of photovoltaic systems. Making sense of all of 
these and putting them to practice is sometimes challeng-
ing. Here we discuss the most common compliant devices, 
practices and methods of interconnection. Although residen-
tial and commercial electrical systems vary in capacity, they  
are often made up of similar components and have similar 
methods of interconnection. 

B A C k f e d  B R e A k e R S
Backfeeding a breaker is a relatively fast and simple way to 
perform a load side connection. It requires few parts and 
often can be safely performed without disconnecting the 
service. This method requires only an installed breaker, con-
duit run from the inverter to the electrical panel and pulled 
and landed wires. The downside is that the 120% rule can 
severely limit the PV system size. Consider the following 

techniques for maximizing the amount of interconnected 
solar capacity. 

Service-targeted inverters. Some inverters are specifically 
designed to maximize the amount of power connected to 
common residential services. A 3,800 W inverter, for example, 
has a required breaker size of 20 A at 240 Vac. This is targeted 
for a 100 A panel with a 100 A main breaker. Likewise, a 7,500 
W inverter is targeted, at 240 Vac, to backfeed about as much 
solar capacity as possible onto a 40 A breaker, the largest size 
allowed by the 120% rule in a common 200 A panel with a 200 
A main breaker. 

Amp shaving with subpanels. In some cases it is possible 
to shave 5 A or more off the required breaker size by com-
bining inverter outputs in a subpanel before connecting to 
the existing equipment. The Fronius IG 2000 and IG 3000 
inverters are good examples. The maximum output cur-
rent of the IG 2000 is 8.4 A and requires a 15 A breaker;   
the output current of the IG 3000 is 11.3 A and also requires a 
15 A breaker. This results in a total of 30 A worth of breakers, 
if the inverters are landed separately in an existing panel. 
However, if the output of the inverters is combined in a sub-
panel first, the math works out differently. The combined 
output current of both inverters is 19.7 A, requiring protec-
tion by only a 25 A breaker (19.7 A x 1.25 = 24.63 A). 

Downsizing the main breaker. To avoid nuisance trip-
ping or worse, this technique must be done carefully. To 

Adjustable trip  Replacing the rating plug in this 250 A breaker 
frame adjusts its trip rating. In this case, a 225 A rating plug is 
used. The breaker label includes a great deal of additional infor-
mation useful to designers and installers, including interrupt 
ratings, wire ranges, torque specs and rating plug type.
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Line side tap in gutter  Insulated power distribution blocks 
in gutters are another convenient location for making a supply 
side connection. In this case, a new PV service disconnect (on 
the right) is installed alongside the existing service discon-
nects at the site. Make sure to use UL listed, not just UL 
recognized, power distribution blocks with dead front covers.
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appropriately downsize the main breaker, you must perform 
an accurate and detailed load calculation per NEC Article 
220. When downsizing is possible, you gain the difference in 
amps between the old main service breaker and the new one. 
Coupling the 120% rule with the gained amps from downsiz-
ing may prove a cost effective way of installing the desired 
PV system size. 

If you have a residential 200 A panel with a 200 A main 
breaker, for example, you can install up to 40 A of PV with 
the 120% rule. If the loads on that service never exceed 140 A, 
and a 175 A main breaker is available for the panel, you may 
consider downsizing the main breaker and installing up to a 
total of 65 A worth of solar. In some commercial applications, 
downsizing the main breaker will simply involve replacing the 
rating plug in the breaker.

limited breaker space. Though the 120% rule can be limit-
ing, there are many cases when it adequately supports the 
installation of an appropriately sized photovoltaic system. 
In some situations, however, even when the math allows  
a load side connection at a breaker, you may find that there  
is not enough space for the PV breaker. Two common strate-
gies for resolving this issue are using thin breakers or install-
ing subpanels.

Replacing existing full sized breakers with thin breakers 
often frees up room in a panel. A thin breaker operates just 
like a full sized breaker but takes up only half the space. A 
variety of thin breaker styles are available, including single-
pole thin breakers, single-pole twin breakers, double-pole 
thin breakers and double-pole quad breakers. Examples are 
detailed in Table 2.

If a panel is already packed full of thin breakers or if the 
required thin breakers are unavailable, you can also make 
room in the existing panel by installing a new subpanel. 

Table 2  Thin breaker types differ by manufacturer and model. 

Manufacturer / 
Model Single-Pole Twin/Tandem Double-Pole Quad

GE /  
THQL ✓ ✓

Cutler-Hammer / 
BR ✓ ✓

Cutler-Hammer / 
CH ✓

Square D / 
Homeline ✓ ✓

Square D /  
QO ✓

Siemens /  
ITE ✓ ✓

Thin Breaker Types

SolarProMag_half-vertical_v2.indd   1 2/4/2009   2:41:55 PM

www.apricus.com
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This can work in two ways. You may either move enough 
breakers out of the existing panel to land the backfed PV 
breaker there, or, if the new subpanel and feeder conduc-
tors are sized appropriately, the PV system can land in the 
subpanel. The downside to this is that it increases your 
involvement with the customer’s electrical system. As 
a solar professional, you are in the business of installing 
PV, not dealing with time-consuming residential electrical 
issues. It may be best if the customer hires an electrician to 
install the new subpanel.

breaker compatibility. The wide variety of panel and 
breaker manufacturers can lead to confusion about which 
breakers are appropriate for various panels. Though many 
breakers seem physically interchangeable, they may not be. 
A careful installer will ensure that a breaker is suitable for 
backfeeding and approved for use in the panel where it is to 
be installed.

It helps to understand the difference between a specified 
breaker and a classified breaker. A specified breaker is one 
that the panel manufacturer has listed as appropriate for use 
in its product. A classified breaker is one that has been tested 
by a third party—Underwriters Laboratories, for example—
for use in a panel. 

There should be no difference in the performance of speci-
fied or classified breakers, but some panel manufacturers may 
claim that the use of breakers other than their own will void 
the warranty. The Magnusson-Moss Warranty Act prohibits 
manufacturers from requiring their own replacement parts 
to maintain warranties. The use of a classified third party 
breaker should be acceptable, as long as the device is listed 
and identified for the application. As always, however, the use 
of these products is ultimately up to the AHJ.

Some manufacturers produce breakers that are classi-
fied for use in a wide range of panels. The Cutler-Hammer CL 
breaker, for example, is UL classified for use in Crouse Hinds, 
GE, ITE, Siemens, Square D Homeline and Murray panels. 
Stocking this model, or similar breakers, can save time and 
decrease the amount of inventory required.

Service upgrade. Upgrading the existing service is usually  
the last option for increasing the allowable size of a PV  
system when connecting the system on a backfed breaker. 
Service upgrades are costly and may prove a barrier to a sale. 
In many cases, however, a service upgrade is a worthwhile 
improvement to a home or business, especially those with 
an older service.  

Older homes often have electrical panels that are in poor 
condition, are not up to date with current Code requirements 
and may need to be replaced in the near future anyway. This is 
due in part to our ever-increasing electrical demands, as older 
services were never intended to support air conditioning and 
other large loads common today. In these cases, money spent 
upgrading an existing service will not only allow the installa-
tion of a larger PV system, but it will also increase the safety of 
the home or business while allowing load expansion. 

When considering a service upgrade, check whether the 
service wires are overhead or underground. If the wires are 
underground, it is most likely the customer’s responsibil-
ity to replace them. This can add further cost to an already 
pricey option.  C O N T I N U E D  O N  PA G E  4 4

Can We Land? 

Supply side tap connection  The inverter output conductors 
in this photo are tapped to the busbars that run between the 
meter and main disconnect in this main service enclosure. The 
connection in this case is made using crimp lugs that are bolted 
to existing holes in the busbars. 
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In some cases, money spent upgrading 
an existing service will not only allow 
the installation of a larger PV system, 
but it will also increase the safety of 
the home or business while allowing 
load expansion. 



Easy to Install 
Switchgear Module

Local and Internet
Monitoring

Our Integrated 
SolarPowerCenter

203.790.6400

 AD- Inverter Evolution_5  11/28/08  7:59 PM  Page 1

www.apollosolar.com


44 S o l a r Pr o   |   June/July 2009

L o A d  S I d e  t A P
A load side tap is a connection made to busbars or conduc-
tors on the client’s side of the main service disconnect or 
main breaker. The rules for carrying out this type of connec-
tion are not well defined, even in the 2008 NEC. There are, 
however, a few basic points that are important when consid-
ering a load side tap. 

First, even though this is a tap connection, it must con-
form to the 120% rule as defined in Article 690.64(B). Perform 
calculations for all busbars upstream of the tap to ensure that 
the 120% factor is not violated. Second, busbars downstream 
from a load side tap must be protected by a main breaker, 
unless the sum of the overcurrent devices supplying power to 
that busbar—the PV breaker plus any other upstream feeder 
breaker—does not exceed the busbar’s rating. Although this is 
not as explicitly stated in the 2008 Code as it was in the 2005 
NEC 690.64(B)(2), it is necessary to prevent the downstream 
busbars from being fed at a level exceeding their ampacity. 
Third, all breakers between the tap and the utility should be 
checked to make sure that they are suitable for backfeed-
ing. Finally, confirm that the tap is on the line side of all GFP 
equipment, unless the GFP is listed for backfeeding.  

Furthermore, you may wish to consider the changes pro-
posed for Article 705.12(D) in the 2011 NEC for a load side 

connection. Although these proposals may not make it to 
the next Code cycle, they do provide insight into the most 
recent thinking on load side connections. You can find the 
proposed Code changes that apply to PV systems on the 
Solar America Board for Codes and Standards Web site at 
solarabcs.org. 

S U P P Ly  S I d e  t A P
Briefly, a supply side tap is a connection made to the bus-
bars or conductors on the line or utility side of the main ser-
vice disconnect. Though you may regard a backfed breaker 
as easier to install, a supply side tap has its benefits as well. 
For example, a line side tap is the preferred method of inter-
connection when installing a PV system that exceeds the 
120% rule. 

Until your local AHJ adopts the 2008 NEC, a line side  
tap is probably your preferred connection for commercial 
photovoltaic installations. It is also the go-to method when 
a load side connection requires backfeeding an unlisted 
GFP device. 

When performing a supply side tap, you are faced with 
the challenges of physically connecting to a conductor or 
busbar. An overview of the most common devices used for 
performing these connections follows.  C O N T I N U E D  O N  PA G E  4 6
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AC side connec-
tions  Borrego Solar 
line-side connected a 
106 kW PV system at 
Veritable Vegetable’s 
warehouse in San 
Francisco by landing 
at busbars between 
the revenue meter 
and main switch. 
Equipment right of 
the main service 
enclosure includes 
the fused PV system 
service disconnect, 
an inverter aggrega-
tion panel and 14 
SMA inverters.



SOLAR ENERGY
INTERNATIONAL

Training Tomorrow’s PV Workforce

If you are serious about  excelling in the PV 
industry and want to learn more about de-
signing and installing a NEC code compli-
ant PV system SEI offers an educational 
course you can experience from your own 
home. The Advanced PV: Design Criteria 
& NEC online course is an important part 
of your resume of PV knowledge. Log on to 
your solar future at www.solarenergy.org
to learn more.

June 8 - July 19, 2009
July 20 - August 30, 2009
Aug. 24 - Oct 4, 2009
Sep. 21 - Nov. 1, 2009

For the past 18 years   Solar   Energy                    
International (SEI) has stood by its mission of 
helping others to use renewable energy and  
environmental building technologies through  
education and technical assistance. SEI 
serves those pursuing a green career and is 
also committed to helping folks learn how to                 
incorporate renewable energy into their lives.

Advanced PV Online:

Over
 

18
 

years

experience
 

in

RE
 

training

www.solarenergy.org

NABCEP Accredited 
Technical PV Training

Trend Setting PV 
Training Facility

Earn College Credits 
through Online Courses
Worldwide Training & 
Technical Assistance

www.solarenergy.org


46 S o l a r Pr o   |   June/July 2009

Insulation-piercing tap splice con-
nectors. Usually the easiest conductor 
tapping device to install is a tap splice 
connector that pierces the conductor’s 
insulation to make electrical contact. 
These devices are available for a vari-
ety of wire sizes and types. Insulation- 
piercing tap splice connectors can be 
installed on live service conductors, 
making them the best choice when a 
shutdown is inconvenient or costly. 
These devices are often very bulky, 
however, and may not fit in even mildly crowded electri-
cal panels. To avoid arcing and failure, secure insulation-
piercing tap splice connectors at the specified torque values; 

some of these devices have snap-off 
plastic bolts that ensure the appro-
priate connection without the use 
of a torque wrench.  

Insulated terminal blocks. These 
simple tapping devices are available 
for a variety of wire gauges. Unlike 
insulation-piercing tap splice con-
nectors, these devices require a 
service shutdown. Depending on 
appropriate sizing, the conduc-

tor being tapped may remain continuous passing through 
the device, or it may be cut and landed individually on a 
three-hole version. Though 
insulated terminal blocks are 
also bulky, they may be use-
ful when insulation-piercing 
tap splice connectors will 
not work, as they can pro-
vide flexibility for positioning 
inside a panel. 

Gutter or parallel tap connec-
tors. These devices are similar 
to insulated terminal blocks 
in installation and application. Though more expensive, these 
connectors offer increased flexibility by allowing connections 
in limited spaces. With a lay-in-lug design, Greaves Gutter Tap 
connectors or the Parallel Tap Connector from Ideal Indus-

tries allow a continuous service 
conductor and perpendicular 
or parallel tap conductor posi-
tioning. Like terminal blocks, an 
electrical shutdown is necessary 
for installing and servicing this 
type of connector.

Crimped devices. There are 
a variety of crimped devices 

available for making tap connections to conductors. These 
devices, such as the Burndy H-Crimpit, often require the 
use of a hydraulic crimping tool, fitted with a specific die. 
When appropriately installed, these 
connections are sturdy and irreversible, 
eliminating the need to maintain torque 
values over time. Crimped devices, pur-
chased for specific conductor sizes, 
usually take up less space than other 
options, though the use of a crimping 
tool may be limiting in tight spaces.   

Split bolt. Products like this dual-
rated, Type AS split bolt from Ideal 
Industries are a relatively simple, flexible 
and affordable method of making a con-
nection to a continuous service entrance 
conductor run. These are bulky connections when properly 

taped, but the quality of the 
connection is high.

Compression lugs. The 
most common method of 
tapping onto busbars are 
crimped lugs. These devices 
are crimped to the ends 
of the tap conductors and 
bolted to the busbars. When 
existing holes or bolts are 
not available, it may be pos-

sible to drill the busbars and recertify the equipment. Crimped 
lugs require relatively little space, though an electrical shut-
down for installation and torque maintenance is required. 

hAPPy LANdINgS
There are many important aspects involved in the connec-
tion of a utility-interactive PV system. These include per-
forming a quality site evaluation, understanding the NEC 
and mastering the available methods of interconnection. All 
of these are relevant to a safe and cost effective installation. 
Many of these rules are still being developed and debated, 
and each new Code cycle brings changes to the industry and 
to interconnection methods. 

ryan LeBlanc / SPg Solar / Novato, CA / ryan.leblanc@spgsolar.com 

Tarn yates / SPg Solar / Novato, CA / tarn.yates@spgsolar.com

Manufacturers
fCI-Burndy / 800.346.4175 / burndy.com

greaves Electrical Connectors / 800.243.1130 / greaves-usa.com

Ideal Industries / 800.435.0705 / idealindustries.com

Midwest Electrical Products / 507.345.2505 / midwestelectric.com
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Insulated terminal 
block
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Parallel tap connector

Buchanan B-TAP
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c-Si Photovoltaics:   Trends,  
                   Design,  
                Purchasing 
                    and

 2009 Specs
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According to the Solar Energy Industries 
Association’s 2008 US Solar Industry Year 
in Review, the installed capacity of grid-
tied PV in the US increased an astonish-
ing 81% for the year. Of the 342 MW  
of capacity that the US added last year,  
292 MW was connected to the grid.

Cumulative grid-connected PV capacity in 
the US eclipsed 1 GW in 2008. The global 
PV market was even stronger, reaching 
110% growth according to the Market-
buzz 2009 report from Solarbuzz. Spain 
accounted for 2.4 GW of the 5.95 GW 
installed worldwide in 2008, while Ger-

many installed 1.86 GW, with the US finishing a distant third 
in added capacity. In spite of this record growth at home 
and abroad, the PV industry is now bracing itself to face the 
effects of a module oversupply and a global recession.

To help integrators navigate the unprecedented bounty of 
crystalline silicon (c-Si) PV modules, the table that accompa-
nies this article on pages 62–73 lists comprehensive specifica-
tions for all of the mono- and polycrystalline PV modules rated 
at 100 W STC or greater that are available in North America 
for grid-connected applications. This article provides business 
owners, sales personnel, and system designers and installers 
with insights into how best to put these products to use, espe-
cially concerning optimal design and installation practices. It 
also discusses changes in standards, codes and market condi-
tions that will have short- and long-term impacts on c-Si prod-
uct listing and availability and your business model.

MARKET TRENDS 
As a technology, c-Si PV modules are elegant in their sim-
plicity, reliability and predictability. Despite the material 
and fabrication challenges that manufacturers must con-
stantly overcome, they succeed in delivering incrementally 
improved products year after year—PV modules that last for 
decades in the most challenging environmental conditions. 
Nonetheless, the most exciting developments in the indus-
try right now are not driven by technological breakthroughs, 
but rather global market conditions. This is a time of both 
feast and famine—the best of times or the worst of times, 
depending on your perspective.

By David Brearley

c-Si Photovoltaics:   Trends,  
                   Design,  
                Purchasing 
                    and

 2009 Specs
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After 5 years of supply constraints due to a global short-
age of polysilicon feedstock, the oversupply of PV modules is 
undoubtedly a welcome relief to many readers. Gone are the 
days when installers had to suffer through 6-month lead times, 
last minute system redesigns due to product unavailability 
and blown margins caused by price increases that seemingly 
came every month without warning. More modules are avail-
able now than ever before, in terms of models, manufacturers 
and sheer quantity. It is, at long last, a buyer’s market.

For c-Si module manufacturers, the outlook is more chal-
lenging. While polysilicon prices have dropped over the last 
year, some module manufacturers are locked into long-term 
feedstock delivery contracts. SunTech Power, for example, 
the highest capacity cell and module manufacturer in the 
world, announced in February that it had renegotiated the 
terms of a 10-year supply contract with MEMC, increasing 
purchase volume in order to decrease material costs.

An additional challenge facing manufacturers is that many 
industry analysts predict a global market contraction in 2009, 
a result of both the global economic crisis and the caps that 
Spain put on its feed-in tariff program. According to one ana-
lyst, Dr. Hennig Wicht, the senior director and principal photo-
voltaics analyst at iSuppli, PV module supply in 2009 will exceed 
demand by an estimated 168%, up from a 102% oversupply in 
2008. Wicht believes that while the PV market may see mod-
est growth in 2009, resulting revenue will still be down overall, 
something the market has not seen in the last decade.

The gap between supply and demand has 
led to lower wholesale and retail module prices 
in 2009, a trend that is expected to continue 
throughout the year. Those farthest down the 
supply chain will benefit from this the most: 
customers, PV installers and integrators. Dis-
tributors also stand to benefit, assuming they 
are not sitting on too much inventory pur-
chased at higher prices. As module oversupply 
is forecast to continue through 2009, install-
ers and integrators who were wise to inven-
tory product as a hedge against scarcity may 
find this business model less advantageous. 
On demand ordering and on time delivery may 
finally be practicable, even profitable.

While lower module pricing should benefit 
installers and integrators in general, it makes 
for difficult times elsewhere in the supply chain. 
Faced with reduced revenues or operating losses, 
as well as a tight global credit market, module 
manufacturers are cutting staff, closing facilities 
and even going out of business in some cases. 
Many industry experts anticipated these manu-
facturing losses; but even these so-called short-
term losses have long-term implications for 

installers. Module manufacturers that go out of business tend 
to leave behind a legacy of 25-year product that no longer has 
warranty support. This is unfortunate for everyone involved. 

Some experts see light at the end of this tunnel. New 
Energy Finance analyst Nathaniel Bullard, solar associate for 
North America, takes a cautiously optimistic view. As Bullard 
concludes his podcast on February 3, 2009 (NEF Podcast 81), 
“Though the PV landscape may have fewer players a year from 
now, those that remain may be world leaders, not just in renew-
able energy, but in technology agnostic power generation.”

REGULATORY CHANGES
The California Energy Commission (CEC) requirements that 
take effect on July 1, 2009, a result of California Senate Bill 
1, will have an immediate impact on the c-Si PV products 
available for sale in North America. After July 1, the manu-
facturers of every PV module listed by the CEC on the Go 
Solar California Web site as rebate eligible must have com-
pleted and reported the results of third-party performance 
verification tests. This is not unlike the independent per-
formance parameter testing that the CEC has required of 
inverter manufacturers since April 2005. 

Previously, the CEC based PV module rebate eligibility 
on whether the product was listed to UL 1703. The Nation-
ally Recognized Testing Laboratories (NRTL) that can per-
form the tests required for UL listing include: CSA, Intertek 
(ETL), TUV Rhineland of North America C o n t i n u e d  o n  pa g e  5 2  

c-Si  Photovoltaics

Qualification testing  The CTS walk-in environmental chamber that Siliken 
Renewable Energy uses to randomly test its solar modules is the same type 
used by TUV and UL testing laboratories. The temperature and humidity 
controlled climatic chamber simulates extreme weather conditions. 
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and Underwriters Laboratories. But UL list-
ing is an imperfect tool for a program that 
desires to guarantee certain performance 
standards. As Carl Osterwald of the National 
Renewable Energy Laboratory notes in the 
Practical Handbook of Photovoltaics, edited by 
Tom Markvart and Luis Castaner, “as a safety 
standard, UL 1703 does not require a module 
to retain its performance at a certain level; 
rather it simply must not become hazardous 
as a result of the test sequences.”

The additional PV module performance 
parameter testing that the CEC will soon 
require can be performed at any test labora-
tory affiliated with the International Labora-
tory Accreditation Cooperation (ILAC). This 
includes the laboratories listed previously, 
as well as a host of testing facilities located 
around the world. Starting in July, CEC rebate 
eligible modules must be independently 
tested at one of these laboratories to Standard 
61215 of the International Electrotechnical 
Commission (IEC), the standard for terrestrial 
c-Si PV modules, or IEC Standard 61646, the 
equivalent standard for terrestrial thin film modules.

Per California Senate Bill 1, the CEC requires indepen-
dent verification of the following parameters: maximum 
power, temperature coefficients, nominal operating cell 
temperature (NOCT), performance at STC and NOCT, and 
performance at low irradiance (200 W/m2). The module PTC 
rating that the CEC subsequently uses to determine rebate 
amounts is calculated using STC rated power, NOCT, the 
temperature coefficient of power and cell aperture area.

Bill Brooks, principal engineer at Brooks Engineering, is 
optimistic that the CEC’s new module testing requirements 
will benefit the US market in the long term. “California has 
been hesitant in requiring the IEC qualification test, even 
though it is currently required in Europe,” Brooks says. “Unfor-
tunately, by not requiring the IEC testing, the US market has 
become an easier path to market entry for small, underfunded 
new PV manufacturers.” Third party performance param-
eter verification is a step in the right direction, one that may 
encourage more manufacturers to get their products qualified 
to IEC 61215. But as Brooks points out, “While July 1, 2009 is 
the current deadline for the new module testing, this date has 
been moved on at least two prior occasions.”

