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The forge welded molecular bond is the best heat exchange method in the world today and
provides the maximum heat transfer for unsurpassed performance. 30 Year Guarantee.

Jacksonville, FL USA • Visit Us: www.THERMAFIN.com
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DELIVERING ON
THE PROMISE
OF SOLAR ENERGY

NOW AVAILABLE IN THE
USA FROM AEE SOLAR!
Norway-based REC, one of the world’s largest
and most vertically integrated solar companies,
announces the introduction of its high-performance,
environmentally advanced PV modules to the
North American solar energy market.
The Best of Two Continents
As the world’s largest producer of solargrade silicon and multicrystalline wafers,
REC controls all stages of the manufacturing
process with rigorous quality assurance.
REC Solar combines the highest grade
US-produced silicon with renowned
Scandinavian design and manufacturing standards to produce
solar modules with uncompromising quality and exceptional
performance.
And when you purchase REC Solar modules in the USA, you get
the added value of AEE Solar’s industry-leading tech support
and customer service.

Environmentally Sound from Start to Finish
REC is committed to reducing its
environmental impact at each step of the
production process. Utilizing the region’s
abundant hydroelectricity to power most of
its production, recycling at every opportunity,
and adhering to Scandinavia’s famously high
standards of environmental regulation, REC
delivers the industry’s highest levels of ecological responsibility in
both process and product.

REC Solar SCM 210 Series Modules
The result of REC Solar’s superior engineering and manufacturing
technology is the SCM 210 series of high-performance solar
modules, featuring:
 ?`^_$\]ÓZ`\eZpdlck`ZipjkXcc`e\jfcXiZ\ccjfptimized for
low-light conditions and increased light absorption
 @eefmXk`m\[\j`^ek_Xk\c`d`eXk\jj_X[`e^\]]\Zkj
 USE-2 with MC4 locking connectors
 66" L, 39" W, 1.7" D
 >lXiXek\\[0'gfn\i]fi('p\Xij#/']fi),p\Xij
 :\ik`Ó\[XZZfi[`e^kfLC(.'*

Distributed in North America exclusively by:

The Only Wholesale
Distributor You’ll Ever Need

((,,I\[nXp;i`m\
PO Box 339
I\[nXp#:80,,-'

800-777-6609
www.aeesolar.com/rec
sales@aeesolar.com

A New Technical Publication
for Today’s Solar Professional
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Technical SolarPro features hands-on
ore than a decade ago, I
technical information that photovoltaic
landed my first job in the
and solar thermal system design and
renewable energy industry. With
installation professionals can put to work.
SolarPro will help you optimize system
my university and construction
design, engineering and performance, and
background, tools, and a couple
streamline your installation techniques
of backpacks, I headed south from
and approaches.
Oregon to work with an installer
Technology specific Today’s solar proin Northern California. Getting
fessionals need to quickly and efficiently
started in the solar industry was
access information that is immediately
relevant to their business. To help meet
often rougher back then. I spent
this need, the subject matter covered in
the first few months living out of
SolarPro is topically specific. We report
Joe Schwartz,
the back of my pickup. But that
exclusively on PV and solar thermal
Publisher and Editor
technologies for both commercial and
necessity did not faze me a bit—
residential scale applications.
I was learning a new and forward-looking trade
Geographically focused SolarPro is built for system
from one of the most experienced installers in
designers and installers working in the US and Canada—
the country.
unique markets with specific equipment, standards, regula-

Reflecting on the state of the solar industry during
those “back of the truck” days makes the current solar marketplace seem that much more incredible. A decade ago the
US grid-tie market was virtually nonexistent. Most installation shops included one or two people who plied their
trade in the off-grid residential market. Financial incentives
were few and far between. Power conditioning equipment
and controls were rudimentary by current standards.
Today we have a range of durable and efficient equipment
choices; megawatt scale systems are common; and increasingly, large design and installation groups are working on a
national level.
Over time I transitioned to a technical editor position
with Home Power magazine. Launched in 1987, Home
Power has amassed a circulation of more than 120,000
readers nationwide. As the US solar industry has evolved,
the need for a trade publication dedicated to advancing
the training of solar professionals has increased. With
Home Power’s twenty-year track record in technical publishing behind us, we focused our efforts on filling this
void. The result is SolarPro.
SolarPro magazine is technical, technology specific,
geographically focused and participatory.
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tions, financial incentive programs and business trends.
SolarPro cuts to the chase and delivers detailed information
that applies directly to your business.

Participatory The SolarPro team encourages you to submit
article topics, project profiles, new equipment specifications
and correspondence to be considered for publication. We
also invite you to participate in our online technical discussion forums at solarprofessional.com. SolarPro is a networking hub for information exchange, and we invite you to
participate in the dialogue with your professional peers.

This premier issue of SolarPro is being distributed to
more than 15,000 solar professionals, including PV and solar
thermal system designers, integrators, installers and technical sales and support personnel, as well as project developers
new to the field. Our unparalleled technical coverage will
give you additional tools to excel in today’s competitive and
rapidly evolving solar landscape.
g CON T AC T
Joe Schwartz, Publisher and Editor / SolarPro magazine / Ashland, OR /
joe.schwartz@solarprofessional.com / solarprofessional.com

Megawatt
Sponsor

Solar Power
2008
Visit us at
booth 1323

Where we are, there’s energy
At Conergy, we strive everyday to exceed expectations and create enthusiastic renewable
energy consumers. Through our national network of Conergy service providers, we
deliver premium products and services, including comprehensive custom financing, to
residential and small commercial customers. In addition, our engineering team develops
custom, turn-key projects for commercial, educational, agricultural and government clients
through direct sales and strategic partnerships. Let us help you create a beautiful future.

Leading the world to unlimited power
As one of the world’s largest companies solely dedicated to renewable energy, Conergy
is passionate about meeting the world’s power needs. In more than 20 countries on 5
continents, Conergy works to solve basic lighting and refrigeration needs in some of
the most remote locations on earth and provide utility scale installations powering the
world’s largest cities. Whether you’re planning a residential, commercial, or utility scale
project, we have the resources to ensure your success.

Powering a beautiful planet
The days of fossil-fueled energy are numbered. As conventional energy costs continue
spiraling upward so does the environmental price of pollution and climate change. That’s
why Conergy is working hard to provide solar energy solutions for all applications small
and large, on- and off-grid. In fact, approximately 75,000 solar energy systems worldwide
have been supplied, installed and/or developed by Conergy. We are your ideal partner.
Let’s get started, together.
To learn more visit:
www.conergy.us
888-786-8321
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Using caulked L-feet is an accepted,
general practice in solar installations.
It is also without precedent in the
roofing industry.
By Steve Fain & David Brearley
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The right
fit matters

There is a Magnum Inverter/Charger to fit your needs

MM-AE Series
Inverter/Charger
Modified sine wave,
600 – 1500 watts, 12 – 24 VDC
Available models: MM612AE,
MM1212AE, MM1524AE

MS Series Inverter/Charger
Sine wave,
2000 – 4000 watts, 12 – 24 VDC
Available models:
MS2000, MS2000-20B, MS2012,
MS2012-20B, MS2812, MS4024

MS-AE 120/240V Series
Inverter/Charger
Sine wave,
4000 – 4400 watts, 24 – 48 VDC
Available models:
MS4024AE, MS4448AE

Available Accessories:
Automatic Generator Start Module (AGS), Battery Monitor Kit,
Conduit Box, Fuse Blocks, Ignition Switch Lockout, LCD Remote Displays,
Remote Switch Adapter, Series Stacking Cable Kit

RD Series Inverter/Charger
Modified sine wave,
1800 – 3900 watts, 12 – 24 VDC

Call and ask for our full catalog for
complete product information.

Available models: RD2212,
RD1824, RD2824, RD3924

Phone: 425-353-8833
Web: www.magnumenergy.com

The Powerful Difference

Built on over
60 years of
experience

Contributors

Experience + Expertise

John Berdner recently joined groSolar as VP of manufacturing.
He previously founded SMA America, the US distribution arm
of SMA Solar Technology, AG. A mechanical engineer by
education, John has more than 25 years’ experience in the
PV industry, including system design, engineering and
development of balance-of-systems products, research in
utility scale applications for PV systems, and PV product
sales and marketing.

David Brearley is SolarPro magazine’s technical editor for
PV systems. He worked in both the east and west coast
offices of a national wholesaler doing technical PV sales and
support before transitioning to commercial and residential
system integration. NABCEP certified since 2004, David
served most recently as the VP of system design at a Texasbased integrator, managing well over 100 projects including
the state’s largest solar electric installation.

Steve Fain lives in Petaluma, California where he is a
contractor and solar energy consultant. As a customer
service/technical support representative for a leading PV
racking manufacturer, Steve gained a unique perspective
from the years he spent discussing technical issues with
PV professionals from all over the world.

The new
IG Plus
grid-tie inverter
from Fronius
Visit www.fronius-usa.com
for more information.

Chuck Marken is a New Mexico–licensed plumber,
electrician and heating/air conditioning contractor. He has
been installing and servicing solar thermal systems since
1979. His hundreds of hands-on jobs and thousands of
supervised systems include applications for hot water,
space heating and pool heating. Chuck also teaches solar
hot water and solar business workshops for Solar Energy
International and the University of New Mexico.

Ryan Mayfield has been working in the renewable energy
field since 1999 and is the principal of Renewable Energy
Associates, a consulting firm in Corvallis, Oregon providing
design, support and educational services. He also teaches
PV courses in Lane Community College’s Energy
Management Program. Ryan holds a Limited Renewable
Energy Technician (LRT) license in Oregon and sits on the
state’s LRT apprenticeship committee.

Light and Bright

The new Fronius IG Plus
For commercial and residential systems
 Models from 3 KW to 12 KW in a single inverter
 Lightweight – even the commercial size inverters
 Smart, integrated technology to maximize energy harvest even on cloudy days
 Dramatically improved efficiency
 Integrated DC disconnect
 Six circuit supervised string combiner built in
 Field programmable to 208, 240, and 277 volts with no loss in output power
 Field programmable to positive or negative ground
 Removable power stage for field service
 Comes with a standard warranty of 10 years, upgradable to 15 years

Want to know more?
Visit www.fronius-usa.com for information on this super new addition to the Fronius family.
Fronius USA LLC, 10421 Citation Drive, Ste 1100, Brighton, MI 48116
Tel: 810-220-4414

Email: pv-us@fronius.com

Web: www.fronius-usa.com
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FLEXware 1000 DC

MATE

HUB 10

FLEXmax 80
FLEXware Surge Protector

FLEXnet DC

Our revolutionary modular system architecture allows you to customize your system to your needs, from 2 to 36kW and our
reliable and durable power electronics seamlessly integrate into a complete power solution. From our rugged FX Series
Pure Sinewave Inverter/Chargers to our new FLEXmax line of Maximum Power Point Tracking (MPPT) Charge Controllers
to our FLEXnet DC Advanced DC System Monitor, each component is designed to enhance the other. Our highly reliable
and durable power electronics communicate with each other using an integrated network. In addition to delivering a high
performance, efficient cutting edge solution to your power needs the network enables you to get valuable, usable data
from your system, providing you with the answers you need concerning your system’s health, performance and efficiency.
No matter where your location, no matter what your renewable energy source, OutBack Power Systems has the integrated
system solution for you.
To learn more about our power electronics and system components please visit www.outbackpower.com.

Introducing the

NEW Kyocera KD Modules

Kyocera is leading the solar industry with the development of the
most efficient and cost effective multi-crystalline photovoltaic
modules available. The new and improved, Kyocera KD Modules
feature higher output per module and maintain the three-bus
bar circuitry along with the efficient and stylish dark d.Blue solar
cells. The new KD Modules are ideal for installation on all types of
buildings, from residential to large-scale commercial systems.
© Copyright 2008 Kyocera Solar, Inc. All rights reserved.

Visit Kyocera at booth 513 or online at www.kyocerasolar.com

Q&A

Technical Questions & Answers

Module Power Tolerance Matters
hat are best practices when considering PV module power tolerance
during the system design phase and
when determining acceptable system
performance in the field?

T

wo separate but related derate factors are required to account for PV
module power tolerance. PVWATTS, an
online performance calculator for gridconnected PV systems developed by
researchers at the National Renewable
Energy Laboratory (NREL), lists eleven
dc to ac derate factors. Two of these
relate to PV module power tolerance:
“PV module nameplate dc rating” and
“mismatch.”
Module power tolerance defines
the warranted output power range for
a module under Standard Test Conditions (STC), following initial stabilization effects. The baseline for comparison is the nameplate power rating
for the module. Power tolerance is
normally expressed as a +/- percentage
on module datasheets, such as + 5% /
- 5%. A 200 watt rated module with
+ 5% /- 5% power tolerance, for example, is guaranteed by the manufacturer
to produce a maximum of 210 watts
[200 x (1 + .05) = 210] and a minimum
of 190 watts [200 x (1 - .05) = 190] at
STC. This is a range of 20 watts or 10%
of the module nameplate rating.
For design purposes, use the module warranted minus power tolerance
percentage to calculate the module
nameplate dc rating factor for PVWATTS. This is expressed as follows:
Module Nameplate DC Rating Factor =
1 - % Module Warranted Minus Power
Tolerance

Since the module in our example
has a minus power tolerance of 5%, the
appropriate PV module nameplate dc
rating factor, per PVWATTS, is 0.95
16

(1 - .05 = 0.95). This is the value to enter
into the PVWATTS table.
Module power tolerance also results
in mismatched module operating characteristics. Module mismatch simply
referred to as “mismatch” by PVWATTS—
results from the fact that modules
coming off the assembly line are not
identical.
Power (P) is the product of
amperes (I) and volts (V), calculated

Modules at opposite ends of the
tolerance range, 190 and 210 watts
respectively, will have different operating characteristics. To demonstrate,
assume both modules operate at 8
amps. The first module will operate
at 23.75 volts (8 x 23.75 = 190), while
the second operates at 26.25 volts
(8 x 26.25 = 210). Conversely, each
may operate at the same voltage but
have different operating amperages.

C ou r te sy n re l.gov/ r re dc

W

PVWATTS v.1 screen capture PV module nameplate dc rating and
mismatch are two of the eleven user-definable derate factors in PVWATTS.

using the formula P = I x V. Two modules under the same conditions may
produce identical power yet operate
at different amperages and voltages.
For example, the 200 watt module
mentioned earlier may operate at 8
amps and 25 volts (8 x 25 = 200) while
another may operate at 7.8 amps and
25.64 volts (7.8 x 25.64 = 200). Both
modules are producing the same rated
power, but technically speaking they
are mismatched.
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Again, each module is within the
power tolerance warranted by the
manufacturer.
The relationship between amperage and voltage of a module can be
graphed as an IV curve. The point
on the IV curve where the maximum
power is produced is called the
Maximum Power Point (MPP). Individual modules within a given tolerance range will have different combinations of operating characteristics.

In common practice, however, these
nonidentical modules are connected
as a single circuit to a Maximum
Power Point Tracking (MPPT) device.
The MPPT device, an inverter or
charge controller, finds the effective
MPP of the circuit—not the MPP of
each individual module—and this is
the first point where mismatch starts
to apply.
Having a formula to estimate the
impact of mismatch is another best
practice for designers. Modules with
larger tolerance ranges have a greater
potential for increased mismatch than
modules with smaller ranges. It is reasonable and necessary to adjust mismatch factors based on the tolerance
range of the module. I recommend the
following formula to calculate module
mismatch factor:
Module Mismatch Factor = 1 – (.25 x
Warranted Power Tolerance Range)

The module mismatch factor for
the example 200 watt module is 0.975
[1 – (.25 x 10%) = 0.975]. This is the
value to enter into the mismatch field
in the PVWATTS table.
The recommendations pertaining
to PVWATTS apply at all stages of a
project’s life. A conservative principle
is to calculate the effective minimum
power for a module and use this in
all performance calculations. The
effective minimum power for a module
is found by applying the module mismatch factor to the minimum
warranted power. This is calculated
using the formula:
Effective Minimum Power = Minimum
Warranted Power x Module Mismatch
Factor

From our examples above, the
minimum warranted power for the
200 watt module is 190 watts and the

module mismatch factor is 0.975.
This means that the effective minimum power for the module is 182.25
watts (190 x 0.975 = 182.25). This is
before system performance is adjusted
for any other factors.
In the sales or preoperational
phase of a project, the effective minimum power for a module should be
used to derive the system’s theoretical annual and lifetime energy output prediction. During the in-service
phase of a project, a technician will
apply the effective minimum power
to evaluate actual observed performance. It is critical that both module
nameplate dc rating and mismatch
are accounted for. Where energy and
power output are important, module
power tolerance matters.
— Matt Lafferty / San Francisco, CA /
gilligan06@gmail.com
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Q&A
Investing in Computer-Aided Drafting Software

S

olar professionals need to generate
array layouts, electrical drawings and
materials schedules for sales purposes,
permitting and coordinating workflow
between tradespeople. What are the best
computer-aided drafting (CAD) tools to
consider? Why would a company spend
$1,000 to $5,000 per seat for CAD software products?

I

architects and engineers use is DWG
(“drawing”). This is the native file
format for AutoCAD. The architects
and engineers that solar professionals
collaborate with can open and modify
DWG files, no matter what their area of
specialization.
Does this mean that you need to
rush out and spend $5,000 for one
AutoCAD user license? No, but this
does mean that AutoCAD compatibility is a product feature you need to
consider. Fortunately, there are many
software options available.
A short list of AutoCAD-compatible
software at prices ranging from $120 to
$2,500 per seat includes:
n AutoSketch (autodesk.com), an
entry-level product from the developers of AutoCAD, is available for
less than $120. AutoSketch will open
DWG files that are continued on page 20

Co u r t e s y re n ew ab l eas so c i at e s . co m

f your staff is trained to use the
software, a CAD application can
quickly become an indispensable tool
for your solar business. Want to know
how many modules will fit on a given
roof ? Want electrical and structural
schematics for permitting? Want to
give your crew specific installation
directions? Want to tell purchasing
how many feet of support rail and how
many mounting feet are required for
an upcoming project? These are all
problems that a simple CAD program

can solve, over and over again, quickly
and accurately.
Regardless of your budget for CAD
software, consider your audiences and
what deliverables they require. Are
you generating plans for your crew,
the permit department, an architect
or a governmental agency? Your crew
and the local permitting authority may
only need paper copies of your project,
meaning any program can generate the
plans. Architects and government agencies, on the other hand, may require
soft copies of your plans in addition to
hard copy as-built drawings.
If soft copies of your plans are
required, chances are AutoCAD 2000
or AutoCAD 2004 drawings are the
required file format. AutoCAD, developed and sold by Autodesk, is the
industry standard for design professionals in the building trades. As a
result, the CAD file format that most

AutoCAD LT screen capture 2-D computer drafting programs are ideal for generating single- or three-line
drawings and array layouts.
18
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Your One-Stop Shop for All of Your Solar Needs
Wholesale Distributor / System Integrator Since 1979

Solar Depot Dealer Advantages:
Pre-Engineered Packaged Systems
Superior Technical Support
Rebate Filing Assistance
Jobsite Delivery
Lead Referral Program
Product Shipment Nationwide
Marketing & Advertising Support

Announcing Fall 2008 Workshops:
Whether you are new to the industry, or growing your
solar company, our workshops are a great way to train
your team on the basics of solar design and installation.
Register today and ask about our discount for multiple employees!

PV 101-Workshops for Contractors
Sept. 18th - Petaluma, CA Sept. 23rd - Sacramento, CA
Sept. 24th - Fresno, CA
Oct. 29th - Corona, CA
Register today at: www.solardepot.com/workshops.php

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

Become a Solar Depot Dealer Today!