Whatever the final deadline, no modules will be grandfa-
thered, meaning that products that have not completed test-
ing at an ILAC-affiliated laboratory will no longer be eligible 
for rebates. After years of increasing in length, the CEC list of 
rebate eligible PV equipment is about to get a lot shorter. Even 
if CEC listing is not required for your project or in your major 

market, it is probably in your company’s best interest to do 
business with manufacturers that list their products with the 
CEC. Not only are the performance parameters for these mod-
ules independently verified, but also any manufacturer that 
does not invest in testing that allows its products to compete 
in the largest PV market in the US is sending mixed signals. 

USING THE SPECIFICATIONS TABLE
The table on pages 62–73 , “2009 c-Si PV Module Specifications,” 
is a comprehensive listing of more than 275 products available 
in North America from 23 manufacturers. All of these modules 
are listed to UL 1703 and applicable for use in grid-tied applica-
tions in North America. Check the Go Solar California Web site 
to confirm rebate eligibility, since products will be added and 
removed from the eligible equipment list when the new test 
requirements take effect after press time.

Depending on their role in their respective organiza-
tions, readers can make use of this table in different ways. 
Owners and managers of solar businesses may notice previ-
ously overlooked companies and decide to explore potential 
business opportunities. Now is a good time to build relation-
ships with companies new to the North American market, 
as well as established businesses. It is likewise a good time 
to shop around for competitive prices and diverse suppliers. 
Large scale PV project developers will find unprecedented 
opportunities for partnerships. Smaller shops that have his-
torically purchased products through distributors may be 
able to build relationships with manufacturers; integrators 

c-Si  Photovoltaics

Perfect fit  Believe it or not, the roof came first. But Meridian Solar’s Andrew 
McCalla chose the right tools for the job, Sharp Solar ND-72ERUC, ND-
72ELUC and ND-N2ECUC modules, rated at 72 W, 72 W and 142 W respec-
tively. Designers can use the “2009 c-Si PV Module Specifications” table to 
find their perfect fit.
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with direct relationships with one or two manufacturers 
may benefit from shopping farther afield, building an even 
more diverse supplier base.

One question that will undoubtedly be asked around the 
conference table is, “Which manufacturers should we buy 
from?” This depends on your level of risk aversion, accord-
ing to Brooks, who sums up the potential risks and rewards: 
“Contractors unwilling to take much risk should only install 
modules from larger, more established companies that are 
likely to be in existence for the duration of the module war-
ranty period,” he advises. “Less than a dozen companies in 
the world meet this criterion. For those willing to take some 
additional risk, the question that must be answered is how 
reduced a price a product should sell for compared to the 
related risk. Presently only a few products actually sell for 
enough less than those from more established companies to 
justify the corresponding risk.”

Regardless of what companies you decide to buy modules 
from, you can choose from more products than ever before. 
Residential sales personnel may discover that the profusion 
of modules with black frames and backsheets provides them 
with new solutions for aesthetically sensitive applications. 
They may also find it convenient to have the rated power 

tolerance or materials warranty for every PV module in one 
place. Savvy salespersons will use characteristics like these 
to frame their bids in the most positive light or to differenti-
ate them from competing proposals.

Design and installation personnel can save hours of time 
searching for and printing PV module cutsheets by keeping 
the table at their desks or in their trucks. Innumerable uses 
for it will present themselves. Looking for a product in the 
proper dimensions to fit a given roof ? Need a shorter or a 
longer module? Looking for modules with low open-circuit 
voltages for building arrays with the longest series strings? 
Looking for high-power modules or modules with the high-
est power density? Need product dimensions for a CAD lay-
out or to lay rail out on a roof ? Look no farther.

Whatever your quest, be it dimensional, electrical, aes-
thetic or a combination of all three, the specifications table 
puts answers at your fingertips. Readers can also print out 
the table, or any other article published by SolarPro mag-
azine, by accessing the PDF version of the article online. 
This will allow you to keep the magazine at your desk as 
part of your professional reference library, while you travel 
in the field with an encyclopedic binder of up-to-date prod-
uct specifications.

www.solarbos.com

Balance of System Products.  Exactly what you need when 
you need it for lower installation costs.  

String Combiners, Sub Combiners, Cables, Fuses, Grounds.  
600 and 1000 VDC.  Made in the USA.

For a sneak peek at our new products for 2009, simply 
send an email to newproducts@solarbos.com.     
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USING PV MODULES
While the table puts a great deal of useful infor-
mation in one place, some of the most impor-
tant considerations for designers, installers and 
sales staff are not found on product cutsheets or 
in tables. This is particularly true when it comes 
to using PV modules in a manner that guaran-
tees the safety of installation and maintenance 
personnel, preserves product warranties and 
ensures optimal long-term array performance.

In general, exercise caution and common 
sense when designing and installing systems 
using c-Si PV products. This is especially true 
when it comes to safety concerns. Nothing is 
more important to the success of your business, 
and to the success of the PV industry in general, 
than personal safety on the job and the safe 
operation of systems over time. Furthermore, it 
is much easier than one might think to violate 
the instructions—and possibly the warranty 
terms—for one PV product by substituting it in a 
design for a module with different terms of use.

Kyocera modules, for example, have rela-
tively high current characteristics and require 
a minimum PV source circuit conductor size 
of 10 AWG, whereas most manufacturers allow 
the use of 12 AWG conductors. There is no way 
to ensure that a PV system performs optimally 
in the long term unless product warranties 
remain inviolate during installation. Observing warranty 
conditions for all of the PV modules on the market requires 
that you know what those conditions are. This requires read-
ing product instructions.

If your company does forge new relationships with mod-
ule manufacturers in this buyer’s market, make sure that 
company personnel understand the limitations of use for 
these products. This is especially true the first time your com-
pany works with a product. This article discusses a variety 
of conditions of use, conditions that vary from manufacturer 
to manufacturer according to the terms described in the 
product installation manual. Because veteran designers and 
installers may be the least inclined to read instructions, inad-
vertent misuse of PV modules is a pitfall that new and old 
companies alike may be subject to.

PERSONAL SAFETY 
In some cases, directives contained in safety and installation 
manuals for PV modules are simply not practicable. Ironically, 
one of the least practical safety tips is also the most ubiqui-
tous: “Cover all modules in the PV array with an opaque cloth 
or material before making or breaking electrical connections.” 
As quoted here from a SunPower manual, this precaution 

shows up in every PV installation 
manual, and for a good reason.

As long as a PV module is 
exposed to light, it generates dc 
voltage at hazardous levels. The 
potential for injury increases 
as modules are connected in 
series and parallel. There is no 
off switch, and thus a shock 
hazard is always present during 
daylight hours. This represents 
a real and constant challenge to 
jobsite safety.

Arguably, the opportunity for 
personal injury due to an elec-
trical shock increases in direct 
proportion to the severity of 
the consequences. It is essen-
tial, therefore, that installers not 
only have procedures in place 
to minimize shock hazard as an 
array is wired, but that they also 
wear the appropriate protective 
equipment. To work safely on 
PV systems, installers need insu-
lated tools, voltage rated gloves, 
safety shoes with rubber soles 
and appropriate eye protection. 
Although commonly required 

only of workers on commercial projects, hard hats are appro-
priate at all times on PV installation sites.

Installers need safety training that is specific to the 
hazards associated with PV systems, yet general enough to 
include normal jobsite hazards. Every new project must be 
reviewed for specific hazards that may require additional 
training or certification. All trainings and certifications 
must be renewed at appropriate intervals. To keep track of 
these certifications, every crew needs a dedicated safety offi-
cer who holds regular meetings. 

This is common knowledge and common sense. But there is 
room for improvement on every jobsite and at every organiza-
tion. Downtime between projects and periods of bad weather 
are excellent times for crews to complete safety trainings. 

CONDITIONS OF USE 
Part of the challenge of following safety and installation 
instructions for various PV modules is that these instruc-
tions are seldom comprehensive or entirely relevant to the 
task at hand. In some cases, manuals are poorly written 
or translated; in others, they are simply impossible to find. 
It is not apparent, for example, that BP Solar or Canadian 
Solar post installation manuals for their c-Si  Continued on page 56  
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Wire management  While appropriate 
personal protective equipment ensures 
installer safety during installation, good 
wire management, as practiced here by 
the Conergy Projects Group, is required 
to ensure the safe operation of the sys-
tem in the long term.
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PV products on the company Web sites. 
These manuals may be distributed 
through the supply chain, but they need 
to be readily accessible to design and 
service personnel anywhere at any time, 
even for legacy products. Service person-
nel require ready access to installation 
manuals because these are seldom avail-
able when they arrive to troubleshoot or 
service a site. In general, a product cut-
sheet will suffice for most troubleshoot-
ing purposes. But installation manuals 
contain additional information that can 
aid service technicians, including limita-
tions and exclusions of use, and perhaps 
explain a premature failure.

For designers, the availability and 
accuracy of this information is even 
more critical. If a system is not designed 
in a manner that maintains a PV prod-
uct warranty, the best installation in 
the world cannot fix this fundamental 
problem. Use of a structural design that 
is specifically disallowed by the module 
manufacturer in the installation manual 
is an example of design failure. Similarly, 
the best design can be undermined by 
poor or unapproved installation prac-
tices. Probably the most common of 
these is module frame modification for 
grounding purposes, a practice that is 
almost universally prohibited in prod-
uct installation manuals.

Warranty coverage is normally excluded when PV prod-
ucts are installed in a manner that is contrary to the man-
ual. Limitations or exclusions of use for PV products vary by 
manufacturer and product line, as noted below. These obser-
vations are taken from product installation manuals found 
on the manufacturers’ Web sites at press time.

Module mounting. PV engineers and technicians com-
monly complain of poorly written module installation manu-
als. Of the 13 product installation manuals surveyed for this 
article, the best example of the level of detail that PV system 
designers and installers need is found in two separate docu-
ments published by Evergreen Solar. 

The first, the Safety, Installation and Operation manual for 
the ES-A Series PV modules, does not particularly stand out 
from other manufacturers’ safety and installation manuals. 
But Evergreen’s Mounting Guide for ES-A Series modules pro-
vides designers and installers with an unparalleled number of 
approved mounting options and an unprecedented amount of 
engineering details for these options.

In the ES-A Series Mounting Guide, Evergreen approves 
two major methods of module mounting: symmetrical 
support rails or support points and asymmetrical support 
points. Symmetrical mounting using rails or points allows 
for end mounting the module using a variety of structural 
support and clamp configurations. This method also allows 
for “offset mounting,” which is the method most commonly 
practiced by installers, where support rails run parallel to 
and are set inside of the short side of the module frame. 
Depending upon where these symmetrical support rails 
are located, the maximum permissible combined snow and 
wind load permitted by Evergreen varies. If the module is 
supported at a distance of 13-inch offset from the module’s 
short side, for example, corresponding to one set of the bot-
tom mounting hole locations, the module is rated for 60 
pounds per square foot. Between this point of maximum 
permissible loading and the second set of bottom mount-
ing holes at 16.3-inch offset, the design for wind and snow 
loading is 50 pounds per square foot.  C o n t i n u e d  o n  pa g e  5 8  
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Flexible and informative  The ES-A Series Mounting Guide from Evergreen Solar 
provides comprehensive engineering information for a variety of mounting options 
permitted by the manufacturer. Recreated here is Figure 8 (of 13 figures) that 
defines the maximum permissible combined wind and snow loads by rail location.
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At other symmetrical support locations, between the end 
mounting option at one extreme and 21.7-inch offset at the 
other, the module is load rated for no more than 40 pounds 
per square foot.

The second major method of mounting that Evergreen 
approves and describes uses independent support points 
located asymmetrically under the module. This appears to 
allow for the mounting of Evergreen ES-A Series modules 
using the S-5! PV Kit on a typical standing seam metal roof. 
At least two support points are required on each half of every 
module. As the module planes out across standing seams, 
located at 24 inches on center in the example in the guide, 
some modules will have six independent support points. 
Either way, this mounting method is approved for 40 pounds 
per square feet of combined wind or snow loading. 

Other manufacturers may approve the use of their mod-
ules in a similar variety of circumstances, but none make this 
explicit in their installation manuals. In some cases, the direc-
tions given are too vague to be helpful. Suntech Power’s instal-
lation guide for its PV modules, for example, identifies one set 

of mounting holes for “normal” installation, adding that use of 
a second set of mounting holes is required for “high wind and 
snow loads.” If the module is normally rated for 50 pounds per 
square foot of combined snow and wind loading, does the use 
of the additional mounting holes allow for additional loading? 
If so, how much more? Or is 50 pounds per square foot consid-
ered a high wind and snow load? This is the sort of language 
that leaves one with more questions than answers.

In many cases, module manufacturers list specific mount-
ing methods that are excluded from use, which is very impor-
tant information. If you are designing or installing a PV sys-
tem that uses SolarWorld, REC or Day4Energy modules, for 
example, short side mounting is prohibited. This is the prac-
tice of running support rails parallel to the long side of a mod-
ule frame to support the short side of the frame. While this is a 
common exclusion of use, Sharp ND-198 and ND-176 modules 
actually have four mounting holes located on the short side 
of the frame. So if your installers are used to practicing short 
side mounting with Sharp modules, be careful not to use that 
technique with another manufacturer’s modules without first 

verifying that it is approved.
End mounting may also be excluded 

from use. For example, GE Energy, Solar-
World and REC do not specify end mount-
ing as an option. Evergreen and SunPower, 
however, do allow this use, provided cer-
tain structural criteria are met. 

Approved mounting height also var-
ies by manufacturer. Evergreen and Sanyo 
require 4 inches of clearance between their 
modules and the roof deck. Kyocera, how-
ever, requires a minimum of only 0.6 inches 
of clearance between the module junction 
box and the roof. In many other instances 
it is unclear whether manufacturers have 
height or end mounting restrictions for 
their modules.

Suntech describes a condition of use 
that relates to the installed position of 
the module junction box. Because the 
J-box has a breather port that must not be 
exposed to rain, “the junction box should 
be on the higher side of the module when 
it is mounted.” This raises the question as 
to whether Suntech products are appro-
priate for use in east to west, single-axis 
tracker applications.

If a mounting method is in doubt, con-
tact the manufacturer. Jamie Skendarian, 
product marketing engineer for Solar-
World, explains his company’s mount-
ing requirements:  C o n t i n u e d  o n  pa g e  6 0  

Thin Film Modules
A s the title suggests, the “2009 c-Si pV Module Specifications” table does 

not list specifications for any thin film pV modules currently available in 
north america. this is intentional: the thin film market is so dynamic and fast 
growing that the editorial staff at SolarPro magazine decided to make thin film 
products the subject of a separate article. this article will run in a future issue 
and include a comprehensive listing of thin film pV module specifications.

according to Bill Brooks, the principal engineer at Brooks engineering, 
“Large scale utility projects will proliferate over the next few years, giving 
thin film products a huge opportunity. While higher efficiency modules have 
always been preferred in rooftop markets, large scale ground-mounted sys-
tems feeding utility programs will favor newer, higher risk, lower efficiency thin 
film products.”

the cost reduction potential using thin film products is best exemplified by 
First Solar; the company reports that its manufacturing costs are less than $1 
per watt. as a result, thin film module market share is increasing annually, in 
europe and north america, with even greater gains expected in the immedi-
ate future. (For an in-depth discussion of this trend, see “thin Film pV Market 
Share increasing,” april/May 2009, SolarPro magazine.)

if your company is involved in an application that seems ideal for thin 
film modules, you may consider contacting one of these manufacturers with 
products available in the uS and Canada: epV SoLaR, First Solar, Kaneka, 
MC Solar, SoLon, SoLYndRa and united Solar ovonic (uni-Solar). Major 
companies like applied Materials, Q-Cells, Sharp Solar and Suntech power 
are also positioning themselves in the thin film market. Start-up companies like 
Heliovolt, Signet and others expect to begin uS production of thin film modules 
in the near future. {
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“Our modules are IEC 61215 load tested to 112 pounds per 
square foot. According to the IEC, listing modules to 50 pounds 
per square foot corresponds to a wind pressure of 80 miles per 
hour with a safety factor of 3 for gusty winds. The mounting 
technique specified in SolarWorld’s installation guide describes 
minimum requirements necessary for a UL approved installa-
tion that satisfies SolarWorld warranty requirements.”

Mounting techniques that are not specifically allowed 
may also meet manufacturers’ minimum requirements. 
The only way to know for sure is by contacting the com-
pany. If an applications engineer approves your use, get the 
approval in writing. This protects you in the long run. It 
may also encourage the manufacturer to build more com-
prehensive product literature. 

Grounding.  Appropriate grounding procedures and equip-
ment are hotly debated throughout the electrical industry 
in general—the PV industry is not alone in this regard. But 
perhaps nothing exemplifies the disconnect between manu-
facturers and system installers better than the grounding 
instructions provided for PV products. Installers seldom get 
what they want in terms of grounding instructions. The good 
news is that the situation is getting better. 

Blake Gleason, engineering manager for Sun Light & 
Power, sums up what PV system designers and installers 
want from module manufacturers: “Provide a flexible, com-
prehensive installation manual—backed by comprehensive 
testing—that lists many allowable grounding methods: 
toothed washers, grounding clips (like the WEEB products), 
lay-in lugs, multiple ground hole locations, use of mount-
ing holes for grounding, field-drilled holes in the frame and 
so on.” While none of the manuals surveyed for this article 
cover all of these bases, most manuals provide for more than 
one approved grounding method and include some of the 
specifications that Gleason wants. In general, the grounding 
methods that manufacturers list fall into three categories.

The first approved grounding method involves wrap-
ping a ground wire around a stainless steel screw or bolt. 
Effective bonding to the module frame is achieved by screw 
threads cut into the frame or a stainless star washer that 
cuts through the frame’s anodized coating. Dissimilar met-
als are isolated using combinations of stainless flat or cup 
washers. In some cases this is the only approved grounding 
method. The problem is that many projects and jurisdictions 
require a minimum #6 bare copper ground. (NEC 250.120(C) 
and 690.46 require that equipment grounding conductors 
smaller than 6 AWG be protected from physical damage.) 
Wrapping a 6 AWG wire around a 10-32 self-tapping screw 
is not really an option. 

The second most common grounding method addresses 
these issues and involves the use of direct burial-rated, tin-
plated copper lay-in lugs that are screwed or bolted to module 
frames using stainless steel hardware. John Wiles, program 

manager for the Institute for the Energy and the Environ-
ment, advocates bolting this lay-in lug in place using a lock 
nut, and most manufacturers include this detail in their litera-
ture. The concern is that even if a thread-forming screw has a 
high enough thread count to engage two threads in the mod-
ule frame, there is no way to ensure that this connection will 
remain intact for the life of the PV system. In addition, due to 
the softness of the materials involved, thread-forming screws 
cannot be screwed and unscrewed without compromising the 
mechanical and electrical connection to the frame.

The third method described in installation manuals allows 
for the use of module grounding clips, like the WEEB products 
from Wiley Electronics. This is again best exemplified by Ever-
green Solar in the installation instructions for the ES-A Series 
modules, which state, “Evergreen panels can also be grounded 
using third party grounding washers or clip devices provided 
the devices are listed and identified for grounding the metal-
lic frames of PV panels and the devices are installed in accor-
dance with the manufacturers specified instructions.” REC 
Solar includes a similar allowance, slightly more generic, but 
no less useful to installers who want to use grounding clips.

Like thread-forming screws in an aluminum frame, mod-
ule grounding clips are single-use devices. They are intended 
to be wedged in place at specific torque values and to remain 
in place. “The WEEB, like other grounding methods,” notes 
Gleason, “is not foolproof and requires careful installation 
to be effective. For example, it is very easy to slide modules 
along a rail and inadvertently bend the WEEB nubs out of 
the way.”

Wiles’ concern about the use of grounding clips is slightly 
different. “Few module manufacturers,”  C o n t i n u e d  o n  pa g e  7 2  
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Grounding clips 
The UGC-1 (universal  
grounding clip) from Unirac  
bonds typical c-Si PV module  
frames to the SolarMount rail.  
Rail-to-rail grounding is achieved using  
WEEBLug hardware and an appropriately  
sized equipment-grounding conductor. C
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Manufacturer Model Cell type

Rated 
power  
@ STC 

(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power  

per sq. ft. 
(W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage 
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficientt 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
fuse 

rating 
(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
(in.) 

Width 
(in.)

Depth 
(in.)

Weight 
(lbs.)

Materials 
warranty 

(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

BP BP 3115 J poly 115 DNR +/-3 10.5 11.3 DNR 17.1 6.70 21.8 7.50 -0.47 -0.37 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP BP 312 5J poly 125 DNR +/-3 11.4 12.3 DNR 17.4 7.20 22.0 8.10 -0.47 -0.36 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP SX 3140 J poly 140 DNR +/-9 12.8 13.8 DNR 17.5 8.00 22.0 8.20 -0.47 -0.36 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP SX 3165 B poly 165 146.1 +/-9 12.2 13.1 DNR 35.2 4.70 44.2 5.10 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP SX 3170 I poly 170 150.6 +/-9 12.0 13.1 DNR 35.4 4.80 44.2 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 32.61 1.97 33.88 5 12/25

BP BP 170 I poly 170 DNR +/-5 12.0 13.1 DNR 35.4 4.80 43.6 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 bronze white 62.48 32.61 1.97 33.88 5 12/25

BP BP 170 B poly 170 DNR +/-5 12.6 13.5 DNR 35.4 4.80 43.6 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.88 5 12/25

BP SX 3175 B poly 175 155.2 +/-9 12.9 13.9 DNR 36.1 4.90 44.2 5.30 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP BP 175 B poly 175 155.2 +/-5 12.9 13.9 DNR 36.1 4.90 43.6 5.30 -0.47 -0.37 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.06 5 12/25

BP BP 175 I poly 175 155.2 +/-5 12.4 13.9 DNR 36.1 4.90 43.6 5.30 -0.47 -0.37 0.07 47.0 15 MC3 1 bronze white 62.48 32.61 1.97 33.88 5 12/25

BP BP 4175 B mono 175 155.2 +/-5 12.9 13.9 DNR 35.4 4.94 43.6 5.45 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.88 5 12/25

BP BP 4175 I mono 175 155.2 +/-5 12.4 13.9 DNR 35.4 4.94 43.6 5.45 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.48 32.61 1.97 33.88 5 12/25

BP BP 180 B poly 180 DNR +/-5 13.3 14.4 DNR 36.1 4.90 43.6 5.40 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 31.10 1.97 33.88 5 12/25

BP BP 4180 B mono 180 159.8 +/-5 13.3 14.3 DNR 35.5 5.10 43.6 5.60 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP BP 4180 I mono 180 159.7 +/-5 12.7 14.3 DNR 35.5 5.10 43.6 5.60 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 32.61 1.97 33.88 5 12/25

BP SX 3190 B poly 190 168.4 +/-9 12.6 13.5 DNR 24.3 7.82 30.6 8.50 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze black 66.14 32.95 1.97 37.84 5 12/25

BP SX 3190 W poly 190 168.4 +/-9 12.6 13.5 DNR 24.3 7.82 30.6 8.50 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3195 N poly 195 DNR +/-9 12.9 13.9 DNR 24.4 7.96 30.7 8.60 -0.47 -0.36 0.07 47.0 15 MC3 1 silver white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3195 B poly 195 173.0 +/-9 12.9 13.9 DNR 24.4 7.96 30.7 8.60 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3200 B poly 200 177.5 +/-9 13.2 14.2 DNR 24.5 8.16 30.8 8.70 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze black 66.14 32.95 1.97 37.84 5 12/25

BP BP 3230 N poly 230 DNR +/-3 12.8 13.8 DNR 29.2 7.90 36.4 8.70 -0.47 DNR 0.07 47.0 20 MC3 1 DNR DNR 65.63 39.37 1.97 42.68 5 12/25

Canadian CS6C-100 poly/mono 100 88.2 +/-2.5 9.4 10.1 11.6 17.3 5.79 21.5 6.46 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-105 poly/mono 105 92.7 +/-2.5 9.9 10.6 12.2 17.3 6.08 21.5 6.74 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-110 poly/mono 110 97.3 +/-2.5 10.3 11.1 12.8 17.3 6.36 21.6 7.01 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-115 poly/mono 115 101.8 +/-2.5 10.8 11.6 13.4 17.3 6.64 21.6 7.28 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-120 poly/mono 120 106.3 +/-2.5 11.3 12.1 14.0 17.3 6.92 21.7 7.52 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-120 poly 120 105.5 +/-2.5 8.6 9.2 10.5 22.9 5.24 28.5 5.89 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6C-125 poly/mono 125 110.9 +/-2.5 11.7 12.6 14.6 17.4 7.20 21.8 7.75 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-125 poly 125 110.4 +/-2.5 8.9 9.6 10.9 22.9 5.45 28.6 6.10 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-130 poly/mono 130 114.6 +/-2.5 9.5 10.2 12.4 34.6 3.75 42.9 4.21 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6C-130 poly/mono 130 115.4 +/-2.5 12.2 13.1 15.1 17.5 7.43 22.0 7.96 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-130 poly 130 114.5 +/-2.5 9.3 10.0 11.4 23.0 5.66 28.6 6.31 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-135 poly/mono 135 119.4 +/-2.5 9.8 10.6 12.9 34.7 3.89 42.9 4.35 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-135 poly 135 119.4 +/-2.5 9.6 10.4 11.8 23.0 5.87 28.7 6.52 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-140 poly/mono 140 123.6 +/-2.5 10.2 11.0 13.3 34.7 4.03 42.9 4.49 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-140 poly 140 123.5 +/-2.5 10.0 10.8 12.2 23.0 6.08 28.7 6.72 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-145 poly/mono 145 128.4 +/-2.5 10.5 11.3 13.8 34.7 4.17 43.0 4.63 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-145 poly 145 128.4 +/-2.5 10.4 11.2 12.7 23.0 6.29 28.8 6.92 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-150 poly/mono 150 132.6 +/-2.5 10.9 11.7 14.3 34.8 4.31 43.2 4.74 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-150 poly 150 132.5 +/-2.5 10.7 11.5 13.1 23.1 6.50 28.8 7.12 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-150 poly 150 132.3 +/-2.5 8.7 9.3 10.5 28.6 5.25 35.6 5.90 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-155 poly/mono 155 137.5 +/-2.5 11.3 12.1 14.8 34.8 4.45 43.4 4.86 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-155 poly 155 137.5 +/-2.5 11.1 11.9 13.5 23.1 6.71 28.8 7.32 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-155 poly 155 136.8 +/-2.5 9.0 9.6 10.8 28.6 5.42 35.6 6.08 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-160 poly/mono 160 141.7 +/-2.5 11.6 12.5 15.3 34.9 4.58 43.6 4.97 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-160 poly 160 141.6 +/-2.5 11.4 12.3 14.0 23.1 6.92 28.9 7.51 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-160 poly 160 141.3 +/-2.5 9.2 9.9 11.2 28.6 5.59 35.7 6.26 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-165 poly/mono 165 146.2 +/-2.5 12.0 12.9 15.7 35.2 4.69 43.8 5.08 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-165 poly 165 146.1 +/-2.5 11.8 12.7 14.4 23.1 7.13 29.0 7.69 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-165 poly 165 145.8 +/-2.5 9.5 10.3 11.5 28.7 5.76 35.7 6.45 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-170 poly/mono 170 150.8 +/-2.5 12.4 13.3 16.2 35.5 4.79 44.1 5.19 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-170 poly 170 150.7 +/-2.5 12.1 13.1 14.8 23.2 7.33 29.2 7.85 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-170 poly 170 150.4 +/-2.5 9.8 10.6 11.9 28.7 5.93 35.8 6.62 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

c-Si  Photovoltaics

2009 c-Si PV Module Specifications

DNR = Did Not Report
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ta B L e  C o n t i n u e d  o n  n e x t  pa g e

Manufacturer Model Cell type

Rated 
power  
@ STC 

(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power  

per sq. ft. 
(W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage 
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficientt 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
fuse 

rating 
(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
(in.) 

Width 
(in.)

Depth 
(in.)

Weight 
(lbs.)

Materials 
warranty 

(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

BP BP 3115 J poly 115 DNR +/-3 10.5 11.3 DNR 17.1 6.70 21.8 7.50 -0.47 -0.37 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP BP 312 5J poly 125 DNR +/-3 11.4 12.3 DNR 17.4 7.20 22.0 8.10 -0.47 -0.36 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP SX 3140 J poly 140 DNR +/-9 12.8 13.8 DNR 17.5 8.00 22.0 8.20 -0.47 -0.36 0.07 47.0 15 terminal 1 silver DNR 59.45 26.54 1.97 26.64 5 12/25

BP SX 3165 B poly 165 146.1 +/-9 12.2 13.1 DNR 35.2 4.70 44.2 5.10 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP SX 3170 I poly 170 150.6 +/-9 12.0 13.1 DNR 35.4 4.80 44.2 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 32.61 1.97 33.88 5 12/25

BP BP 170 I poly 170 DNR +/-5 12.0 13.1 DNR 35.4 4.80 43.6 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 bronze white 62.48 32.61 1.97 33.88 5 12/25

BP BP 170 B poly 170 DNR +/-5 12.6 13.5 DNR 35.4 4.80 43.6 5.27 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.88 5 12/25

BP SX 3175 B poly 175 155.2 +/-9 12.9 13.9 DNR 36.1 4.90 44.2 5.30 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP BP 175 B poly 175 155.2 +/-5 12.9 13.9 DNR 36.1 4.90 43.6 5.30 -0.47 -0.37 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.06 5 12/25

BP BP 175 I poly 175 155.2 +/-5 12.4 13.9 DNR 36.1 4.90 43.6 5.30 -0.47 -0.37 0.07 47.0 15 MC3 1 bronze white 62.48 32.61 1.97 33.88 5 12/25

BP BP 4175 B mono 175 155.2 +/-5 12.9 13.9 DNR 35.4 4.94 43.6 5.45 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.72 31.10 1.97 33.88 5 12/25

BP BP 4175 I mono 175 155.2 +/-5 12.4 13.9 DNR 35.4 4.94 43.6 5.45 -0.47 DNR 0.07 47.0 15 MC3 1 bronze black 62.48 32.61 1.97 33.88 5 12/25

BP BP 180 B poly 180 DNR +/-5 13.3 14.4 DNR 36.1 4.90 43.6 5.40 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 31.10 1.97 33.88 5 12/25

BP BP 4180 B mono 180 159.8 +/-5 13.3 14.3 DNR 35.5 5.10 43.6 5.60 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.72 31.10 1.97 33.88 5 12/25

BP BP 4180 I mono 180 159.7 +/-5 12.7 14.3 DNR 35.5 5.10 43.6 5.60 -0.47 DNR 0.07 47.0 15 MC3 1 DNR DNR 62.48 32.61 1.97 33.88 5 12/25

BP SX 3190 B poly 190 168.4 +/-9 12.6 13.5 DNR 24.3 7.82 30.6 8.50 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze black 66.14 32.95 1.97 37.84 5 12/25

BP SX 3190 W poly 190 168.4 +/-9 12.6 13.5 DNR 24.3 7.82 30.6 8.50 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3195 N poly 195 DNR +/-9 12.9 13.9 DNR 24.4 7.96 30.7 8.60 -0.47 -0.36 0.07 47.0 15 MC3 1 silver white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3195 B poly 195 173.0 +/-9 12.9 13.9 DNR 24.4 7.96 30.7 8.60 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze white 66.14 32.95 1.97 37.84 5 12/25

BP SX 3200 B poly 200 177.5 +/-9 13.2 14.2 DNR 24.5 8.16 30.8 8.70 -0.47 -0.36 0.07 47.0 15 MC3 1 bronze black 66.14 32.95 1.97 37.84 5 12/25

BP BP 3230 N poly 230 DNR +/-3 12.8 13.8 DNR 29.2 7.90 36.4 8.70 -0.47 DNR 0.07 47.0 20 MC3 1 DNR DNR 65.63 39.37 1.97 42.68 5 12/25

Canadian CS6C-100 poly/mono 100 88.2 +/-2.5 9.4 10.1 11.6 17.3 5.79 21.5 6.46 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-105 poly/mono 105 92.7 +/-2.5 9.9 10.6 12.2 17.3 6.08 21.5 6.74 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-110 poly/mono 110 97.3 +/-2.5 10.3 11.1 12.8 17.3 6.36 21.6 7.01 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-115 poly/mono 115 101.8 +/-2.5 10.8 11.6 13.4 17.3 6.64 21.6 7.28 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6C-120 poly/mono 120 106.3 +/-2.5 11.3 12.1 14.0 17.3 6.92 21.7 7.52 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-120 poly 120 105.5 +/-2.5 8.6 9.2 10.5 22.9 5.24 28.5 5.89 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6C-125 poly/mono 125 110.9 +/-2.5 11.7 12.6 14.6 17.4 7.20 21.8 7.75 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-125 poly 125 110.4 +/-2.5 8.9 9.6 10.9 22.9 5.45 28.6 6.10 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-130 poly/mono 130 114.6 +/-2.5 9.5 10.2 12.4 34.6 3.75 42.9 4.21 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6C-130 poly/mono 130 115.4 +/-2.5 12.2 13.1 15.1 17.5 7.43 22.0 7.96 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 58.46 26.22 1.57 26.46 2 10/25

Canadian CS6A-130 poly 130 114.5 +/-2.5 9.3 10.0 11.4 23.0 5.66 28.6 6.31 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-135 poly/mono 135 119.4 +/-2.5 9.8 10.6 12.9 34.7 3.89 42.9 4.35 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-135 poly 135 119.4 +/-2.5 9.6 10.4 11.8 23.0 5.87 28.7 6.52 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-140 poly/mono 140 123.6 +/-2.5 10.2 11.0 13.3 34.7 4.03 42.9 4.49 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-140 poly 140 123.5 +/-2.5 10.0 10.8 12.2 23.0 6.08 28.7 6.72 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-145 poly/mono 145 128.4 +/-2.5 10.5 11.3 13.8 34.7 4.17 43.0 4.63 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-145 poly 145 128.4 +/-2.5 10.4 11.2 12.7 23.0 6.29 28.8 6.92 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS5A-150 poly/mono 150 132.6 +/-2.5 10.9 11.7 14.3 34.8 4.31 43.2 4.74 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-150 poly 150 132.5 +/-2.5 10.7 11.5 13.1 23.1 6.50 28.8 7.12 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-150 poly 150 132.3 +/-2.5 8.7 9.3 10.5 28.6 5.25 35.6 5.90 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-155 poly/mono 155 137.5 +/-2.5 11.3 12.1 14.8 34.8 4.45 43.4 4.86 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-155 poly 155 137.5 +/-2.5 11.1 11.9 13.5 23.1 6.71 28.8 7.32 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-155 poly 155 136.8 +/-2.5 9.0 9.6 10.8 28.6 5.42 35.6 6.08 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-160 poly/mono 160 141.7 +/-2.5 11.6 12.5 15.3 34.9 4.58 43.6 4.97 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-160 poly 160 141.6 +/-2.5 11.4 12.3 14.0 23.1 6.92 28.9 7.51 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-160 poly 160 141.3 +/-2.5 9.2 9.9 11.2 28.6 5.59 35.7 6.26 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-165 poly/mono 165 146.2 +/-2.5 12.0 12.9 15.7 35.2 4.69 43.8 5.08 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-165 poly 165 146.1 +/-2.5 11.8 12.7 14.4 23.1 7.13 29.0 7.69 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-165 poly 165 145.8 +/-2.5 9.5 10.3 11.5 28.7 5.76 35.7 6.45 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-170 poly/mono 170 150.8 +/-2.5 12.4 13.3 16.2 35.5 4.79 44.1 5.19 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-170 poly 170 150.7 +/-2.5 12.1 13.1 14.8 23.2 7.33 29.2 7.85 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-170 poly 170 150.4 +/-2.5 9.8 10.6 11.9 28.7 5.93 35.8 6.62 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25
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Manufacturer Model Cell type

Rated 
power  
@ STC 

(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power  

per sq. ft. 
(W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage 
(Voc)

Short-
circuit 
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(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

Canadian CS5A-175 poly/mono 175 155.3 +/-2.5 12.7 13.7 16.7 35.8 4.89 44.3 5.29 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-175 poly 175 155.2 +/-2.5 12.5 13.5 15.3 23.4 7.49 29.3 8.03 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-175 poly 175 154.9 +/-2.5 10.1 10.9 12.2 28.7 6.10 35.9 6.80 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-180 poly/mono 180 159.9 +/-2.5 13.1 14.1 17.2 36.1 4.99 44.5 5.40 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-180 poly 180 159.8 +/-2.5 12.9 13.8 15.7 23.6 7.62 29.4 8.20 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-180 poly 180 159.4 +/-2.5 10.4 11.2 12.6 28.7 6.26 35.9 6.98 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-185 poly/mono 185 164.8 +/-2.5 13.4 14.5 17.6 36.4 5.09 44.7 5.50 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-185 poly 185 164.4 +/-2.5 13.2 14.2 16.2 24.0 7.71 29.5 8.37 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-185 poly 185 163.9 +/-2.5 10.7 11.5 12.9 28.8 6.43 36.0 7.16 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-190 poly/mono 190 169.0 +/-2.5 13.8 14.9 18.1 36.6 5.18 44.9 5.60 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-190 poly 190 168.9 +/-2.5 13.6 14.6 16.6 24.2 7.84 29.6 8.54 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-190 poly 190 168.5 +/-2.5 11.0 11.8 13.3 28.8 6.60 36.0 7.33 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS6P-195 poly 195 173.0 +/-2.5 11.3 12.1 13.6 28.8 6.76 36.1 7.51 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-200 poly 200 176.8 +/-2.5 10.9 11.8 14.3 46.4 4.31 57.4 4.78 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-200 poly 200 177.0 +/-2.5 11.6 12.4 14.0 28.9 6.93 36.2 7.68 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-205 poly 205 181.3 +/-2.5 11.2 12.1 14.7 46.5 4.41 57.6 4.86 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-205 poly 205 181.6 +/-2.5 11.8 12.7 14.3 28.9 7.10 36.2 7.80 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-210 poly 210 185.9 +/-2.5 11.5 12.4 15.0 46.6 4.51 57.9 4.94 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-210 poly 210 186.1 +/-2.5 12.1 13.1 14.7 28.9 7.26 36.4 7.91 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-215 poly 215 190.4 +/-2.5 11.8 12.6 15.4 46.7 4.61 58.1 5.02 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-215 poly 215 190.7 +/-2.5 12.4 13.4 15.0 29.0 7.43 36.5 8.01 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-220 poly 220 194.9 +/-2.5 12.0 12.9 15.7 46.9 4.69 58.4 5.10 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-220 poly 220 195.2 +/-2.5 12.7 13.7 15.4 29.3 7.52 36.6 8.09 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-225 poly 225 199.5 +/-2.5 12.3 13.2 16.1 47.2 4.76 58.6 5.18 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-225 poly 225 199.8 +/-2.5 13.0 14.0 15.7 29.5 7.63 36.7 8.19 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-230 poly 230 204.0 +/-2.5 12.6 13.5 16.4 47.5 4.84 58.8 5.25 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-230 poly 230 204.4 +/-2.5 13.3 14.3 16.1 29.8 7.71 36.8 8.34 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-235 poly 235 208.6 +/-2.5 12.8 13.8 16.8 47.8 4.92 59.1 5.33 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS5P-240 poly 240 213.2 +/-2.5 13.1 14.1 17.2 48.1 4.99 59.3 5.40 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Day4Energy Day4 48MC poly 160 143.5 +/-3.5 11.5 12.4 DNR 22.6 7.08 28.3 7.70 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 165 148.1 +/-3.5 11.8 12.7 DNR 23.0 7.19 28.6 7.80 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 170 152.7 +/-3.5 12.2 13.1 DNR 23.0 7.38 28.8 7.90 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 175 157.3 +/-3.5 12.6 13.5 DNR 23.4 7.48 29.2 8.05 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 180 161.9 +/-3.5 12.9 13.9 DNR 23.7 7.60 29.4 8.10 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 185 166.5 +/-3.5 13.3 14.3 DNR 23.8 7.77 29.5 8.20 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 190 171.1 +/-3.5 13.6 14.7 DNR 24.0 7.92 29.7 8.30 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

ET ET-P636115 poly 115 DNR +/-3 10.7 11.5 DNR 17.2 6.68 21.8 7.55 -0.49 -0.36 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636120 poly 120 DNR +/-3 11.1 12.0 DNR 17.4 6.89 21.8 7.63 -0.49 -0.36 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636125 poly 125 DNR +/-3 11.6 12.5 DNR 17.4 7.18 21.8 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636130 poly 130 DNR +/-3 12.1 13.0 DNR 17.4 7.47 21.8 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636135 poly 135 DNR +/-3 12.5 13.5 DNR 17.6 7.67 22.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636140 poly 140 DNR +/-3 13.0 14.0 DNR 17.6 7.95 22.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636145 poly 145 DNR +/-3 13.5 14.5 DNR 17.8 8.15 22.0 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-M572155 mono 155 136.8 +/-3 11.3 12.1 DNR 35.2 4.40 43.3 4.98 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648155 poly 155 DNR +/-3 11.0 11.8 DNR 23.0 6.73 29.0 7.60 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572160 mono 160 141.3 +/-3 11.6 12.5 DNR 35.6 4.49 43.9 5.07 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648160 poly 160 DNR +/-3 11.3 12.2 DNR 23.0 6.95 29.0 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572165 mono 165 145.9 +/-3 12.0 12.9 DNR 35.8 4.60 44.1 5.19 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648165 poly 165 DNR +/-3 11.7 12.6 DNR 23.0 7.17 29.0 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572170 mono 170 150.4 +/-3 12.4 13.3 DNR 36.1 4.71 44.2 5.30 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648170 poly 170 DNR +/-3 12.0 12.9 DNR 23.0 7.39 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572175 mono 175 155.0 +/-3 12.7 13.7 DNR 36.2 4.83 44.3 5.50 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648175 poly 175 DNR +/-3 12.4 13.3 DNR 23.2 7.54 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572180 mono 180 159.5 +/-3 13.1 14.1 DNR 36.3 4.95 44.6 5.61 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25
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90%/80%

Canadian CS5A-175 poly/mono 175 155.3 +/-2.5 12.7 13.7 16.7 35.8 4.89 44.3 5.29 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-175 poly 175 155.2 +/-2.5 12.5 13.5 15.3 23.4 7.49 29.3 8.03 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-175 poly 175 154.9 +/-2.5 10.1 10.9 12.2 28.7 6.10 35.9 6.80 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-180 poly/mono 180 159.9 +/-2.5 13.1 14.1 17.2 36.1 4.99 44.5 5.40 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-180 poly 180 159.8 +/-2.5 12.9 13.8 15.7 23.6 7.62 29.4 8.20 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-180 poly 180 159.4 +/-2.5 10.4 11.2 12.6 28.7 6.26 35.9 6.98 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-185 poly/mono 185 164.8 +/-2.5 13.4 14.5 17.6 36.4 5.09 44.7 5.50 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-185 poly 185 164.4 +/-2.5 13.2 14.2 16.2 24.0 7.71 29.5 8.37 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-185 poly 185 163.9 +/-2.5 10.7 11.5 12.9 28.8 6.43 36.0 7.16 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5A-190 poly/mono 190 169.0 +/-2.5 13.8 14.9 18.1 36.6 5.18 44.9 5.60 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 62.80 31.54 1.57 34.17 2 10/25

Canadian CS6A-190 poly 190 168.9 +/-2.5 13.6 14.6 16.6 24.2 7.84 29.6 8.54 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 52.13 38.66 1.57 35.27 2 10/25

Canadian CS6P-190 poly 190 168.5 +/-2.5 11.0 11.8 13.3 28.8 6.60 36.0 7.33 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS6P-195 poly 195 173.0 +/-2.5 11.3 12.1 13.6 28.8 6.76 36.1 7.51 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-200 poly 200 176.8 +/-2.5 10.9 11.8 14.3 46.4 4.31 57.4 4.78 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-200 poly 200 177.0 +/-2.5 11.6 12.4 14.0 28.9 6.93 36.2 7.68 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-205 poly 205 181.3 +/-2.5 11.2 12.1 14.7 46.5 4.41 57.6 4.86 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-205 poly 205 181.6 +/-2.5 11.8 12.7 14.3 28.9 7.10 36.2 7.80 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-210 poly 210 185.9 +/-2.5 11.5 12.4 15.0 46.6 4.51 57.9 4.94 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-210 poly 210 186.1 +/-2.5 12.1 13.1 14.7 28.9 7.26 36.4 7.91 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-215 poly 215 190.4 +/-2.5 11.8 12.6 15.4 46.7 4.61 58.1 5.02 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-215 poly 215 190.7 +/-2.5 12.4 13.4 15.0 29.0 7.43 36.5 8.01 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-220 poly 220 194.9 +/-2.5 12.0 12.9 15.7 46.9 4.69 58.4 5.10 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-220 poly 220 195.2 +/-2.5 12.7 13.7 15.4 29.3 7.52 36.6 8.09 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-225 poly 225 199.5 +/-2.5 12.3 13.2 16.1 47.2 4.76 58.6 5.18 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-225 poly 225 199.8 +/-2.5 13.0 14.0 15.7 29.5 7.63 36.7 8.19 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-230 poly 230 204.0 +/-2.5 12.6 13.5 16.4 47.5 4.84 58.8 5.25 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS6P-230 poly 230 204.4 +/-2.5 13.3 14.3 16.1 29.8 7.71 36.8 8.34 -0.45 -0.35 0.06 45.0 15 MC4 1 silver white 64.49 38.66 1.57 40.79 2 10/25

Canadian CS5P-235 poly 235 208.6 +/-2.5 12.8 13.8 16.8 47.8 4.92 59.1 5.33 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Canadian CS5P-240 poly 240 213.2 +/-2.5 13.1 14.1 17.2 48.1 4.99 59.3 5.40 -0.45 -0.35 0.06 45.0 10 MC4 1 silver white 63.07 41.77 1.57 44.09 2 10/25

Day4Energy Day4 48MC poly 160 143.5 +/-3.5 11.5 12.4 DNR 22.6 7.08 28.3 7.70 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 165 148.1 +/-3.5 11.8 12.7 DNR 23.0 7.19 28.6 7.80 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 170 152.7 +/-3.5 12.2 13.1 DNR 23.0 7.38 28.8 7.90 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 175 157.3 +/-3.5 12.6 13.5 DNR 23.4 7.48 29.2 8.05 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 180 161.9 +/-3.5 12.9 13.9 DNR 23.7 7.60 29.4 8.10 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 185 166.5 +/-3.5 13.3 14.3 DNR 23.8 7.77 29.5 8.20 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

Day4Energy Day4 48MC poly 190 171.1 +/-3.5 13.6 14.7 DNR 24.0 7.92 29.7 8.30 -0.44 -0.33 0.03 46.9 15 SolarLok 1 silver white 51.46 39.01 1.38 38.28 5 10/25

ET ET-P636115 poly 115 DNR +/-3 10.7 11.5 DNR 17.2 6.68 21.8 7.55 -0.49 -0.36 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636120 poly 120 DNR +/-3 11.1 12.0 DNR 17.4 6.89 21.8 7.63 -0.49 -0.36 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636125 poly 125 DNR +/-3 11.6 12.5 DNR 17.4 7.18 21.8 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636130 poly 130 DNR +/-3 12.1 13.0 DNR 17.4 7.47 21.8 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636135 poly 135 DNR +/-3 12.5 13.5 DNR 17.6 7.67 22.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636140 poly 140 DNR +/-3 13.0 14.0 DNR 17.6 7.95 22.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-P636145 poly 145 DNR +/-3 13.5 14.5 DNR 17.8 8.15 22.0 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 26.60 1.30 26.50 5 12/25

ET ET-M572155 mono 155 136.8 +/-3 11.3 12.1 DNR 35.2 4.40 43.3 4.98 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648155 poly 155 DNR +/-3 11.0 11.8 DNR 23.0 6.73 29.0 7.60 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572160 mono 160 141.3 +/-3 11.6 12.5 DNR 35.6 4.49 43.9 5.07 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648160 poly 160 DNR +/-3 11.3 12.2 DNR 23.0 6.95 29.0 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572165 mono 165 145.9 +/-3 12.0 12.9 DNR 35.8 4.60 44.1 5.19 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648165 poly 165 DNR +/-3 11.7 12.6 DNR 23.0 7.17 29.0 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572170 mono 170 150.4 +/-3 12.4 13.3 DNR 36.1 4.71 44.2 5.30 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648170 poly 170 DNR +/-3 12.0 12.9 DNR 23.0 7.39 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572175 mono 175 155.0 +/-3 12.7 13.7 DNR 36.2 4.83 44.3 5.50 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648175 poly 175 DNR +/-3 12.4 13.3 DNR 23.2 7.54 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572180 mono 180 159.5 +/-3 13.1 14.1 DNR 36.3 4.95 44.6 5.61 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25
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2009 c-Si PV Module Specifications

Manufacturer Model Cell type

Rated 
power  
@ STC 

(W)
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power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power  

per sq. ft. 
(W)

Module 
efficiency 

(%)
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efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
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(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficientt 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
fuse 
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(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
(in.) 