Petaluma, CA
800-822-4041

Sacramento, CA
800-321-0101

Corona, CA
800-680-7922

www.solardepot.com

Visit us at
Solar Power
2008
Booth # 442

Q&A
saved as AutoCAD 2004 or earlier.
It is intuitive to operate and allows
for precision drawing and management of drawing layers. A 130-page
manual is available online. Like other
AutoDesk products, AutoSketch is a
software product for PCs.
n TurboCAD (turbocad.com), by IMSI/
Design, offers several 2-D and 3-D
design and drafting packages. The
company claims to offer more features per dollar than any other CAD
application, and product reviewers
seem to agree. For precision drawings,
TurboCAD requires decimal inputs
(62.5 inches for example) rather than
fractional dimensions (62 ½ inches).
Since module manufacturers publish
dimensions decimally, this limitation
will not bother solar designers as much
as it might architects. The Deluxe
version of this software is available for
$130 in both PC and Mac versions. The
Professional and Platinum versions of
TurboCAD are PC-only and available
for $1,165.50 and $1,345.50 respectively.
An $80 TurboCAD reference manual is
available. Trial versions can be downloaded for free.
n AutoCAD LT (autodesk.com) is a
lower cost alternative to the full
AutoCAD product. While AutoCAD
offers 3-D capabilities, AutoCAD LT
is limited to 2-D rendering and does
not allow user-definable commands.
For many solar designers, these are
acceptable limitations. AutoCAD LT
is available at $1,100 per seat versus
almost $5,000 per seat for full-blown
AutoCAD. A wide variety of books
are available for users of all levels.
Most new users will require training.
Autodesk offers 30-day trial versions
of AutoCAD and AutoCAD LT.
n Cadopia (cadopia.com), CADian
(cadian.com) and ProgeCAD
(icadsales.com) are just a few of
the AutoCAD-compatible software
products developed by members of
20

the IntelliCAD Technology Consortium. These products all look and
operate like AutoCAD, but they typically cost less—in some cases a lot
less. Free trial versions are available.
n VectorWorks (nementschek.net) is
an across-platform CAD program
that supports Mac operating systems. Prices for VectorWorks are
lower than an equivalent AutoCAD
license, starting at about $2,000 per
seat. This is a full-featured product
that Mac users may want to take a
closer look at.
Not sold on investing in a powerful
CAD program for your office? Not to
worry. Consider these low or no-cost
alternatives:
• Work with tools your office already
has. A PV system schematic is really
nothing more than boxes, lines and
some text. Try building single-lines in
Microsoft Word using the “Draw” tool.
• For generating scaled, precision drawings, Microsoft Visio is very capable
and accommodating. Visio is intuitive
to operate and easy to learn. It offers
layer and library features like other
design software. If you own Microsoft
Office Professional for PC, then you
already have access to Visio. Visio is
also available separately, as are proprietary and third party program manuals.
• Free drawing tools are also available.
One in particular that is generating
some buzz is Google SketchUp 6
(sketchup.google.com). SketchUp
makes 3-D rendering easy. It will also
enable you to perform shade studies and
import Google Earth images. SketchUp
6 will run on both PC and Mac operating systems. Users can upgrade to a
Pro version of the software that includes LayOut, a 2-D tool, for $500.
• To open an occasional DWG file, free
CAD viewers are available online. DWG
TrueView, for instance, is available for
free from Autodesk.
The ease of operation and low cost
for a simple drafting tool may make it
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seem like an attractive purchase for a
small solar business. But as with other
consumer grade tools, the demands of
your fast growing business may soon
outpace the usefulness of an entry level
program. If your business is growing
rapidly, the best CAD product for today
may be the product that will continue
to serve your company tomorrow. If
so, that program should be AutoCAD
compatible.
Buying an expensive tool that no
one uses will not increase productivity
or boost revenue. Companies investing
in powerful CAD software need to make
a parallel investment in training staff.
This can be done online using tutorials
at any time. To minimize the learning
curve, consider hiring a CAD consultant
to train staff and format your company’s
drawing standards and equipment
libraries. Have this consultant create
your company’s title block and define
basic layer properties. If done intentionally and intensively, one week is
adequate to set up, train and start using
very powerful software effectively for
many solar design applications.
Ultimately, a good CAD application will do more than just allow you to
draw an array or a single-line. A powerful CAD program can also provide
equipment schedules and quantities as
a function of every array layout. This
is a big advantage if your company
is estimating and bidding MW scale
opportunities. The same tool can
provide 3-D renderings for an RFP
response or model the sun’s path to
determine inter-row spacing.
Given the scale of commercial and
industrial opportunities in today’s solar
market, a quality CAD program and a
skilled operator can pay for themselves
quickly—perhaps with a single contracted project. Depending on your
company’s business model and the
competitive nature of your market, this
may be an investment you want to
make sooner rather than later.
— David Brearley / SolarPro magazine /
Ashland, OR / solarprofessional.com
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LORENTZ Germany
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Dealers: CAP Solar Canada, www.capsolar.com, Tel. (866) 556 8779 (toll free), Fax (403) 556 7799
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Q&A
Form 12S Metering for Grid-Tied Systems
with Battery Backup

M

for a digital version, request a meter
connection. A normal kWh meter uses
any incentive programs require a
utility-grade kWh meter to meaconfigured for “net register.” It is also
a single current sensor to measure the
sure the energy production of a grid-tied
important to note that Form 12S
energy flowing in both of the two legs
PV system. With battery-less systems
metering is for 120 Vac grid-tied, batof 240 Vac. A Form 12S meter differs in
this is very easy to do—simply install a
tery backup systems only. An equivalent
that it uses two separate current senkWh meter in-line with the ac connecsors, one for each 120 Vac leg. Although 240 Vac system requires a Form 12S
tion of the inverter and the utility service
meter on each inverter or each 120 Vac
this sounds like a minor difference, it
entrance. But in grid-tied PV systems
leg. Total PV production is the sum
is a critical distinction.
with battery backup, the ideal metering
of both meters.
When wiring a Form 12S meter, one
approach is much trickier. If you install a
The Form 12S meter is best thought
side is dedicated to the utility input side
kWh meter between the inverter and the
of as two kWh meters built into a
of the inverter. This side of the meter
utility service entrance, it only
measures the net difference
Modes of Operation:
INVERTER
between PV production and
NEUTRAL
• Nighttime: backup loads are carried
energy consumed by the
INVERTER AC
INVERTER AC
by the utility. Both current sensors
backup ac loads. How do you
OUTPUT
INPUT
see equal current, but the direcmeasure the total PV energy
tions are reversed. The kWh meter
generated?
stands still.

A

solution often proposed
• Daytime: PV generated energy
is to use two meters: one
supports the backup load or is
measures energy consumed
exported on the utility side of the
by the backup ac loads, the
inverter. Utility energy to backup
second measures exported
loads is not counted; all PV
energy. While this works,
generated energy is counted.
the math required to rec• Outage: all energy consumed by the
oncile both meter readings
loads is counted. After the outage,
gets messy. The meter on the
grid energy supplied to the battery,
backup loads, for example,
including all charger and battery
UTILITY INPUT
BACKUP LOADS
always reads positive. But
losses, are subtracted from the PV
the utility input meter may
kWh total.
read positive or negative.
A negative meter reading
FORM 12S METER BASE WIRING
Form 12S1 meter base wiring The properly metered
120 Vac grid-tied system with battery
occurs when grid-supplied
NTS
backup
can
present
total
PV
kWh
count
in
one
display.
energy for battery charging
exceeds exported PV energy
on the inverter’s utility input.
measures the energy flowing in from and single housing with one display. This
For this reason, one-way meters on the
is superior to other two-meter soluout to the utility grid. The other side of
utility input side of the inverter lead to
tions, because in this case the meter
the
meter
is
wired
to
the
ac
output
side
incorrect results.
net registers the PV kWh count for
Fortunately, there is a better way,
of the inverter. This current sensor meayou. Regardless of whether that energy
one that displays cumulative PV energy sures energy consumed by loads backed
up by batteries in the event of a grid
went back to the utility or to backup ac
at a glance. The solution is to use a
outage. Because utility power to backup
loads, total PV energy is accumulated
special type of kWh meter called a
loads causes the meter to stand still,
and simply displayed.
“Form 12S.” The Form 12S meter uses
only PV-generated kWh are counted.
a 5-jaw meter socket. This is a regular
—Christopher Freitas / OutBack Power
Systems / Arlington, WA /
Both analog and digital Form 12S
4-jaw meter socket with an additional
outbackpower.com
meters
are
available.
When
shopping
fifth socket installed for the ac neutral
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Off-Grid PV as Simple as Grid-Tie
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Introducing the
Apollo Solar SPC 120/240

SOLAR POWER CENTER

Innovative power
electronics make it
possible...
Building on the success of the T80 Charge Controller
with its patent-pending MPPT technology and robust
thermal design, Apollo Solar completes the off-grid
PV power suite with two products installers have
been asking for (also available separately):

▼

TrueSineWave™
Split-Phase Inverter/Charger
r 1VSFTJOFXBWF TQMJUQIBTF
r /PFYUFSOBM
transformers
Ideal replacement
required
for older
r TVSHFUP
start well pumps OPOTJOFXBWF
JOWFSUFSTXJUIUIF
and motors
TBNFGPPUQSJOU
r  BOE
 VDC models

T100 MPPT
Charge Controller
8JUIVQUPBNQTPGDPOUJOVPVT
output, the TFYUFOETUIFCFOFñUT
of Apollo’s superior energy harvest
technology to higher-voltage PV
modules and arrays up to 200 Voc.
Includes integrated TriMetric™
battery state-of-charge metering, also
available via Wireless Remote Display.

...integrated into a complete
off-grid PV power center

$BMMPSWJTJUPOMJOFUPMFBSONPSF

"QPMMP4PMBSDPNr

The TrueSineWave Inverter/Charger and the T80 MPPT
Charge Controller provide superior performance and
reliability whether alone or working together seamlessly
in the Apollo Solar SPC 120/240 Solar Power Center.

the

Wire

Industry Currents

Intersolar Trade Show Lands in San Francisco
[San Francisco, CA] By most measures, Intersolar is far
and away the world’s largest solar trade show. This year’s event,
held in June in Munich, Germany, drew 1,050 exhibitors and
52,000 visitors. It occupied over 800,000 square feet of exhibition
space. In July, Intersolar expanded its event brand to the US with
the inaugural Intersolar North America show, held at the Moscone
Center in San Francisco.
For a first-year event, Intersolar North America had impressive
participation figures: 13,000 attendees and 210 exhibitors. The audience
was high quality, and the traffic through the expo hall was steady throughout the 3-day event. Intersolar North America was strategically held in

conjunction with SEMICON West, a well-established semiconductor
industry trade show. The mutual benefit to holding the two events
together was readily apparent. In addition to the 210 solar exhibitors
at InterSolar North America, 250 companies operating on the R&D
and manufacturing end of the photovoltaic industry spectrum were
exhibiting at SEMICON West.
Intersolar North America 2009 will be held in July at Moscone Center,
again in conjunction with SEMICON West. Based on this year’s success, a doubling of Intersolar’s exhibition space is planned. In-depth
training and certification workshops were noticeably absent from this
year’s Intersolar show and would be a great addition to next year’s
event.
Intersolar North America / intersolar.us

Enphase Energy
Microinverters Offer
Module-by-Module
MPP Tracking
[Petaluma, CA] Enphase Energy has a
solution for your shading, orientation and
module mismatch problems: maximum
power point tracking for every module.
The Enphase Microinverter has a CEC
weighted efficiency of 94.5% and is rated
at 175 watts of continuous output power.
Sixteen inverters can be paralleled on
each 15 A, 208 V or 240 V branch circuit.
As of late summer, the microinverter is
confirmed compatible with more than
115 common PV modules. It mounts to
standard racking systems, centered below
every module, and circuits are completed
using a custom six-pin ac wiring harness.
The Enphase M-175-24-240-S enclosure is
NEMA 6P rated, designed to dissipate heat
and be easily grounded. The system also
comes with a proprietary power line data
monitoring solution. Not only does the
Enphase Microinverter track the maximum power point of every module, but
it also logs and
analyzes performance data for each
module using the
Enphase Enlighten
Web-based data
acquisition system.
Enphase Energy /
877.797.4743 /
enphaseenergy.com
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SunWize
Grid-Tie Systems
Save Installers
Time and Money

Complete, Engineered, Packaged Systems
for Residential and Commercial Installations
t'JFMEQSPWFOTZTUFNSFMJBCJMJUZt4JOHMFQBSUOVNCFSPSEFSJOH
t1FSNJUSFBEZEPDVNFOUBUJPOt/FYUEBZTIJQNFOUGSPNTUPDL
t'SFFEFMJWFSZUPUIFKPCTJUFt*ODSFBTFEJOTUBMMBUJPOFóDJFODZ
'JOEJOHXBZTUPSFEVDFDPTUTBOETUSFBNMJOFPQFSBUJPOTJTJNQFSB
UJWFJOUPEBZTJODSFBTJOHMZDPNQFUJUJWFXPSMEPGSFTJEFOUJBMTPMBS
JOTUBMMBUJPO5SBEJUJPOBMMZ SFTJEFOUJBMTPMBSFMFDUSJDTZTUFNTJOWPMWF
EFTJHO EPDVNFOUBUJPO TPVSDJOHPGJOEJWJEVBMDPNQPOFOUT PòTJUF
SFDFJWJOHBOETUBHJOH BOEPOFPGBLJOEPOTJUFJOTUBMMBUJPO5IJT
NFUIPEJTDPNQMFY QSPOFUPFSSPS BOEUJNFDPOTVNJOH
4VO8J[F(SJE5JF4ZTUFNQBDLBHFTPòFSBTVQFSJPSBQQSPBDI B
NFUIPEGPSTVDDFTTTBWJOHQIPUPWPMUBJDJOTUBMMFSTTVCTUBOUJBMUJNF
BOENPOFZ$POUBDUVTBOEöOEPVUIPXXFDBOIFMQZPVSCVTJOFTT
#FTVDDFTTGVM DIPPTF4VO8J[F
0''*$&45)306()0655)&64"/%$"/"%"
tHUT!TVOXJ[FDPNtXXXTVOXJ[FDPN

Visit us in San Diego in Booth 1709
at the 2008 Solar Power Conference

the
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RoofScreen Enters
the Solar Racking
Market
[Santa Cruz, CA] RoofScreen
Manufacturing, a designer, manufacturer
and distributor of pre-engineered rooftop
framing systems, has expanded its offering of goods and services to the solar
industry. Like its 400+ structural framing systems for equipment screens, the
new RoofScreen solar racking system is
modular, has a low parts count and ships
with 26 x 36-inch shop drawings that are
certified by a professional structural engineer. The system utilizes flashed
and gasketed structural attachments. It can be engineered to span long distances, minimizing roof penetrations. Its galvanized structural tubing, which
comes in multiple gauges and sizes, is stronger and resists corrosion better
than standard galvanized pipe. The RoofScreen racking system is intended
for commercial and industrial rooftops. Because it elevates the array off the
roof, the RoofScreen solar racking system enables designers to lay an array
out over vents, drains and other obstacles that would otherwise reduce total
PV generating capacity.
RoofScreen Manufacturing / 866.766.3727 / roofscreen.com

Blue Oak & Draker Team Up for
New Monitoring Combiner Box
[Davis, CA & Burlington, VT] Blue Oak PV Products and
Draker Laboratories have joined forces to offer string-level
performance monitoring in a NEMA 4X rated, fused, source
circuit combiner box. The Monitoring Homerun Combiner Box
is available in eight- and twelve-string models, with maximum
current ratings of 120 A and 180 A respectively. Visualization of
data is achieved using the Draker Labs Sentalis 1000. This data
acquisition suite provides string-level performance at a glance,
as well as long-term monitoring.
Alarms automatically notify the
system operator in the event of
a failure. The granularity of data
simplifies troubleshooting and
maintenance on even the largest
of installations.
Blue Oak PV Products / 530.747.2026 /
blueoakpvproducts.com
Draker Laboratories / 802.865.3866 /
drakerlabs.com
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Heat Transfer Products
Introduces the Phoenix
Solar Water Heater
[Freetown, MA] Heat Transfer Products recently announced the production of the Phoenix
Solar Water Heater. The Phoenix incorporates a
cupro-nickel solar heat exchanger at the unit’s
base for transferring heat from solar collectors to
the water in the corrosion resistant 316L stainless steel storage tank. The 80- and 119-gallon
tanks have 2 inches of foam
insulation and measure 23
and 27 inches in diameter
respectively. The 1-inch
finned heat exchanger is 14.5
feet long and is available with
a single or double wall. The
backup is achieved with an
ultra efficient natural gas or
propane burner that is vented
with PVC pipe up to 85 feet
from the heater. The stainless steel burner modulates
on demand with 44,000 to
199,000 BTU/hour inputs.
The multifunction Phoenix
also incorporates two upper
auxiliary ports that can be
connected to an external
heat exchanger for a spaceheating load.
Heat Transfer Products /
800.323.9651 / htproducts.com

Trojan batteries are excellent. I have a complete off-grid home and your batteries have
been reliable for a long period of time and certainly fulfilled all my expectations!
~ Blaik Spratt

PROVEN PERFORMANCE YOU CAN TRUST.
Trojan Battery has been building the world’s most reliable, long-lasting batteries in the United States for
over 80 years. Every Trojan battery is designed to enhance the performance of your renewable energy
system while providing outstanding durability and battery life you can depend on.
t3BUFEiUIFNPTUEVSBCMFBOEMPOHMBTUJOHCBUUFSZwCZJOTUBMMFSTBOEJOUFHSBUPSTPG
SFOFXBCMFFOFSHZTZTUFNT*
t5SPKBOTWJSUVBMMZJOEFTUSVDUJCMF1PMZPO™DBTFTTUBOEVQUPUIFIBSTIFTUFOWJSPONFOUT
tZFBSTPMBSXBSSBOUZBWBJMBCMF**
t#SPBEQSPEVDUQPSUGPMJPPòFSTUIFCFTUøPPEFE (FMBOE"(.CBUUFSJFTJOUIFJOEVTUSZ
3FDFJWFZPVS'3&&5FDIOJDBM#SJFGPO%FFQ$ZDMF5FDIOPMPHZ
WJTJUPVSXFCTJUFXXXUSPKBOCBUUFSZDPN3&
* Findings based on third-party market research. **Offered on select sizes.

Solar Power 2008 San Diego s October 13 – 16, 2008
Trojan Battery Company – Booth 2032
For more information contact Trojan Battery Company at 800-423-6569.

3-phase

One Issue—Three Viewpoints

Additional Electrodes for Array Grounding

A

rticle 690.47(D), new to the 2008
National Electrical Code®, has generated questions from PV system designers
and installers. What is the impact of
this new requirement for PV grounding
electrode systems? Here Bill Brooks,
Dick Ratico and John Wiles share their
insights and clarifications on the topic.

Article 690.47(D) of the 2008 National Electrical Code®:
Additional Electrodes for Array Grounding
Grounding electrodes shall be installed in accordance with 250.52 at the location
of all ground- and pole-mounted photovoltaic arrays and as close as practicable to the
location of roof-mounted photovoltaic arrays. The electrodes shall be connected directly
to the array frame(s) or structure. The dc grounding electrode conductor shall be sized
according to 250.166. Additional electrodes are not permitted to be used as a substitute
for equipment bonding or equipment grounding conductor requirements.
The structure of a ground- or pole-mounted photovoltaic array shall be permitted
to be considered a grounding electrode if it meets the requirements of 250.52. Roofmounted photovoltaic arrays shall be permitted to use the metal frame of a building or
structure if the requirements of 250.52(A)(2) are met.
Exception No.1: Array grounding electrode(s) shall not be required where the load
served by the array is integral with the array.
Note from NEC 2008 Handbook: Enhanced protection from lightning-induced surges
may be afforded by connecting an array grounding electrode even on buildings with
colocated loads (including inverters).
Exception No. 2: Additional array grounding electrode(s) shall not be required if located
within 6 ft of the premises wiring electrode.

Good Design Requirement in
High Lightning Areas

M

any questions have arisen about
the new requirement in Article
690.47(D) of the 2008 NEC related to
additional electrodes for array grounding. It is helpful to clarify why such
electrodes would be beneficial. First,
an electrode in the vicinity of the array
provides a short path to ground in the
event of a lightning strike. Second,
it provides a low resistance path to
ground and offers additional protection
for people should they come in contact
with a module frame that might be
inadvertently energized by a failed
wiring system or damaged module.
The requirement is for all PV
systems with very few exceptions. It
calls for a supplementary electrode for
all ground-mounted arrays (and polemounted, but then I thought poles got
put in the ground) and requires an electrode as close as practical for arrays on
rooftops. This separate electrode must
have a conductor from the array frames
to the electrode sized according to
NEC 250.166, which is the requirement
for sizing grounding electrode conductors for dc systems. Article 690.47(D)
also makes it clear that this supplemental grounding system does not act as a
substitute for the equipment grounding
conductor required in 690.45.
If the support structure on a groundmounted system is 8 feet or more deep
in the ground, as with most pole

28

mounts, this meets the requirements
of Article 250.52 for a grounding electrode. No additional electrode would be
needed. Also, building steel that meets
the requirements of Article 250.52(A)
(2), common in newer commercial
buildings, can be used as the grounding
electrode.
The biggest problem with this new
requirement is for grounding PV array
frames on residential rooftops, which
is the most popular mounting technique. In order to be exempted from
the requirement of adding a grounding
electrode for a residential rooftop
system, the conductors from the array
must come down off the roof at a location that is within six feet of the existing
building electrode. This is impossible for
the majority of residential PV systems,
so an additional electrode will almost
always be required. Also, a separate
grounding conductor must be brought
down from the roof, and that conductor
must be at least 8 AWG if protected by
conduit or 6 AWG if outside of conduit.
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Ultimately, the benefit of Article
690.47(D) is for areas of the country with
a high likelihood of lightning. Although
there may be safety benefits with an
additional electrode, it is more a design
decision than a safety issue. Discussions
are currently under way to eliminate the
requirement in the 2011 NEC. This does
not mean that the requirement is a poor
one from a design standpoint, but merely
that it may not be needed in the code.
Adding array grounding electrodes in
high lightning areas makes good sense,
but it is less beneficial in areas with little
lightning activity.
—Bill Brooks / Brooks Engineering /
Vacaville, CA / brooksolar.com

Always Install an Array
Grounding Electrode

A

rticle 690.47(D) is new for the 2008
NEC. Its intent is to locate an additional grounding electrode immediately
at the array, in c o n ti n u e d o n pa g e 3 0

The all-new 2008-2009 Renewable Energy Design Guide & Catalog is here! 208 full-color pages featuring
1000s of renewable energy products with updated specs, retail prices, design and installation information,
valuable technical tips and much more!
As an authorized AEE Solar dealer, you can brand
the cover of this catalog and use it as your own sales
tool. You can also download any or all of the catalog
PDFs, text blocks and images to help you quickly
custom-build your own print and web-based
marketing communications.
Ready to take your game to a new level? Join the
hottest team in the solar business!

3-phase
addition to any already required by the
code, as part of the grounding electrode
system. This is an example of the code
now requiring what has long been standard practice for many installers. Since
at least 1999, the fine print note in 690.42
has recommended locating the dc system
grounding connection point as close as
possible to the array and notes that this
approach “better protects the system
from voltage surges due to lightning.”
Before the advent of high voltage
grid-direct inverters, it was less likely to
locate an array far from its associated
power conditioning equipment. Increasingly, however, with the ability to use
higher voltage arrays, it is practicable
to locate them farther from their respective inverters or charge controllers.
This separation increases both system
vulnerability to surges caused by lightning and danger to people from array
ground faults. The grounding electrode
now required at the array is some,
though far from total, insurance against
lightning related damage and the
hazards presented by ground faults.
In the language of this section of
the 2008 NEC, “electrode” used in the
singular might be mistaken to mean a
single ground rod. Driven ground rods,
though not the best, are perhaps the
most common type of grounding electrode used in conjunction with small to
moderate sized arrays. If a ground rod
is used, NEC 250.56 always requires the
installation of a second rod—located
at least 6 feet from the first—unless the
measured resistance to ground from
the first is less than 25 ohms.
Equipment grounding conductor
requirements must still be met. The earth
cannot be considered an acceptably low
resistance, low impedance connection
between equipment. However, if a single
ground rod is installed at the array and
a suitably sized, bare copper bonding
conductor is run direct buried in a trench
to the other grounding electrodes in the
system, several code requirements are
met. The requirement for two or more
ground rods or electrodes is met. The
30

separation required between electrodes
is met. The requirement for an equipment grounding conductor is met. Also,
the length of bare copper wire in contact
with the earth will itself act as an effective
dissipative element in the grounding
electrode system. Any additional ground
rods beyond these are not required, but
can only help, particularly in lightning
prone areas.
There are two exceptions to 690.47(D).
Both are unclear in their meaning. What
exactly is a load “integral with the array”
in Exception No. 1? The additional text
in the NEC 2008 Handbook does not
clarify this. Exception No. 2 also requires
clarification. Presumably the exception
is for an array “located within 6 ft of the
premises wiring electrode.” However,
the exact meaning of these exceptions is
not worth losing sleep over. What is clear
in NEC 690.47(D) is that a conservative
design should always include an array
grounding electrode.
—Dick Ratico / Solarwind
Electric / Bradford, VT /
web.mac.com/solarwindelectric

Stick with Section 690.47
from the 2005 NEC

C

onflicting proposals for Section
690.47 in the 2008 NEC resulted in
a code requirement that was written
in a hasty, last minute manner during
the last Code Making Panel (CMP)
meeting of the 2008 NEC cycle. It was
not reviewed by anyone outside of
the CMP and has both grammatical
and technical errors. Because this type
of code writing —which included no
public review and commenting
period—violated NEC code development procedures and because of other
issues, the National Fire Protection
Association has disbanded this CMP.
The intent of Section 690.47, as
published, is to allow combining the dc
grounding electrode conductor (GEC)
with the ac equipment grounding conductor (EGC) from a utility-interactive
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inverter into one cable. To meet these
requirements, the combined conductor
must be the larger of the required dc
GEC (250.166) or the ac EGC (250.122).
It must be continuous and unspliced—
or irreversibly spliced—from the inverter
GEC terminal to the ac GEC in the ac
power distribution panel. It must be
bonded at the entry and exit points of all
metal enclosures and metal conduits.
Good luck in pulling this conductor
through small conduits. It will probably
be at least 8 AWG and may have to be
larger. Oh, yes—if any of the connections for this single, combined grounding
conductor come loose and there is a dc
ground fault in the PV array, you may be
faced with supposedly grounded surfaces
at close to 600 V. All connections in a PV
system are exposed to thermal stresses
and vibrations, particularly the exposed
outdoor connections. Keeping the metal
surfaces on module frames, switchgear
and inverters grounded for 40 to 50 years
or more is difficult enough without relying on a single grounding path.
In the 2011 NEC we will clarify this
requirement and make it one of three
possible grounding methods. The other
two will be those listed in 690.47 in the
2005 NEC. In the meantime, I suggest
staying with the requirements of 690.47
found in the 2005 NEC. For those of you
in California, we will attempt to get all
the inspectors up to speed on the 2011
NEC 690.47 before the state adopts the
2008 version of the NEC.
Finally, the exceptions in Article
690.47(D) require some clarification. In
Exception No. 1, the use of “integral with
the array” refers to systems where the
array and inverter(s) are installed on the
same building. In this case a separate
ground rod is not required. However, it is
still a very good idea. The intent of Exception No. 2 is to not require an additional
ground rod if the grounding conductor coming off the roof hits the ground
within six feet of an existing electrode.
—John Wiles / Institute for Energy and
the Environment / Las Cruces, NM /
iee.nmsu.edu
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System Design Considerations
By John Berdner

M

any solar contractors have experience installing
residential PV systems that are typically less than
10 kW and are connected to single-phase utility services. While the jump to larger commercial
systems can seem intimidating, many concepts and design
issues are common to both small residential systems and MW
scale commercial projects. This article is the first in a series
that will demystify the design, installation and optimization
of large, commercial scale PV systems.
Photovoltaic systems are highly modular in nature,
so many of the components used in large commercial systems are identical to—or scaled up versions of—those used
in small residential applications. At a fundamental level
both residential and commercial PV systems consist of the
same basic set of components: PV modules, a support structure, combiner boxes, ac and dc disconnects, inverters and
a connection to the utility grid. Other than scale, the
primary difference between the two systems lies in the choice
of inverter and how it is interconnected to the utility grid.
Small single-phase residential systems are typically connected to the utility grid with minimal protective equipment.
Large commercial systems are three-phase and subject to
many more utility interconnection and protective equipment
requirements. Before installing a commercial system, it is
essential to contact the utility to determine the impact of any
additional requirements.
Diagram 1 (p. 33) is representative of a utility-interactive
residential PV system with a single inverter. Much of the
design process used in this residential system example,
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while smaller in scale, is identical to that used for a large,
three-phase commercial system.
Both residential and commercial PV arrays consist of one
or more strings of five to twenty modules wired in series. The
exact number of modules, including the number in series
and the number of strings, depends on the electrical characteristics of the modules, the input voltage and current
range of the inverter, and the expected high and low ambient
temperatures of the site. In a well designed system the array
and the inverter will be chosen so that the array’s operating
voltage, current and power output will be within the inverter’s
operating range at all times throughout the year. Inverter
manufacturers typically provide sizing guidelines or programs to assist in matching a particular array configuration
to a specific inverter.
Residential Interconnection
NEC® Article 690.64(B)(1) requires a dedicated overcurrent
and disconnect device for each inverter in the system. The
size of the overcurrent device is specified by the manufacturer and the NEC. The minimum size of the overcurrent
device is defined by code and calculated by dividing
the power output rating of the inverter by the nominal
service voltage. Article 690.8(A)(3) requires inverter output
circuit currents be considered continuous. As a result the
ampacity of the wiring and the rating of the overcurrent
devices must be sized to carry 125% of the output current
in accordance with Article 690.8(B)(1). For the system in
Diagram 1, the minimum ampacity of the wiring and the

M

to

MW
sh a wn sc h re i n e r. c o m

minimum size of the overcurrent device rating are computed using the inverter output current calculated as:
Inverter Output Current
≥ (inverter output rating / nominal voltage) x 125%
≥ (7000 VA / 240 Vac) x 125%
≥ 36.45 A
PV array – 2 strings of
10 to 15 modules in series

Fused disconnect

Utility interactive
inverter

Main service panel
L1

L2

PV
L1
L2
N
PV+
PV-

Article 240.6(A) lists
standard size overcurrent devices with ratings of 35 and 40 A, so
the minimum overcurrent device rating
approved for use is 40 A.
Note that UL 1741
requires the manufacturer to specify the
maximum size of the

overcurrent device to be used with the inverter. Use of overcurrent devices larger than the one specified by the manufacturer violates the conditions of the listing and therefore
must be avoided. Since the wiring between the overcurrent
device and the inverter is protected by the 40 A overcurrent
device, the minimum ampacity of the wiring must be 40 A
or more. Also, it is important to note that any additional

N

G

Diagram 1 Three-line wiring diagram for a
7 kW residential grid-tied PV system
solarprofessional.com | S o l a r P r o
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code-required ampacity correction factors
for ambient temperature and conduit fill are
applied to the inverter output current of
36.45 A not to the breaker size of 40 A. The wire
ampacity sets the minimum wire size required
to meet NEC requirements. Larger wire sizes
may be required to reduce voltage drop and
system losses.

Inverter Selection Criteria
Single Large Inverter

Multiple Small Inverters

Initial cost

Lower

Higher

Installation cost

Lower

Higher

dc wiring complexity

High: requires combiners,
recombiners, and dc
disconnects

Low: combiners and
disconnects typically
included with inverter

Commercial System—Inverter Selection
High: requires ac collection
ac wiring complexity Low: single ac output
system with panel board
The two primary design choices for a commercial PV system are a single central inverter or
High: requires heavy
Low: can be installed by
Installation weight
equipment
two-man crews
multiple small inverters. While the single large
5
years:
extensions
inverter may seem the logical choice, there
Warranty period
10 years standard
available at added cost
are advantages and disadvantages to each
Onsite by trained
approach that should be weighed. Some of
Warranty service
Replacement by installer
technician
these trade-offs are outlined in Table 1.
Single failure results
In general, designers of large monolithic
Single failure results in only
System availability
in loss of entire or
arrays with the same module type and mounta small loss of output
substantial system output
ing orientation tend to favor a single large
Single MPPT point for up
Individual MPPT points for
MPPT accuracy
inverter. Arrays with different module types or
to hundreds of strings
up to several strings
varying mounting orientations tend to employ
Multiple array
Individual inverters for each
Not recommended
the multiple inverter solution. Another area
orientations
array orientation
where the multiple inverter approach may be
Array layout
Limited: all strings must
Each inverter can have
desirable is for roof-mounted systems where
flexibility
be equal length
different array configuration
the array is broken into multiple segments.
Different module types can
Multiple module
The flexibility to use multiple, differing string
Not recommended
be used within a single
types
lengths on different inverters within the same
system
system may simplify array layout.
Subarray fault
detection and
The historical development of PV rebates
Difficult
Easy
performance
has affected system design philosophy. The
monitoring
majority of the rebate programs in the US have
Energy yield
Good
Typically 1% to 1.5% higher
been structured as a single payment based on
the nameplate rating of the system. This type
Comparative
Requires additional data
Easy to compare output of
performance
acquisition hardware and
of rebate structure places a heavy emphasis on
multiple inverters
analysis
software.
initial system cost, making the lower first cost
Interconnection
Must be ordered for a
Often field configurable for
of the single large inverter the obvious choice.
flexibility
specific
grid
configuration
multiple grid configurations
In contrast, European rebate structures have
been based on long-term energy production.
The multiple inverter solution typically has a Table 1 Comparison of single and multiple inverter system characteristics
higher first cost but higher overall energy production. As a result, multiple inverter system designs are individually fused inputs for the module strings. The outmore common in Europe.
put of the combiners are fed through separate dc disconComparing the residential system shown in Diagram 1 to nects and then to the inverter inputs. In the residential
the commercial system shown in Diagram 2 (p. 36) reveals example, the individual string fuses are incorporated into a
many of the same system components. While the complex- single fused disconnect for the inverter.
ity of the commercial system may seem intimidating at
Large inverters typically contain multiple, individufirst, the major differences are found in the dc wiring and ally fused inputs inside the inverter to combine the outputs
in the interconnection to the utility grid. The dc wiring in from the individual combiners. The inverter used in Diaa system with a single central inverter requires the use of gram 2 has multiple fused inputs, so unfused disconnects
several large combiner boxes. In the example shown, four are shown. If the inverter inputs were unfused, then these
combiner boxes are used, and each combiner contains 28 disconnects would have to be fused co n t i n u e d o n p a g e 3 6
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Solar Micro-Inverter System
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Reliable

Highest system availability.
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Visit us at
Solar Expo 2008:
Booth # 1723

1 877 797 4743

enphaseenergy.com

From kW to MW

and located at the inverter in order to provide overcurrent
protection and a means of disconnect for the wiring between
the inverter and the combiners. The “always on” nature of PV
arrays makes it essential to provide a means of disconnect
between the combiners and the inverter. While it is possible
to open all the individual string fuses, this approach is not
recommended. Large systems may contain hundreds of
strings, making this a dangerous and laborious process prone
to error.
Three-Phase Interconnection
On the ac side of the commercial system, the principal
difference is a three-phase connection instead of a singlephase connection. In both the residential and commercial
cases, inverters are commonly connected line-to-line with
or without a neutral connection. In residential applications
there is only one common type of service. In commercial
applications the specific configuration of the three-phase
service can vary. (See “Electrical Service Types,” p. 38.)

Because a single large inverter must be ordered for the
correct type of service, it is critical to understand what type
of power is available at the site. It is best to measure all of
the phase-to-phase voltages and phase-to-neutral voltages.
This ensures that the inverter used is configured properly
for the utility service.
Most single-phase utility interactive inverters can be
configured for use at 240, 208 and, in some cases, 277 Vac.
When connected to three-phase grids at 240 or 208 Vac,
single-phase inverters are connected in a phase-to-phase
delta configuration. When connected to 277 Vac grids, the
inverters are connected in a phase-to-neutral wye configuration. Since most single-phase inverters can be configured
to operate at different voltages, it is possible to build up a
three-phase commercial system using multiple single-phase
inverters.
One utility concern when using single-phase inverters
on a three-phase grid is voltage imbalance. To minimize
voltage imbalance, single-phase inverters co n t i n u e d o n p a g e 4 0

10 to 15 modules in series per string

10 to 15 modules in series per string
A01

A15

A02
A2

A16
2A

A03

A17

A04
A2

2A18
A

A05

A19

A06

A20
A21

A07
A08

28 circuit fused combiner
(A) 1 of 4

A22

A09

A23

A10

A24

A11

A25

A12

A26

A13

A27

A14

F1 to F14

A28

F15 to F28

PV module frame ground
1of 14 shown

PV module frame ground
1of 14 shown

3 Ø utility

Utility interactive inverter
28 circuit fused combiner
(B) 2 of 4
28 circuit fused combiner
(C) 3 of 4

ØA
ØB
ØC

28 circuit fused combiner
(D) 4 of 4

N
PV +

PV -

Diagram 2 Three-line wiring diagram for a 250 kW commercial PV system with a single 3-phase inverter
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We’ve taken big steps to give you
the smallest carbon footprint.
Our solar panels have the smallest carbon footprint in the industry.*
There. We’ve said it. Are we bragging? Maybe a little. But it’s a
message worth talking about — especially in an industry driven
by concern for the environment. In fact, our manufacturing
methods use less traditional energy to create a product that is
not only good for the environment, but that can actually replace
traditional energy. While environmentally speaking, it doesn’t get
much better than that, we’re not resting on our laurels.
*source: Energy Research Foundation of the Netherlands

Stop by Booth 1115 at Solar Power in San Diego, CA
to learn how we are doing even more to reduce our
environmental impact.

www.evergreensolar.com I +1 508.357.2221 I Marlboro, MA USA I Thalheim, Germany
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Commercial

120 480/240/208 120

0/2

In 480/240/208
addition to the wye
service configurations, there
are several three-phase delta
configurations. 480, 240, or
208 V delta connections are
normally used exclusively to
power motor loads. These
may be either grounded or
ungrounded (shown). The
ground connection can be
corner grounded at one
DELTA
TRANSFORMER
of the
phases or center
grounded. 1

48

48

The vast majority
of residential services in the US are
supplied with 240
Vac single-phase
power configured
with a center
grounded neutral
and two 120 V
120
120
legs. The phase
Neutral
angle between
the two 120 V
240
legs is 180°, so
the phase voltage
120/240 TRANSFORMER
can simply be
added. This is
true because the
sine of the phase angle between the line and neutral is equal
to 1. For example, 2 x 120 x sin (90) = 240 Vac. This is commonly referred to as a “split phase,” an “Edison connection” or
sometimes as a “two-phase” connection. Most inverters used
in residential applications interconnect from line to line at 240
Vac. An inverter connection to the center neutral, if required,
is typically used for voltage sensing purposes only.

20

Large commercial and
industrial services are
normally configured as a
277/480 V, 4-wire, wye
connection. This type of
service consists of three
277 Vac phases with a
12
0 neutral
grounded
20
1center
connection. The phaseto-neutral voltage is 277
208a phase angle of
Vac with
120/208120°.
WYE The
TRANSFORMER
phase-to-phase
voltage is therefore 2 x 277
x Sine (60) = 480 Vac.

48

Residential

4280
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/20
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8

8
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0

8

20

48
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0
7
12
27
Small commercial
The center or side grounded 240 V delta service can be the
services normally
most confusing to encounter in the field. The confusion comes
are configured as a
208
480
from the fact that the voltage between the neutral and one of the
120/208 V, 4-wire,
120/208 WYE TRANSFORMER
277/480 WYE TRANSFORMER
phases is 208 Vac, while the voltage between the neutral and
wye connection.
the other two phases is 120 Vac. This 208 Vac leg is sometimes
This service consists
referred to as a stinger
of three 120 Vac
240
1
27
2
leg or high77leg. The center
phases with a center
0
0
7
12
2
480/240/208
120
120
side
grounded delta is
grounded neutral
used by utilities so that
connection. The
208
480 can
a single transformer
phase-to-neutral
supply
both
residential
voltage is also 120
120/208 WYE TRANSFORMER
277/480 WYE TRANSFORMER
split-phase loads and
Vac, but the phase
240 V delta three-phase
angle between each
motor loads. This
of the three legs is
240 type of
service is commonly found
120°. As a result the voltage between the phases cannot
480/240/208
120
120
in agricultural areas or in
simply be added together. The voltage between two phases
older urban areas with a
is therefore 2 x 120 x Sine (60) = 208 Vac.
mixture of commercial and
DELTA TRANSFORMER
240 DELTA WITH HIGH LEG
residential loads. {

2

Solar Water Heating
A Brighter Energy Future

COMPONENTS FOR SOLAR WATER HEATING
Caleffi Solar products are specifically designed for solar thermal circuits where the heating fluid, commonly glycol,
can reach fluid temperatures approaching 300º F. All Caleffi Solar components are manufactured with materials
and components that insure reliable performance under these extreme operating conditions.
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• Differential temperature controller
• Flexible stainless steel insulated piping

• Safety relief valves and expansion tanks
• Air separators and automatic air vents
• Thermostatic mixing valves

Caleffi North America Inc. - Milwaukee, WI - Tel 414.238.2360 - sales@caleffi.com

CALEFFI SOLUTIONS MADE IN ITALY

www.caleffi.us

From kW to MW

C ou r te sy 3rdroc k . u s

Calculating Three-Phase Inverter Output Currents
Calculating the ac output currents for a three-phase
inverter is slightly different than calculating the ac current
for a single-phase inverter. The currents in a three-phase
system do not add arithmetically as they would in a singlephase system, because there are three ac currents that are
each separated by the phase angle of 120°. All of these ac
currents are considered continuous by Article 690.8(A)(3).
Article 690.8(B)(1) requires the minimum ampacity for the
wires and overcurrent devices to use the calculated phase
current value multiplied by 1.25. The calculated phase currents and minimum ampacity values for three possible 250
kW scenarios are shown below.
E x amp l e 1 250 kW system with a single three-phase

inverter interconnected at 277/480 Vac:

Multiple inverter design Single-phase SMA 7 kW inverters
are stacked at this site for a 140 kW three-phase output.

Phase Current = P inverter / V phase-to-phase / square root of 3
		
= 250,000 VA / 480 V / 1.732
		
= 300.7 A continuous
Minimum Ampacity = 300.7 A x 1.25
		
= 376 A

For multiple inverter systems with a number of inverters that is not a multiple of three, simply round up to the
next highest multiple of three and then calculate the phase
current as above.
E x amp l e 2 250 kW system with thirty-six 7 kW inverters

interconnected phase-to-neutral at 277/480 Vac. Note that
the equation is slightly different due to the phase-to-neutral
connection.

Co u r t e s y s o l arcr a f t . co m

Phase Current = P inverter / V phase-to-neutral / 3
		
= (36 x 7,000 VA) / 277 V / 3
		
= 252,000 VA / 277 V / 3
		
= 303.2 A continuous
Minimum Ampacity = 303.2 A x 1.25
		
= 379 A
Central inverter design This 3-phase Advanced Energy
Solaron 333 kW inverter has the capacity of approximately 50
string inverters.

should be installed with the same number of inverters on
each phase whenever possible. If the system requires a number of inverters that is not a multiple of three, the “extra”
inverters should be connected to the phases with the lowest measured line-to-line (208 wye or 240 delta) or line-to
neutral (277/480 wye) voltages.

E x amp l e 3 250 kW system with thirty-six 7 kW inverters

interconnected phase-to-phase at 120/208 Vac:

Phase Current = P inverter / V phase-to-phase / square root of 3
		
= (36 x 7,000 VA) / 208 V / 1.732
		
= 252,000 VA / 208 V / 1.732
		
= 699.5 A continuous
Minimum Ampacity = 699.5 x 1.25
		
= 875 A
co n t i n u e d o n p a g e 4 2
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Inverter aggregation panel
800A, 277/480V, 3P
L1 L2 L3

Inverter 1
L1
L2
LINE
N
NEUT

400A

Inverter 2

35A

PV+
PV-

PV

35A

LINE
NEUT
PV+
PV-

Inverter 3
L1
L2
N
LINE
NEUT

Inverter 4

35A
35A

PV+
PV-

PV

LINE
NEUT
PV+
PV-

Diagram 3 Single-pole PV source circuit breakers are balanced across three-phases of the aggregation panel—4 of 36
inverters are shown in this one line drawing—and the sum of the breakers feeding the panel is less than 120% of the panel
busbar rating.