Width 
(in.)

Depth 
(in.)

Weight 
(lbs.)

Materials 
warranty 

(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

ET ET-P648180 poly 180 DNR +/-3 12.7 13.7 DNR 23.5 7.66 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572185 mono 185 164.1 +/-3 13.5 14.5 DNR 36.3 5.09 44.6 5.80 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648185 poly 185 DNR +/-3 13.1 14.1 DNR 23.5 7.87 29.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P648190 poly 190 DNR +/-3 13.4 14.5 DNR 23.5 8.08 29.2 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P648195 poly 195 DNR +/-3 13.8 14.8 DNR 23.5 8.29 29.2 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P660200 poly 200 DNR +/-3 11.4 12.3 DNR 28.8 6.95 36.0 7.71 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660205 poly 205 DNR +/-3 11.7 12.6 DNR 28.8 7.13 36.0 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654205 poly 205 183.3 +/-3 13.0 13.9 DNR 27.3 7.50 32.8 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660210 poly 210 DNR +/-3 12.0 12.9 DNR 28.8 7.30 36.0 7.99 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654210 poly 210 187.9 +/-3 13.3 14.3 DNR 27.5 7.63 32.8 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660215 poly 215 DNR +/-3 12.3 13.2 DNR 29.0 7.41 36.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654215 poly 215 192.5 +/-3 13.6 14.6 DNR 27.5 7.81 33.2 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660220 poly 220 DNR +/-3 12.6 13.5 DNR 29.0 7.58 36.3 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660225 poly 225 DNR +/-3 12.8 13.8 DNR 29.0 7.75 36.3 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660230 poly 230 DNR +/-3 13.1 14.1 DNR 29.4 7.82 36.5 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660235 poly 235 DNR +/-3 13.4 14.4 DNR 29.4 7.99 36.5 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660240 poly 240 DNR +/-3 13.7 14.7 DNR 29.4 8.16 36.5 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P672240 poly 240 213.9 +/-3 11.5 12.4 DNR 35.0 6.88 43.9 7.63 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672245 poly 245 218.5 +/-3 11.7 12.6 DNR 35.0 7.01 43.9 7.70 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672250 poly 250 223.0 +/-3 12.0 12.9 DNR 35.2 7.12 43.9 7.81 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672255 poly 255 227.6 +/-3 12.2 13.1 DNR 35.2 7.23 43.9 7.85 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672260 poly 260 232.2 +/-3 12.4 13.4 DNR 36.0 7.23 43.5 7.79 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672265 poly 265 236.8 +/-3 12.7 13.7 DNR 36.4 7.28 43.6 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672270 poly 270 241.4 +/-3 12.9 13.9 DNR 36.4 7.42 43.6 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672275 poly 275 245.9 +/-3 13.2 14.2 DNR 36.7 7.49 43.8 7.96 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672280 poly 280 250.5 +/-3 13.4 14.4 DNR 36.7 7.63 43.8 7.98 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

Evergreen ES-B-180 ribbon 180 159.7 +3.4/-2 11.2 12.0 DNR 17.1 10.53 21.3 11.64 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-B-190 ribbon 190 168.8 +2.6/-2 11.8 12.7 DNR 17.4 10.92 21.5 11.95 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-B-195 ribbon 195 173.3 +2.6/-0 12.1 13.1 DNR 17.6 11.08 21.7 12.11 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-A-200 ribbon 200 180.6 +2.5/-0 11.8 12.7 DNR 18.1 11.05 22.6 11.80 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

Evergreen ES-A-205 ribbon 205 185.2 +2.4/-0 12.1 13.1 DNR 18.2 11.27 22.7 11.93 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

Evergreen ES-A-210 ribbon 210 189.8 +2.4/-0 12.4 13.4 DNR 18.3 11.48 22.8 12.11 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

GE GEPVp-200-M poly 200 173.2 +/-5 12.8 13.9 DNR 26.3 7.60 32.9 8.10 -0.50 -0.36 0.07 50.0 15 SolarLok 1 silver white 58.50 38.60 1.40 39.00 5 10/20

GE GEPVp-205-M poly 205 177.7 +/-5 13.1 14.2 DNR 27.2 7.60 33.0 8.20 -0.50 -0.36 0.07 50.0 15 SolarLok 1 silver white 58.50 38.60 1.40 39.00 5 10/20

Kyocera KD130SX poly 130 114.8 +/-5 12.0 13.0 14.8 17.7 7.35 22.1 8.06 -0.46 -0.36 0.06 49.0 15 terminal 1 silver white 59.10 26.30 1.41 28.70 1 10/20

Kyocera KD135SX poly 135 119.4 +/-5 12.5 13.5 15.4 17.7 7.63 22.1 8.37 -0.46 -0.36 0.06 49.0 15 terminal 1 silver white 59.10 26.30 1.42 28.70 1 10/20

Kyocera KD130GX poly 130 114.8 +/-5 12.0 13.0 14.8 17.7 7.35 22.1 8.06 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 26.30 1.41 28.70 1 10/20

Kyocera KD135GX poly 135 119.4 +/-5 12.5 13.5 15.4 17.7 7.63 22.1 8.37 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 26.30 1.42 28.70 1 10/20

Kyocera KD180GX poly 180 156.0 +/-5 12.6 13.6 15.4 23.6 7.63 29.5 8.35 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 52.80 39.00 1.40 36.40 1 10/20

Kyocera KD205GX poly 205 180.0 +/-5 12.8 13.8 15.6 26.6 7.71 33.2 8.36 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 39.00 1.40 40.80 1 10/20

Kyocera KD210GX poly 210 184.6 +/-5 13.1 14.2 16.0 26.6 7.90 33.2 8.58 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 39.00 1.40 40.80 1 10/20

Mitsubishi PV-UE115MF5N poly 115 102.0 +10/-5 10.6 11.4 13.1 17.1 6.75 21.5 7.60 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE120MF5N poly 120 106.5 +10/-5 11.1 11.9 13.7 17.2 6.99 21.6 7.75 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE125MF5N poly 125 111.1 +10/-5 11.5 12.4 14.3 17.3 7.23 21.8 7.90 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE130MF5N poly 130 115.6 +10/-5 12.0 12.9 14.8 17.4 7.47 21.9 8.05 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UD175MF5 poly 175 155.6 +/-3 11.8 12.7 14.4 23.9 7.32 30.2 7.93 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD180MF5 poly 180 160.1 +/-3 12.1 13.0 14.8 24.2 7.45 30.4 8.03 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD185MF5 poly 185 164.7 +/-3 12.4 13.4 15.2 24.4 7.58 30.6 8.13 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD190MF5 poly 190 169.3 +/-3 12.8 13.7 15.6 24.7 7.71 30.8 8.23 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

NingBo TDB125_125-72-P mono 150 131.7 +/-5 10.9 11.8 14.1 35.2 4.26 43.4 4.92 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 155 136.2 +/-5 11.3 12.2 14.6 35.4 4.38 43.6 4.98 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 160 140.8 +/-5 11.7 12.5 15.1 35.6 4.50 43.8 5.04 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 165 145.3 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

DNR = Did Not Report 1 Black frame option 

c-Si  Photovoltaics



 solarprofessional.com  |  S o l a r Pr o                 67

Ta b l e  c o n T i n u e d  o n  n e x T  pa g e

2009 c-Si PV Module Specifications
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ET ET-P648180 poly 180 DNR +/-3 12.7 13.7 DNR 23.5 7.66 29.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-M572185 mono 185 164.1 +/-3 13.5 14.5 DNR 36.3 5.09 44.6 5.80 -0.55 -0.40 0.06 44.4 10 MC4 1 silver white 62.20 31.81 1.97 34.20 5 12/25

ET ET-P648185 poly 185 DNR +/-3 13.1 14.1 DNR 23.5 7.87 29.0 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P648190 poly 190 DNR +/-3 13.4 14.5 DNR 23.5 8.08 29.2 8.41 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P648195 poly 195 DNR +/-3 13.8 14.8 DNR 23.5 8.29 29.2 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 52.13 39.06 1.97 34.45 5 12/25

ET ET-P660200 poly 200 DNR +/-3 11.4 12.3 DNR 28.8 6.95 36.0 7.71 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660205 poly 205 DNR +/-3 11.7 12.6 DNR 28.8 7.13 36.0 7.80 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654205 poly 205 183.3 +/-3 13.0 13.9 DNR 27.3 7.50 32.8 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660210 poly 210 DNR +/-3 12.0 12.9 DNR 28.8 7.30 36.0 7.99 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654210 poly 210 187.9 +/-3 13.3 14.3 DNR 27.5 7.63 32.8 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660215 poly 215 DNR +/-3 12.3 13.2 DNR 29.0 7.41 36.0 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P654215 poly 215 192.5 +/-3 13.6 14.6 DNR 27.5 7.81 33.2 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 58.30 39.10 2.00 39.30 5 12/25

ET ET-P660220 poly 220 DNR +/-3 12.6 13.5 DNR 29.0 7.58 36.3 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660225 poly 225 DNR +/-3 12.8 13.8 DNR 29.0 7.75 36.3 8.10 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660230 poly 230 DNR +/-3 13.1 14.1 DNR 29.4 7.82 36.5 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660235 poly 235 DNR +/-3 13.4 14.4 DNR 29.4 7.99 36.5 8.30 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P660240 poly 240 DNR +/-3 13.7 14.7 DNR 29.4 8.16 36.5 8.50 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 64.57 39.06 1.97 42.61 5 12/25

ET ET-P672240 poly 240 213.9 +/-3 11.5 12.4 DNR 35.0 6.88 43.9 7.63 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672245 poly 245 218.5 +/-3 11.7 12.6 DNR 35.0 7.01 43.9 7.70 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672250 poly 250 223.0 +/-3 12.0 12.9 DNR 35.2 7.12 43.9 7.81 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672255 poly 255 227.6 +/-3 12.2 13.1 DNR 35.2 7.23 43.9 7.85 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672260 poly 260 232.2 +/-3 12.4 13.4 DNR 36.0 7.23 43.5 7.79 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672265 poly 265 236.8 +/-3 12.7 13.7 DNR 36.4 7.28 43.6 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672270 poly 270 241.4 +/-3 12.9 13.9 DNR 36.4 7.42 43.6 7.90 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672275 poly 275 245.9 +/-3 13.2 14.2 DNR 36.7 7.49 43.8 7.96 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

ET ET-P672280 poly 280 250.5 +/-3 13.4 14.4 DNR 36.7 7.63 43.8 7.98 -0.49 -0.35 0.07 45.3 12 MC4 1 silver white 77.00 39.10 2.00 50.70 5 12/25

Evergreen ES-B-180 ribbon 180 159.7 +3.4/-2 11.2 12.0 DNR 17.1 10.53 21.3 11.64 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-B-190 ribbon 190 168.8 +2.6/-2 11.8 12.7 DNR 17.4 10.92 21.5 11.95 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-B-195 ribbon 195 173.3 +2.6/-0 12.1 13.1 DNR 17.6 11.08 21.7 12.11 -0.49 -0.34 0.06 45.9 20 MC4 1 silver1 white 61.80 37.50 1.60 40.10 5 10/25

Evergreen ES-A-200 ribbon 200 180.6 +2.5/-0 11.8 12.7 DNR 18.1 11.05 22.6 11.80 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

Evergreen ES-A-205 ribbon 205 185.2 +2.4/-0 12.1 13.1 DNR 18.2 11.27 22.7 11.93 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

Evergreen ES-A-210 ribbon 210 189.8 +2.4/-0 12.4 13.4 DNR 18.3 11.48 22.8 12.11 -0.43 -0.31 0.05 45.4 20 MC4 1 silver1 white 65.00 37.50 1.80 41.00 5 10/25

GE GEPVp-200-M poly 200 173.2 +/-5 12.8 13.9 DNR 26.3 7.60 32.9 8.10 -0.50 -0.36 0.07 50.0 15 SolarLok 1 silver white 58.50 38.60 1.40 39.00 5 10/20

GE GEPVp-205-M poly 205 177.7 +/-5 13.1 14.2 DNR 27.2 7.60 33.0 8.20 -0.50 -0.36 0.07 50.0 15 SolarLok 1 silver white 58.50 38.60 1.40 39.00 5 10/20

Kyocera KD130SX poly 130 114.8 +/-5 12.0 13.0 14.8 17.7 7.35 22.1 8.06 -0.46 -0.36 0.06 49.0 15 terminal 1 silver white 59.10 26.30 1.41 28.70 1 10/20

Kyocera KD135SX poly 135 119.4 +/-5 12.5 13.5 15.4 17.7 7.63 22.1 8.37 -0.46 -0.36 0.06 49.0 15 terminal 1 silver white 59.10 26.30 1.42 28.70 1 10/20

Kyocera KD130GX poly 130 114.8 +/-5 12.0 13.0 14.8 17.7 7.35 22.1 8.06 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 26.30 1.41 28.70 1 10/20

Kyocera KD135GX poly 135 119.4 +/-5 12.5 13.5 15.4 17.7 7.63 22.1 8.37 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 26.30 1.42 28.70 1 10/20

Kyocera KD180GX poly 180 156.0 +/-5 12.6 13.6 15.4 23.6 7.63 29.5 8.35 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 52.80 39.00 1.40 36.40 1 10/20

Kyocera KD205GX poly 205 180.0 +/-5 12.8 13.8 15.6 26.6 7.71 33.2 8.36 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 39.00 1.40 40.80 1 10/20

Kyocera KD210GX poly 210 184.6 +/-5 13.1 14.2 16.0 26.6 7.90 33.2 8.58 -0.46 -0.36 0.06 49.0 15 MC4 1 black white 59.10 39.00 1.40 40.80 1 10/20

Mitsubishi PV-UE115MF5N poly 115 102.0 +10/-5 10.6 11.4 13.1 17.1 6.75 21.5 7.60 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE120MF5N poly 120 106.5 +10/-5 11.1 11.9 13.7 17.2 6.99 21.6 7.75 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE125MF5N poly 125 111.1 +10/-5 11.5 12.4 14.3 17.3 7.23 21.8 7.90 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UE130MF5N poly 130 115.6 +10/-5 12.0 12.9 14.8 17.4 7.47 21.9 8.05 -0.45 -0.34 0.05 47.5 15 MC4 1 black white 58.90 26.50 1.81 29.80 1.25 10/25

Mitsubishi PV-UD175MF5 poly 175 155.6 +/-3 11.8 12.7 14.4 23.9 7.32 30.2 7.93 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD180MF5 poly 180 160.1 +/-3 12.1 13.0 14.8 24.2 7.45 30.4 8.03 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD185MF5 poly 185 164.7 +/-3 12.4 13.4 15.2 24.4 7.58 30.6 8.13 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

Mitsubishi PV-UD190MF5 poly 190 169.3 +/-3 12.8 13.7 15.6 24.7 7.71 30.8 8.23 -0.45 -0.34 0.05 47.5 15 MC4 2 black white 65.30 32.80 1.81 37.00 1.25 10/25

NingBo TDB125_125-72-P mono 150 131.7 +/-5 10.9 11.8 14.1 35.2 4.26 43.4 4.92 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 155 136.2 +/-5 11.3 12.2 14.6 35.4 4.38 43.6 4.98 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 160 140.8 +/-5 11.7 12.5 15.1 35.6 4.50 43.8 5.04 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 165 145.3 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25
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Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power per 

sq. ft. 
 (W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage  
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficient 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
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NingBo TDB125_125-72-P mono 170 149.8 +/-5 12.4 13.3 16.0 36.0 4.72 44.2 5.16 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 175 154.3 +/-5 12.7 13.7 16.5 36.2 4.84 44.4 5.22 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 180 159.8 +/-5 13.1 14.1 16.9 36.4 4.95 44.6 5.28 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

REC REC205AE-USA poly 205 182.2 +/-3 11.5 12.4 14.0 28.1 7.30 36.1 7.90 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC210AE-USA poly 210 186.7 +/-3 11.8 12.7 14.4 28.2 7.50 36.1 8.10 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC215AE-USA poly 215 191.3 +/-3 12.1 13.0 14.7 28.3 7.60 36.3 8.10 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC220AE-USA poly 220 195.9 +/-3 12.4 13.3 15.1 28.7 7.70 36.6 8.20 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC225AE-USA poly 225 200.4 +/-3 12.7 13.6 15.4 29.1 7.70 36.8 8.20 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC230AE-USA poly 230 205.0 +/-3 13.0 13.9 15.8 29.4 7.80 37.1 8.30 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

Sanyo HIT Power 190 mono, a-Si 190 177.2 +10/-0 15.2 16.4 18.8 54.8 3.47 67.5 3.75 -0.30 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 195 mono, a-Si 195 181.9 +10/-0 15.6 16.8 19.3 55.3 3.53 68.1 3.79 -0.30 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 200 mono, a-Si 200 187.1 +10/-0 16.0 17.2 19.7 55.8 3.59 68.7 3.83 -0.29 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 205 mono, a-Si 205 191.9 +10/-0 16.4 17.7 20.2 56.7 3.62 68.8 3.84 -0.29 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Double 1861 mono, a-Si 186 173.4 +10/-0 14.22/ 18.23 15.32 / 19.6 3 18.4 54.82 / 55.13 3.402 / 4.323 67.52 / 68.23 3.682 / 4.783 -0.30 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Double 190 1 mono, a-Si 190 177.2 +10/-0 14.62 / 18.63 15.72 / 20.03 18.8 55.32 / 55.63 3.442 / 4.373 68.12 / 68.83 3.702 / 4.813 -0.30 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Double 195 1 mono, a-Si 195 182.4 +10/-0 14.92 / 19.13 16.12 / 20.53 19.3 55.82 / 56.13 3.502 / 4.453 68.72 / 69.53 3.732 / 4.853 -0.29 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Power 205N mono, a-Si 205 190.1 +10/-0 15.1 16.3 18.4 40.7 5.05 50.3 5.54 -0.34 -0.28 0.04 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Sanyo HIT Power 210N mono, a-Si 210 194.8 +10/-0 15.5 16.7 18.9 41.3 5.09 50.9 5.57 -0.34 -0.28 0.04 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Sanyo HIT Power 215N mono, a-Si 215 199.6 +10/-0 15.9 17.1 19.3 42.0 5.13 51.6 5.61 -0.34 -0.27 0.03 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Schott SAPC-170 mono 170 149.9 +10/-5 12.1 13.1 DNR 34.8 4.90 43.2 5.47 -0.49 -0.36 0.05 47.5 10 MC3 1 silver white 62.01 32.52 1.81 35.30 1 10/25

Schott SAPC-175 mono 175 154.4 +10/-5 12.5 13.5 DNR 35.4 4.95 44.4 5.40 -0.49 -0.36 0.05 47.5 10 MC3 1 silver white 62.01 32.52 1.81 35.30 1 10/25

Schott POLY 202 poly 202 DNR +/-4 11.2 12.1 DNR 28.9 6.99 35.8 7.79 -0.47 -0.38 0.10 DNR 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 210 poly 210 DNR +/-4 11.6 12.6 DNR 29.3 7.16 36.1 7.95 -0.47 -0.38 0.10 DNR 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 217 poly 217 DNR +/-4 12.0 13.0 DNR 29.6 7.33 36.4 8.10 -0.47 -0.38 0.10 48.1 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 225 poly 225 DNR +/-4 12.5 13.5 DNR 29.8 7.50 36.7 8.24 -0.47 -0.38 0.10 47.1 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott ASE 250 ribbon 250 223.6 +/-2 9.6 10.3 DNR 48.5 5.15 60.0 5.90 -0.47 -0.33 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 260 ribbon 260 232.7 +/-2 10.0 10.7 DNR 48.7 5.50 60.0 5.90 -0.47 -0.35 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 270 ribbon 270 241.8 +/-2 10.3 11.1 DNR 49.1 5.50 60.0 6.05 -0.47 -0.41 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 280 ribbon 280 251.0 +/-2 10.7 11.5 DNR 49.6 5.65 61.9 6.20 -0.47 -0.46 0.03 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 290 ribbon 290 260.2 +/-2 11.1 11.9 DNR 50.1 5.80 62.5 6.40 -0.47 -0.42 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 300 ribbon 300 269.3 +/-2 11.5 12.4 DNR 50.6 5.90 63.2 6.50 -0.47 -0.39 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 310 ribbon 310 278.5 +/-2 11.9 12.8 DNR 51.1 6.10 63.8 6.50 -0.47 -0.39 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schüco 165 SPU-4 poly 165 147.5 +/-5 11.1 11.9 14.4 23.4 7.06 29.7 7.73 -0.45 -0.35 0.06 46.2 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 170 SPU-4 poly 170 152.1 +/-5 11.4 12.3 14.8 23.7 7.19 29.9 7.83 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 175 SPU-4 poly 175 156.6 +/-5 11.8 12.7 15.2 23.9 7.32 30.2 7.93 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 180 SPU-4 poly 180 161.2 +/-5 12.1 13.0 15.5 24.2 7.45 30.4 8.03 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 200 SMAU-1 mono 200 180.7 +/-3 12.7 14.2 16.3 25.4 7.89 33.5 8.24 -0.50 -0.33 0.03 43.0 15 SolarLok 1 black white 58.31 38.94 1.87 37.92 5 12/25

Schüco 210 SMAU-1 mono 210 189.9 +/-3 13.3 14.9 17.0 26.3 7.98 33.7 8.35 -0.50 -0.33 0.03 43.0 15 SolarLok 1 black white 58.31 38.94 1.87 37.92 5 12/25

Schüco MPE 310 MP02 mono 310 283.2 +/-3 10.7 11.5 15.3 72.3 4.30 88.1 4.65 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Schüco MPE 320 MP02 mono 320 292.5 +/-3 11.0 11.9 15.7 72.3 4.40 88.1 4.75 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Schüco MPE 330 MP02 mono 330 301.8 +/-3 11.4 12.2 16.0 72.4 4.50 88.6 4.80 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Sharp ND-72ERUC poly 72 63.0 +10/-5 11.6 13.3 DNR 10.3 7.18 12.7 7.89 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 23.10 1 10/25

Sharp ND-72ELUC poly 72 63.0 +10/-5 11.6 13.3 DNR 10.3 7.18 12.7 7.89 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 23.10 1 10/25

Sharp ND-123UJF poly 123 107.2 +10/-5 11.5 13.1 DNR 17.2 7.15 21.8 7.99 -0.49 -0.36 0.05 47.5 15 terminal 1 silver white 59.00 26.10 1.80 30.86 1 10/25

Sharp ND-130UJF poly 130 114.1 +10/-5 12.2 13.1 DNR 17.4 7.50 21.9 8.20 -0.49 -0.36 0.05 47.5 15 terminal 1 silver white 59.00 26.10 1.80 30.86 1 10/25

Sharp ND-N2ECUC poly 142 125.0 +10/-5 11.4 12.3 DNR 19.9 7.13 25.2 7.84 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 31.96 1 10/25

Sharp NE-170UC1 poly 170 149.9 +10/-5 12.1 13.1 DNR 34.8 4.90 43.2 5.47 -0.49 -0.36 0.05 47.5 10 MC4 1 silver white 62.00 32.50 1.80 35.30 1 10/25

Sharp NT-175UC1 mono 175 154.4 +10/-5 12.5 13.5 DNR 35.4 4.95 44.4 5.40 -0.49 -0.36 0.05 47.5 10 MC4 1 silver white 62.00 32.50 1.80 35.30 1 10/25

Sharp ND-176UC1 poly 176 155.3 +10/-5 12.4 13.4 DNR 23.4 7.52 29.3 8.22 -0.49 -0.36 0.05 47.5 15 MC4 1 black white 52.30 39.10 2.30 36.40 1 10/25

Sharp ND-198UC1 poly 198 174.7 +10/-5 12.4 13.4 DNR 26.3 7.52 32.9 8.23 -0.49 -0.36 0.05 47.5 15 MC4 1 black white 58.70 39.10 2.30 39.60 1 10/25

Sharp ND-200UC1 poly 200 176.1 +10/-5 11.4 13.3 DNR 28.9 7.48 36.5 8.10 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-208UC1 poly 208 183.3 +10/-5 11.9 13.3 DNR 28.7 7.53 36.3 8.35 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-216UC1 poly 216 190.5 +10/-5 12.3 13.3 DNR 28.9 7.48 36.5 8.10 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

2009 c-Si PV Module Specifications

1 Bifacial module 2  @ STC             3 @ up to 30% backside irradiance contribution DNR = Did Not Report

c-Si  Photovoltaics



 solarprofessional.com  |  S o l a r Pr o                 69

Manufacturer Model Cell type

Rated 
power  
@ STC 

(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power per 

sq. ft. 
 (W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage  
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficient 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
fuse 

rating 
(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
(in.) 

Width 
(in.)

Depth 
(in.)

Weight 
(lbs.)

Materials 
warranty 

(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

NingBo TDB125_125-72-P mono 170 149.8 +/-5 12.4 13.3 16.0 36.0 4.72 44.2 5.16 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 175 154.3 +/-5 12.7 13.7 16.5 36.2 4.84 44.4 5.22 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

NingBo TDB125_125-72-P mono 180 159.8 +/-5 13.1 14.1 16.9 36.4 4.95 44.6 5.28 -0.40 -0.35 0.03 47.0 10 MC4 1 silver white 62.20 31.80 1.80 35.27 5 10/25

REC REC205AE-USA poly 205 182.2 +/-3 11.5 12.4 14.0 28.1 7.30 36.1 7.90 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC210AE-USA poly 210 186.7 +/-3 11.8 12.7 14.4 28.2 7.50 36.1 8.10 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC215AE-USA poly 215 191.3 +/-3 12.1 13.0 14.7 28.3 7.60 36.3 8.10 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC220AE-USA poly 220 195.9 +/-3 12.4 13.3 15.1 28.7 7.70 36.6 8.20 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC225AE-USA poly 225 200.4 +/-3 12.7 13.6 15.4 29.1 7.70 36.8 8.20 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

REC REC230AE-USA poly 230 205.0 +/-3 13.0 13.9 15.8 29.4 7.80 37.1 8.30 -0.45 -0.34 0.07 47.5 15 MC4 1 silver white 65.55 39.02 1.69 48.50 5 10/25

Sanyo HIT Power 190 mono, a-Si 190 177.2 +10/-0 15.2 16.4 18.8 54.8 3.47 67.5 3.75 -0.30 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 195 mono, a-Si 195 181.9 +10/-0 15.6 16.8 19.3 55.3 3.53 68.1 3.79 -0.30 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 200 mono, a-Si 200 187.1 +10/-0 16.0 17.2 19.7 55.8 3.59 68.7 3.83 -0.29 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Power 205 mono, a-Si 205 191.9 +10/-0 16.4 17.7 20.2 56.7 3.62 68.8 3.84 -0.29 -0.25 0.02 46.9 15 MC4 1 black white 51.90 34.60 1.80 33.07 5 10/20

Sanyo HIT Double 1861 mono, a-Si 186 173.4 +10/-0 14.22/ 18.23 15.32 / 19.6 3 18.4 54.82 / 55.13 3.402 / 4.323 67.52 / 68.23 3.682 / 4.783 -0.30 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Double 190 1 mono, a-Si 190 177.2 +10/-0 14.62 / 18.63 15.72 / 20.03 18.8 55.32 / 55.63 3.442 / 4.373 68.12 / 68.83 3.702 / 4.813 -0.30 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Double 195 1 mono, a-Si 195 182.4 +10/-0 14.92 / 19.13 16.12 / 20.53 19.3 55.82 / 56.13 3.502 / 4.453 68.72 / 69.53 3.732 / 4.853 -0.29 -0.25 0.02 46.6 15 MC3 1 silver glass 53.20 35.35 2.36 50.70 2 10/20

Sanyo HIT Power 205N mono, a-Si 205 190.1 +10/-0 15.1 16.3 18.4 40.7 5.05 50.3 5.54 -0.34 -0.28 0.04 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Sanyo HIT Power 210N mono, a-Si 210 194.8 +10/-0 15.5 16.7 18.9 41.3 5.09 50.9 5.57 -0.34 -0.28 0.04 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Sanyo HIT Power 215N mono, a-Si 215 199.6 +10/-0 15.9 17.1 19.3 42.0 5.13 51.6 5.61 -0.34 -0.27 0.03 46.0 15 MC4 1 black white 62.20 31.40 1.80 35.30 5 10/20

Schott SAPC-170 mono 170 149.9 +10/-5 12.1 13.1 DNR 34.8 4.90 43.2 5.47 -0.49 -0.36 0.05 47.5 10 MC3 1 silver white 62.01 32.52 1.81 35.30 1 10/25

Schott SAPC-175 mono 175 154.4 +10/-5 12.5 13.5 DNR 35.4 4.95 44.4 5.40 -0.49 -0.36 0.05 47.5 10 MC3 1 silver white 62.01 32.52 1.81 35.30 1 10/25

Schott POLY 202 poly 202 DNR +/-4 11.2 12.1 DNR 28.9 6.99 35.8 7.79 -0.47 -0.38 0.10 DNR 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 210 poly 210 DNR +/-4 11.6 12.6 DNR 29.3 7.16 36.1 7.95 -0.47 -0.38 0.10 DNR 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 217 poly 217 DNR +/-4 12.0 13.0 DNR 29.6 7.33 36.4 8.10 -0.47 -0.38 0.10 48.1 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott POLY 225 poly 225 DNR +/-4 12.5 13.5 DNR 29.8 7.50 36.7 8.24 -0.47 -0.38 0.10 47.1 15 SolarLok 1 silver white 66.39 39.12 2.00 42.25 1 10/20

Schott ASE 250 ribbon 250 223.6 +/-2 9.6 10.3 DNR 48.5 5.15 60.0 5.90 -0.47 -0.33 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 260 ribbon 260 232.7 +/-2 10.0 10.7 DNR 48.7 5.50 60.0 5.90 -0.47 -0.35 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 270 ribbon 270 241.8 +/-2 10.3 11.1 DNR 49.1 5.50 60.0 6.05 -0.47 -0.41 0.03 45.0 10 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 280 ribbon 280 251.0 +/-2 10.7 11.5 DNR 49.6 5.65 61.9 6.20 -0.47 -0.46 0.03 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 290 ribbon 290 260.2 +/-2 11.1 11.9 DNR 50.1 5.80 62.5 6.40 -0.47 -0.42 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 300 ribbon 300 269.3 +/-2 11.5 12.4 DNR 50.6 5.90 63.2 6.50 -0.47 -0.39 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schott ASE 310 ribbon 310 278.5 +/-2 11.9 12.8 DNR 51.1 6.10 63.8 6.50 -0.47 -0.39 0.05 45.0 12 MC3 1 silver glass 74.50 50.50 2.00 107.00 1 10/20

Schüco 165 SPU-4 poly 165 147.5 +/-5 11.1 11.9 14.4 23.4 7.06 29.7 7.73 -0.45 -0.35 0.06 46.2 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 170 SPU-4 poly 170 152.1 +/-5 11.4 12.3 14.8 23.7 7.19 29.9 7.83 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 175 SPU-4 poly 175 156.6 +/-5 11.8 12.7 15.2 23.9 7.32 30.2 7.93 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 180 SPU-4 poly 180 161.2 +/-5 12.1 13.0 15.5 24.2 7.45 30.4 8.03 -0.45 -0.35 0.06 46.3 15 MC4 2 black white 65.28 32.83 1.81 37.50 5 12/25

Schüco 200 SMAU-1 mono 200 180.7 +/-3 12.7 14.2 16.3 25.4 7.89 33.5 8.24 -0.50 -0.33 0.03 43.0 15 SolarLok 1 black white 58.31 38.94 1.87 37.92 5 12/25

Schüco 210 SMAU-1 mono 210 189.9 +/-3 13.3 14.9 17.0 26.3 7.98 33.7 8.35 -0.50 -0.33 0.03 43.0 15 SolarLok 1 black white 58.31 38.94 1.87 37.92 5 12/25

Schüco MPE 310 MP02 mono 310 283.2 +/-3 10.7 11.5 15.3 72.3 4.30 88.1 4.65 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Schüco MPE 320 MP02 mono 320 292.5 +/-3 11.0 11.9 15.7 72.3 4.40 88.1 4.75 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Schüco MPE 330 MP02 mono 330 301.8 +/-3 11.4 12.2 16.0 72.4 4.50 88.6 4.80 -0.37 -0.34 0.09 46.0 10 MC4 2 bronze gray 84.72 49.29 3.66 108.03 5 12/25

Sharp ND-72ERUC poly 72 63.0 +10/-5 11.6 13.3 DNR 10.3 7.18 12.7 7.89 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 23.10 1 10/25

Sharp ND-72ELUC poly 72 63.0 +10/-5 11.6 13.3 DNR 10.3 7.18 12.7 7.89 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 23.10 1 10/25

Sharp ND-123UJF poly 123 107.2 +10/-5 11.5 13.1 DNR 17.2 7.15 21.8 7.99 -0.49 -0.36 0.05 47.5 15 terminal 1 silver white 59.00 26.10 1.80 30.86 1 10/25

Sharp ND-130UJF poly 130 114.1 +10/-5 12.2 13.1 DNR 17.4 7.50 21.9 8.20 -0.49 -0.36 0.05 47.5 15 terminal 1 silver white 59.00 26.10 1.80 30.86 1 10/25

Sharp ND-N2ECUC poly 142 125.0 +10/-5 11.4 12.3 DNR 19.9 7.13 25.2 7.84 -0.49 -0.36 0.05 47.5 15 MC4 1 black black 45.87 38.98 1.81 31.96 1 10/25

Sharp NE-170UC1 poly 170 149.9 +10/-5 12.1 13.1 DNR 34.8 4.90 43.2 5.47 -0.49 -0.36 0.05 47.5 10 MC4 1 silver white 62.00 32.50 1.80 35.30 1 10/25

Sharp NT-175UC1 mono 175 154.4 +10/-5 12.5 13.5 DNR 35.4 4.95 44.4 5.40 -0.49 -0.36 0.05 47.5 10 MC4 1 silver white 62.00 32.50 1.80 35.30 1 10/25

Sharp ND-176UC1 poly 176 155.3 +10/-5 12.4 13.4 DNR 23.4 7.52 29.3 8.22 -0.49 -0.36 0.05 47.5 15 MC4 1 black white 52.30 39.10 2.30 36.40 1 10/25

Sharp ND-198UC1 poly 198 174.7 +10/-5 12.4 13.4 DNR 26.3 7.52 32.9 8.23 -0.49 -0.36 0.05 47.5 15 MC4 1 black white 58.70 39.10 2.30 39.60 1 10/25

Sharp ND-200UC1 poly 200 176.1 +10/-5 11.4 13.3 DNR 28.9 7.48 36.5 8.10 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-208UC1 poly 208 183.3 +10/-5 11.9 13.3 DNR 28.7 7.53 36.3 8.35 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-216UC1 poly 216 190.5 +10/-5 12.3 13.3 DNR 28.9 7.48 36.5 8.10 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25
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2009 c-Si PV Module Specifications

Manufacturer Model Cell type
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@ STC 

(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power 

per sq. ft. 
(W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage 
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficientt 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 
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fuse 

rating 
(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
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Power 
warranty 

(yrs.) 
90%/80%

Sharp ND-U216C1 poly 216 190.5 +10/-5 12.3 13.3 DNR 30.2 7.16 36.7 7.85 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-224UC1 poly 224 197.8 +10/-5 12.8 13.7 DNR 29.3 7.66 36.6 8.33 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-U224C1 poly 224 197.8 +10/-5 12.8 13.7 DNR 30.2 7.42 36.9 8.07 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-U230C1 poly 230 203.2 +10/-5 13.1 14.1 DNR 30.3 7.60 37.0 8.24 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.00 1 10/25

Siliken SLK60P6L 205 poly 205 183.8 +/-5 11.7 12.6 14.0 28.7 7.15 36.4 7.90 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 210 poly 210 188.4 +/-5 12.0 12.9 14.4 28.9 7.30 36.5 8.00 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 215 poly 215 193.0 +/-5 12.3 13.2 14.7 29.0 7.41 36.6 8.02 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 220 poly 220 197.6 +/-5 12.6 13.6 15.1 29.2 7.54 36.7 8.10 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 225 poly 225 202.2 +/-5 12.9 13.9 15.4 29.3 7.68 36.8 8.20 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 230 poly 230 206.8 +/-5 13.1 14.2 15.8 29.5 7.79 36.9 8.32 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 235 poly 235 211.4 +/-5 13.4 14.5 16.1 29.5 7.97 36.9 8.35 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 240 poly 240 216.1 +/-5 13.7 14.8 16.4 29.6 8.12 37.0 8.40 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Solarfun 4 160-24-M165 mono 165 145.2 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M165 mono 165 145.2 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 160-24-M170 mono 170 149.8 +/-5 12.4 13.3 16.1 35.9 4.74 44.5 5.12 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M170 mono 170 149.8 +/-5 12.4 13.3 16.1 35.9 4.74 44.5 5.12 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M170 mono 170 149.1 +/-5 10.6 11.4 13.1 26.1 6.51 32.4 7.49 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M170 mono 170 149.1 +/-5 10.6 11.4 13.1 26.1 6.51 32.4 7.49 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 160-24-M175 mono 175 154.3 +/-5 12.7 13.7 16.6 36.0 4.86 44.8 5.17 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M175 mono 175 154.3 +/-5 12.7 13.7 16.6 36.0 4.86 44.8 5.17 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M175 mono 175 153.6 +/-5 10.9 11.7 13.5 26.2 6.68 32.5 7.69 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M175 mono 175 153.6 +/-5 10.9 11.7 13.5 26.2 6.68 32.5 7.69 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 160-24-M180 mono 180 158.9 +/-5 13.1 14.1 17.2 36.0 5.00 45.0 5.20 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M180 mono 180 158.9 +/-5 13.1 14.1 17.2 36.0 5.00 45.0 5.20 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M180 mono 180 158.2 +/-5 11.2 12.1 13.9 26.3 6.84 32.6 7.78 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M180 mono 180 158.2 +/-5 11.2 12.1 13.9 26.3 6.84 32.6 7.78 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M200 mono 200 176.2 +/-5 12.4 13.4 15.5 26.7 7.49 33.0 8.19 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M200 mono 200 176.2 +/-5 12.4 13.4 15.5 26.7 7.49 33.0 8.19 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P200 poly 200 178.8 +/-5 12.4 13.4 15.4 26.9 7.44 32.8 8.24 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P200 poly 200 178.8 +/-5 12.4 13.4 15.4 26.9 7.44 32.8 8.24 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M205 mono 205 180.8 +/-5 12.8 13.7 15.9 26.8 7.65 33.1 8.26 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M205 mono 205 180.8 +/-5 12.8 13.7 15.9 26.8 7.65 33.1 8.26 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P205 poly 205 183.3 +/-5 12.8 13.7 15.8 27.0 7.60 32.9 8.35 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P205 poly 205 183.3 +/-5 12.8 13.7 15.8 27.0 7.60 32.9 8.35 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M210 mono 210 185.3 +/-5 13.1 14.1 16.3 26.9 7.81 33.2 8.32 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M210 mono 210 185.3 +/-5 13.1 14.1 16.3 26.9 7.81 33.2 8.32 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P210 poly 210 187.9 +/-5 13.1 14.0 16.2 27.1 7.75 33.0 8.48 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P210 poly 210 187.9 +/-5 13.1 14.0 16.2 27.1 7.75 33.0 8.48 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

SolarWorld SW 155 mono 155 138.2 +/-3 11.0 11.9 DNR 34.8 4.46 43.6 4.90 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SolarWorld SW 165 mono 165 147.3 +/-3 11.8 12.7 DNR 35.3 4.68 44.0 5.10 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SolarWorld SW 175 mono 175 156.6 +/-3 12.5 13.4 DNR 35.8 4.89 44.4 5.30 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SunPower SPR-210-BLK mono 210 193.7 +/-5 15.7 16.9 21.0 40.0 5.25 47.7 5.75 -0.38 -0.29 0.06 50.5 15 MC4 1 black black 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-215-WHT mono 215 198.5 +/-5 16.1 17.3 21.0 39.8 5.40 48.3 5.80 -0.38 -0.28 0.06 50.5 15 MC4 1 black white 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-225-BLK mono 225 207.1 +/-5 16.8 18.1 22.4 41.0 5.49 48.5 5.87 -0.38 -0.27 0.06 50.5 20 MC4 1 black black 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-230-WHT mono 230 213.5 +/-5 17.2 18.5 22.4 41.0 5.61 48.7 5.99 -0.38 -0.27 0.06 50.5 20 MC4 1 black white 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-305-WHT mono 305 282.1 +/-5 17.4 18.7 22.4 54.7 5.58 64.2 5.96 -0.38 -0.28 0.06 50.5 15 MC4 1 black white 61.39 41.18 1.81 52.80 10 12/25

Suntech STP170S-24/Ab-1 mono 170 150.0 +/-3 12.4 13.3 15.9 35.2 4.83 43.8 5.14 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP175S-24/Ab-1 mono 175 154.5 +/-3 12.7 13.7 16.4 35.2 4.95 44.2 5.20 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP180S-24/Ab-1 mono 180 159.1 +/-3 13.1 14.1 16.8 35.6 5.05 44.4 5.40 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP190-18/Ub-1 poly 190 170.6 +/-3 12.0 12.9 14.5 26.0 7.31 33.0 7.89 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP200-18/Ub-1 poly 200 179.8 +/-3 12.6 13.6 15.2 26.2 7.63 33.4 8.12 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP210-18/Ub-1 poly 210 189.0 +/-3 13.3 14.3 16.0 26.4 7.95 33.6 8.33 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP260-24/Vb-1 poly 260 233.6 +/-3 12.4 13.4 15.1 34.8 7.47 44.0 8.09 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25

4 Solarfun modules available via Schüco DNR = Did Not Report

c-Si  Photovoltaics
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Sharp ND-U216C1 poly 216 190.5 +10/-5 12.3 13.3 DNR 30.2 7.16 36.7 7.85 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-224UC1 poly 224 197.8 +10/-5 12.8 13.7 DNR 29.3 7.66 36.6 8.33 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-U224C1 poly 224 197.8 +10/-5 12.8 13.7 DNR 30.2 7.42 36.9 8.07 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.10 1 10/25

Sharp ND-U230C1 poly 230 203.2 +10/-5 13.1 14.1 DNR 30.3 7.60 37.0 8.24 -0.49 -0.36 0.05 47.5 15 MC4 1 silver white 64.60 39.10 1.80 44.00 1 10/25

Siliken SLK60P6L 205 poly 205 183.8 +/-5 11.7 12.6 14.0 28.7 7.15 36.4 7.90 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 210 poly 210 188.4 +/-5 12.0 12.9 14.4 28.9 7.30 36.5 8.00 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 215 poly 215 193.0 +/-5 12.3 13.2 14.7 29.0 7.41 36.6 8.02 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 220 poly 220 197.6 +/-5 12.6 13.6 15.1 29.2 7.54 36.7 8.10 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 225 poly 225 202.2 +/-5 12.9 13.9 15.4 29.3 7.68 36.8 8.20 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 230 poly 230 206.8 +/-5 13.1 14.2 15.8 29.5 7.79 36.9 8.32 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 235 poly 235 211.4 +/-5 13.4 14.5 16.1 29.5 7.97 36.9 8.35 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Siliken SLK60P6L 240 poly 240 216.1 +/-5 13.7 14.8 16.4 29.6 8.12 37.0 8.40 -0.43 -0.35 0.04 46.0 15 MC3 1 silver white 64.60 39.00 1.57 41.90 5 10/25

Solarfun 4 160-24-M165 mono 165 145.2 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M165 mono 165 145.2 +/-5 12.0 12.9 15.5 35.8 4.61 44.0 5.10 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 160-24-M170 mono 170 149.8 +/-5 12.4 13.3 16.1 35.9 4.74 44.5 5.12 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M170 mono 170 149.8 +/-5 12.4 13.3 16.1 35.9 4.74 44.5 5.12 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M170 mono 170 149.1 +/-5 10.6 11.4 13.1 26.1 6.51 32.4 7.49 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M170 mono 170 149.1 +/-5 10.6 11.4 13.1 26.1 6.51 32.4 7.49 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 160-24-M175 mono 175 154.3 +/-5 12.7 13.7 16.6 36.0 4.86 44.8 5.17 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M175 mono 175 154.3 +/-5 12.7 13.7 16.6 36.0 4.86 44.8 5.17 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M175 mono 175 153.6 +/-5 10.9 11.7 13.5 26.2 6.68 32.5 7.69 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M175 mono 175 153.6 +/-5 10.9 11.7 13.5 26.2 6.68 32.5 7.69 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 160-24-M180 mono 180 158.9 +/-5 13.1 14.1 17.2 36.0 5.00 45.0 5.20 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 silver white 62.20 31.80 1.77 33.00 3 10/25