Combining the ac output of multiple inverters
Combining the ac output of multiple inverters is directly
analogous to supplying multiple load circuits from a load
center or panel board. In this case, however, multiple
sources are collecting so the additional requirements of
Article 690.64(B)(1) through (7) apply. Article 690.64(B)(1)
requires each inverter to be wired to a dedicated branch
circuit in the panel board. Article 690.64(B)(5) requires
these breakers to be suitable for back feeding. The associated FPN indicates that breakers not marked with
line and load are considered suitable for this use. The
example 250 kW multiple inverter system interconnected
at 277/480 Vac would require a panel board with a minimum of 36 breaker spaces. With a 277 Vac phase neutral
connection, the maximum continuous inverter output
current would be 7,000 watts / 277 Vac or 25.27 A. We
then multiply this value by 1.25 to obtain the minimum
ampacity of 31.58 for the wiring and breakers. The next
higher standard breaker size is 35 A.
Articles 690.64(B)(2) and (7) allow the cabling and busbars supplying the panel board to be rated for not less than
120% of the sum of all overcurrent devices supplying the
panel board or cabling. With twelve breakers per phase, the
sum of all the PV source breakers is 35 x 12, or 420 A. The
main breaker in the panel or in the wiring feeding this panel
is sized by taking the sum of the continuous inverter currents. In Example 2 (p. 40), this current calculated at 303 A
continuous, so the minimum ampacity for this main breaker
is 379 A. The next higher standard breaker size is 400 A.
So the sum of all overcurrent devices supplying the panel
busbars and wiring is 420 + 400, or 820 A. Using the 120%
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allowance reduces the minimum busbar rating to 820 / 120%,
or 683 A. Therefore an 800 A panel board with a minimum of
36 breaker spaces can be used.
Scaling Up
Larger commercial systems consist of many of the same
elements as smaller residential PV systems. The design process used in both systems is nearly the same: evaluate the
array to inverter compatibility and size wiring and overcurrent devices on the dc and ac side of the inverter. Large,
single inverter systems require the additional design step of
sizing one or more dc combiner boxes, additional dc disconnects and associated wiring between the combiners
and the inverters. Large systems with multiple inverters
involve the additional design step of sizing the ac panel
board and associated wiring between the panel board and
the point of interconnection. There are a number of tradeoffs that must be weighed when deciding between a single
large inverter or multiple smaller inverters. While the multiple inverter solution has a higher first cost, it may be more
appropriate in cases with multiple array orientations or
complex array layouts. Since the multiple inverter approach
is simply a repetition of a smaller residential system, it
may provide the best solution for installers who have
installed residential PV systems only, but are interested in
tackling their first commercial project.
g C O N TAC T
John Berdner / groSolar / Grass Valley, CA / john.berdner@grosolar.com /
grosolar.com

2009
Grid-Direct
PV String Inverter Guide
By David Brearley &
Joe Schwartz

E

ight inverter manufacturers are currently designing
and building over 40 grid-direct PV string inverter
models for the US market. New inverter designs
are regularly being released and additional manufacturers are eyeing the rapidly expanding North American PV market. With the current number of string inverter
options in mind, it is remarkable to consider that reliable,
high voltage grid-direct PV inverters were non-existent in
the US until John Berdner brought the German designed
and manufactured SMA inverter across the Atlantic. The UL
listed SWR2500U inverter became available in June 2001 and
changed the US PV industry. Today, string inverters are specified in systems with array capacities that range from under
a kilowatt to several hundred kW and up.
Using This Guide
Our 2009 grid-direct PV string inverter guide includes commonly available, listed inverters with rated ac power output
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of 10 kW or less that are currently in the distribution chain.
The table format allows system designers, integrators
and installers to quickly compare inverter specifications
manufacturer-to-manufacturer and model-to-model. With
the exception of the CEC rated power, weighted efficiency
and night tare loss data, all specifications were provided
by the manufacturers.

SPECIFICATIONS
Maximum Recommended PV power AT STC
Definition: Maximum nameplate PV array generating
capacity recommended by the inverter manufacturer.
Importance: Sales and design professionals should use
this specification as a general recommendation or a quick
reference guide. Clipping occurs when the available PV
input power exceeds the inverter’s output capacity. While

intermittent clipping is often an acceptable design compromise, continuous clipping is not, especially when coincident
with high ambient temperatures. In real world applications, the maximum recommended PV generating capacity
is project and location specific. An ideally oriented array in
Phoenix, Arizona, for example, has very different design
parameters than a flat-roof application in Portland, Maine.
After considering the impact of ambient temperature,
irradiance and orientation, the system in hot, sunny Arizona
will have a lower recommended maximum PV input rating
than the system in Maine. Use common sense as your guide,
learn to interpret the detailed information from the inverter
manufacturers’ string sizing tools and run the numbers
yourself when these are unavailable.
Maximum Open Circuit Voltage
Definition: The NEC® defines maximum Voc as the sum
of the series connected PV module open circuit voltage ratings, after the rating is temperature corrected for the lowest
expected ambient temperature.
Importance: Maximum open circuit voltage is a critical
design parameter. Exceeding the inverter input voltage rating violates the UL listing of the device; exceeding 600 Vdc
may also violate the NEC. (Utility owned systems operating
“behind the fence” are an exception.) In some cases, there are
dramatic consequences to exceeding the maximum inverter
input voltage. Not only is there no way to put the smoke back
into a blown capacitor, but also the inverter’s nonvolatile
memory retains a permanent record of the maximum PV
input voltage. Your client’s inverter is not just broken, it
is also no longer under warranty. This is an expensive and
unnecessary mistake to make.
PV Start Voltage
Definition: The voltage threshold an inverter requires to
start maximum power point tracking an array.
Importance: Because open circuit voltage is higher than
maximum power voltage, as soon as an inverter starts
putting an array to work, the PV voltage drops. In most cases
the PV start voltage is programmed by the manufacturer
to be high enough to avoid false starts and stops in the
morning. Often it is programmed so that MPPT voltage can
be maintained immediately at start-up.
Maximum Power Point Tracking Voltage Range
Definition: The voltage window within which an inverter
can maximize array output power by finding the knee of the
array’s I-V curve.
Importance: One goal of good PV system design is to keep
the maximum power point (MPP) of an array within the
inverter’s MPPT window through a wide variety of operating
conditions. If the array MPP voltage is outside this window,

some potential energy harvest is lost. This is acceptable for
transient operating conditions, but not for normal operating conditions when the solar resource is highest. Ambient
temperature has the most direct correlation to PV output
voltage. A good exercise for designers is to calculate the
expected operating voltage at the average high temperature for their site. This is especially true when designing an
array that operates at the low end of an inverter’s DC input
voltage window. The expected array MPP voltage needs to
be comfortably within the inverter’s MPPT range. Conservative designers will have an additional voltage cushion
for the effects of module power tolerance, degradation and
high temperature conditions.
Maximum Input Current
Definition: The maximum dc input current as regulated by
the inverter.
Importance: Some manufacturers specifically list a maximum PV short circuit current rating for their inverter in
the installation manual. If they do, follow this directive. In
general, however, the inverter regulates maximum dc input
current. So unlike maximum PV input voltage, maximum dc
input current is not a hard stop design limit, but rather an
operational limit for the device. Installing a source capable
of more current will not damage the inverter, nor does this
violate the NEC. Designers should use array short circuit current for all NEC calculations on the dc side of the system, not
maximum inverter input current. One place that designers
will use maximum inverter input current is for voltage drop
calculations.
Number of String Inputs
Definition: The total pairs of PV positive and PV negative
input terminal lugs provided by the manufacturer.
Importance: The number of input strings determines the
maximum number of PV source circuits that can be landed
in the inverter without paralleling any strings externally.
Typically, as the inverter capacity increases, so does the
number of terminals provided inside the inverter. But it is
often convenient and sometimes necessary to parallel strings
in the field before pulling conductors to the inverter. Fused
combiner boxes are typically used for this purpose. Keep in
mind that PV systems with more than two paralleled strings
per inverter may require series string fusing.
Number of Independent MPPT Circuits
Definition: Total number of independent MPP tracking
input circuits supported by a given inverter’s design.
Importance: Most currently available inverters offer a
single MPPT circuit and require identical string input characteristics. Unless an inverter with multiple MPPT circuits
is specified, array strings with dissimilar numbers or models
solarprofessional.com | S o l a r P r o
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of PVs or different string orientations should feed multiple
inverters to maximize energy harvest.
CEC Rated Power
Definition: The maximum continuous output power at 40˚C
as reported on the CEC inverter performance test summary.
Importance: Since April 2005 all inverters eligible for
California incentives are tested by a nationally recognized
testing laboratory in accordance with the protocols adopted
by the California Energy Commission (CEC). These inverter
performance test results are available online from Go Solar
California (see Contact). Rated continuous power output is
one of the inverter characteristics published in these test
reports for the CEC and published on manufacturers’ cut
sheets. Designers will consider an inverter’s rated output
power when determining the maximum or ideal array size
for their application.
Nominal Output Voltage
Definition: The nominal utility voltage(s) that an inverter
is designed to synchronize with.
Importance: Nominal ac output voltage is especially
important to consider when designing commercial PV systems with single-phase string inverters. With very few exceptions, all residential services are 120/240 V split-phase. Just
about every string inverter in our guide operates at 120 or
240 V. The ones that do not have a 240 V counterpart for residential interconnections. Where nominal voltage gets tricky
is in commercial applications where the line-to-line voltage could be 208, 240 or 480 V, depending upon the type of
service. (Inverters that offer a 277 V nominal output voltage
are designed to interconnect line-to-neutral on a 3-phase, 480
V service.) Do not make assumptions about nominal voltage
at any commercial site; it is always better to measure and verify this in the field. Some inverters have a range of acceptable
nominal voltages. A few of these are auto-ranging, meaning
that the inverter will detect the correct ac operating voltage.
If the inverter is not auto-ranging, the installer may need to
change transformer taps inside the inverter or otherwise
select the correct nominal output voltage during installation. This is easy for an electrician to overlook and acts like
an out-of-the-box inverter failure, so be sure to read the
owner’s manual.
Maximum Output Current
Definition: The maximum rate of electron flow, in amperes,
that the inverter can export to the utility grid.
Importance: Maximum ac output current is used for sizing
wiring and the minimum overcurrent protection device
(OCPD) rating on the inverter output. Per NEC Article
690.64(B) PV system currents are considered continuous.
For design purposes, this means that the minimum OCPD
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rating for inverter output circuits is 125% of the maximum
output current. Be sure to upsize the ac OCPD to a standard
size breaker or fuse, without exceeding the maximum OCPD
rating for the inverter.
Power Factor at Rated Output
Definition: The ratio of true power to apparent power in
the inverter ac output circuit at its rated power.
Importance: True power is measured in units of watts
and describes the ability to do useful work. Apparent power
includes both work-producing power and reactive power
measured in volt-amperes. Power factor is a comparison of
watts to volt-amperes or real power to apparent power in
an ac circuit. If the power factor in a circuit is 1.0, then all
of the power generated is available to do useful work.
Total Harmonic Distortion
Definition: The percentage of the total current in a circuit
that is at frequencies higher than the fundamental waveform frequency.
Importance: Total harmonic distortion (THD), always
expressed as a percentage, describes the power quality
entering the utility grid from an interconnected inverter.
The Institute of Electrical and Electronics Engineers is the
entity responsible for defining the power quality standards
for grid-tied inverters. Because grid-synchronous inverters
meet or exceed the power quality for the utility grid, system
designers rarely need to consider THD. In rare cases, inverter
THD may cause interference with other loads, such as interference with a power line communication carrier signal for
a sophisticated lighting control system.
Peak Efficiency
Definition: The maximum percentage of dc input power
inverted to ac output power as measured in bench tests and
reported by the manufacturer.
Importance: Every inverter is tested at a range of input
voltages and power levels. The results of these tests are
often summarized as a single efficiency curve that is published on an inverter cut sheet. Peak inverter efficiency
defines an isolated data point on a very dynamic scale and
is primarily a marketing point for manufacturers with minimal design implications. What is very useful for designers
is to study inverter efficiency curves in general. For example, pay attention to the power input range with the highest overall efficiency or to the different efficiency curves
resulting from different input voltages. While this information may or may not be included in the inverter cut sheet
or O&M manual, it is included in the CEC inverter performance test summaries.

CEC Weighted Efficiency
Definition: The weighted average inversion efficiency
results as tested and reported by a nationally recognized
testing laboratory in accordance with the inverter test protocols adopted by the CEC.
Importance: Before the CEC test protocol was enacted,
there was no standard for testing and reporting inverter performance. The current system establishes a standard protocol
and ensures that properly calibrated test equipment is used. It
also interprets the test results in such a way that the published
CEC efficiency is representative of inverter performance in
real world conditions for California. Each inverter is tested
at six input power points, from 10% to 100% of rated power,
and at three dc input voltages: low, nominal and high. Before
the test results are averaged, they are weighted to reflect the
amount of time that an inverter typically resides in each range
of operation. The efficiency results for 50% or 100% power
output, for example, are weighted more heavily than the
results at 10% power. The result is independently verified and
is a useful comparative tool for system designers.
CEC Night Tare Loss
Definition: The power consumed by the inverter at night
as tested and reported by a nationally recognized testing
laboratory in accordance with the inverter test protocols
adopted by the CEC.
Importance: This CEC test is intended to quantify the
power consumed by the inverter when the array is in the
dark. Because different manufacturers have different ways
of measuring and reporting nighttime and stand-by power
usage for their devices, these normalized results are provided
here for comparison. Night tare loss is reported on the
inverter performance test summaries available online from
Go Solar California.
Ambient temperature range
Definition: The acceptable ambient temperature range
for a given inverter model as determined during UL testing.
Importance: Inverter temperature ratings are set by UL
1741. Temperatures below the ambient temperature rating
of an inverter can prevent start-up until the temperature
rises or result in erratic inverter operation. Extremely cold
temperatures can affect semiconductor stability and freeze
the electrolyte in capacitors. Temperatures higher than an
inverter’s specified range cause thermal stress on internal components and can lead to premature failure. More
importantly, an inverter operating above its high temperature rating is functioning outside of its “conditions of
use,” and technically this voids the listing of the product
and results in a possible code violation. Operating inverters outside of their temperature ratings could result in
liability issues that contractors do well to avoid. Keep in

mind that, for both diagnostics and warranty claims, most
inverters capture high and low temperature data as well
as events like maximum Voc. If you install an inverter in
an environment that experiences extreme temperatures,
the manufacturer will know it if the inverter is sent in for
servicing.
INTEGRATED dc/ac disconnects
Definition: Onboard dc or ac overcurrent protection
devices and means of disconnect provided with a given
inverter, either standard or as an option.
Importance: In the last few years it has become common
for inverter manufacturers to integrate dc, ac, or combination dc/ac disconnects into either the inverter enclosure or
as an external option. These devices are designed to satisfy
UL and meet NEC requirements. In some cases, overcurrent
protection is also provided. While integrated dc/ac disconnects are gaining inspector acceptance, they may not meet
NEC requirements in all installations due to equipment and
service entrance locations. It is best to check in with your
local AHJ and identify any additional requirements.
Maximum OCPD Rating
Definition: The maximum overcurrent protection device
rating, in amperes, approved for use on the inverter ac
output circuit.
Importance: The maximum OCPD rating applies to fuse or
circuit breakers and is set by UL to limit ac fault currents
inside the inverter case. While designers may have to oversize inverter output conductors for voltage drop, the maximum overcurrent device rating may not be exceeded.
Warranty
Definition: The period that a manufacturer will support
equipment failures under normal use and service conditions, resulting from poor manufacturing workmanship or
materials.
Importance: Two-year inverter warranties were common
not very long ago. Today ten-year standard warranties are
typical, and extended warranties of up to fifteen years are
available for some models. A primary driver in this increase
was a requirement of California’s incentive program that
dictated that all system components carry a ten-year warranty. However, it is important to note that the length of
today’s warranties reflects manufacturers’ confidence in
their equipment, most of which is designed for a mean time
between failures (MTBF) of twenty years or more. In addition to the main provisions of the warranty, it is important to
read the fine print to determine how the manufacturer will
handle replacement inverter shipping time and associated
costs, and if compensation for reinstallation or additional
support is provided. Finally, be sure to c o n t i n u e d o n p a g e 5 2
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2009 Grid-Direct String PV Inverter Specifications
Input Data (dc)
Manufacturer

Model

Output Data (ac)

Maximum
Maximum
Maximum
Number of
PV
Maximum Number
recommended
open
power point
independent
start
input
of string
PV power
circuit
tracking
MPPT
voltage
current
inputs
at STC
voltage
voltage range
circuits

CEC
rated
power

Nominal output
voltage

Maximum
output current

Enphase Energy1

M175-24208-S

210

54

25

25–40

8.0

N/A3

1

175

208

0.84

Enphase Energy

M175-24240-S

210

54

25

25–40

8.0

N/A

1

175

240

0.75

Fronius USA2

IG 2000

2500

500

150

150–450

13.6

3

1

2000

240

8.4

Fronius USA

IG 2500-LV

3000

500

150

150–450

16.9

3

1

2350

208

11.3

Fronius USA

IG 3000

3300

500

150

150–450

18.0

3

1

2700

240

11.3

Fronius USA

IG 4000

5000

500

150

150–450

26.1

3

1

4000

240

16.7

Fronius USA

IG 4500-LV

5500

500

150

150–450

29.3

3

1

4500

208

21.6

Fronius USA

IG 5100

6300

500

150

150–450

33.2

3

1

5100

240

21.3

Kaco

1501xi

1800

400

125

125–300

15.0

2

1

1670

240

15.0

Kaco

2901xi

3800

400

125

125–300

33.0

2

1

2860

240

20.0

Kaco

3601xi

4800

400

125

125–300

48.0

3

1

3600

240

30.0

Power-One /
Magnetek

PVI-5000OUTD-US

5000

600

200

90–580

18.0

2

2

5000

208/240/277

30.0

Power-One /
Magnetek

PVI-6000OUTD-US

6000

600

200

90–580

18.0

2

2

6000

208/240/277

30.0

PV Powered

PVP1100EVR

1400

500

130

115–450

10.0

3

1

1100

120

10.0

PV Powered

PVP1100

1400

500

165

150–450

10.0

3

1

1100

120

10.0

PV Powered

PVP2000EVR

2500

500

130

115–450

18.0

3

1

2000

240

9.0

PV Powered

PVP2000

2500

500

165

150–450

18.0

3

1

2000

240

9.0

PV Powered

PVP2500

3130

500

155

140–450

20.0

3

1

2500

240

11.0

PV Powered

PVP2800

3500

500

195

180–450

18.0

3

1

2800

208

14.0

PV Powered

PVP3000

3750

500

185

170–450

18.0

3

1

3000

240

13.0

PV Powered

PVP3500

4380

500

215

200–450

18.0

3

1

3500

240

15.0

PV Powered

PVP4600

5750

500

220

205–450

25.0

3

1

4600

208

23.0
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Performance
Power factor
at rated
output

Total
CEC
Peak
harmonic
weighted
efficiency
distortion
efficiency
(%)
(%)
(%)

Mechanical
CEC night Ambient
tare loss temperature
(W) 4
range (ºF)

Warranty

Cooling
approach

Integrated
dc/ac
disconnects

Maximum
ac OCPD
rating

dc/ac
terminal
conductor
range (AWG)

Dimensions
HxWxD
(inches)

Weight
(lbs)

Standard/
extended
(years)

> 0.95

<3

95.0

94.5

0.56

-13 to 149

convection

N/A

15

N/A

5.5 x 10.5 x 1.5

4

10

> 0.95

<3

95.0

94.5

0.58

-13 to 149

convection

N/A

15

N/A

5.5 x 10.5 x 1.5

4

10

1.00

<5

95.2

93.5

0.91

-5 to 122

controlled
fan

dc/ac
standard

20

8–12/6–12

18.5 x 16.5 x 8.8

26

10/15

1.00

<5

94.4

93.0

0.73

-5 to 122

controlled
fan

dc/ac
standard

20

8–12/6–12

18.5 x 16.5 x 8.8

26

10/15

1.00

<5

95.2

94.0

0.91

-5 to 122

controlled
fan

dc/ac
standard

20

8–12/6–12

18.5 x 16.5 x 8.8

26

10/15

1.00

<5

95.2

94.0

0.90

-5 to 122

controlled
fan

dc/ac
standard

30

6–10

28.4 x 16.5 x 8.8

42

10/15

1.00

<5

94.4

93.5

0.91

-5 to 122

controlled
fan

dc/ac
standard

30

6–10

28.4 x 16.5 x 8.8

42

10/15

1.00

<5

95.2

94.5

0.91

-5 to 122

controlled
fan

dc/ac
standard

30

6–10

28.4 x 16.5 x 8.8

42

10/15

1.00

<5

95.0

94.0

2.63

-5 to 149

convection

not available

15

6–12

17.8 x 13.4 x 7.9

31

10

1.00

<5

95.0

94.0

2.77

-5 to 149

convection

not available

20

6–12

19.6 x 13.4 x 8.4

52

10

1.00

<5

95.0

93.5

3.11

-5 to 149

convection

not available

30

6–12

25.6 x 13.4 x 8.4

66

10

1.00

<2

> 97.0

96.5

0.24

-13 to 140

convection

dc standard

40

4–10

38.6 x 12.8 x 7.7

60

5/10 5

1.00

<2

> 97.0

96.5

0.24

-13 to 140

convection

dc standard

40

4–8

38.6 x 12.8 x 7.7

60

5/10 5

0.99–1.00

<5

92.5

90.5

3.60

-4 to 104

convection

not available

15

6–18

21.8 x 17.3 x 8.4

55

10

0.99–1.00

<5

93.3

91.5

3.60

-4 to 104

convection

not available

15

6–18

21.8 x 17.3 x 8.4

55

10

0.99–1.00

<5

93.5

92.0

3.60

-4 to 104

convection

not available

20

6–18

21.8 x 17.3 x 8.4

65

10

0.99–1.00

<5

93.9

92.5

3.60

-4 to 104

convection

not available

20

6–18

21.8 x 17.3 x 8.4

65

10

0.99–1.00

<5

95.8

94.5

3.90

-4 to 104

convection

not available

20

6–18

21.8 x 17.3 x 8.4

70

10

0.99–1.00

<5

94.1

93.5

3.00

-4 to 104

convection

not available

20

6–18

21.8 x 17.3 x 8.4

70

10

0.99–1.00

<5

94.3

93.5

3.63

-4 to 104

convection

not available

20

6–18

21.8 x 17.3 x 8.4

80

10

0.99–1.00

<5

96.7

95.5

3.86

-4 to 104

convection

not available

30

6–18

21.8 x 17.3 x 8.4

85

10

0.99–1.00

<5

96.5

95.5

4.00

-4 to 104

convection

not available

30

6–18

26.4 x 18.1 x 8.9

135

10
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2009 Grid-Direct String PV Inverter Specifications
Input Data (dc)

Output Data (ac)

Maximum
Maximum
Maximum
Number of
PV
Maximum Number
recommended
open
power point
independent
start
input
of string
PV power
circuit
tracking
MPPT
voltage
current
inputs
at STC
voltage
voltage range
circuits