Solarfun 160-24-M180 mono 180 158.9 +/-5 13.1 14.1 17.2 36.0 5.00 45.0 5.20 -0.40 -0.38 0.04 45 +/-3 8 MC4 1 black black 62.20 31.80 1.80 33.00 3 10/25

Solarfun 190-27-M180 mono 180 158.2 +/-5 11.2 12.1 13.9 26.3 6.84 32.6 7.78 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M180 mono 180 158.2 +/-5 11.2 12.1 13.9 26.3 6.84 32.6 7.78 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M200 mono 200 176.2 +/-5 12.4 13.4 15.5 26.7 7.49 33.0 8.19 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M200 mono 200 176.2 +/-5 12.4 13.4 15.5 26.7 7.49 33.0 8.19 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P200 poly 200 178.8 +/-5 12.4 13.4 15.4 26.9 7.44 32.8 8.24 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P200 poly 200 178.8 +/-5 12.4 13.4 15.4 26.9 7.44 32.8 8.24 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M205 mono 205 180.8 +/-5 12.8 13.7 15.9 26.8 7.65 33.1 8.26 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M205 mono 205 180.8 +/-5 12.8 13.7 15.9 26.8 7.65 33.1 8.26 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P205 poly 205 183.3 +/-5 12.8 13.7 15.8 27.0 7.60 32.9 8.35 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P205 poly 205 183.3 +/-5 12.8 13.7 15.8 27.0 7.60 32.9 8.35 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-M210 mono 210 185.3 +/-5 13.1 14.1 16.3 26.9 7.81 33.2 8.32 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-M210 mono 210 185.3 +/-5 13.1 14.1 16.3 26.9 7.81 33.2 8.32 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

Solarfun 190-27-P210 poly 210 187.9 +/-5 13.1 14.0 16.2 27.1 7.75 33.0 8.48 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 silver white 58.80 39.37 1.77 39.60 3 10/25

Solarfun 190-27-P210 poly 210 187.9 +/-5 13.1 14.0 16.2 27.1 7.75 33.0 8.48 -0.40 -0.38 0.04 45 +/-3 12 MC4 1 black black 58.80 39.37 1.77 40.00 3 10/25

SolarWorld SW 155 mono 155 138.2 +/-3 11.0 11.9 DNR 34.8 4.46 43.6 4.90 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SolarWorld SW 165 mono 165 147.3 +/-3 11.8 12.7 DNR 35.3 4.68 44.0 5.10 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SolarWorld SW 175 mono 175 156.6 +/-3 12.5 13.4 DNR 35.8 4.89 44.4 5.30 -0.47 -0.33 0.04 46.0 15 MC4 1 silver white 63.39 31.89 1.34 33.00 2 10/25

SunPower SPR-210-BLK mono 210 193.7 +/-5 15.7 16.9 21.0 40.0 5.25 47.7 5.75 -0.38 -0.29 0.06 50.5 15 MC4 1 black black 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-215-WHT mono 215 198.5 +/-5 16.1 17.3 21.0 39.8 5.40 48.3 5.80 -0.38 -0.28 0.06 50.5 15 MC4 1 black white 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-225-BLK mono 225 207.1 +/-5 16.8 18.1 22.4 41.0 5.49 48.5 5.87 -0.38 -0.27 0.06 50.5 20 MC4 1 black black 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-230-WHT mono 230 213.5 +/-5 17.2 18.5 22.4 41.0 5.61 48.7 5.99 -0.38 -0.27 0.06 50.5 20 MC4 1 black white 61.39 31.42 1.81 33.10 10 12/25

SunPower SPR-305-WHT mono 305 282.1 +/-5 17.4 18.7 22.4 54.7 5.58 64.2 5.96 -0.38 -0.28 0.06 50.5 15 MC4 1 black white 61.39 41.18 1.81 52.80 10 12/25

Suntech STP170S-24/Ab-1 mono 170 150.0 +/-3 12.4 13.3 15.9 35.2 4.83 43.8 5.14 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP175S-24/Ab-1 mono 175 154.5 +/-3 12.7 13.7 16.4 35.2 4.95 44.2 5.20 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP180S-24/Ab-1 mono 180 159.1 +/-3 13.1 14.1 16.8 35.6 5.05 44.4 5.40 -0.48 -0.34 0.04 45.0 15 MC4 1 silver white 62.20 31.80 1.38 34.17 5 12/25

Suntech STP190-18/Ub-1 poly 190 170.6 +/-3 12.0 12.9 14.5 26.0 7.31 33.0 7.89 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP200-18/Ub-1 poly 200 179.8 +/-3 12.6 13.6 15.2 26.2 7.63 33.4 8.12 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP210-18/Ub-1 poly 210 189.0 +/-3 13.3 14.3 16.0 26.4 7.95 33.6 8.33 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 58.30 39.10 1.38 37.04 5 12/25

Suntech STP260-24/Vb-1 poly 260 233.6 +/-3 12.4 13.4 15.1 34.8 7.47 44.0 8.09 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25
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he notes, “are going to test specialized grounding devices 
in a manner that will ensure safe, durable grounding for 50 
years. As a result, UL has a team that is working on testing 
requirements that may appear in UL Standard 1703/61730. 
These testing requirements will allow these devices to be 
tested against a worst case generic module frame and then 
be listed as UL 1703/61730 PV module grounding devices.”

This process is good news for PV installers. As UL stan-
dards for grounding modules are clarified and expanded, 
more equipment that is specifically identified and listed for 
this use will enter the market. As these products become 
available, module manufacturers will no doubt revise their 
installation manuals to reflect these approved grounding 
methods. Many of these methods hold the promise of signifi-
cant time and material savings in the field, while still ensur-
ing a long lasting equipment grounding connection.

AVOIDING COMMON MISTAKES
While module instructions are short on some details, they 
do provide insight into the most common installation 
errors. Every module manufacturers’ instructions mention, 
for example, that PV modules are not to be stored face down. 
Yet I observed this situation when touring a PV system being 
installed at a college in New Jersey by union electricians. 
Uncrated modules were spread across the flat roof, stacked 
in short piles on the fringes of the array area. Unfortunately, 
these modules were stacked face down. Rain had pooled 
inside the module frames, and this condition was allowed to 
persist. Many modules suffered water infiltration and had to 
be replaced as a result. 

When a module is damaged due to improper handling 
during installation, the only recourse is to learn from the 
mistake and take steps to see that it does not happen again. 

But an even better approach is to learn from the mistakes of 
others and avoid making them yourself. Attending trainings 
is one way to do this; reading is another. Installation instruc-
tions from Sharp, for example, provide tips on avoiding hot 
spots on modules, the result of localized, persistent shading. 
This condition can permanently damage modules by causing 
solder joints to peel off.

New installers in areas of the country that see significant 
snow accumulation will appreciate an item found in the 

c-Si  Photovoltaics

Warranty claim?  It is hard to imagine a power generation 
technology with better reliability than c-Si PV modules, but 
manufacturing defects do happen. In order for manufacturers 
to honor their product warranties, integrators need to ensure 
that their installation practices do not violate, or appear to 
violate, installation instructions.
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2009 c-Si PV Module Specifications

DNR = Did Not Report

Manufacturer Model Cell type

Rated 
power @ 

STC 
(W)

Rated 
power 
@ PTC 

(W)

Rated 
power 

tolerance 
(%)

Rated 
power 

per sq. ft. 
(W)

Module 
efficiency 

(%)

Cell 
efficiency 

(%)

Max. power 
voltage 
(Vmp)

Max. power 
current 
(Imp)

Open-circuit 
voltage 
(Voc)

Short-
circuit 
current 

(Isc)

Pmp temp.  
coefficientt 

(%/°C)

Voc temp.  
coefficient  

(%/°C)

Isc temp. 
coefficient 

(%/ºC)

Nominal 
operating 
cell temp. 

(°C)

Series 
fuse 

rating 
(A)

Connector 
type 

# of 
J-boxes

Frame 
color

Backsheet 
color

Length 
(in.) 

Width 
(in.)

Depth 
(in.)

Weight 
(lbs.)

Materials 
warranty 

(yrs.)

Power 
warranty 

(yrs.) 
90%/80%

Suntech STP270-24/Vb-1 poly 270 242.8 +/-3 12.9 13.9 15.7 35.0 7.71 44.5 8.12 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25

Suntech STP280-24/Vb-1 poly 280 252.0 +/-3 13.4 14.4 16.3 35.2 7.95 44.8 8.33 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25

Sunwize SW170 mono 170 148.9 +/-5 12.4 13.3 DNR 36.3 4.69 43.9 5.15 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Sunwize SW175 mono 175 153.4 +/-5 12.7 13.7 DNR 36.5 4.80 43.9 5.20 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Sunwize SW180 mono 180 157.9 +/-5 13.1 14.1 DNR 36.6 4.92 44.0 5.30 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Trina 165-DC01 mono 165 DNR +/-3 12.0 12.9 15.4 35.6 4.65 43.2 5.20 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 170-DC01 mono 170 DNR +/-3 12.3 13.3 15.9 35.8 4.76 43.6 5.25 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 175-DC01 mono 175 DNR +/-3 12.7 13.7 16.4 36.2 4.85 43.9 5.30 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 180-DC01 mono 180 DNR +/-3 13.1 14.1 16.8 36.8 4.90 44.2 5.35 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

XC3 XC1300-130 poly 130 DNR +/-5 12.5 13.4 DNR 17.8 7.38 22.3 7.79 -0.51 DNR DNR 50.6 10 terminal 1 silver DNR 57.80 26.00 1.50 26.00 5 25

XC3 XC2300-220 poly 220 DNR +/-3 12.7 13.7 DNR 30.2 7.32 36.9 7.85 -0.51 DNR DNR 50.6 10 MC3 1 silver DNR 64.00 39.00 1.50 53.60 5 25

Yingli YL175Wp poly 175 157.2 +/-3 12.3 13.2 15.0 23.5 7.60 29.5 8.20 -0.45 -0.37 0.06 46.0 15 MC3 1 silver white 52.56 38.98 1.97 34.60 2 10/25
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Photovoltaic Module Installation Instructions from GE Energy. 
The problem addressed is that module frame failures occur 
at higher rates in those parts of the country where snowfall 
is greatest. As snow sloughs off the roof, it can separate the 
bottom edge of the module frame from the glass. In some 
cases, failure is catastrophic. It is also easily avoided. In 
order to resist the drag forces exerted by the slowly sliding 
snow, simply run rails parallel with the roof slope and install 
the modules in landscape orientation. When the modules 
are clamped in place, the bottom of the frame is supported 
in a manner that resists the snow’s drag forces.

The most common PV module failures are undoubtedly 
those resulting from shipping and handling mishaps. Col-
lapsed pallets, torn boxes and forklift prints are all red flags, 
often signaling bent, twisted frames or broken glass. While 
some shipping damage is readily apparent, it can also be hid-
den, even invisible to the naked eye. Certain out-of-the-box 
failures are traceable to shipping damage, especially prob-
lems involving the bottom module on a pallet. When damage 
occurs during shipping, your distribution or manufacturing 
partner should replace the product at no charge. 

It is problematic when hidden shipping damage is dis-
covered months later, outside the time limit within which 
the trucking company will accept damage claims. Though a 
module may appear physically intact, its electrical charac-
teristics may tell another story. The best practice for install-
ers, when feasible, is to test each module’s Voc and Isc as it 
comes out of the box. Record these measurements and look 
for obvious outliers. Measurements will vary according to 
ambient conditions, but it is possible to detect a failed mod-
ule before it is installed.

Careful handling and good installation practices will 
also limit product loss on projects. Never lean modules in a 

position where the wind can topple them over, for example. 
Never cut factory installed wire whips. Use common sense 
and good judgment to protect your investment.

MODULE RELIABILITY
When c-Si PV modules are properly manufactured and 
used, failures are exceedingly rare, in part because the 
technology is so well understood. Paul Wormser, senior    
director of product development for Sharp Solar, is con-
fident in the technology: “The reliability issues that the 
industry faced in the early days of terrestrial photovoltaics 
have largely been eliminated by the experienced producers. 
In addition to the test protocols that are shared across the 
industry, we conduct a highly rigorous quality assurance and 
quality control program, including extensive product and 
materials testing.” 

While module failures are uncommon, they do happen. 
Failures may include delamination, burnt bypass diodes, 
frame sealant failure and wire whips without continuity. “The 
purpose of IEC qualification testing,” explains Brooks, “is to 
identify weaknesses in product design by applying a series 
of tests that stress specific failure modes. Modules that do 
not receive these qualification tests should be expected to 
experience a variety of solder joint and busbar failures, and 
cell and glass breakage, just to name a few.”

Precisely because c-Si PV modules are expected to last for 
decades, maintaining product warranties in the field is criti-
cal. It is sometimes difficult to distinguish a manufacturing 
or material failure from an installation error or the effects 
of an “act of God.” For this reason, PV system installations 
need to be beyond reproach. The last thing that a growing 
installation company needs is to find itself at the wrong end 
of a warranty dispute with a major module manufacturer, 
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Suntech STP270-24/Vb-1 poly 270 242.8 +/-3 12.9 13.9 15.7 35.0 7.71 44.5 8.12 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25

Suntech STP280-24/Vb-1 poly 280 252.0 +/-3 13.4 14.4 16.3 35.2 7.95 44.8 8.33 -0.47 -0.34 0.05 45.0 20 MC4 1 silver white 77.00 39.10 2.00 59.50 5 12/25

Sunwize SW170 mono 170 148.9 +/-5 12.4 13.3 DNR 36.3 4.69 43.9 5.15 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Sunwize SW175 mono 175 153.4 +/-5 12.7 13.7 DNR 36.5 4.80 43.9 5.20 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Sunwize SW180 mono 180 157.9 +/-5 13.1 14.1 DNR 36.6 4.92 44.0 5.30 -0.34 -0.37 0.09 49.0 12 MC3 1 silver white 62.20 31.81 1.65 37.50 2 10/25

Trina 165-DC01 mono 165 DNR +/-3 12.0 12.9 15.4 35.6 4.65 43.2 5.20 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 170-DC01 mono 170 DNR +/-3 12.3 13.3 15.9 35.8 4.76 43.6 5.25 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 175-DC01 mono 175 DNR +/-3 12.7 13.7 16.4 36.2 4.85 43.9 5.30 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

Trina 180-DC01 mono 180 DNR +/-3 13.1 14.1 16.8 36.8 4.90 44.2 5.35 -0.45 -0.35 0.05 47.0 7 MC4 1 silver white 62.24 31.85 1.57 34.39 5 10/25

XC3 XC1300-130 poly 130 DNR +/-5 12.5 13.4 DNR 17.8 7.38 22.3 7.79 -0.51 DNR DNR 50.6 10 terminal 1 silver DNR 57.80 26.00 1.50 26.00 5 25

XC3 XC2300-220 poly 220 DNR +/-3 12.7 13.7 DNR 30.2 7.32 36.9 7.85 -0.51 DNR DNR 50.6 10 MC3 1 silver DNR 64.00 39.00 1.50 53.60 5 25

Yingli YL175Wp poly 175 157.2 +/-3 12.3 13.2 15.0 23.5 7.60 29.5 8.20 -0.45 -0.37 0.06 46.0 15 MC3 1 silver white 52.56 38.98 1.97 34.60 2 10/25
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especially on a high profile 
or very large project.

“Keep in mind that every 
major manufacturer who has 
a decade or more of manu-
facturing experience has 
had module manufacturing 
defects,” Brooks warns. “We 
will experience major prod-
uct malfunctions over the 
next few years. Some of these 
problems will be covered by 
the manufacturers, while 
others will take the manufac-
turers and those integrators who gambled on the products 
into bankruptcy.”

PRODUCT EVOLUTION
While the c-Si PV modules available today resemble the 
products that were available 30 years ago in substantial 
ways, they are also vastly improved. The forces driving these 
improvements include end-user expectations, the needs of 
installers, performance requirements, competitive market 
conditions and evolving safety standards.

Code driven changes. Listed PV Wire output conductors 
for modules and locking module connectors are a couple 
of recent product changes resulting from revisions to the 
National Electrical Code. Other Code changes, while not 
altering products per se, have affected the way that PV sys-
tems are designed and installed.

Looking forward to the 2011 NEC, UL is currently review-
ing dc arc-fault protection for PV systems. This is in response 
to module failures noted in Europe. As modules age, internal 
faults and open circuits occur. Wiles notes, “A small crack in 
the foil conductor is an easy place for an arc to start when 
driven by open-circuit voltages approaching 600 Vdc.” The 
concern, of course, is that arcing faults can cause fires.

Arc-fault circuit interrupter (AFCI) protection is already 
required for certain circuits in dwellings, according to NEC 
Article 210.12(B). But these AFCI devices are designed for 
120 Vac circuits, and incorporating arc-fault protection in PV 
systems will require a new class of dc arc-fault equipment. 
According to Wiles, “UL and others are getting a handle on 
dc series arc-fault signature. If and when this signature can 
be defined and modeled, it will be used to design a recogni-
tion circuit. This could be used to open a faulted circuit or 
shut down the inverter. No load current, no series arc fault.” 

This may prove a daunting task to complete in time for 
the next Code cycle. As Brooks observes, “Although having 
these new devices will improve system safety, it is currently 
unclear whether significant enough progress can be made 
on the technology side to justify adding the requirement 

in the 2011 NEC. But clearly 
arc-fault detection is coming 
down the road, so our indus-
try needs to work on low cost 
solutions that can provide this 
improved safety feature.”

One Code change that 
Brooks does expect to see in 
2011 is better temperature 
information for designing PV 
arrays and sizing system con-
ductors. This includes defining 
the lowest expected ambient 
temperature as the ASHRAE 

mean extreme minimum annual drybulb temperature. “Tables 
of these values will be available shortly,” according to Brooks, “at 
the Solar America Board for Codes and Standards Web site.”

Market driven changes. Expect demand for c-Si PV prod-
ucts to remain highest in rooftop applications. Product 
trends already underway are likely to continue. Look for 
more all-black modules for aesthetically sensitive residen-
tial applications. The trend toward higher capacity and 
larger format modules will undoubtedly continue. Design-
ers and installers can also look forward to more module 
manufacturers releasing proprietary racking systems that 
feature integrated grounding. Many of these systems cur-
rently allow for rail-to-rail grounding, and single-point 
grounding may be a reality in the future. “We may even see 
more frameless or plastic frame modules,” Gleason hypoth-
esizes, “especially if grounding requirements become too 
onerous.” Perhaps one day installers in North America will 
even have access to modules that are UL listed for 1,000 
Vdc, effectively lowering installed costs while increasing 
system performance.

Thanks to all the interviewees for their time and exper-
tise, and to Doug Puffer and Joe Schwartz for compiling table 
specifications..
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Resources:
Go Solar California / gosolarcalifornia.ca.gov

iSuppli / isuppli.com

New Energy Finance 3.0 / newenergymatters.com

Practical Handbook of Photovoltaics,  T. Markvart and L. Castaner, Eds.,  

 2003, Hardback, 512 pages, 1856173909, $325

Solar America Board for Codes and Standards / solarabcs.org

Solarbuzz / solarbuzz.com

Solar Energy Industries Association / seia.org

g C O N T A C T

Evolving safety standards  Next generation,  
locking PV output circuit connectors, like  
the MC4 connectors pictured here,  
were used in Europe for years  
before Code changes made  
them commonplace  
in North America. 
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A
ll the components of residential solar thermal 
systems are present in larger installations. In the 
latter, however, the parts can increase in scale 
to the degree that they may be hard to recog-
nize at first glance. Although the tanks, piping 
and pumps are larger in commercial systems, 

residential scale controls are often used. 
Today, while most residential SHW sys-
tems are based on preengineered designs 
and component packages, larger proj-
ects require custom engineering. In the  
October/November 2008 issue of SolarPro, we covered the  
roof work involved in large commercial thermal installations. 
Here we go inside to the mechanical room to examine the 
design considerations necessary for large scale systems.

Large solar heating systems incorporated into new build-
ings are usually included in the overall mechanical plans. The 
plans drawn up by the mechanical engineer will be detailed 
enough to allow plumbing contractors with relatively little 
solar experience to accomplish the installation. However,  
having an experienced solar technician on-site will keep com-
mon mistakes to a minimum and streamline installation. 

Retrofit jobs, however, often require solar contractors 
to design the system in addition to installing it. The system 
design determines the size of the components and project 
feasibility. Making room for the storage tank is probably the 
first consideration in any large retrofit job, because ade-
quate space for the collectors and storage tank(s) is a make 
or break proposition for any solar heating system. 

Commercial Solar  
 Thermal Storage,  
      Exchangers,  
   Pumps and Controls

By Rich Louis and Chuck Marken

Inside the  
Mechanical Room
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StoRAge tAnkS
Most professionally engineered projects will specify a pres-
surized storage tank for large solar water heating systems. 
This is particularly true with installations requiring tanks 
with capacities greater than about 2,000 gallons. Large pres-
surized vessels can cost three to 10 times more than unpres-
surized tanks. They are typically custom built and can have 
long lead times in procurement. Tanks are often manufac-
tured in a cylindrical shape with a domed top and bottom 
(or sides in a horizontal tank). Pressure tanks are built from 
stainless steel or steel with a glass liner to assist in corrosion 
protection, similar to a typical electric or gas water heater.

The term atmospheric is often used to describe open or 
unpressurized tanks. A tank need not be completely open to 
be unpressurized, and it might appear to be a pressure tank 
on quick inspection. Atmospheric tanks can be constructed 
of any material with a suitable temperature rating. Lined 
steel, stainless steel, lined fiberglass and polypropylene are 
all used in atmospheric tank construction. Unpressurized 
fiberglass tanks resemble a giant egg and are made for verti-
cal and horizontal installations. Steel and stainless tanks are 
usually cylindrical, and polypropylene tanks can be either 
cylindrical or rectangular.

Bladder tanks are sometimes used for large SHW system 
storage because they can be constructed on site. Ethylene Pro-
pylene Diene Monomer (EPDM), a rubber roofing material, is 
used for the bladder. This material has a service temperature 
of about 300oF (149oC), which is sufficient for an atmospheric 
tank. A bladder tank starts with a cylindrical or rectangu-
lar frame that can withstand the hydrostatic pressure of the 
water to be contained. At least 2 inches of high-temperature 
foam insulation line the tank sides, top and bottom, and the 
bladder is then folded into the cavity. No bottom penetra-
tions are made in a bladder tank; instead, an inverse “U” pipe 
circulates water from the tank bottom and keeps the pump 
primed if the tank is used for drainback. The heat exchangers 
are simple rolls of copper tubing and used with all types of 
unpressurized tanks. EPDM tanks have a life span of at least 
15 to 25 years. Some bladder tanks do start leaking, possibly 
due to inadequate material thickness or because the EPDM 
was not folded properly during tank construction.

Storage tanks are usually sized to the building water 
heating load, with their size proportional to the collector 
surface area. Others factors that influence sizing include the 
temperature required, the total load, the local climate and 
available solar irradiance. Rules of approximation will get 
you into trouble with large SHW systems, but many through-
out the US are designed with ratios of 1 square foot of collec-
tor to 1.5 to 2 gallons of storage volume—the same ratio as 
most residential systems.