CEC
rated
power

Nominal output
voltage

Maximum
output current

1

4800

240

21.0

3

1

5200

240

23.0

7.0

2

1

700

120

6.6

100–200

7.0

2

1

600

120

5.7

94

77–150

7.0

2

1

460

120

4.3

Manufacturer

Model

PV Powered

PVP4800

6000

500

215

200–450

26.0

3

PV Powered

PVP5200

6500

500

255

240–450

25.0

1000

250

150

123–250

840

250

125

640

250

SMA America

SB 700U

SMA America

SB 3000US

3750

500

228

180–400/
200–400

17.0

4

1

3000

208/240

15/12.5

SMA America

SB 4000US

5000

600

285

220–480/
250–480

18.0

4

1

3500/4000

208/240

17.0/16.6

SMA America

SB 5000US

6250

600

300

250–480

21.0

4

1

5000

208/240/277

24.0/20.8/18.0

SMA America

SB 6000US

7500

600

300

250–480

25.0

4

1

6000

208/240/277

29.0/25.0/21.6

SMA America

SB 70000US

8750

600

300

250–480

30.0

4

1

7000

208/240/277

34.0/29.0/25.3

Solectria
Renewables

PVI 1800

2000

400

150

125–350

11.0

1

1

1800

208/240

10.0/8.7

Solectria
Renewables

PVI 2500

3200

400

150

125–350

15.0

1

1

2500

208/240

12.0/10.2

Solectria
Renewables

PVI 3000

3600

600

235

200–550

16.0

3

1

2700/2900

208/240

13.0

Solectria
Renewables

PVI 4000

4800

600

235

200–550

20.0

4

1

3400/3900

208/240

16.3

Solectria
Renewables

PVI 5000

6200

600

235

200–550

25.0

4

1

4300/4900

208/240

20.7

Solectria
Renewables

PVI 5300

7500

600

235

200–550

28.0

4

1

4600/5300

208/240

22.1

Xantrex

GT2.8

3100

600

193

193–550

14.9/15.4

2

1

2700/2800

208/240

13.0/11.7

Xantrex

GT3.3N

3500

600

200

200–550

16.5/17.5

2

1

3100/3300

208/240

14.9/13.8

Xantrex

GT3.8

600

195

195–550

19.5/20.8

2

1

3500/3800

208/240

16.8/15.8

Xantrex

GT4.0N

600

235

235–550

17.0/18.0

2

1

3800/4000

208/240

18.3/16.7

Xantrex

GT5.0

600

235

235–550

20.0/22.0

3

1

4500/5000

208/240

22.0/21.0

3600/4200
4200
4800/5400

Enphase Microinverters process power module-by-module and are not technically string inverters.
The IG Plus inverter line is scheduled for Q4 2008 release.
3
N/A–not applicable.
1
2
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Performance
Power factor
at rated
output

Total
CEC
Peak
harmonic
weighted
efficiency
distortion
efficiency
(%)
(%)
(%)

Mechanical
CEC night Ambient
tare loss temperature
(W) 4
range (ºF)

Warranty

Cooling
approach

Integrated
dc/ac
disconnects

Maximum
ac OCPD
rating

dc/ac
terminal
conductor
range (AWG)

Dimensions
HxWxD
(inches)

Weight
(lbs)

Standard/
extended
(years)

0.99–1.00

<5

97.2

96.0

4.10

-4 to 104

convection

not available

30

6–18

26.4 x 18.1 x 8.9

135

10

0.99–1.00

<5

97.0

96.0

4.00

-4 to 104

convection

not available

30

6–18

26.4 x 18.1 x 8.9

135

10

1.00

<3

93.6

91.5

0.04

-13 to 113

convection

not available

15

6–10/6–14

12.7 x 12.6 x 7.1

43

5

1.00

<3

93.3

91.5

0.04

-13 to 113

convection

not available

15

6–10/6–14

12.7 x 12.6 x 7.1

43

5

1.00

<3

92.4

91.5

0.04

-13 to 113

convection

not available

15

6–10/6–14

12.7 x 12.6 x 7.1

43

5

1.00

<5

96.6

95.0/95.5

0.07

-13 to 113

convection/
fan

dc standard

30

6–10

17.8 x 13.8 x 9.3

88

10

1.00

<5

96.8

95.5

0.17

-13 to 113

convection/
fan

dc standard

30

6–10

17.8 x 13.8 x 9.3

88

10

1.00

<5

96.8

95.5

0.72

-13 to 113

convection/
fan

dc standard

50

6–10

18.4 x 24.1 x 9.5

143

10

1.00

<5

97.0

95.5/95.5/
96.0

0.72

-13 to 113

convection/
fan

dc standard

50

6–10

18.4 x 24.1 x 9.5

143

10

1.00

<5

97.1

95.5/96.0/
96.0

0.72

-13 to 113

convection/
fan

dc standard

50

6–10

18.4 x 24.1 x 9.5

143

10

> 0.98

<3

94.5

92.5

0.14

-18 to 130

convection

not available6

15

10

18.0 x 13.0 x 5.63

34

5/10 & 15

> 0.98

<3

94.8

93.0

0.32

-18 to 130

convection/
fan

not available6

15

10

18.0 x 13.0 x 5.63

35

5/10 & 15

> 0.99

<3

96.5

95.5/96.0

0.52

-18 to 130

convection/
fan

dc standard

20

6–12

29.8 x 17.8 x 6.8

47

10/15

> 0.99

<3

96.7

95.5/96.0

0.52

-18 to 130

convection/
fan

dc standard

25

6–12

29.8 x 17.8 x 6.8

48

10/15

> 0.99

<3

96.7

96.0

0.47

-18 to 130

convection/
fan

dc standard

30

6–12

29.8 x 17.8 x 6.8

58

10/15

> 0.99

<3

96.6

95.5/96.0

0.47

-18 to 130

convection/
fan

dc standard

30

6–12

29.8 x 17.8 x 6.8

60

10/15

> 0.99

<3

94.6/95.0 93.5/94.0

1.00

-13 to 149

convection

dc/ac
standard

15

6–14

28.5 x 16.0 x 5.8

49

10

> 0.99

<3

95.6/95.9 95.0/95.5

1.00

-13 to 149

convection

dc/ac
standard

20

6–14

28.5 x 16.0 x 5.8

49

10

> 0.99

<3

95.6/95.9

1.00

-13 to 149

convection

dc/ac
standard

25/20

6–14

28.5 x 16.0 x 5.8

58

10

> 0.99

<3

95.7/96.0 95.0/95.5

1.00

-13 to 149

convection

dc/ac
standard

25

6–14

28.5 x 16.0 x 5.8

58

10

> 0.99

<3

95.5/95.9 95.0/95.5

1.00

-13 to 149

convection

dc/ac
standard

30

6–v14

28.5 x 16.0 x 5.8

58

10

95.0

Where inverter operates at multiple voltages, data is provided for 240 Vac operation only.
10-year warranty is standard in CA.
6
Integrated power panels with dc or ac disconnects available.
4
5
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look into any possible environmental exclusions, such as
corrosive environments, that a warranty may specify.
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Optimizing Array & Inverter Performance
The wide range of available inverter models allows for a
significant amount of flexibility in PV system design. In
turn, having a firm understanding of the implications
that individual specifications carry empowers PV system
designers and installers to optimize system performance
by matching specific PV module and array operating characteristics to a given inverter.
The growth in grid-direct inverter options is complimented by increased in-depth inverter training opportunities. Solar professionals are encouraged to participate
in the many training programs offered by inverter manufacturers and wholesalers. Doing so is an important step
in fine-tuning your design knowledge and keeping abreast
of new inverter features, functionality and dealer support
programs that are growing as quickly as your choices in
inverter hardware.
Next Issue
Federal tax credits, State and utility incentives, power purchase agreements and expanded renewable energy portfolio standards have resulted in a rapid increase in PV project
frequency and scale in the US. The rise of MW scale systems
is driving the development of second-generation central
inverters in the 30 to 500 kW range. In our next issue we
will cover central inverter options and specifications, and
report on what inverter manufacturers have to say regarding multiple string versus central inverter selection for the
new wave of large commercial PV projects.
Thanks to John Berdner from groSolar, Ward Bower from
Sandia National Laboratories and Gord Petroski from
Fronius USA for their expert technical input on sections of
this article.
g C O N TAC T
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David Brearley / SolarPro magazine / Ashland, OR /
david.brearley@solarprofessional.com / solarprofessional.com
Joe Schwartz / SolarPro magazine / Ashland, OR /
joe.schwartz@solarprofessional.com / solarprofessional.com
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Resources:
Go Solar California / gosolarcalifornia.ca.gov/equipment
(Inverter performance test protocol and summaries are available here.)

Solar Energy International

Booth # 1943
Solar Power 2008

PO Box 715 Carbondale, CO 81623
39845 Mathews Lane Paonia, CO 81428
970-963-8855 *fax 970-963-8866

sei@solarenergy.org

Solar Energy IInternational
nternational

www.solarenergy.org

Your Choice...

for technical PV training

Hands-on PV Trainings in 22 locations worldwide
17 Years of trend setting curriculum
PV Instructor base from around the country
Highest number of IREC certified trainers in the industry
ISP accredited PV workshops fulfill a requirement for
NABCEP certification
Online Courses qualify for college credits through
Madison Area Technical College
SEI continues to train the future’s workforce of renewable energy and sustainable living
practitioners and every year increases the alumni base by 2000+ people. As a non-profit
world community based organization SEI is recognized as a pioneer in community
outreach and education in solar energy.

Equipment
Grounding
Conductors:
Sizing & Methods
by Ryan Mayfield

T

he subject of grounding photovoltaic systems
can lead to some very heated conversations.
It is not uncommon for multiple interpretations of the same rule to come out during the
course of a discussion on grounding. A revised
National Electrical Code® comes out every three years; therefore professional designers and installers need to stay abreast
of the changes and their implementation.
One important differentiation that needs to be established is equipment grounding versus system grounding.
While both need to be addressed and correctly implemented, the requirements for each are different. In most electrical
systems, there are many pieces of grounded equipment,
while there is usually one system ground. This article will
identify the requirements of the 2008 NEC® for the Equipment Grounding Conductor (EGC) in a PV system.
The 2008 NEC defines the EGC in Article 100 as “The
conductive path installed to connect normally noncurrent-carrying metal parts of equipment together and to
the system grounded conductor or to the grounding electrode conductor, or both.” This connection ensures that all
the exposed metallic portions of an electrical system are
kept at the same electrical potential, thereby reducing the
risk of electrical shock if any of those components become
energized through a faulted conductor. In a PV system,
54
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the components that may make up this conductive path can
include module frames; racking structure; bare ground
wire; lugs or grounding clips on the modules or racks;
and ground bus or terminals in combiner boxes, switchgear, and inverters.
Equipment Grounding Requirements
There are numerous changes in Article 690 of the 2008
NEC that deal directly with equipment grounding. The first
paragraph in 690.43 dictates that regardless of the system
voltage, there must be an EGC installed for all exposed
non-current-carrying metal equipment. The method of
grounding should follow Articles 250.134 or 250.136(A).
Article 250.134 describes the methods by which fixed
equipment shall be connected to the EGC. The most common
application for PV installations is described in 250.134(A),
which says the conductor types listed in 250.118 are permitted for use as an EGC. The other acceptable method is listed
in 250.134(B), which allows the equipment to be connected
to an EGC “contained within the same raceway, cable, or
otherwise run with the circuit conductors.”
Article 250.118 contains the list of what is allowed as an
EGC: The first method on the list is “(1) A copper, aluminum,
or copper-clad aluminum conductor. This conductor shall be
solid or stranded; insulated, covered, or bare; and in the form

Ric k E be r ly

of a wire or a busbar of any shape.” This is the most common
method used for the EGCs on the PV modules themselves.
Generally this is accomplished by placing a copper conductor in an approved ground lug on the module frame. The
attachment forms the conductive path with the EGC. The
EGC then enters a junction box or combiner box.
An EGC may also connect to the racking structure to
bond all the exposed non-current-carrying metal parts
together, rendering the rack grounded as well, as outlined
in 250.136(A). From the enclosure, the EGC continues on to
the remaining equipment according to one of the methods
listed in 250.118.
Paragraph 250.136(A), referenced in Article 690.43,
allows equipment to be considered grounded for “electrical equipment secured to and in electrical contact

Grounding lug example Tin-plated copper lay-in lugs
with stainless steel hardware, like the Ilsco GLB-4DBT, are
a common choice to bond module frames to the EGC.

with a metal rack or structure provided for its support
and connected to an equipment grounding conductor by one of the means indicated in 250.134.” New language in 690.43 outlines the option of using equipment
listed for bonding frames and racks together: “Devices
listed and identified for grounding the metallic frames of
PV modules shall be permitted to bond the exposed metallic frames of PV modules to grounded mounting structures.”
This additional language in 690.43 is helpful for the use of
grounding clips that bond the modules to the racking system, which is then bonded to the ground bus in the junction box or combiner box. This specifies another method not
previously spelled out in the NEC and clarifies the requirements listed in 250.136(A) on the appropriateness of using

Additional language in 690.43 is helpful
for the use of grounding clips that bond
the modules to the racking system, which
is then bonded to the ground bus in the
junction box or combiner box. This
specifies another method not previously
spelled out in the NEC.
the racking structure in this
application.
In addition, the first paragraph of 690.43 now requires
that the EGC must be installed in
accordance with Article 250.110.
This provision clarifies the situations and equipment when an
EGC is required between a PV
array and the other equipment.
Article 250.110 is a list of conditions that require exposed noncurrent-carrying metal parts
likely to become energized be
connected to an EGC. These
conditions include being located
in the vicinity of grounded metal
objects and subject to contact
by persons, installation in nonisolated wet or damp locations, and where any terminal operates in excess of 150 V.
The final paragraph of 690.43 stipulates that the EGCs
shall be contained within the same raceway or run with
the PV circuit conductors when the conductors leave the
vicinity of the array. It is common for manufacturers to
locate the grounding point in the middle of the module.
Therefore, all the conductors will need to be brought to a
common location before they leave the array to meet this
requirement. This section of 690.43 takes precedence over
parts of Articles 250.134(B) that allow the EGC to be run
separately from the circuit conductors.
Sizing the Equipment Grounding Conductor
690.45 dictates the size of the EGC for PV arrays. While
this is not a new section in the 2008 NEC, the entire section
has been updated. The size of the EGC is dictated by the
overcurrent protection device in the PV source and output
solarprofessional.com | S o l a r P r o
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Grounding clip example
The Wiley Electronic’s ground lug assembly (exploded
view)—with tin-plated copper lug— and the stainless steel
WEEB grounding clip (detailed view) are designed to bond
module frames to grounded mounting structures.

circuit(s), as well as the presence of ground-fault protection (GFP).
690.45(A) requires that the EGC in PV source and output
circuits be sized in accordance with Table 250.122, reprinted
here. This table dictates the minimum size EGC to be used
based on the overcurrent protection in the circuit ahead of
the equipment.
Therefore, if an array is installed with three series strings
with each source circuit string protected by a 15 A fuse, the
minimum size EGC to satisfy 690.45(A) would be a 14 AWG
copper conductor. If these three strings are paralleled into
a single PV output circuit protected by a 40 A fuse, the
EGC would need to be minimally sized as a 10 AWG copper
conductor. Note that the size of the EGC is the same—10
AWG—for overcurrent devices rated at 30, 40 or 60 A.
If there is no overcurrent protection in the source circuit, an assumed overcurrent protection device value of the
short-circuit current shall be used in Table 250.122.
It is often possible to connect two series strings in parallel
without overcurrent protection. As 690.9 outlines, when the
PV array is connected to a device that is listed to not back feed
current to the PV array in fault conditions, the only source
of current is the array itself and overcurrent protection is
not required. If each string has a short-circuit current of 6.5 A
and the two strings are placed in parallel before connecting
to the inverter, the EGC would use an assumed overcurrent
protection size of 6.5 A x 2 = 13 A. Therefore, the minimum size
per 690.45(A) would be 14 AWG copper.
Article 690.45(A) has two final provisions. If the circuit
conductors are increased to account for voltage drop, the
EGC does not need to be increased. Previously, the EGC
would be increased proportionally to the circular mil area
of the ungrounded conductors. This allows the installer
to use the requirements in Table 250.122 continued on pag e 58
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Table 250.122 Minimum Size Equipment Grounding
Conductors for Grounding Raceway and Equipment
Rating or Setting of Automatic
Overcurrent Device in Circuit
Ahead of Equipment, Conduit,
etc., Not Exceeding (Amperes)

Size ( AWG or kcmil)

Copper

Aluminum or
Copper-Clad
Aluminum*

15
20
30

14
12
10

12
10
8

40
60
100

10
10
8

8
8
6

200
300
400

6
4
3

4
2
1

500
600
800

2
1
1/0

1/0
2/0
3/0

1000
1200
1600

2/0
3/0
4/0

4/0
250
350

2000
2500
3000

250
350
400

400
600
600

4000
5000
6000

500
700
800

800
1200
1200

Note: Where necessary to comply with 250.4(A)(5) or (B)(4), the equipment
grounding conductor shall be sized larger than given in this table.
*See installation restrictions in 250.120
Reprinted with permission from NFPA 70® 2008, National Electrical Code®, Copyright ©2007,
National Fire Protection Association, Quincy, MA. This reprinted material is not the complete and
official position of the NFPA on the referenced subject, which is represented only by the standard
in its entirety.

KACO PV Inverters
Are Built to Last

Other Brands

Another way KACO is committed to reducing our carbon footprint:

Our inverters have a failure rate of less than 1%.
That means less waste. And our warranty
is the best around. Not only do we offer
swift replacement on any failed units but we
cover our inverter’s proper operation ten
years from the date of purchase. We also
promise that after the ten year warranty
period has ended, we will never charge more

than $500 to repair one of our inverters.
This is included in the purchase price.
No need to pay in advance for peace of
mind. We also offer a substantial service
reimbursement for our partners who
have to go out in the field and swap out a
defective unit.

www.kacosolar.com • 415.931.2046
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Equipment Grounding Conductors

without having to resize the EGC to compensate for upsizing current-carrying conductors. Finally, 690.45(A) dictates
that the EGC shall not be sized smaller than 14 AWG, which
is consistent with the requirement in Table 250.122.
Most systems now require ground-fault protection. If the
situation does not require ground-fault protection according
to 690.5, then the EGC sizing takes on a different form. Article
690.45(B) requires that for non-dwelling units where GFP is
not required, each EGC needs to have an ampacity rating of
at least two times the conditional use value calculated for
the circuit conductor ampacity. The system designer must
determine corrected circuit conductor ampacity according
to temperature and conduit fill corrections for both the PV
source circuits and the PV output circuit(s). The EGC should
have an ampacity of twice that value. For circuits exposed on
rooftops the new Table 310.15(B)(2)(c) applies, in addition to
the conduit fill table, 310.15(B)(2)(a). The fine print note
following 690.45(B) offers explanation on this requirement.
Since the EGC potentially will continuously carry the full fault
current in systems without GFP, that conductor size needs to
be calculated based off the ampacity and conditional use of
the current-carrying conductors.
A TWIST ON EGC SIZING
Another addition to the EGC section of the 2008 NEC is
690.46, which requires that if the EGC is smaller than 6 AWG,

it must comply with 250.120(C). This is a requirement that
any EGC smaller than 6 AWG “shall be protected from
physical damage by raceway or cable armor…, where not
subject to physical damage, or where protected from physical damage.”
This statement, “subject to physical damage,” elicits different interpretations. Some jurisdictions consider the backs
of arrays mounted parallel to the roof surface to be adequately protected from physical damage. In this situation,
the 14 AWG EGC calculated for the two series strings placed
in parallel would be acceptable. Other jurisdictions have
a blanket policy of no EGC smaller than 6 AWG, due to the
possibility of physical damage. The addition of 690.46 brings
this requirement to the forefront and may require that some
installers amend their current practices.
The “simple” concept of attaching an equipment grounding conductor to all of the metal parts of our PV systems can
take interesting and complex turns. With the changes in
the most recent NEC and the newest grounding products,
this will continue to be one of the more debated topics for
PV installations.
g C O N TAC T
Ryan Mayfield / Renewable Energy Associates LLC / Corvallis, OR /
ryan@renewableassociates.com / renewableassociates.com

SOLUTIONS FOR EVERY SOLAR MOUNTING APPLICATION

Power Tube CRS
Ballasted Roof Mount
TM

Large Ground Mounts

Top-of-Pole

Power Box Enclosures
TM

Power Rail
Parallel to Roof Mount
TM

ph: 800.260.3792 • web: www.power-fab.com • e-mail: info@power-fab.com
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NABCEP
C E R T I F I C A T I O N
Get THE Distinquished Mark
for Renewable Energy Professionals
Since 2003, the North American Board of Certified Energy Practitioners (NABCEP) has
been awarding professional credentials to renewable energy installers. NABCEP’s rigorous
competency standards for certification sends a clear message to consumers, financers,
and public officials that the Industry stresses high quality, safe and ethical business
practice and workmanship standards.

NABCEP PV or Solar Thermal Certification

800-654-0021
To find out how to become a Certified Installer please visit:

www.nabcep.org

Large
Thermal
Arrays
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L

arge solar water heaters have design and
installation considerations that are often
inconsequential in smaller residential systems. Since the number of variables and

the financial investment are scaled up in commercial systems, the collectors, racks, layout, piping

Location,
Layout and
Piping

Co u r t e s y B o s t on R e d S ox a nd gros ol ar. co m

By Chuck Marken

and pipe insulation all need more
careful design consideration. The
better the upfront design work,
the faster the system installation
will go, and the more optimal the
system performance will be.