In many large systems, the storage tank is designed to 
be used as the drainback tank. The only difference related to 
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storage in small and large drainback systems is tank size. The 
same goes for expansion tanks in antifreeze systems. Very 
large systems with hundreds of collectors can have expan-
sion tanks as large as typical household water heaters.

HeAt excHAngeRS
Large antifreeze systems use external tube-in-shell and 
plate heat exchangers. There is nothing unusual about 
these exchangers other than their size and the sometimes 
long procurement cycle required. Atmospheric tanks use 
immersed coils of copper tubing. The coils are simple, effi-
cient and readily available; however, using immersed copper 
tubing in lined steel tanks could cause premature tank fail-
ure in some locations with certain water conditions. This is 
not a problem with stainless, polypropylene, fiberglass and 
bladder tanks.

Large exchangers are commonly used in commercial 
facilities, so they are available from many suppliers. For 
instance, Taco, Alfa Laval and Doucette Industries make 
both plate and tube-in-shell exchangers. These manufactur-
ers can help you with sizing if you provide the data for the 
desired maximum solar production of your system. You may 
need to specify flow rates, fluid temperatures and, to a lesser 
extent, fluid type to size a heat exchanger correctly. 

HydRAulIcS—PIPeS And PuMPS
Large SHW projects require skilled mechanical engineers to 
specify the pumps and piping. Hydraulic calculations for 
solar thermal projects focus on determining the size of 
the piping and selecting a pump or pumps. Piping size and 
design as well as pump selection are interdependent. 

When selecting a piping system and pumping equip-
ment, you need to construct a system curve. Calculating the 
static head and head loss for a range of flow conditions cre-
ates this curve. As you might expect, given the same pipe 
diameter, frictional head increases with 
higher flow. For simple thermal proj-
ects, often this system curve consists of 
a single point representing the flow and 
head. Head describes the work required 
by the hydraulic system as measured 
in feet (or technically foot-pounds per 
pound), psi or meters (meter-newtons  
per newton). Total head consists of both 
static and dynamic components.

Static head is the difference in eleva-
tion between the static water surface 
on the suction side of a pump and the 
water surface on the discharge side of 
the same pump. It is the work that a 
pump needs to perform to lift water 
from the lower to the higher elevation. 
The highest water surface elevation in 
a drainback system is the top header 

of the collector array. At this elevation, the water begins 
to return to the pump and free-falls down to the drainback 
tank. For pressurized glycol systems the static head is zero, 
because the solution is maintained in a continuous loop—
there is no discharge elevation. The weight of the solution 
getting pushed up the pipe is offset by the equal weight of 
solution being pulled down on the return.

Dynamic head is the work required to move water through 
a pipe or valve. Dynamic head, friction loss and head loss are 
terms for essentially the same thing: overcoming internal 
friction in the water and along the pipe walls. Dynamic head 
is often ignored in residential systems because small pumps 
and low flow rates create little frictional loss in the piping. 
In larger systems, dynamic head is dependent on pipe size 
and flow velocity. It can significantly affect a system’s perfor-
mance if not calculated properly. Dynamic head is indepen-
dent of static head and must be calculated for both glycol 
and drainback systems.

±  P ipe  S ize  Se lect ion
Pipe diameter is selected based on the flow rate, which is 
determined by the size of the individual collectors and num-
ber of collectors in the array. The velocity  C o n t i n u e d  o n  pa g e  8 0  

Ins ide the Mechanical  Room

Pipe 
Diameter 

(in.)
Flow Range

(gpm)
Velocity Range

(fps)

Head Loss
 (C = 130)

(ft. per 100-ft. pipe run)

Low High Low High Low High

0.5    0.5    1.4 0.8 2.3 1.0 6.9

0.75 1 4 0.7 2.9 0.5 6.7

1 2 7 0.8 2.9 0.5 4.7

1.5 6 12 1.1 2.2 0.5 1.8

2 8 20 0.8 2.0 0.2 1.1

2.5 12 40 0.8 2.6 0.1 1.4

3 20 60 0.9 2.7 0.2 1.2

Typical Flow Ranges, Velocities and Head Losses for CU Pipe

Table 1  Proper design minimizes head loss in supply and return piping. Note that 
the head loss values listed here were calculated using a Hazen-Williams coefficient 
of 130, which represents the roughness of the internal pipe surface.

SLarge SHW projects require  
skilled mechanical engineers to  
specify the pumps and piping.

Harvest the power ofHarvest the power of

Stiebel Eltron is your one stop solar shop.

SOLKIT 2 includes:

info@stiebel-eltron-usa.com

thethe

SunSun
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



Typical Flow Ranges, Velocities and Head Losses for CU Pipe

Harvest the power ofHarvest the power of

Stiebel Eltron is your one stop solar shop.

SOLKIT 2 includes:

info@stiebel-eltron-usa.com

thethe

SunSun
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

http://www.stiebel-eltron-usa.com


80 S o l a r Pr o   |   June/July 2009

in the pipe is usually designed to be approx-
imately 2 feet per second (fps). At this veloc-
ity, the frictional head loss is often kept low 
enough that it does not increase the energy 
required for pumping. When pumping clean 
fluids such as water and glycol mixtures, 
a very low velocity of 0.5 fps is acceptable. 
Using the ballpark rate of 2 fps, a collector 
array requiring a flow rate of 9 gpm would 
require a 1.5-inch pipe and have a corre-
sponding velocity of 1.6 fps and a head loss 
of 1 foot per 100 feet of pipe run. See Table 
1 (p. 78) for a summary of typical velocities 
and head loss values for copper pipe.

±  Pump Select ion 
A pump’s capabilities for a range of flow and 
head conditions are represented in a pump 
curve, which the manufacturer can provide. 
A comprehensive pump curve includes a per-
formance (capacity-head) curve, a net posi-
tive suction head required (NPSHR) curve, a 
power curve and an efficiency curve.

The performance curve. Graph 1 shows a performance 
curve representing the flow that a pump will produce for a 
given head condition. A constant-speed pump, typically used 
in solar water heating, will operate at a flow that depends 
on the head. When you select a pump, be sure to match its 
required output (the flow rate to the collectors) with the sys-
tem curve (the head needed to produce the flow). The pump 
head is the sum of the static head and the dynamic head 
at the desired flow rate. For a flow of 45 gpm and a head of 
35 feet, for example, Grundfos pump TP-32-120 would per-
form as needed (see Graph 1). The deadhead condition is the 
pump head at zero flow. While this value is not used to select 
a pump, knowing it can be useful in troubleshooting.

The NPSHR curve. When selecting a pump, it is critical to 
avoid cavitation, which is the implosion of air bubbles on the 
impeller. Pump cavitation occurs as air bubbles pass from 
the low pressure of the inlet to the high pressure at the edge 
of the impeller blade. These air bubbles form as the pump 
sucks a fluid to a pressure that is equal to or below its vapor 
pressure. Essentially the water boils, even at room tempera-
ture. A pump experiencing severe cavitation may sound like 
it is pumping marbles or making popcorn. Cavitation will 
wear away the pump’s impeller, reducing the flow, decreas-
ing system performance and eventually leading to pump 
failure. The problem arises when a pump is installed in an 
improper location, or when the wrong pump is selected for 
a specific application.

Fortunately, during the system design phase you can 
avoid the conditions that cause cavitation. Calculating the 

required net positive suction head available (NPSHA) and 
comparing that value with the NPSHR makes it possible to 
choose a suitable pump. NPSHA is the physical measure of a 
fluid’s ability to resist cavitation and can be calculated as: 

npSHa = apH +/- SpH - VpH - FHL
 

where APH is atmospheric pressure head, SPH is suction pres-
sure head, VPH is vapor pressure head and FHL is friction 
head loss in the suction piping.

Keep in mind that atmospheric pressure depends on 
elevation, which is why water boils at a lower temperature 
at higher elevations. To understand the impact of elevation 
on atmospheric pressure consider the following. At sea level, 
the atmospheric pressure head is 33.9 feet. In Denver, Colo-
rado, where the elevation is approximately 5,000 feet, the 
atmospheric pressure head is approximately 28.6 feet. The 
highest city on the planet, Lhasa, Tibet,  C o n t i n u e d  o n  pa g e  8 2  
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Graph 1  A performance curve enables designers to specify the optimal pump 
model to maximize heat transfer from the collectors to the storage tank.

Temperature

Vapor  
Pressure Head 

(ft.)

  60ºF   0.59

100ºF   2.19

140ºF   6.67

180ºF 17.33

Vapor Head Variation with Temperature
Table 2  Vapor pressure head 
values increase dramatically 
as transfer fluid increases in 
temperature. Installing pumps 
on the cooler supply side  
piping will reduce issues  
related to cavitation.
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is located at 12,000 feet and has an atmospheric pressure 
head of approximately 21.6 feet. To find the atmospheric 
pressure head at your project location visit turblex.com/ 
altitude/index.cfm.

The second factor in the formula, vapor pressure head, var-
ies with temperature. Table 2 (p. 80) illustrates this variation.

The NPSHA for pumping 140°F water in Denver, Colo-
rado, is calculated as:

28.6 ft. (apH) + 5 ft. (SpH) - 6.67 ft. (VpH) - 0.5 ft. (FHL)  
= 26.4 ft. 

The SPH and FHL were arbitrary values chosen to illustrate 
the formula.

The higher the fluid temperature and the higher the ele-
vation, the greater the potential for cavitation. The pump 
should therefore be placed at the lowest-temperature point 
in the system—on the supply piping for the collectors, not 
the return piping.

NPSHR is the physical characteristic provided with each 
pump curve. In order to prevent cavitation, the NPSHR must 
always be less than the NPSHA, with a safety margin of 2 feet 
or more. In Graph 2, note how rapidly the NPSHR increases as 
the flow reaches the upper range. You can avoid this by choos-
ing a pump that will meet the head and flow requirements in 
the middle of the curve. For the TP-32-120 pump referenced in 
Graph 2, the NPSHR is approximately 6 feet, which is well below 
the NPSHA calculated earlier. Note that glycol solutions have dif-
ferent properties, which change the vapor pressure head. These 
factors must be considered when pumping glycol solutions.

You can avoid cavitation by selecting a pump that oper-
ates at a low NPSHR. It is also possible to place the pump 

far enough below the drainback tank to increase the NPSHA, 
or to pressurize the system and thus increase the NPSHA. 
For some closed loop drainback systems, you can use a com-
pressor to input air into the drainback tank and pressurize 
the system that way. For a glycol system using an expansion 
tank, you would use an external pump to pressurize the fluid 
at startup.

The power curve. The power curve indicates the load 
conditions under which the pump can operate. A pump 
might be designed to operate under varying conditions. 
For example, multiple radiant floor circulation loops or 
alternating radiator heating circulation loops can create 
different head or flow conditions. If each of those condi-
tions remains within the power curve, a single pump may 
be used. See Graph 3 for a typical power curve.

The efficiency curve. Although efficiency can often be 
overlooked when choosing small pumps, it becomes impor-
tant when selecting larger pumps. Choosing an efficient 
pump minimizes overall energy consumption and results 
in a more efficient solar thermal system. For example, the 
pump referenced in Graph 4 (p. 84) has a peak efficiency of 
65% at the design flow.

±  Va lve  Se lect ion
Choosing the right valves is critical to system performance and 
service. Two primary types of valves are used in solar thermal 
piping systems of all sizes: gate valves and ball valves. 

Gate valves are designed specifically for equipment iso-
lation and have two proper positions: fully open or fully 
closed. These valves are not appropriate for flow restriction 
or balancing. If such a valve is left partially open, fluids at 
high velocity will wear away the gate.  C o n t i n u e d  o n  pa g e  8 4  
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Graph 2  Detailed system design calcu-
lations made during the pump specifica-
tion phase will minimize the possibil-
ity of pump cavitation, related pump 
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Pump Power Curve
Graph 3  A system’s head and 
flow requirements dictate the 
range of conditions within which 
a specific pump can operate. 
Load conditions may vary and 
must be considered during 
pump selection.

data courtesy grundfos.com
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Once this gate begins to wear, the valve can no longer fully 
close. Sometimes a gate valve is installed and used for both 
system throttling and its intended purpose of equipment 
isolation. Then in 4–5 years, when a piece of equipment may 
need to be serviced, the maintenance staff must isolate it to 
perform the repair; they rely on that gate valve to isolate the 
equipment. If that valve cannot stop the water in the lines 
from leaking out, their repair can become a messy, time 
consuming effort instead of a routine project.

Ball valves can be used for flow balancing and for equip-
ment isolation. This type of valve, which uses a sealing 
mechanism composed of a ball and a seat, can handle a par-
tially closed position without experiencing wear. 

±  d iagnos ing pump problems
The proper instrumentation is valuable for system trouble-
shooting and performance verification. Two critical instru-
ments are pressure gauges and flow meters.

Pressure gauges. Every pump needs a pressure gauge, 
located on the discharge side. If you cannot easily observe 
the level of the suction side water reservoir, a pressure gauge 
on the suction of the pump can also be helpful to diagnose 
problems. Do not cut corners here: a high quality, liquid 
filled gauge is always worth its price. Finally, your pressure 
gauges should always be properly calibrated.

Flow meters. Although every installation should have a 
flow meter, these instruments are critical in larger com-
mercial systems. Comparing the design flow rate to the 
observed flow rate will help determine the system’s per-
formance or identify when a valve is in the wrong position. 
For example, if a ball valve used for balancing is closed too 
much, it reduces flow to the collectors. If this valve is open 
too much, flow may be too high and the collector array may 
function poorly in peak heat gain conditions. If all valve 
positions check out properly, this may indicate that a pump 
is malfunctioning and requires service. 

If you know the pump curve, you can diagnose a pump 
condition with a few easy tests, such as the following. With 
the pump running, observe and record the flow rate and 

pressure gauge reading. Next, keep the pump running and 
close the pump discharge valve so that the flow is zero. This 
is the deadhead condition. Record the pressure gauge read-
ing. Compare these readings to those shown on the pump 
curve. If they match, this is a good indicator of pump health. 
If they do not, the pump impeller may have deteriorated.

contRolS
The complexity of the controls is proportional to the appli-
cations that the solar thermal system will serve. The inter-
face with the backup SHW, building or process heat system, 
or swimming pool will also influence the control strategy. 
Some of the very largest SHW systems built are now con-
trolled with simple, off the shelf differential controls. These 
older systems were designed with more sophisticated con-
trols, but the lack of repair parts led to retrofits that were 
simple and more reliable. Multihorsepower 3-phase pumps 
can easily be controlled with a 120 V/10 A differential con-
trol using relays and motor controls of adequate size. Small 
controls are the brains of many large systems today. 

A good system design will ensure decades of efficient 
energy production and also facilitate a quick, smooth instal-
lation. “Anything is possible, as long as you don’t have to 
install it,” is a complaint too often heard from installers 
who are frustrated with design flaws in the plan sets. Good 
designs make everybody happy, even the inspector.

Rich louis / Sunnyside Solar energy / Parkton, Md /  

 rich_louis@sunnysidesolarenergy.com / sunnysidesolarenergy.com

chuck Marken / SolarPro magazine / Ashland, oR /  

 chuck.marken@solarprofessional.com / solarprofessional.com
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Graph 4  Large solar water heating 
systems require larger, higher power 
pumps than do residential systems. 
Pump efficiency is often not a priority in 
smaller systems, but it is crucial in large 
systems to minimize energy use over  
the life of the system.
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http://www.krannich-solar.com
www.pvselect.com
www.zomeworks.com
www.phocos.com


86 S o l a r Pr o   |   June/July 2009

Interview An Experienced Perspective

Kris Sutton, Solar Energy International
Training the Solar Workforce 

K ris Sutton holds the position of PV 
instructor trainer at Solar Energy 

International (SEI). Incorporated as a 
nonprofit in 1991, SEI (solarenergy.org) 
is considered one of the leading solar 
training organizations in the US. Kris 
began his career designing and install-
ing systems for a San Francisco Bay Area 
based integrator, where he also served as 
project manager, directing work crews 
and project logistics. For several years 
he worked as a consultant, specializing 
in safety training for PV installation 
professionals. Kris is a NABCEP certified 
PV installer, as well as an ISPQ certified 
master PV trainer.
—Solar Pro Publisher and Editor Joe 
Schwartz spent some time on the phone 
with Kris, who was wrapping up prepara-
tions for a weeklong PV training in Pitts-
burgh, Pennsylvania.

JS: While I was researching material for 
this interview, I noticed that five of the 
seven ISPQ certified master PV trainers 
are on the SEI staff. Congratulations. I 
have heard industry professionals express 
concerns that it’s not unusual for training 
to be led by instructors who don’t have 
a lot of field experience. Is this a gap 
that needs to be addressed by training 
organizations?
KS: Yes, I do feel that this is a problem 
in some cases. If instructors are primar-
ily PV designers, hopefully they would 
have every right to teach PV design. If 
they don’t have much field experience 
because they’ve been working on the 
engineering and design side and not 
on the implementation side, then they 
should not be teaching an installation 
class. That’s where the different train-
ers’ skills come in. The designer should 
teach design, and the installer should 

teach installation, unless they have 
experience with both.

JS: Have you seen a change in the typical 
SEI student profile over your years with 
the organization?
KS: Definitely. I attended SEI’s PV 
workshop 10 years ago this summer. 
Probably 90% of the participants were 
there to learn how to install solar 
on their own place, and maybe 10% 
were interested in job opportunities 
in the industry. There’s been almost a 
180-degree shift. Now, out of a group 
of 25 students, 15 to 20 of them are 
looking at the solar industry as a busi-
ness opportunity—either wanting to 
get trained and find employment, start 
a business, or transition an existing 
business like electrical contract-
ing into a solar business. It’s a more 
professional group now. It used to be a 

much more novice, do-it-
yourselfer type of group.

JS: You’ve specialized 
in safety training for the 
PV industry for a number 
of years. Those who’ve 
worked in the construc-
tion trades have seen their 
fair share of workers doing 
unsafe or downright stupid 
things. To make matters 
worse, there’s an underlying 
macho attitude that’s pretty 
consistent on jobsites. What 
can employers or project 
managers do to get this 
type of employee with the 
safety program?
KS: The macho thing is  
a problem, and it’s actually 
a problem in most trades. 
Machismo and stupidity 

tend to go hand in hand, unfortunately. 
What trainers can do is educate the 

whole employee base. Business owners 
and management need to be educated 
in safety just as much as the installers 
do, because they have to push the safety 
program from the top down to make 
sure that the installers in the field are 
properly abiding by the rules. And if you 
have installers in the field who are not 
properly abiding by the rules, the man-
agement’s duty is to either make them 
do it or fire them.

In a job situation where we’re deal-
ing with electricity that can harm or kill 
coworkers or customers, there should be 
a zero tolerance policy for major safety 
infringements, including firing someone 
for doing something that’s against a com-
pany’s safety policies.
C o n T I n u E d  o n  PA g E  8 8

Kris Sutton, PV instructor trainer for Solar Energy 
International  Kris is an expert in installer safety  
training and sets a high bar for quality safety  
programs throughout the solar industry.
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JS: do larger installation businesses tend 
to have better developed safety programs 
than smaller shops? 
KS: Not necessarily. There are large com-
panies that have good policies in place, but 
there are a lot that either don’t have good 
policies or don’t enforce them. I hear about 
just as many scary events happening on 
large system installations as small ones. If 
anything, sometimes the large companies 
have an even harder time enforcing safety 
policies because they don’t have as much 
control. When they’re installing a large 
array in a remote location and have hired 
a lot of local subcontractors to do the 
work, they may end up with people who 
don’t necessarily know what they’re doing. 
Unfortunately, safety is one place where 
businesses in all trades tend to cut corners.

JS: For a business, large or small, that 
doesn’t have a formal safety training pro-
gram in place, where can the management 
obtain curriculum for safety training or find 
someone to bring in to train the staff?
KS: There are a lot of safety training 
options out there. The same OSHA 
requirements apply to a company of two 
people as to a company of 2,000 people. 
Once you hire your first employee, you 
enter into an employer-to-employee rela-
tionship, and at that point you enter into 
OSHA’s oversight. Companies of all sizes 
are in the same boat.

For installers, the place to start is with 
a 30-hour OSHA safety training class for 
the construction industry. These classes 
are offered all over the country in com-
munity colleges and trade schools. Inde-
pendently, there are what OSHA calls out-
reach trainers  who put on 10- and 30-hour 
safety training classes. That’s baseline and 
should be done before employees go onto 
their first jobsite. OSHA dictates that the 
employer must train employees in the 
hazards that they will encounter on the 
job before they encounter those hazards. 
Employees have to know what to identify 
as a hazard and how to work around that 
hazard in a safe and approved method.

Different employees need different 
levels of training depending on what job 

they’ll be performing and what hazards 
they’ll be exposed to. Shipping and 
receiving personnel who handle ware-
housing will have specific hazards that 
they have to deal with that may require 
forklift certifications, for example. Field 
crews who will be working on rooftops 
need safety training to protect against 
fall hazards. If a company has crews 
who just mount modules or just do roof 
work, they may not need the electri-
cal training to the same degree as the 
electricians who are making the connec-
tions. Employees need to have specialty 
training based on what they’re going to 
actually do in the field.

On average, a solar company’s install-
ers might represent only 40% to 50% of 
the total staff, depending on the size 
of the company. The other 50% or 60% 
may be working in sales, design, office 
management, warehousing and the like. 
This is a good example of why each role 
has to be evaluated individually in terms 
of safety training.

PV installation companies need 
to have a thorough understanding 
of OSHA construction industry and 
general industry policies. The construc-
tion industry part of OSHA oversees 
the installation processes. Everything 
that happens in an office or warehouse 
falls under general industry. Once a 
system is installed and operating, it 
goes from a construction site to what 

is fundamentally an existing general 
industry site, just like a technician going 
to troubleshoot a motor control system 
in a factory. There are certain require-
ments in OSHA general industry for how 
electricians approach existing electrical 
systems and how to work on them safely.

JS: once base-level job-related training 
is accomplished, what’s the next step for 
specific safety training for installers who 
will be working with electricity? What are 
some resources?
KS: After general safety training, the 
next steps are training in electrical safety 
and fall protection. Those are the major 
categories right off the bat. A PV techni-
cian who takes general electrical safety 
trainings, even though they won’t speak to 
PV directly, will learn how to work with live 
electricity, what you can and cannot do 
around live electricity, and when you have 
permission to work around something 
live and when you don’t. Those require-
ments are built into any electrical safety 
program whether it’s focused on PV or not. 
People don’t need to feel that they have to 
take a PV specific safety program. Almost 
everything we deal with is all fairly cross 
platform with standard electrical training.

One resource many installers don’t 
know about is a document called NFPA 
70E, one of the most important safety 
guides next to the OSHA documents. It 
is a supplement to the National Electrical 
Code. NFPA 70E provides guidelines for 
what electricians are allowed and not 
allowed to do while they’re working in 
the field, and what levels of electrical 
protection are required based on what 
work is being performed. Technically, a 
technician’s only excuse for working on 
anything live is during troubleshooting or 
performance testing.

As an example, say I’m going to open 
a piece of electrical equipment, like a 
dc disconnect, to test it for operation. 
Because it’s an operational or perfor-
mance test, I have to put my meter 
probes in the enclosure and do it while 
the system is live. If you go to the NFPA 
70E document, it’ll tell you, based on 
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the voltage that you’re exposed to, what 
level of protection will be required, like 
voltage rated gloves or safety glasses. 
If it’s an ac service, an arc-flash shield 
and arc-flash protective clothing will be 
required. So depending on what levels of 
electricity you’re going to come in prox-
imity to, NFPA 70E provides a matrix 
of what level of protection is required. 
Most people have never heard of it, but 
it’s an absolutely critical resource.