Collector Choices
Flat plate or evacuated tubes are the two collector options.
Climate and the end use application are considerations in
the selection. Installers typically chose flat plate collectors
for lower temperature applications. For higher temperature jobs in colder climates, specifying evacuated tubes can
increase performance. Large jobs in the past have been overwhelmingly flat plates, primarily due to a lower cost giving
flat plate collectors a market edge. Since flat plate collectors
contain significant amounts of copper compared to tube
collectors, this edge is slowly diminishing in the US with the
recent price hikes in copper products.
The “bigger is better” rule applies when choosing a specific
collector model for a commercial system. Less racking and
fewer penetrations and piping joints make for less work, fewer
mistakes and an earlier happy hour. Larger collectors also cost
slightly less per square foot. Collectors of 40 to 50 square feet
are as big as they get, and they should be the choice for commercial projects. Larger collectors are uncommon, because a
two- or three-person crew has a tough time positioning them
on the roof due to their weight. When it comes to weight,
evacuated tube collectors have a niche in residential work,
since one person can accomplish a roof installation with the
modular tube design. This is not usually an issue with larger
jobs, since a crane is generally used for the lifting.

solarprofessional.com | S o l a r P r o
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building orientation and cosmetic appearance are all obstacles to wall-mount systems.
In very rare cases wall-mount
systems have enhanced a
building’s appearance by
configuring the collectors as
awnings. A south facing wall
mount, if at all possible, is
actually preferable to a roof
mount, however, due to easier
installation and future roof
maintenance issues.
Row Rules
For roof-mounted collectors,
the roof ’s available south facing surface area and design
details—hip roofs or valleys,
for example—will often dicMixed use evacuated tubes Eight Apricus evacuated tube collectors heat water for both
domestic and radiant heating loads for this mixed commercial and residential project in
tate the optimum layout of a
Eugene, Oregon.
collector array. Depending on
the building, other considerations
definitely
come
into
play.
In addition to dealing with
Why the Roof?
constraints
existing
on
any
roof,
a
large collector layout has
Collectors do not necessarily have to be on the roof, but that
limits
on
the
number
of
collectors
in
a row.
is where they end up more than 90% of the time in commerThe
Active
Solar
Heating
Systems
Design
Manual recomcial installations. Space permitting, a ground-mounted sysmends
a
maximum
of
eight
solar
tem can actually be a better choice because of easier and safer
c o n t i n u e d o n pa g e 6 4
installation logistics. Real estate is valuable, though, and businesses are often
reluctant to give it up. Roof space is usually less prized in comparison. Except
for very mild climates in the subtropics
and tropics, commercial scale designs
are configured as closed loop, antifreeze
or drainback systems. There are a few
related design constraints with ground
mounts to consider. Freeze protection
strategies typically require a groundmounted system to rely on an antifreeze
rather than drainback approach, unless
an underground thermal storage tank
is planned. The piping and pipe insulation need to be buried in most cases
when ground mounting the system.
Finally, collector shading can make siting ground-mounted thermal arrays difficult or impossible.
A large, wall-mounted collector
array is a possibility, but that is as Hefting large commercial collectors A crane lifts one of five 10 x 40 foot collector
uncommon as a smile on a building assemblies installed as a closed loop antifreeze system for heating an indoor swiminspector. Shading, adequate space, ming pool at the Green County YMCA in Monroe, Wisconsin.
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CONFIDENCE IS A BEAUTIFUL THING.

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

SOLAR POWER 2008
in San Diego, CA BOOTH #1331

SANYO Energy (USA) Corporation

www.sanyo.com/solar

solar@sec.sanyo.com
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limitation—the expansion and contraction of the collector headers—makes rows of more than ten collectors, or 40
feet, inadvisable.

Avoid Row-to-Row Shading

= 30º
No shade at noon at 36º latitude

= 17º
No shade solar window (9am – 3pm) at 36º latitude

Illustration 1 One method of calculating inter-row spacing to
avoid array shading

Latitude

No shade at noon

No shade solar window

25°

41°

25°

30°

36°

22°

35°

31°

18°

40°

26°

14°

45°

21°

10°

50°

16°

7°

Table 1 Angle needed to eliminate inter-row shading of
collectors

collectors per row. This twenty-year old manual was
sponsored by the federal government and published by the
American Society of Heating, Refrigerating and Air-conditioning Engineers (ASHRAE). With a few exceptions in small
details, it is still the best guide around for commercial scale
thermal systems. A PDF version of the manual is available
for free download at the cyber home of the Solar Rating and
Certification Corporation (solar-rating.org/commercial/
guidelines.html).
Eight collectors per row is a little conservative for
smaller collectors but probably valid for 4 x 10 foot ones.
The limitation arises from ensuring an equal flow through
all the collectors. I have seen many systems with ten in a
row that worked great for decades. A larger factor limiting
the flow is the header size. A system comprised of collectors with 1-inch headers will have only slight differences
in flow with up to ten collectors in parallel. But another
64
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Orientation and Tilt
The same orientation rules apply for large and small systems. Collectors should face within 30º of true south for best
performance. For year-round, optimum production of heat,
a tilt angle equal to the latitude of the installation is best.
However, if a system is designed to produce more than about
60% to 70% of the annual demand load, a latitude tilt angle
will produce excess heat in the summer.
The overheating that can result from a poorly designed,
large antifreeze system will be an ongoing maintenance
problem. The largest flat plate solar water heating system
in the world, the $30 million ground-mounted Packerland
Solar System in Green Bay, Wisconsin, was crippled by overheating during the summer. Half of the original 10,000 4 x
8 collectors had to be removed to keep the 330,000-gallon
storage tank from rupturing.
A tilt angle of latitude plus 15° will help limit overheating during the summer in most climates, although
the system will produce fewer kWhs of energy per year.
An array tilted to latitude plus 15º will produce about
8% to 10% more energy in the winter when the sun’s intensity and availability is less and mitigate overheating in the
summer. In most of the US, a latitude plus 15º angle is the
only tilt that can produce close to 100% load displacement
without excess summer heating. In some northern coastal
areas, winter solar irradiance is so intermittent and limited
that the increased tilt angle would be of no value in winter;
it would simply reduce annual heat production.
Minimize Shading
Large thermal arrays will often require more than one row
of collectors. In addition to the usual shady characters,
like trees and nearby buildings, one row of collectors can
shade another. Rows must be spaced adequately to prevent this from happening. The height of each row and the
latitude of the installation will determine row spacing. How
low the sun is in the sky at the winter solstice is dependent
on latitude.
An easy way to determine the angle of the sun at the
solstice at any latitude is a simple math calculation. Subtracting the latitude from 90 gives the angle of the sun
at the equinoxes. To find the angle of the sun above the
horizon at noon on the winter solstice, subtract another
24 (the earth’s tilt is 23.45, so 24 has a tiny fudge factor).
Adding 23.5 gives the angle at the summer solstice. Placing a row far enough behind the one in front to account
for the winter solstice angle is acceptable for no shading
at noon. There will still be partial shading before 11am
and after 1pm. If you have enough roof space and want
to eliminate all shading, subtracting c o n t i n u e d o n p a g e 6 6

Large Thermal Arrays

an additional 10°–15°— depending on latitude—from the
winter solstice angle will give no row-to-row shading anywhere in the US during each day’s solar window.
This angle calculation is accurate only for collectors oriented true south. If the building roof will not accommodate
a true south orientation, you should get familiar with the
formula for minimum spacing distance on page 3-23 of the
ASHRAE design manual:

Sun Path Chart Program
The University of Oregon Solar Radiation Monitoring
Laboratory has an online program that generates a
customized sun chart, which will show the sun’s angle
throughout each month for every hour of daylight. You
can enter specific criteria to create your printable sun
chart at solardat.uoregon.edu/SunChartProgram.html.

D = DC + DS = (L)(cos∑) + [(L)(sin∑)(cos∂) / (tan 0)]

If that formula gives you a headache like it does me,
maybe it is time to hire a professional engineer. If you cannot space rows of thermal collectors to avoid all inter-row
shading, it is not catastrophic, as it would be with a PV system. Spacing the rows based on the angle of the solstice at
noon will result in minimal shading: the bottom few inches of
the collectors will be shaded part of the day in December and
January. Since these are the two months with the least intense
sunlight, the resulting reduction in year-round heat production will be less than 1%.

frictional head loss. Piping needs to be large enough to
ensure that frictional head loss is not a factor in lowering
system performance.
Collectors in a given array should be piped in parallel. Series piping configurations elevate the temperature in the second and subsequent collectors located
downstream. This will result in a loss of efficiency in the
downstream collectors due to increased heat loss. Piping
the collectors in reverse return will help to balance the
flow. With reverse return piping, the closest collector to
Piping Selection, Sizing & Layout
the cold inlet pipe is farthest from the hot outlet. Finally,
Type M (red stripe) copper tubing ranging from 0.5 to large systems should use collectors that have internal
1 inch is commonly used in residential piping for all but headers. This allows parallel piping with the use of couthe largest systems. Commercial piping frequently speci- plings or unions.
fies the slightly thicker walled Type L (blue stripe) tubing.
The piping layout needs extra attention in drainback
Type M is made only in the hard variety of tubing available systems to establish a proper slope for collector drainage.
in 20-foot lengths. The thicker walled Type L and Type K A minimum slope of 0.25 inch per foot is required. The min(green stripe), the thickest tubing, are available in the hard imum required slope of a large drainback design is easier
variety and also in soft rolls of 60 and 100 feet for tubing up to configure if the rows of collectors are mounted at differto 1 inch. 1.25- to 2-inch tubing is made in 40- to 60-foot ent levels. If the piping is designed to slope to the south for
rolls. Soft tubing is usually used only
drainage, placing the northern rows at
in new construction under concrete
higher levels can allow narrower row
slabs. However, in retrofit work,
spacing and result in more collectors
many installers find it handy to have
in the available roof space. Sometimes
Cross
a roll on the truck to snake through
mounting northern rows of collectors
Tubing sectional area Gallons per
hard to reach, concealed spaces. The
higher than the southern row is the
ID
in square
lineal foot
outside diameter (OD) of each type
only way to get enough collectors on
inches
of tubing is the same and called the
a roof without any row shading prob0.5
0.233
0.0121
nominal pipe size. The inside diamlems.
0.75
0.484
0.0251
eter (ID) varies with the difference
In Illustration 2 (p. 68), the sizing
1
0.825
0.0429
in the wall thickness. Type M tubing
example is a layout of 32 collectors
1.25
1.26
0.0655
will carry a slightly higher volume
in four rows with industry standard
1.5
1.79
0.0925
than the thicker walled tubes.
1-inch headers. In order to supply the
2
3.09
0.161
All piping has frictional head
collectors with adequate flow, the
loss. This resistance to flow is simisupply piping needs to be equal to the
2.5
4.77
0.258
lar to electrical resistance in wiring.
four sets of headers. Table 2 gives the
3
6.82
0.354
The relation is inverse: the larger
cross sectional areas and volume of
Table 2 Specifications needed when
the pipe, the lower the resistance.
common Type L tubing sizes.
calculating collector array piping for
Simple math shows that one 2-inch
In addition to the size relationship,
even flow balance
tube is slightly c o n t i n u e d o n p a g e 6 8
changes in direction also increase
F ig u re s co u r t e s y c op p e r.o r g

Specifications for Type L Tubing
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1-inch tube
2-inch tube 1.5-inch tube

1-inch tube

Pipe insulation
The guide for pipe insulation is the 2006 Uniform Solar Energy
Code published by the International Association of Plumb-

2-inch tube 1.5-inch tube

smaller than four 1-inch tubes. A pipe run with numerous
changes in direction or more than 100 feet in length should
be increased to 2.5-inch pipe. The tubing can be reduced to
1.5 inches for the last two rows and 1 inch for the last row.
Even though the area of the 2-inch tube is a little too small,
the flow will not be affected significantly if the pipe run is
fairly straight and less than about 50 feet. In this instance
2-inch tubing would be acceptable and specified by many
system designers.
If the pipe is sized correctly and laid out in reverse return,
there is rarely a need for flow balancing valves in the system.
It is prudent, however, to install a balancing valve at the inlet
of each row of collectors. An infrared thermometer is accurate enough to measure the relative difference in temperature
to see if any adjustments are needed. A test for flow balance
should only be done after the system has been running for
about 30 minutes with no shading of any kind. Be certain that
the thermometer is pointed to the same spot on the same collector in each row. Any row with a relatively low temperature
has too much flow, and it should be restricted in small increments until all the rows have an equal temperature. A couple
of degrees difference is acceptable between rows.

2.5-inch tube
from
pump

2.5-inch tube
to storage
tank

Illustration 2 A 32-collector
array
configured
Parallel Reverse
Return
Piping in four rows of
eight collectors each, piped in parallel reverse return

ing and Mechanical Officials (IAPMO). For fluid applications
under 200ºF and pipe up to 2 inches, the code requires 1 inch
of insulation. The thickness is based on c o n t i n u e d o n p a g e 7 0

Large Projects Call for PE Involvement

F

orty collectors is the largest system I have personally
designed and installed. A professional engineer (PE),
common to the commercial/industrial construction
sectors, will typically be called on to design systems of this
size and larger. Job size and complexity usually determines if
an engineer’s services are required, although some contractors
also retain them for higher end residences. PEs must be
registered and meet the requirements of each state where they
are licensed. On large jobs, engineers are to the respective
trades what an architect is to a general contractor—the job
boss. A mechanical engineer’s role in commercial scale solar
systems is to provide the system design and ensure that the
contractor adheres to it.
The engineer’s design will include the drawings and specification schedules that a contractor needs to accomplish the
installation, making the contractor’s design responsibilities
minimal. The engineer is the responsible party, and the PE
stamp, with few exceptions like code violations, can
often carry the clout of a building inspector. Contractors
give firm bids based on the drawings and specifications provided, and usually the lowest bid wins the contract.
68
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The contractor is responsible only for providing the equipment, materials and labor needed to complete the project
as designed. Any subsequent changes to the job must be
approved by the engineer and are handled with change
orders that are often lucrative.
There are many commercial jobs that fall between
residential work and large, engineered commercial projects.
Retrofit work on existing buildings is the best example and
largest market. In many instances large, retrofit solar water
heating systems are installed with little or no input from a PE.
If the local building department approves the system drawings
and issues a permit, the contractor bears the responsibility.
The contractor is then liable for system design in addition to
the materials and labor provided. In some cases, a building official will request an engineer’s stamp on one or two
details of the design that look questionable. In order to get
the permit, the contractor or building owner must then hire a
PE to approve and stamp the drawing. The details that most
commonly require professional engineering services include
roof loading, wind loading or collector mount and orientation
designs. {

SOLAR HOT WATER
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insulation with an R factor between 4 and 4.6 per inch. As
the application temperature and pipe size increase, the
insulation thickness increases. For insulation with higher
values than R-4, the wall thickness may be reduced in proportion to increased R factor. To determine the thickness,
divide 4.6 by the R factor of the insulation. For example,
R-6.2 insulation would be 4.6 / 6.2 = .742. Therefore 0.75
inch of R 6.2 insulation would meet the requirement.
Insulation with an R factor of less than 4 requires more
insulation in proportion to the difference in R-value. Most
brands of high temperature, closed-cell, black pipe insulation have an R factor of 5 to 6; hence the minimum insulation thickness required in many cases is 1 inch.
A suitable weatherproof cover must protect insulation
that is exposed to the elements. Closed-cell insulation will
deteriorate within a few years if not covered. Paint and
paint-like roofing products will last about seven to ten
years. Foil faced adhesive tape has a similar lifespan, possibly a little longer. A lifetime insulation cover can be fashioned with architectural grade aluminum. It is available
in numerous colors and is easy to bend around insulation
without special tools. Smaller sizes of galvanized, round
stovepipe (“snaplock”) also make a durable weatherproof
cover. ABS or PVC pipe can also be used for a long lasting insulation weatherproofing. The straight sections are
put in place before the tubing is soldered, and the ells and
tees are cut in half and glued back together after the system
piping has been leak tested.
Next Up
Commercial scale solar thermal systems have additional
design considerations related to the equipment in the
mechanical room. They are almost all size differences: bigger
tanks, more powerful pumps and larger heat exchangers. All
of these components need to be sized to match the collector
array’s output. In retrofit work, the space available for these
components can make or break a job design. We will take a
closer look at these issues in a future article.
g C O N TAC T
Chuck Marken / AAA Solar / Albuquerque, NM /
chuck.marken@solarprofessional.com / solarprofessional.com
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Layout,
Flashing &
Sealing for
the Life of
the System

Flashed penetrations The use of flashing
for all structural attachments is consistent
with best practices in the roofing industry.

The best way to promote your solar
business is through a happy, loyal
customer’s word of mouth. Not
much will damage your reputation
and your customer’s confidence
more than a roof that leaks.
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B

uilding codes require securing PV racking
systems adequately to a pitched roof ’s structural members. Unless the roofing material is
standing seam metal, where nonpenetrating
S5! clamps are typically used, multiple lag screws
or through-bolts have to penetrate the roofing material and
sheathing in order to secure the racking system. Each of the
associated holes is a potential entry point for water into the
structure for the entire life of the system.
The liability involved in making holes in someone’s roof
is considerable. Construction defect litigation is on the
rise, especially in California. At the same time more PV is
being installed on new construction and integrated onto

OF

RACKING

By Steve Fain and David Brearley

Locating Structural Members
The first step in leak-free roof mounting is locating the
rafters without making any unnecessary penetrations in
the roofing. Finding rafters or other structural members is
often the most tedious part of a PV installation. Ultrasonic
stud finders and infrared pictures may not work dependably. If attic access is available, the most reliable way to
locate rafters is from the inside. It is a mistake to assume
that rafter layout is consistent center-to-center. Especially in older houses, measure and map each rafter. This
will serve as your guide once you are back on the roof. The
goal is to make certain that all pilot holes and lag bolts are
centered in the rafters, ensuring the best structural
connection and minimizing roof penetrations.
If there is no access to the attic, there are several ways
to determine where the rafters are located. The nailing
pattern on the soffit or fascia, for example, sometimes
provides a clue to rafter locations and spacing, even if
the rafter tails are not exposed. Invariably, the “high tech”
solution that most installers swear by is a hammer or rubber mallet. Bang across the roof, perpendicular to the rafters, noting how the sound changes from hollow to solid to
hollow. With a bit of practice, this is often the most reliable
way to reveal hidden rafters.
Ultimately drilling a small test hole is the only way to
be sure you have found a rafter. If your test hole misses,
modify a steel coat hanger for use as a probe. Straighten
it out and remove any kinks, bend one end of the probe
and insert it into the test hole. Gently rotate the probe until it makes contact with the rafter. Getting the bend right
requires some experimentation and practice, as does
translating that rotation angle to a lateral distance. With
time, however, you can dependably find rafter centers with
a minimum of drilling.
Once you have located the rafters and mapped out the
roof system’s layout, designate a rafter on one end of the

L-feet and stanchions Racking manufacturers provide a
wide variety of hardware solutions for making structural roof
attachments.

C ou r te sy dire c tpowe r.c om

existing buildings. This means the stakes are higher than
ever for solar contractors. The good news is that by using
common sense and appropriate materials and techniques,
you can minimize your liability and save time and money
by eliminating callbacks.

Exposed fasteners Most L-foot attachments rely on
sealants to waterproof penetrations for the life of the project.
solarprofessional.com | S o l a r P r o
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roof as the layout’s starting point and drill a hole alongside
it. All layout measurements on the roof will reference this
point—assuming you can find the hole later. Therefore,
immediately push a flag or marker of some kind through
the hole. Using a foot or so of folded #12 wire works well
for this purpose. A well-sized reference hole makes a
tight fit so that the wire stays in place until the layout is
complete. As the attachment points are laid out and the
pilot holes drilled, mark each location with a flag of some
kind. Marking every hole ensures that none are overlooked
later when it comes time to seal your penetrations.
Some installers make pilot holes by lifting the leading
edge of a shingle and drilling underneath. But water can
still find these holes if they are left unsealed. No matter
what method of locating rafters and drilling pilot holes
you use, do not underestimate the importance of sealing

every test hole with an appropriate sealant. Lost or forgotten test holes are a common cause of water intrusion. This
is especially true when a roof leaks immediately after an
installation is completed.
CHOOSING THE RIGHT Sealant
It is extremely important to ensure that the sealant
chosen is compatible with the roofing material, and that
the roofing’s surface conditions are appropriate at the
time of installation. A range of sealant products is typically used in solar installations, but many are not compatible with common materials, such as asphalt shingles,
or cannot be applied in damp conditions. The fine print
of many sealant products is not included on the tube’s
label, so before using any sealant, read its product data
sheet. When in doubt about compatibility with various

The Good, the Bad and the Warranty

T

Asphalt
Roofing
Manufacturers
Assoc.

Sheet Metal &
Air Conditioning
Contractors
Natl. Assoc.

UF
AC
TU
RE
R

AHJ

Authority
Having
Jurisdiction

OSHA

SB

C

State
Building
Code
International
Residential
Code

Natl. Fire
Protection
Assoc.

IRC

AR M
A

Natl. Roofing
Contractors
Assoc.

International
Building
Code

International
Code
Council
Underwriters
Laboratories

IC

C

UL

Maintaining the warranty Stuart Wentworth created
the “Wheel of Accountability” to detail the sources of
guidelines, rules and regulations that pertain to the roof.