JS: What are the essential ingredients for 
a good safety program?
KS: It really should be management and 
owner driven. From the top person to the 
bottom person, there should be a culture 
of safety. It should be something that’s dis-
cussed regularly and part of every decision 
that an employee is making. The essential 
ingredients are developing a good plan 
and enforcing that plan. Every company 
needs a safety manager—someone who’s 

in charge of overseeing all safety for the 
company, no matter how big or how small 
the company is.

What some companies overlook is 
developing a safety protocol that deals 
with the specific situations employees 
will encounter and then enforcing that 
protocol across the board. Understanding 
the correct order of installation steps—
simply understanding the proper order 
of making connections—is probably the 
single most important thing that keeps 
people from getting hurt. Then there 
needs to be a heavy enforcement of that 
protocol once it’s developed, because 
when you get one employee on one 
page and another employee on a differ-
ent page, that’s where you can run into 
trouble. If all employees understand the 
same safety protocols, issues in the field 
are minimized.

The two most common hazards 
are shock hazards and fall hazards. 

Because we’re dealing with live voltages 
on a rooftop, these are our two primary 
concerns. That’s why business owners 
and managers need to make sure that 
their people are well qualified to be 
up there doing the work they’re doing 
and that they’re supplied with the right 
equipment to work safely.

If you look at the most dangerous jobs 
in America according to OSHA, electri-
cians are in the top 10, roofers are in the 
top 10 and construction workers are in 
the top 10. PV installers are essentially all 
three. We are electricians. We are roofers. 
We are construction workers. Statistically, 
our job role encompasses three out of the 
top 10 most dangerous job duties in the 
US. That’s something installers need to 
have in their heads every time they step 
onto the jobsite.

X Web exclusive  read the full 

interview at solarprofessional.com.
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June
PV Systems Design &  
Installation
Indian River State College

Jun 15 – Jun 20
Fort Pierce, FL
$224 
www. irsc.edu

PV Installation & Design
SUNY Delhi 

Jun 16 – Jun 19 
Delhi, NY
$799  
ISPQ 
delhi.edu/bcs/classroom_
training.php

Solar Thermal System Design 
& Installation 
Solargenix Energy 

Jun 29 – Jun 30
Chicago, IL
$425 
N-CE/N
solargenixchicago.com

July
PV Design & Installation
Solar Energy International

Jul 6 – Jul 17
Paonia, CO
$2,095
ISPQ/N-TP: PV
solarenergy.org

PV Design ONLINE 
Solar Energy International

Jul 6 – Aug 16 ONLINE
$795  
ISPQ/N-EL 
solarenergy.org

PV Design & Installation  
Intensive 
Solar Living Institute

Jul 8 – Jul 12
Hopland, CA
$850
N
solarliving.org

NABCEP Solar PV  
Entry Level Certificate 
MiraCosta College

Jul 13 – Jul 17
Oceanside, CA
$1,195 
N-EL/N-TP:PV/N-CE
ameri-skills.com

Solar 101 Hands-On
DC Power Systems

Jul 14 – Jul 15
Seattle, WA
$350 
dcpower-systems.com

PV Design & Instllation  
Intensive 
Solar Living Institute

Jul 14 – Jul 18
San Francisco, CA
$850 
ISPQ
solarliving.org

Advanced Grid-Tied Case 
Studies
DC Power Systems

Jul 16
Seattle, WA
$175 
dcpower-systems.com

Off-Grid Systems for  
Professionals
Solar Living Institute

Jul 19 – Jul 20
Hopland, CA
$295 
N
solarliving.org

PV Installation & Design
SUNY Delhi

Jul 20 – Jul 24
Delhi, NY
$799
ISPQ
delhi.edu/bcs/classroom_
training.php

Advanced PV
Solar Energy International

Jul 20 – Jul 24
Paonia, CO
$895
ISPQ/N-TP:PV
solarenergy.org

Advanced PV ONLINE
Solar Energy International

Jul 20 – Aug 30 ONLINE
$795 
ISPQ/N-EL
solarenergy.org

Solar Electric System Design, 
Theory & Practice
EORenew

Jul 21 – Jul 24
John Day, OR
$435
N-EL 
solwest.org

Solar Hot Water System  
at SolWest Fair
EORenew

Jul 24
John Day, OR
$65
solwest.org

Solar 101 Hands-On
DC Power Systems

Jul 29 – Jul 30
San Diego, CA
$350 
dcpower-systems.com

Advanced Grid-Tied Case 
Studies
DC Power Systems

Jul 31
San Diego, CA
$175 
dcpower-systems.com

August
Fundamentals of PV Sales
Solar Living Institute

Aug 1
San Francisco, CA
$150 
solarliving.org

PV Design ONLINE 
Solar Energy International

Aug 3 – Sep 13 ONLINE
$795  
ISPQ/N-EL
solarenergy.org

Training Continuing Education for the Pro

Industry-specific training and educational opportu-
nities are essential to the success of your business. 
Whether you are training new employees or in need 
of NABCEP continuing education credits, SolarPro 
is proud to offer this training schedule as a resource 
to you and your business. Manufacturers, commu-
nity colleges, renewable energy associations and 
other dedicated training centers are invited to 
become subscribers and register events online at  
solarprofessional.com/training.

Training accreditation key
ISPQ Institute of Sustainable Power Quality program or provider

N-EL NABCEP PV Entry Level Certificate of Knowledge approved  
 provider

N-TP:PV NABCEP Board recognized training provider for PV installer 
 exam qualification

N-TP:ST NABCEP Board recognized training provider for solar  
 thermal installer exam qualification

N-CE NABCEP continuing education credit provider

N Instructor holds NABCEP installer certification
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PV Design & Installation
Solar Energy International

Aug 10 – Aug 21
Paonia, CO
$2,095 
ISPQ/N-TP:PV
solarenergy.org

NABCEP Solar PV  
Entry Level Certificate
MiraCosta College

Aug 10 – Aug 14
Oceanside, CA
$1,195 
N-EL/N-TP:PV/N-CE
ameri-skills.com

Solar 101 Hands-On
DC Power Systems

Aug 11 – Aug 12
Utah
$350  
dcpower-systems.com

Advanced Grid-Tied  
Case Studies
DC Power Systems

Aug 13
Utah
$175 
dcpower-systems.com

Basic PV & Site Assessment 
for Installers
AltE University

Aug 17 – Aug 18
Hudson, MA
$300 
workshops.altenergystore.com

Intermediate PV Design  
& Installation
AltE University

Aug 19 – Aug 21
Hudson, MA
$450 
workshops.altenergystore.com

PV Lab Week
Solar Energy International

Aug 24 – Aug 28
Paonia, CO
$1,195 
ISPQ/N-TP:PV
solarenergy.org

Advanced PV ONLINE
Solar Energy International

Aug 24 – Oct 4 ONLINE
$795 
ISPQ/N-EL
solarenergy.org

Advanced PV  Design &  
Installation
AltE University 

Aug 24 – Aug 28
Hudson, MA
$900 
N
workshops.altenergystore.com

Inverter University 
DC Power Systems 

Aug 25 – Aug 26
Santa Rosa, CA
$75 
dcpower-systems.com

Advanced Grid-Tied Case 
Studies 
DC Power Systems 

Aug 27
Santa Rosa, CA
$175 
dcpower-systems.com

September
Solar Hot Water
Solar Energy International

Sep 8 – Sep 11
Carbondale, CO
$745 
ISPQ/N-TP:ST
solarenergy.org

Solar & Radiant Heating
Solar Energy International

Sep 14 – Sep 16
Carbondale, CO
$695 
ISPQ/N-EL
solarenergy.org

PV Design ONLINE
Solar Energy International

Sep 14 – Oct 25 ONLINE
$795 
ISPQ/N-EL
solarenergy.org

PV System Design for  
Engineers & Designers
High Sun Engineering

Sep 14 – Sep 16
San Francisco, CA
$985 
N-CE
sunengineer.com

NABCEP Solar PV  
Entry Level Certificate
MiraCosta College

Sep 14 – Sep 18
Oceanside, CA
$1,195 
N-EL/N-TP:PV/N-CE
ameri-skills.com

Introduction to Solar Domestic 
Hot Water for Installers
AltE University

Sep 15 
Hudson, MA
$150 
workshops.altenergystore.com

Solar Water Heating Design  
& Installation
AltE University

Sep 16 – Sep 18
Hudson, MA
$500 
N
workshops.altenergystore.com

Fundamentals of PV Sales
Solar Living Institute

Sep 17
San Francisco, CA
$150
solarliving.org

PV Economics, Sales  
& Financing
Solar Living Institute

Sep 18
San Francisco, CA
$195 
solarliving.org

Advanced PV ONLINE
Solar Energy International

Sep 21 – Nov 1 ONLINE
$795 
ISPQ/N-EL
solarenergy.org

Solar 101 Hands-On
DC Power Systems

Sep 23 – Sep 24
Boston, MA
$350 
dcpower-systems.com

Advanced Grid-Tied Case 
Studies
DC Power Systems

Sep 25
Boston, MA
$175
dcpower-systems.com

Advanced Grid-Tied Case 
Studies
DC Power Systems

Sep 30
Santa Rosa, CA
$175 
dcpower-systems.com

Anytime
PV Installer
Step Up Education

ONLINE
$1,295
solarclassesonline.com

Entry Level Program
Step Up Education

ONLINE
$995
solarclassesonline.com

Have a professional training 
you would like to post?

Visit:  
solarprofessional.com/ 

training
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Projects System Profiles 

The South San Joaquin Irrigation  
District (SSJID) water treatment 

plant project is the first known solar 
tracking system in North America to use 
thin film modules. It presented an array 
of unique challenges that are now pro-
viding substantial rewards for the SSJID 
and the system owner. 

The two-phased project features a 
durable utility grade design. Phase One 
comprises 6,720 Conergy 175 W crystal-
line modules, totaling 1,176,000 Wp. 
These modules were selected for their 
durability and value. Phase Two is com-
posed of First Solar thin film modules 
because they perform at a lower cost 
per watt than traditional crystalline. 
Early indications show the output per dc 
capacity of First Solar thin film is about 
10% higher than that of crystalline. 

One of the first challenges was 
minimizing the number of drive motors 

to reduce long-term maintenance 
demands for the SSJID. This required 
designing each of the system’s 1-hp 
motors to effectively drive over 60,000 
pounds of modules and steel as it fol-
lows the trajectory of the sun. Using 
a 30-ton screw jack and engineered 
counter balance provided the solution. 
Using software with origins based in 
military operations further optimized 
the system’s solar tracking capabilities.

First Solar’s thin film modules have 
a power capacity of 72.5 W each, thus 
requiring double the number of modules 
per subarray in Phase Two compared 
to the higher capacity 175 W crystal-
line modules in Phase One. The added 
labor costs for installing more thin film 
modules may have exceeded any realized 
savings over the crystalline option. Mod-
ule durability was also a consideration. 
The tracker rack had to be extremely 

Overview
DESIGNER: Rick Holz, director of 

engineering, Conergy Projects Group, 

conergy.us

PROJECT DEvElOPER: David Vincent, 

western US project development  

manager, Conergy Projects Group

DATE COMMISSIONED: Phase One, 

May 2008; Phase Two, March 2009

INSTAllATION TIMEFRAME: Phase 

One, 4 months; Phase Two, 3 months

lOCATION: Oakdale, CA, 37.9°N

SOlAR RESOURCE: 7.1 kWh/m2/day

RECORD lOW/AvERAGE HIGH  

TEMPERATURE: 18°F / 94°F

ARRAY CAPACITY: Phase One,  

1.176 MW; Phase Two, 418 kW

AvERAGE ANNUAl AC PRODUCTION: 

Phase One, 2,100 MWh; Phase Two, 

800 MWh

Equipment Specifications 
MODUlES, PHASE ONE: 6,720  

Conergy 175MU, 175 W STC,  

+3%/-3%, 4.95 Imp, 35.2 Vmp, 5.2 

Isc, 44.2 Voc 

MODUlES, PHASE TWO: 5,760 First 

Solar FS-272, 72.5 W STC, +5%/-5%, 

1.07 Imp, 67.9 Vmp, 1.19 Isc, 90.0 Voc 

c o n t i n u e d  o n  t h e  n e x t  Pa g e

coMMeRciaL gRid-diRect PhotoVoLtaic SYSteM:
South San Joaquin Irrigation District
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Do you have a recent Pv  
or thermal project we should 
consider for publication in 
SolarPro?

visit: solarprofessional.com/
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stable in order to keep module vibration 
to a minimum, allowing Conergy to meet 
the requisite quality assurance standards 
to maintain First Solar’s warranty. The 
conclusion, however, is that the module 
selection coupled with the module-to-
rail attachment method brought First 
Solar thin film modules to cost parity 
with crystalline modules—and with 
enhanced energy output.

The final challenge was interconnec-
tion. California Public Utilities Commis-
sion rules mandate that only 1 MW of 
solar can be installed per meter, yet the 
final system size was nearly 1.6 MW. After 

deliberation with the utility, 
the water treatment plant 
was allowed a second meter. 
PV output was engineered 
to accommodate SSJID’s 
range of power needs while 
ensuring proper loading  
of each meter.  

The project’s main 
objective is to deliver water 
at the lowest possible 
cost to SSJID customers 
by stabilizing the water 
treatment plant’s electrical 
outlay. The project achieves 
this goal by providing 

nearly all of the energy required to 
operate the facility. The completed PV 
system is expected to save the SSJID 
approximately $400,000 in annual  
electricity costs.  

“Water is an increasingly precious com-

modity in drought-ridden california, where 

governor Schwarzenegger has declared a 

state of water emergency. the SSJid PV 

plant cuts water processing and delivery 

costs and should serve as a bellwether for 

water authorities everywhere, particularly in 

these economic times.”

—David Vincent, Conergy  
Projects Group

Equipment Specifications 
c o n t i n u e d

INvERTERS: 3-phase, 480 Vac 

inverter output stepped up and inter-

connected at 4,160 V, seven Xantrex 

GT250, 250 kW, 600 Vdc maximum 

input, 300–600 Vdc MPPT range 

ARRAY, PHASE ONE: Four 1,440 

module subarrays and one 960 module 

subarray with 12 modules per string 

(2,100 W, 4.95 Imp, 422.4 Vmp, 5.2 

Isc, 530.4 Voc), 120/80 circuits total 

(252,000/168,000 W, 422.4 Vmp, 

594/396 Imp, 624/416 Isc, 508.2 Voc)

ARRAY, PHASE TWO: Two 2,880  

module subarrays with six modules  

per string (435 W, 1.07 Imp, 407.4 

Vmp, 1.19 Isc, 540 Voc), 480 circuits 

total (208,800 W, 513.6 Imp, 407.4 

Vmp, 571.2 Isc, 540 Voc)

ARRAY COMBINERS: SolarBOS  

and SMA 

SYSTEM MONITORING: Fat  

Spaniel Technologies

ARRAY INSTAllATION: Proprietary 

single-axis tracker by Conergy, 180° 

azimuth, east–west tracking from  

45° to -45°
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To speed the deployment 
of residential PV systems 

and increase operational 
and marketing efficiencies, 
Hawaii Energy Connection 
(HEC) developed two stan-
dardized PV system packages, 
the 875 W KumuKit-I and the 
1.75 kW KumuKit-II. These 
kits incorporate Enphase 
microinverters to further 
standardize system design 
and installation. HEC is 
responsible for kit sales and 
marketing, and installation is 
handled by a select group of authorized 
resellers, like Borco.

The Huel project was installed 
in two phases over a 2-year period to 
maximize the State of Hawaii’s tax 
credit of 35% up to $5,000 annually. The 
initial 10-panel system was installed 
in 2008. When the federal tax cap was 
eliminated at the beginning of 2009, the 
homeowner decided to add an addi-
tional 20-panel system. The Enphase 
microinverter solution allowed Borco 
to easily expand the existing array by 
adding modules, inverters, racking and 
a second ac branch circuit.

The Huel residence is located on the 
windward side of Oahu, which is prone 
to cloud buildup near the mountains in 

the afternoon. Because the mountains 
are due south of the installation site, the 
array was set at the existing pitch of the 
roof that is oriented toward the south-
east. This orientation enables the array 
to capture more of the clear morning and 
midday sun before the clouds build up 
in the late afternoon, thereby increasing 
overall system production.

“this was our 110th residential KumuKit 

installation using enphase microinverters.  

once we experienced the production ben-

efits, installation simplicity and expandability 

of the enphase microinverters in residential  

applications, we never looked back.”
—Chris DeBone, Hawaii Energy  
Connection

ReSidentiaL gRid-diRect PhotoVoLtaic SYSteM:
Huel Residence
Overview
DESIGNER: Chris DeBone, project 

manager, Hawaii Energy Connection, 

hawaiienergyconnection.com

lEAD INSTAllER: Rob Jaeckel, 

Borco, borcoelectric.com

DATE COMMISSIONED:  

February 2009

INSTAllATION TIMEFRAME: One day

lOCATION: Kailua, HI, 21°N

SOlAR RESOURCE: 7.7 kWh/m2/day

RECORD lOW/AvERAGE HIGH  

TEMPERATURE: 43°F / 87°F

ARRAY CAPACITY: 5.25 kW STC

AvERAGE ANNUAl AC PRODUCTION: 

7.5 MWh

Equipment Specifications 
MODUlES: 30 Suntech STP175S-24/ac,  

175 W STC, +/-3%, 4.9 Imp, 35.8 

Vmp, 5.23 Isc, 44.7 Voc

INvERTERS: 30 Enphase M175-24-

240-SO1/2, 175 W, 54 Vdc maximum 

input, 25–40 Vdc MPPT range, single 

phase, 240 Vac output

ARRAY: 15 inverters per branch circuit, 

two branch circuits

ARRAY INSTAllATION: Roof mount 

on rolled composite, Conergy SunTop 

rack, 155° azimuth, 5° tilt

SYSTEM MONITORING: Enphase 

Enlighten online monitoring, Hawaiian 

Electric Company digital kWh meter
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See more project  
profiles online at  
SOlARPROFESSIONAl.COM
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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!

Crystalline PV modules mounted with the S-5-PV Kit 
to a standing seam metal roof produces a reliable 
long term alternative power source. The patented 
design of the attachment clamp and attendant round-
point setscrews enables an entire installation without 
a single penetration of the roof’s surface! Installation 
is quick and easy.

Introducing the S-5-PV 
Kit, a revolutionary new 
solution to attach solar 
PV panels to standing 
seam metal roofs!

To learn more about the S-5-PV Kit, visit us at

www.S-5.com
or call us at

888-825-3432 
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When it was commissioned, the PV 
array at the Denver Museum of 

Nature & Science was the largest build-
ing sited PV system in Colorado. The 
system achieved even greater promi-
nence when President Obama and Vice 
President Biden toured the site before 
signing the American Recovery and Rein-
vestment Act on February 17, 2009.

The project size was dictated by 
Xcel Energy’s rebate rules. This, along 
with the pricing structure for the PPA, 
favored a system as large as possible 
without exceeding 100 kW STC. Using 
SMA Sunny Towers allowed for signifi-
cant design flexibility and a final array 
capacity of 99.98 kW. 

The inverter and interconnection 
locations presented major implementa-
tion issues. The rooftop penthouse is 
large enough to house multiple invert-
ers but not structurally strong enough 
for a single central inverter. Using Sunny  
Towers spreads out the inverter point 
loading. The mechanical subpanel in  
the penthouse is a 3-wire, 277/480 Vac 
panel without a neutral conductor. An 
isolation transformer is used to gener-
ate a neutral reference, and the Sunny  
Towers are configured for 277 Vac  
operation. This allows the system to 
interconnect on the rooftop, minimiz-
ing both the ac and dc wire runs and 
reducing the voltage drop and installa-

tion expenses.
“the denver Museum of 

nature & Science is the 

perfect place to showcase 

solar technologies. By using 

the PV array as a teaching 

tool, not just a power source, 

the Museum sets an example 

for other community organiza-

tions and visitors to follow, 

encouraging them to do their 

part for the environment.”

—Ray Tuomey,  
Namaste Solar

coMMeRciaL gRid-diRect PhotoVoLtaic SYSteM:
Denver Museum of Nature & Science
Overview
DESIGNER: Jason Sharpe, COO, & 

Stephen Irvin, CFO, Namaste Solar, 

namastesolar.com 

PROJECT MANAGER: Ray Tuomey, 

co-founder, & Sam Mason, lead 

installer, Namaste Solar 

DATE COMMISSIONED: June 11, 2008

INSTAllATION TIMEFRAME: 30 days

lOCATION: Denver, CO, 39.5°N

SOlAR RESOURCE: 5.5 kWh/m2/day

RECORD lOW/AvERAGE HIGH  

TEMPERATURE: -31°F / 88°F

ARRAY CAPACITY: 99.98 kW

AvERAGE ANNUAl AC PRODUCTION: 

135 MWh

Equipment Specifications 
MODUlES: 465 SunPower  

SPR-215-WHT, 215 W STC, +5%/-5%, 

5.4 Imp, 39.8 Vmp, 5.8 Isc, 48.3 Voc

INvERTERS: 3-phase, 277/480 Vac 

system, 3 SMA Sunny Towers, 36 kW 

each, 6 SB6000US per tower, 600 Vdc 

max. input, 250–480 Vdc MPPT range

ARRAY: Eleven 27 module subarrays 

with nine modules per string (1,935 

W, 5.4 Imp, 358.2 Vmp, 5.8 Isc, 434.7 

Voc) and three circuits per inverter 

(5,805 W, 16.2 Imp, 358.2 Vmp, 17.4 

Isc, 434.7 Voc); and seven 24 module 

subarrays with eight modules per 

string (1,720 W, 5.4 Imp, 318.4 Vmp, 

5.8 Isc, 386.4 Voc) and three circuits 

per inverter (5,160 W, 16.2 Imp, 318.4 

Vmp, 17.4 Isc, 386.4 Voc)

ARRAY INSTAllATION: Flat roof 

mounted, SunPower T-10 racking, 

180° azimuth, 13° tilt

ARRAY COMBINER: Inverter  

integrated, 15 A fuses 

SYSTEM MONITORING: Fat Spaniel 

Technologies, inverter direct with 

weather station; museum designed 

and installed mobile, wireless flash 

display for educational purposes
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Over the past 30 years, we have built our reputation on:
   • Supplying high performing pre-designed systems 
   • Stocking a wide range of quality products at competitive prices 
   • Providing superior customer service and on-time jobsite delivery 
   • Offering the most comprehensive solar training in the industry

Solar PV / Solar Water Heating / Solar Pool / Radiant Floor
Wholesale Distributor / System IntegratorWholesale Distributor / System Integrator

Serving Nationwide:
Petaluma, CA         Sacramento, CA               Corona, CA             Florida (New!)
1-800-822-4041          1-800-321-0101                   1-800-680-7922               1-800-822-4041

www.solardepot.com

With 30 years of experience, 
we’ve seen everything under the sun. 

www.solardepot.com


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

Welcome to the land of opportunity
With more US-based PV production than anyone, SolarWorld is powering the 
American dream for independent solar contractors throughout the nation.

Choosing the SolarWorld Sunmodule® not only ensures superior reliability and 
performance, it also secures manufacturing jobs for Americans because 
Sunmodules are made in the USA from raw materials to finish product. Call us at 
1-866-226-5958 for a SolarWorld distributor in your area. 

service@solarworld-usa.com
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