Co u r t es y q u i ck m ou n t p v. co m
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Wheel of Accountablilty

SMAC

here are two basic kinds of roof warranties: the product
warranty and the installation warranty. Solar installation work
impacts both kinds of roof warranties in different ways. Potential
liability is generally highest on commercial projects, but responsible
installers will take care to avoid interfering with any existing roof
warranties in both commercial and residential installations.
A typical residential roof has only a short installation
warranty even though the roofing material may have a 25-year
manufacturer’s warranty. Three-month to one-year installation
warranties are common for a new residential roof. If your business
works primarily on residential retrofit projects, you may not work
on many roofs still covered by an installer’s warranty. If you are
working on a new roof or a new construction project, however, you
should coordinate with the roofer before making any penetrations.
Failure to do so could void the installation warranty.
The manufacturer’s warranty on most residential roofs is very
narrowly defined. If a roof breaks down early due to a
material or manufacturing defect, the manufacturer will replace
the roofing material and only the material. The warranty does not
cover the removal of the failed roof, the installation of the new
roof or any damage caused by the roof failure. Manufacturing
defect roof warranty claims are rare, but something to be aware
of. The foot traffic required for a solar installation could easily
result in damage that voids a manufacturer’s warranty.
On a commercial roof the stakes are potentially much higher
for the solar installer. Some commercial roofing manufacturers
offer a “no dollar limit” warranty. This means that the roof manufacturer assumes liability for its product, as well as any damage

roofing materials, contact the manufacturer and request a
written clarification for protection against possible liability issues.
Polyurethane. One of the most popular sealing
products for solar installations is Sikaflex-1a, a polyurethane
sealant. According to the product data sheet, “Sikaflex-1a is
a premium-grade, high-performance, moisture-cured…sealant.” This is a product that can be used to seal “canal and
reservoir joints.” If Sikaflex-1a can contain water in a reservoir, it stands to reason that it is a perfectly good product for
keeping rainwater out of a small roof penetration. While this
is accurate for some roofing material types, it turns out not to
be the case with the most common roofing material—asphalt
shingles. The critical distinction is chemical compatibility. The
Sikaflex-1a product data sheet notes this limitation: “Do not
use in contact with bituminous/asphaltic materials.” It is likely

caused by water intrusion inside the building. It is critical
that solar installers know whether a warranty of this type
is in place before they do any work that might void this
warranty. That warranty is part of the roofing product
originally purchased by the customer.
Often commercial roofing manufacturer warranties
require that a certified contractor install the roof system. These
roofers also warrant their work, and any roof modification
may void the installer’s warranty. To prevent potential warranty issues, always try to get the original roofer involved
in the project. If the solar installation is on a relatively new
roof, the roofer who did the work may come out—for a fee,
of course—to seal your penetrations. That way both the
roof manufacturer’s warranty and the installation warranty
remain intact. Unless you are willing to assume the liability
yourself, subcontracting to a roofer is a wise approach.
While we all prefer to work on new roofs, a roof that is
in terrible shape presents a golden opportunity to coordinate a solar install with a re-roofing event. After the old roof
is torn off and a new vapor barrier is installed, solar attachments can be quickly and accurately laid out and installed.
Some coordination between trades is required, but most
projects are big enough that the installation of stanchions
can happen at the same time that the roofers are working
elsewhere on the roof. Once stanchions are installed, the
roofer flashes these, effectively sealing all penetrations as
the roof is installed. After the roofing crew is finished, the
solar installation is completed. Every structural attachment
is sealed and flashed by a professional roofing contractor,
who in turn warrants the whole roofing project and carries
the liability for any future water intrusion. {

Product data sheets While concrete, wood and metal may
be compatible with Sikaflex-1a, use on asphalt shingles is
specifically excluded according to the manufacturer.

that people who have worked with Sikaflex-1a on a composition shingle roof will tell you that none of their penetrations
has ever leaked. Unfortunately past performance does not
override the manufacturer’s instructions, and ignoring them
can be a potential liability issue. In general, because of their
chemistry, polyurethane sealants like Sikaflex-1a will not
bond effectively or cure properly when used in direct contact
with asphalt shingles or roofing tar.
SiliconE. Silicone-based sealants are also frequently
used in solar installations. Unless great pains are taken to
prepare the surfaces, and the temperature and humidity
are within acceptable limits, silicone caulk may not reliably stick to outdoor surfaces. A common sealant manufacturer’s exclusion for silicone products is that they shall not
be applied to damp or moist surfaces. As a result, silicone
is not the best year-round, all-purpose sealant choice since
the manufacturer’s instructions cannot be followed unless
it is applied to a clean, dry roof surface.
Tripolymer. This sealant type is compatible with
asphalt roofing, has similar handling characteristics to
polyurethane caulk and has the added benefit of being able
solarprofessional.com | S o l a r P r o
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to stick to damp surfaces. Many solar installers have transitioned to tripolymer sealants because of their broad applicability and superior UV resistance. One popular tripolymer
sealant is Geocel 2300. Contact a local roofing supply house
for additional tripolymer products that are available in your
service area.

C ou r te sy prosola r.c om

and required by the roofing manufacturer to maintain the
roof warranty.”
Rob Hernandez, an independent roofing consultant
with Jim Whitten Roof Consultants, agrees that systems
installed without flashing are potentially exposed to
litigation. “Instructions from roofing manufacturers,
guidelines and standards in the roofing industry, acceptAm I Exposed? From L-Feet to Flashing
ed best practices and building codes all require the use of
One of the most popular and longstanding methods of flashed penetrations. Given this, a reasonable person could
securing PV racks to pitched roofs is the surface-mounted conclude that the failure to flash penetrations constitutes
INCORRECT
L-foot. Unlike stanchions—lengths of pipe with a flat
base negligence.” Hernandez explains that the numbers his
that are flashed using conventional roofing products—the industry uses include curtain walls and foundations, but
head of the lag screw or through-bolt that holds the L-foot “something like 80% of all construction related litigation
in place is exposed to the elements. Using L-feet as the stems from water intrusion.”
structural interface between module or collector rackSolar contractors who do the math may decide that the
ing and the roof ’s structural members is an accepted, cost of flashing all penetrations is cheap insurance. The
general practice in solar installations. It is also without precedent in the roofing industry
and the building trades. Some
industry experts warn that the
solar industry is exposing itself
to increased risk and liability.
Flashed penetrations use the
roofing system as their primary
defense against water intrusion.
Sealants merely serve as a secondary line of defense. Common
sense suggests that redundant
INCORRECT
CORRECT
systems are better, especially
over time. Systems installed
with exposed fasteners essen- Flashing stanchions For best waterproofing results, keep the head of the lag bolt above
tially rely on a product to last the line for the last course of shingles.
up to 25 years in a very harsh
location. This expectation is
typically not supported by sealant manufacturer claims. executives at Borrego Solar Systems, an experienced solar
In some cases, the products chosen are not even chemically contractor with multiple locations in California and New
compatible with the roof surface they are intended to seal. England, came to this conclusion. Chris Anderson, COO
While some installers cover the base of their L-feet with at Borrego, says that after an extensive internal review of
a custom flashing detail, the hardware does not readily project histories, installation practices, roofing codes and
lend itself to this. The vast majority of L-feet retrofitted on the laws pertaining to negligence, a companywide decipitched roofs are simply sealed, but not flashed.
sion was made to flash all roof penetrations. This decision
This lack of flashing, argues Stuart Wentworth at was underscored by comments from a legal counselor who
Quick Mount PV, exposes solar installers to more than stated that “mold caused by water intrusion is the lawsuit
just increased odds of water leaks. “Failing to build to for the next 20 years.”
code is regarded as negligence by most current general
“Proper flashing,” Anderson emphasizes, “is a way
contracting laws,” Wentworth says. “The statute of limita- of demonstrating Borrego’s commitment to quality and
tions on negligence is for the life of the project, and this in- excellence, in keeping with our mission statement. The
CORRECT
terminable liability falls on the solar contractor. Not only only downside we identified was
increased material and
is flashing roof penetrations the ideal solution for long- labor cost, which we estimated at less than $0.15/watt.
term waterproofing, it is also frequently mandated by the The roofing industry has clearly proven that the extra time
Authority Having Jurisdiction (AHJ), written into codes and materials associated with proper continue d on pa g e 7 8
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flashing are minimal compared to the potential exposure
associated with water intrusion issues. Reducing risk may
be the primary benefit that we realize, but using flashing
also gives us a competitive advantage in the market.”
Anderson believes that the PV industry as a whole needs
to standardize its construction techniques with those of
the roofing industry. He and Wentworth point out that
there is no shortage of reference material on the subject.
The National Roofing Contractors Association publishes
The NRCA Roofing Manual annually, detailing the best practices and techniques for the roofing industry. Additional

manuals and guidelines are available from other associations (see Contact).
These best practices are echoed in building codes and
manufacturer installation instructions. The International
Building Code, for example, requires flashing at all “roof
openings,” and Borrego Solar decided that the The NRCA
Roofing Manual defines roof openings as all penetrations
other than roofing nails. These are the very distinctions
argued by lawyers in construction defect lawsuits and claims
of contractor negligence. As such, a solar contractor needs
to ask, “Am I exposed?” continue d on pa g e 8 0

Flashing Attachments –
Rooftop Innovation on the Rise
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Quick Mount PV
This company
manufactures low
profile, flashed
anchors for a
variety of pitched
roof surfaces.
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One sign that the solar industry is moving toward the
use of flashed attachments as a standard practice is that
several module manufacturers have proprietary racking
systems that incorporate this feature. The Sharp OnEnergy
SRS racking system, for example, has the industry’s first low
profile, flashed attachment that incorporates a vertical slider
feature. This product incorporates flashing, one or more
layers of butyl tape and gasketed sealing washers to ensure
a waterproof attachment. SunPower Corporation also has
a flashed attachment system available for its installers. And
the penetration of flashed solutions into the solar industry
does not stop at racking systems. Flashed rooftop combiner
boxes, like the SolaDeck enclosure manufactured by RSTC
Enterprises, are also available.
Look for more rooftop product innovations that save
installers time, money and sleepless nights as the solar
industry comes to scale. {
Sharp OnEnergy SRS Sharp’s solar racking system offers
flashed attachments for asphalt shingle and tile roofs.

Co u r t es y s o la r. s h ar p u s a .c o m

S

olar installers wanting to flash penetrations have historically relied on flashed stanchions for this purpose. Most
racking manufacturers—ProSolar, UniRac, Direct Power &
Water, for example—make standoffs that installers can waterproof using conventional roof vent flashing, like the products
available from Oatey. One aesthetic complaint from installers
and customers alike is that racking systems installed on stanchions are generally raised higher off the roof than installations
using L-feet.
As the solar industry has grown, so have the flashed
attachment options available to installers. Thompson Technology Industries manufactures the Flat Jack Roof Mount, a low
profile system designed for asphalt shingle roofs that requires
no shingle cutting or additional sealants. Quick Mount PV also
offers a low profile, flashed anchor designed for securing solar
racks to a variety of pitched roof systems. Like stanchions,
these products can be used with any racking system.
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Pitched Roof Racking

Minimizing Roof Attachment
Points and Penetrations
While proper flashing and sealing
materials and techniques can all
but eliminate the possibility of water
intrusion, a racking system’s structural engineering is actually the best
protection against leaks. Good engineering upfront will limit the number of penetrations required, thereby
reducing the possibility of water damage before the first pilot hole is drilled.
Array design loads include dead loads, live loads and
wind loads at a minimum. Depending upon your location
and application, snow loads and vibration loads may also
apply. Of these, wind loading is typically the most significant design consideration for solar projects. Wind loads
exert upward, downward and lateral forces on an array.
Not only are wind loads dynamic in nature, but they can
also exert enormous forces. Given the right exposure and
roof angle, uplift force on an array can exceed 50 pounds
per square foot in a strong wind. Because resisting wind
load is usually the main reason for making roof penetrations, understanding some basic structural engineering concepts can empower system designers, maximize
installer efficiency and minimize both costs and the number of roof penetrations required for a given project.
A conservative structural approach, for example, is to
spread out design loads across many attachment points,
reducing point load stresses. Unfortunately for solar
installers, structural attachments are also penetrations
that they must seal against water intrusion. The more
penetrations used, the greater the risk of roof leaks, and
the more time spent waterproofing attachments.
In order to use fewer penetrations, each point of
attachment needs to be stronger. There are two main ways to
increase resistance to wind loads on a pitched roof without
using more points of attachment. The first is to increase
bolt diameter or tensile strength; the second is to increase
the depth of thread embedment for lag screws. These are
strategies to consider on projects where minimizing the
risk of roof leaks is a high priority, which is almost always
the case. On projects where the labor and material costs
are high per attachment, it may likewise be desirable.
Consider working with a professional structural engineer on projects that will use fewer, stronger attachments.
In some cases, the cost of hiring an engineer will pay for
itself during the installation. Also, the professional liability
insurance that engineers carry is of value to you and your
business. Working with an engineer reduces your liability,
as long as the engineer’s instructions are followed. The
cost of engineering attachments is easiest to absorb on

commercial projects, where PE certification is already required for permitting.
Residential installers may find that
they can achieve the same results in-house.
UniRac is a good example of a company that
enables installers to calculate, through a
series of equations, the maximum allowable attachment spacing, thereby minimizing the number of roof penetrations and
wasted materials. Most racking companies
provide some engineering information
for their products, such as attachment spacing and suggestions for bolt diameters, grades or thread embedment.
Whatever racking product you use, it is always important to read and follow the manufacturer’s installation
instructions and recommendations. Failure to properly
anchor an array could lead to property damage or bodily
harm. It is in the interest of safety, liability and your good
reputation that all racking is anchored firmly into structural
members, not just the sheathing. If array fastenings are
inadequate, there is always a possibility that they will pull
out in a high wind, damaging the roof and sending your
handiwork flying. If this happens, water intrusion may be
the least of your worries.

If array fastenings are
inadequate… water
intrusion may be the least
of your worries.
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The world is getting
smarter about solar.
SunPower helps businesses and homeowners across the globe win on
performance, design and environmental leadership. We manufacture
the world’s most efficient solar panels, bringing a quarter-century of
experience to our customers. This is Smarter Solar.™
sunpowercorp.com
1-800-SUNPOWER

Interview

An Experienced Perspective

AEE Solar’s David Katz
Thirty Years in the Wholesale Supply Chain

V

JS: What is the current split in your
product sales between grid-tie and
off-grid, and between commercial and
residential installs?

DK: Probably 30% of our business is still
off-grid. A lot of distributors have moved
away from it. There is so much money
in grid-tie, they are not interested. Commercial has got to be bigger now because,
of course, the projects are so big. So I’m
guessing it is close to 50-50 now, maybe
even a little more commercial. And that is
driven by the investment tax credit that’s
maybe going away and thus everyone’s
rush to install a PV system while they get
30% back from the federal government.

sh a wn sc h re in e r.c om

eteran solar pro David Katz, CEO
of AEE Solar, has been in the
industry since 1979 when he founded
Alternative Energy Engineering to bring
“power to the people” in northern California. He responded in 1981 to clamors
from interested buyers with a “Lindberg
ransom note” style cut-and-pasted catalog, becoming one of the first US solar
distributors. The 2008 full color version
of the wholesale catalogue is 208 pages
and used by PV system designers and
installers throughout the industry. An
electrical engineer by training, David’s
interest in solar began with a personal
need for electricity in his owner-built
Humboldt County home. Over the last
three decades, David has built up one of
the most respected and rapidly growing
networks of dealers in the US.
—Joe Schwartz, SolarPro Publisher and
Editor, caught up with David at ASES
Solar 2008 in San Diego.

Selling solar for 30 years AEE Solar CEO David Katz has been raising the bar on
making money from the sun since 1979.

right back. I’m just looking at these
European and Japanese companies that
are buying businesses in the US, for way
more than they are worth, because they
are assuming the market is going to grow
like crazy. They see what happened in
Germany, and everyone is looking for the
same thing to happen in the US. I think
those guys can’t be wrong. The market
is not going anywhere without the tax
credit. So I think they will make it happen.

JS: What do you think the impact of that
tax credit expiring might be?

JS: Do you think there are dark days ahead
for small design and installation outfits?

DK: If it goes away, I think it will come

DK: I think that there will be increasing
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rebates all over the country for residential systems. I am confident that the
whole country is going to come along,
and there will be lots of room for the
small installers. People want to be green.
People want to minimize their impact
on the earth, but they’re still into running their air conditioning.
JS: What changes have you seen since
’81 in the profile of your dealers? Has
there been a significant shift toward more
mainstream electricians?

DK: In the old days, it was kind of the
back-to-the-land continu ed on page 84

Data Management, Performance Monitoring and Reporting Services for commercial scale power systems

MONITOR / REPORT & OPTIMIZE
your Power System Performance

How well is your
renewable energy
power system
working?

CEC listed for PMRS

YOUR COMPLETE COMMERCIAL MONITORING SOLUTION
Hardware and Software Instrumentation that will enable you to interface with your system remotely
• Our Sentalis line of high performance monitoring
systems offers stand alone, modular data
acquisition units that are easily expandable for
monitoring large photovoltaic installations
• Advanced datalogger manufactured by Campbell
Scientiﬁc - highly dependable even in harsh,
remote environments
• Remote diagnostics and automated e-mail alarms
• Automated data reporting
• Local data storage and battery backup
• Integrated sensor mounts and interconnect
cabling for quick and easy installations

Sentalis Graphical User Interface

True performance metrics calculations with adjustable
parameters, and graphical displays available online in
real time through our dedicated websites.

• Capable of monitoring multiple ﬂeets in
distributed locations
• As a Performance Data Provider, Draker will
help you satisfy all requirements for Performance
Based Incentives
www.drakerlabs.com
802.865.3866

Interview
person who was innovative and working his neighborhood as an installer.
Now we see a lot of building, electrical,
heating/air conditioning and home
improvement contractors who are
professionals in dealing with homes
coming into at least the grid-tie side of
it. The off-grid side is still populated by
the old-timers who have been doing it

for a long time. You can’t find a nuclear
engineer under 50. I think that it is the
same with off-grid guys.
JS: Speaking of batteries, I hear you’re
running an ac-coupled system at your
home in Arcata.

DK: We have an ac-coupled system where
the PV array feeds the subpanel that has
my critical loads in
it: the refrigerator,
the electric igniter
in the fireplace and
all the lights in the
living room. I have an
OutBack GVFX3524
inverter that has the
inputs connected
to a breaker in the
main panel, and the
output is connected
to the subpanel.
When the grid goes
down, the subpanel
sees the output of the
OutBack. It looks like
the grid is still there
so the array keeps on
working. I have a 4
kW array on the roof.
I use two 1800-watt
SunnyBoys, because
they have 120 V output. I fed them into
the 120 V subpanel
to run my critical
loads. I set it up fairly
simply to have good
grid-tie efficiency
and standby power.

s h aw n s ch rei n er.c om

JS: What is the
control approach?

A sharp mind for business and tech Katz has been
expanding his dealer network into new vertical markets that
include mainstream electrical and roofing professionals.
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DK: I just have a
relay that is connected to the ac input
to the SunnyBoy
inverters and is also
connected to the
auxiliary output
of the OutBack
inverter. It measures

battery voltage. There is no other control
for it. As long as the SunnyBoy sees ac on
its input, it will charge the batteries via
the OutBack inverter if I am not using
the power in the house. If the sealed
batteries get up to 28.4 volts, this opens
the relay. The array on the roof sees this
as a power failure and it turns off. When
the battery voltage drops a volt, the
array turns back on again. So I use the
relay as the charge controller.
JS: What technology innovations are you
paying attention to?

DK: I am not seeing a lot of technology
innovations in solar modules. There is a
gradual increase in efficiency. I have seen
all the big module manufacturers growing
their capacity with conventional crystalline technology. So I do not think that the
nano solar idea is close. These big module
manufacturers wouldn’t put billions of
dollars into plants to produce technology
that is going to be obsolete.
Inverter technology is definitely
changing. They are getting better,
and they are getting more efficient. I am
interested in the Enphase Energy microinverter, the individual module inverter.
You could do a 500 kW installation with
microinverters, and you’d get monitoring and maximum power point tracking
right down to the module level. You do
not have these conduits filled with
600 Vdc wire running all over the roof
and down. For a large installation on
a big box store you have to have a lot
of room to put in a megawatt worth of
inverters. If you do it with modular inverters, you’ve got the inverter mounted on
the racking underneath the modules. It
is conventional ac wiring. You turn off
the breaker and everything goes off on
the roof. The only power flow is between
the module and the little inverter under
it. So, source circuits are 18 inches long
or something, and everything else is ac.
I bet fire marshals love it. Pricing could
be competitive. I think that if microinverters would come in under $0.50/
watt, they would be competitive with
$0.25/watt central continu ed on pa ge 86
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with lower system costs!
We benefit your bottom line, you benefit our world.
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Interview
inverters that require all the real estate
and all the extra parts. It is doable if the
right people design it.
JS: In terms of installers, what do you see
as their biggest headaches at this time?

DK: There is a module shortage right
now. Supply keeps going up and down
based on artificial parameters and
incentives. Mostly because of Spain’s
and Germany’s tax credits, people are
paying 30% to 40% more for modules
there. So any module manufacturer
who is going to sell modules in the US
has to have decided to subsidize the US
market. I think everyone realizes we
can’t charge people in the US the price
they are charging in Germany for modules or it would look like the incentives
all failed. (laughter) It’s a crazy kind of
system. You’ve got to have the price of
the module drop gradually to match
the rebates. And what the rebates do is

POWER

Whether you are using our innovative tube
collectors, traditional flat plates, or our
affordable pool panels, you can be certain
that you are installing a high quality product
that is NGE4 certified to be efficient, effective,
ecological, and economical.

increase demand and grow the industry. Unfortunately what’s happened is
demand has increased so much, the
price has gone up on the modules.

that is going to keep prices high.

JS: Do you think silicon supplies have
stabilized at this point?

DK: No, we’re still relatively short. The
silicon industry does not want to grow
as fast as the solar industry is growing,
because they are a bit afraid of it. In the
late 1990’s, they were growing really fast
for the dot-com industry. And then the
stock market crashed, and the dot-com
industry crashed, and they had capacity
they couldn’t use. The silicon shortage
has been a blessing for them. Silicon
refineries are getting $400/kg on the
spot market now, and they were getting
$28/kg in 2000.
JS: So anyone without long-term contracts
now is buying on the spot market and

DK: Yes. For the Chinese companies
selling modules, their silicon price is
30% higher than the US manufacturer.
The Chinese are working on refining
silicon now. I have heard that Chinese
companies are hiring people from
MEMC and REC—old guys who know
how to refine silicon. The Chinese
bring them over and pay them a lot
of money to show them how. I see
that as something that will drive a
lower price.
The industry is in an interesting
place. The US has sort of become the
“China” of solar. Many companies
manufacture here: Solar World, BP
Solar, Sharp. We’re cheap labor and
cheap energy for the industry…and
cheap silicon really. So, I see us as
being the China of solar right now. This
is where you get good quality module
manufacturing at a low price.

CONTROL FLEXIBILITY

Our control systems are superior for several
reasons. With a dual-pump drainback feature, as
well as BTU output monitoring, freeze protection,
system diagnostics, and prioritized multiple storage options, our control system will give you the
intuitive system management you have been
looking for. Customized solutions are available.

With our exclusive NEX® tube racking system, you
can substantially reduce your costs, install time, and
roof penetrations. Our telescoping, pre-punched, and
multi-directional strength octagonal racking system
has the combined benefits of round and square racking
systems. Can be used with standard unistrut cross
sections. Customized solutions are available.

Next Generation Energy® carries a wide range of thermal DHW and radiant
heating packages, as well as PV and wind energy systems. Our prices, products,
and service simply can’t be beat. Limited dealer territories available.
Call or visit us on the web to find out more.

www.ngeus.com t 877.NGE4SUN
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Unprecedented Innovation
Unmatched Quality
Unbelievable Price

Introducing the S-5-PV Kit, a
revolutionary new solution to attach solar PV
panels to standing seam metal roofs!
Crystalline PV modules mounted
with the S-5-PV Kit to a standing
seam metal roof produces a
reliable 30-year 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.

888-825-3432

www.S-5.com

3IMPLE

ACE: Acme Conduit Entry
hassle free wire transition,
any conduit type

3AFE

WEEB: Washer,
Electrical Equipment Bond

bonds modules to racking for
safer grounding, listed to UL 467
Available for Professional Solar, UniRac,
DP&W Power Rail, IronRidge, and Schuco
..

3ECURE

ACC: Acme Cable Clip

easy installation, noncorrosive stainless steel
Available for USE-2 and PV Wire

WILEY ELECTRONICS

LLC

WILEY ELECTRONICS

LLC

renewable energy
!CCURATE advancing
ASSET:technology
Acme SolarforSite
Evaluation Tool
1131
Kings
Highway,
Saugerties,
NY 12477
solar site evaluation with user friendly software
(845) 332-6077 / (845) 247-2875 www.we-llc.com
advancing technology for renewable energy
1131 Kings Highway, Saugerties, NY 12477
(845) 332-6077 / (845) 247-2875 www.we-llc.com
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Training
Industry-specific training and educational opportunities 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, community
colleges, renewable energy associations and other
dedicated training centers are invited to become
subscribers and register events online at
solarprofessional.com/training.

September
Grid-Tied PV Systems
Solar Energy International
Sep 15 – Sep 19, 2008
Sandy Hook, NJ
$800 – $850
ISPQ/N-EL
solarenergy.org
Solar 101 Hands-On
DC Power Systems
Sep 17 – Sep 18, 2008
New Jersey
$500
dcpower-systems.com
REC, DPW, OutBack
AEE Solar
Sep 18, 2008
Baton Rouge, LA
$75
N-CE
aeesolar.com
REC, Fat Spaniel, Fronius,
PV Powered Metering
AEE Solar
Sep 18, 2008
Sacramento, CA
$75
aeesolar.com
PV 101
Solar Depot
Sep 18, 2008
Petaluma, CA
$295
solardepot.com
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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 is NABCEP certified

Intro to Grid-Tied PV for
Professionals
DC Power Systems
Sep 19, 2008		
New Jersey
$350
dcpower-systems.com
Advanced PV: Design Criteria
and NEC Compliance
Solar Energy International
Sep 22 – Sep 26, 2008
Sandy Hook, NJ
$800 – $850
ISPQ/N-TP: PV
solarenergy.org
PV 101
Solar Depot
Sep 23, 2008
Sacramento, CA
$295
solardepot.com
PV 101
Solar Depot
Sep 24, 2008		
Fresno, CA
$295
solardepot.com
Intro to Grid-Tied PV for
Professionals
DC Power Systems
Sep 26, 2008		
Healdsburg, CA
$350
dcpower-systems.com
Advanced PV: Design Criteria
and NEC Compliance
Solar Energy International
Sep 29 – Nov 7, 2008
ONLINE $725 – $775
ISPQ/N-TP: PV
solarenergy.org
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Continuing Education for the Pro

Photovoltaic System Design
for Engineers & Designers
High Sun Engineering
Sep 29 – Oct 1, 2008
San Francisco, CA
$800- $1050
N-CE
sunengineer.com

REC, OutBack, MK
AEE Solar
Oct 3, 2008		
Atlanta, GA
$75
N-CE
aeesolar.com

Solar 101 Hands-On
DC Power Systems
Sep 29 – Sep 30, 2008
Healdsburg, CA
$500 		
dcpower-systems.com

PV 301: Advanced Grid-Tied PV
Solar Living Institute
Oct 4 – Oct 5, 2008
Hopland, CA
$250
N
solarliving.org

Solar Hot Water
Solar Energy International
Sep 29 – Oct 1, 2008
Sandy Hook, NJ
$500 – $550
N-TP: ST
solarenergy.org

Grid-Tied PV Systems
Solar Energy International
Oct 6 – Oct 10, 2008
Pittsboro, NC; San Diego, CA
$800 – $850
ISPQ/N-EL
solarenergy.org

October
PV 201: Intro to Grid-Tied PV
Design & Installation
Solar Living Institute
Oct 2 – Oct 3, 2008
Hopland, CA
$250
N
solarliving.org
Microinverters
Automation Solar for Enphase
Energy
Oct 3, 2008		
San Jose, CA
no fee
N
jobtrainworks.org

PV 121: PV Design &
Installation Intensive
Solar Living Institute
Oct 6 – Oct 10, 2008
Hopland, CA
$750
N
solarliving.org
Basic Residential Installation
Sharp
Oct 6 – Oct 7, 2008
Huntington Beach, CA
$500
N-CE
sharpusa.com
c o n t i n u e d o n pa g e 9 0
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REGISTER ONLINE TODAY!
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Training
REC, Fronius, Unirac
AEE Solar
Oct 7, 2008		
Bakersfield, CA
$75
N-CE
aeesolar.com

PV 221: Advanced
Photovoltaics
Solar Living Institute
Oct 29 – Nov 2, 2008
Hopland, CA
$750 		
solarliving.org

RE 211: Solar Water Heating
Intensive
Solar Living Institute
Nov 7 – Nov 9, 2008
Hopland, CA
$375
solarliving.org

Solar Hot Water
Solar Energy International
Oct 13 – Oct 16, 2008
Guemes Island, WA
$625 – $675
N-TP: ST
solarenergy.org

PV 101
Solar Depot
Oct 29, 2008		
Corona, CA
$295 		
solardepot.com

REC, Fronius
AEE Solar
Nov 7, 2008		
Salt Lake City, UT
$75
N-CE
aeesolar.com

Grid-Tied PV Systems
Solar Energy International
Oct 20 – Oct 24, 2008
Manteca, CA
$800 – $850
ISPQ/N-EL
solarenergy.org
PV 121: PV Design &
Installation Intensive
Solar Living Institute
Oct 20 – Oct 24, 2008
Hopland, CA
$750
N
solarliving.org

PV 101
Solar Depot
Oct 30, 2008		
San Diego, CA
$295 		
solardepot.com

November
Solar 101 Hands-On
DC Power Systems
Nov 5 – Nov 6, 2008
Florida
$500 		
dcpower-systems.com

REC, SMA, Unirac
AEE Solar
Nov 7, 2008		
Monterey, CA
$75
N-CE
aeesolar.com
Grid-Tied PV Systems
Solar Energy International
Nov 10 – Nov 14, 2008
Honolulu, HI
$800 – $850
ISPQ/N-EL
solarenergy.org
Grid-Tied PV Systems
AEE Solar & SEI
Nov 10 – Nov 14, 2008
Portland, OR & Seattle, WA
$850
ISPQ/N-EL
aeesolar.com

Xantrex, Unirac, MK, OutBack
AEE Solar
Oct 22 – Oct 23, 2008
Grand Junction, CO
$95
N-CE
aeesolar.com

Basic Residential Installation
Sharp
Nov 6 – Nov 7, 2008
Huntington Beach, CA
$500
N-CE
sharpusa.com

Basic Residential Installation
Sharp
Oct 23 – Oct 24, 2008
Mahwah, NJ
$500
N-CE
sharpusa.com

Intro to Grid-Tied PV for
Professionals
DC Power Systems
Nov 7, 2008		
Florida
$350 		
dcpower-systems.com

PV 912: Solar Sales &
Marketing
Solar Living Institute
Nov 12, 2008		
San Francisco Bay Area
$225
N
solarliving.org

Advanced PV: Design Criteria
and NEC Compliance
Solar Energy International
Oct 27 – Oct 31, 2008
Manteca, CA
$800 – $850
ISPQ/N-TP: PV
solarenergy.org

PV 290: Off-Grid Systems for
Professionals
Solar Living Institute
Nov 7 – Nov 8, 2008
Hopland, CA
$250 		
solarliving.org

REC, OutBack, Quickmount
AEE Solar
Nov 12, 2008		
Los Angeles, CA
$75
N-CE
aeesolar.com
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PV 920: Economics of Solar:
Making the Financial Case
Solar Living Institute
Nov 13, 2008		
San Francisco Bay Area
$225
N
solarliving.org
PV 913: Commercial Solar
Economics & Financing
Solar Living Institute
Nov 14, 2008		
San Francisco Bay Area
$225
N
solarliving.org
Advanced PV: Design Criteria
and NEC Compliance
Solar Energy International
Nov 17 – Nov 21, 2008
Honolulu, HI
$800 – $850
ISPQ/N-TP: PV
solarenergy.org
Solar 101 Hands-On
DC Power Systems
Nov 17 – Nov 18, 2008
Healdsburg, CA
$500 		
dcpower-systems.com
Basic Residential Installation
Sharp
Nov 20 – Nov 21, 2008
Mahwah, NJ
$500
N-CE
sharpusa.com
Intro to Grid-Tied PV for
Professionals
DC Power Systems
Nov 21, 2008		
Healdsburg, CA
$350 		
dcpower-systems.com

Have a professional
training you would like
to post?
Visit:
solarprofessional.com/
trainings

Save
the DateËË
wÁËÍjËxÁÄÍjÜjÁËË
PV AmericaËqË
?ËWwjÁjWjËwÁËË
ÍjË+7ËaÖÄÍÁßu

Philadelphia  June 8 – 10, 2009
The Solar Energy Industries Association (SEIA) and the Institute

Exhibit Sales
Are NOW Open

of Electrical and Electronics Engineers (IEEE) present the
premier PV-focused industry conference and trade show in
the U.S. Programming from IEEE’s renowned Photovoltaic

ËÍËwww.seia.orgËwÁËÁjË
wÁ?ÍËÁËW?Ë+?ÖË ?ÄWMË
?ÍËÈåÏy¤È|ËÍËÁjÄjÁÜjËßÖÁË
Ä¬?WjËÍa?ß±

Specialists Conference (June 7 – 12, 2009) is paired with
SEIA’s policy and market development expertise to give you
the most current updates on PV technology, industry trends
and business opportunities. All proceeds of the event go
toward advocacy work to advance policy and expand
the U.S. solar industry market.

Who Should Attend:
VËË+7Ë?Öw?WÍÖÁjÁÄ^ËaÄÍÁMÖÍÁÄË
?aËÄÍ?jÁÄ

VËConnect with industry professionals and policy-makers

VËËaÖÄÍÁßËx?WjÁÄ^Ë??ßÄÍÄËË
?aËÜjÄÍÁÄ

VËËLearn about emerging PV markets in the U.S., such as PV
America’s host city of Philadelphia and the Mid-Atlantic.

VËË+ÁjWÍËajÜj¬jÁÄ
VËË-jÄj?ÁWjÁÄ^ËjaÖW?ÍÁÄË?aË
ÍjWW?ËÄ¬jW?ÄÍÄ

VËËGain cutting-edge technical information on PV cell design,
materials, manufacturing, and deployment.

VËËjajÁ?^ËÄÍ?ÍjË?aËW?Ë
~ÜjÁjÍËwxW?Ä

VËËHear updates on state, regional and national business and
legislative issues that impact the industry.

Vp±?aËßÖu

Go to www.seia.org for more information!

Don’t miss the first ever PV America!
+ÁjÄjÍjaËMß]

+?ÁÍjÁÄ]

.¬ÄÁjaËMß]
.?ÁËaÜW?Íj]

.?ÁË.Ö¬¬ÁÍjÁ]

.?ÁË ÍÁMÖÍÁ]

Projects

System Profiles

COMMERCIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Sierra Nevada Brewing Company
Overview
Designer: Rich Hawkins,

Director, Solar Sales, Chico Electric,
chicoelectric.com
Lead installer: Bob Madison,
Project Leader, Chico Electric
C ou r te sy br ia n pe te r son ph otogr a ph y.c om

Date commissioned:

Phase 1 (~1 MW) February 2008
Phase 2 (~420 kW) July 2008
Installation timeframe:

Phase 1, 4 months; Phase 2, 1 month
Location: Chico, CA, 38.5° N
Average solar resource:

5.5 kWh/m2/day
Record low temperature: 19° F
Array capacity: 1.42 MW STC

Equipment Specifications
Modules: 7,648 Mitsubishi Electric
PV-UD185MF5, 185W STC +3%/-3%,
7.58 Imp, 24.4 Vmp, 8.13 Isc, 30.6 Voc
Inverters: 3-phase, 480 Vac system,
16 Solectria Inverters (4 PVI 60 kW; 7 PVI
82 kW; 5 PVI 95 kW), 600 Vdc maximum
input, 330-500 Vdc MPPT range
Array: 16 modules per series string
(2,960 W STC, 7.58 Imp, 390.4 Vmp,
8.13 Isc, 489.6 Voc), number of series
strings per inverter varies
Array installation: Membrane roof

utilizes SunLink at 5° tilt to minimize
roof penetrations; metal roof utilizes
Unirac at 5° tilt; azimuth range between
160° and 190°
Array combiners: Xantrex 10circuit and 12-circuit combiner boxes,
12 A fuses
System monitoring: Fat Spaniel

Technologies
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T

he Sierra Nevada Brewing Company’s
system presented three major design
challenges: accounting for multiple roof
orientations, making a cost effective
interconnection and minimizing roof
penetrations.
Multiple roof surfaces and racking
systems created ten distinct combinations
of azimuth and roof tilt at the site. In order
to maximize total system efficiency, multiple midsized inverters were used in place
of larger inverters. The inverter manufacturer, Solectria, provided valuable design
assistance. Each of the sixteen inverters
was dedicated to a subarray with the same
orientation. This will optimize production
over the life of the system.
Interconnecting the system was not
a big problem. Most of the design time
was spent optimizing the interconnection
around wire runs that average over 200 ft.
in length. In order to make the interconnection as cost effective as possible, two
separate PV system disconnects were
used. One of these was located at a
distance from the main revenue meter.
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This required close coordination with
PG&E.
“Because 80% of the PV generating
capacity was installed atop a membrane
roof, we were very concerned about minimizing the total number of roof penetrations. The racking manufacturer helped
address these concerns. SunLink uses a
combination of penetrations, adhesions
and ballast to structurally attach their tilt-up
racking system. By specifying a 5° tilt and
optimizing the design with SunLink engineers, we were able to limit the total number of roof penetrations. One penetration
per every 10 to 15 modules was typical.”

—Rich Hawkins, Chico Electric

C o u rt es y ch i co el e ct r i c. c om

Average annual ac production:

1,700 MWh

AMERICA’S LEADING POWER SYSTEM, LIGHTING & CABLING EXPOSITION

HSFFO!
FOFSHZ
Learn how to get solarized
using clean, safe, reliable and
cost-effective solar power.

Products and Services, New Markets, Education.

Uif!gvuvsf!jt!HSFFO/
HSFFO/
Uif!gvuvsf!jt!bu!OFDB!3119!Dijdbhp/
NECA 2008 | CHICAGO | OCTOBER 4-7, 2008
SEE FURTHER, THINK CLEARER, ACHIEVE MORE.
3 BETHESDA METRO CENTER, SUITE 1100 . BETHESDA, MD 20814 . PHONE: (301) 215-4506 . FAX: (301) 215-4553

WWW.NECACONVENTION.ORG

Projects
COMMERCIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Pan Ocean Aquarium, Inc.
Overview
Designer: Bradley Hibberd, Director

of Engineering, Borrego Solar Systems,
borregosolar.com
Lead installer: Loren O’Hara,
Foreman, Borrego Solar Systems
Date commissioned: March 2007
Installation timeframe: 24 days
Location: Hayward, CA, 37.6° N
Average solar resource:
C ou r te sy bor re gosola r.c om (2)

4.8 kWh/m2/day
Record low temperature: 21° F
Array capacity: 73.4 kW STC
Average annual ac production:

97.6 MWh

Equipment Specifications
Modules: 432 Sharp ND-170U1,

170 W STC, +10%/-5%, 4.9 Imp, 34.8
Vmp, 5.47 Isc, 43.2 Voc
Inverters: 3-phase, 208 Vac system,

12 SMA SB 6000U, 5.2 kW each, 600
Vdc maximum input, 250-480 Vdc
MPPT range
Array: Twelve 36 module subarrays:

12 modules per string (2,040 W STC,
4.9 Imp, 417.6 Vmp, 5.47 Isc, 518.4
Voc), 3 strings per inverter (6,120 W
STC, 14.7 Imp, 417.6 Vmp, 16.41 Isc,
518.4 Voc)
Array installation: Flat roof
mount, composite rolled roofing,
SunLink MonoLink rack system,
180° orientation, 5° tilt
Array combiners: 6 OutBack

PSPV, 10 A fuses
System monitoring: SMA Sunny

WebBox
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T

wo notable hurdles existed on the
construction side of this project: roof
load and system tie in.
The first big challenge was designing a system the roof could support.
Given the unique construction of the
building, overall weight was not a
problem but the point loads were. There
were a number of ideal beams to drive
lag screws, but they could not support
the point loads. As a result, an approach
was devised that allowed the racking
system to span longer distances to
concentrate the penetrations into fewer,
larger beams. The design came together
with the help of an outside
engineering firm and the
use of SunLink’s MonoLink
racking system that allowed
spanning the distances
needed.
The other big obstacle
was determining a code
compliant way to tie the
system in electrically. Given
the age and condition of
the electrical panel, the
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solar could not be landed with a back
fed breaker. Instead the system was tied
in on the line side of the main breaker,
which meant shutting down the building’s electrical service.
“The tough thing about turning off the
power was that the aquarium aerating
pumps could only be down for a couple
of hours before fish would start dying. To
protect the assets of our customer, we
had to plan well and execute swiftly or
there would have been serious problems.”

—Brian von Moos, Director of
Business Development, Borrego Solar
Systems
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Projects
RESIDENTIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Greer Residence
Overview
Designer: Tonya Morgan,

Connecticut Operations Manager,
SolarWrights, solarwrights.com
Lead installer: Ben Philbrick,
Installation Foreman, SolarWrights
Date commissioned:

June 17, 2008
Installation timeframe: 7 days
Location: Lisbon, CT, 41.6º N
Average solar resource:

4.4 kWh/m2/day
Record low temperature: -17º F
Array capacity: 11.34 kW STC
C ou r te sy sola r wr igh ts.c om (2)

Average annual production:

12.32 MWh

Equipment Specifications
Modules: 54 SunPower SPR210-

BLK, 210 W STC, + 5%/-5%, 5.25
Imp, 40.0 Vmp, 5.75 Isc, 47.7 Voc
Inverters: 2 SunPower SPR-5000m,

5 kW each, 600 Vdc maximum input,
250-480 Vdc MPPT range
Array: Two 27 module subarrays:
9 modules per series string (1,890
W STC, 5.25 Imp, 360 Vmp, 5.75
Isc, 429.3 Voc) with three strings per
inverter (5,670 W STC, 15.75 Imp, 360
Vmp, 17.25 Isc, 429.3 Voc)
Array installation: Roof-mounted
on asphalt shingles, Direct Power &
Water Power Rail PV mounting system,
156º orientation, 34º tilt
Array combiner: SunPower 5000m

integrated fused string combiner,
15 A fuses

M

aintaining symmetry in an array
design, while assuring optimal
performance, is important with every
roof-mounted system. This was truly
personified on the Greer residence.
The design complimented the home’s
unique architecture, paying particular
attention to the skylight and large
center chimney. Maintaining enough
clearance around the chimney was
critical to avoid shading. High power
density, all black SunPower modules
were chosen for their high performance
and aesthetic characteristics.

Do you have a recent PV
or thermal project we should
consider for publication in
SolarPro?
Visit: solarprofessional.com/
projects
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The site presented a number of
challenges. Due to the relatively steep
roof pitch, the long, continuous lower
row of modules and the presence of
the glass sunroom immediately below
the array, the installers had to exercise
caution and wit in the installation. A
shelf made of 2 x 4s and plywood was
placed across the top edge of the sunroom to help protect the glass roof.
“The array extending out to the roof edge
presented another complication. The
system was built by starting in the middle
of the roof. The installers worked their way
up to the top of the roof and completed
the project by securing the long front row.
Stepladders were used on the balconies
at either end of the house to assist in the
completion of the bottom row.”

—Dave Cohen, CT State Director,
Earth Friendly Energy Group
DBA SolarWrights

Harvest the power of
the

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

Sun

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.

Stiebel Eltron is your one stop solar shop.
SOLKIT 2 includes:

Stiebel Eltron is the
authorized distributor
of Thermomax®
vacuum tube collectors
for New England.

2 x SOL 25 PLUS
Flat Plate Collectors

Pump station with
SOM 6 Controller

SBB 300 Plus Storage Tank

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

800-582-8423
17 West Street
West Hatfield, MA 01088
info@stiebel-eltron-usa.com

www.stiebel-eltron-usa.com

SolarWorld's new 500 MW factory for solar cells in Hillsboro, OR.

We make more PV in the
Americas than anyone.
From our new cell factory in Oregon to our expanded module line in California,
SolarWorld has reinforced our commitment to the American solar market with
even more manufacturing in the USA.
Installing US-made SolarWorld Sunmodules not only ensures superior reliability
and performance, it also avoids emissions from overseas shipping and keeps manufacturing jobs in America.
Call 1-866-226-5958 to get SolarWorld Sunmodules for your next job.

Visit SolarWorld in Booth 1613 at

SolarWorld. And EveryDay is a SunDay.

SolarWorld California
4650 Adohr Lane
Camarillo, CA 93012
service@solarworld-usa.com
1-866-226-5958

www.solarworld-usa.com

