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Bending over
backwards for you

The Fronius Difference
At Fronius, we’re proud of our products and service, always working to ensure the highest quality standards.
From simply returning phone calls and emails in a timely fashion, to creating a paper-free, low-stress service
process supported by knowledgeable technical support, to backing up our products with a standard 10-year
warranty, expandable to 15 years, we are always working to provide an excellent customer experience.
We call it “The Fronius Difference.”

PV Inverters  System Monitoring  Accessories

To that end, we want to hear from you, our customers. What are we doing right? What can we improve?
Please take a few minutes of your time to help us by completing a survey. Visit www.fronius-usa.com
and click on the link to our survey. Survey participants will be entered to win some great prizes in a monthly
drawing, beginning in March, and a grand prize drawing to be held at Solar Power International 2010 in
October. Sign up for our monthly newsletter for more information on prizes and other news from Fronius.
Want more information on Fronius products? Visit www.fronius-usa.com, or call 810-220-4414.

Raising the bar
for SOLAR
INSTALLERS

Distinguish Yourself
“Systems installed by NABCEP certified installers
have fewer problems at the time of inspection
than those installed by non-certified installers.”
– PV Workforce Development and the Market for Customer-Sited PV.
McRae et al. ASES 2008 Proceedings.

To find out how you can become a NABCEP Certified installer go to:

www.nabcep.org

WIN WITH

CANADIAN
SOLAR

The Canadian Rockies
have been inspirational for
generations. Now we’d like
to inspire you to share how
you’re reaching for greater
heights with Canadian Solar.
Show us your PV installation
with Canadian Solar modules
and you could win $3,000!

You could win $3,000
Across the country, professionals are choosing Canadian Solar

PV installations will be evaluated on engineering skill,

modules for their high quality performance and reliability. The Win

environmental impact, creativity, and aesthetics. Submit

with Canadian Solar contest gives you the opportunity to share

details regarding your completed solar installation built

the details of your PV installation – and have a chance to win!

with Canadian Solar modules, along with a high-resolution

The Grand Prize winner will

photo to www.canadian-solar.com/en/WIN

receive $3,000, and four Honorable

Contest runs March 1 to September 30, 2010. Contest details

Mentions will receive $500 each.

and official rules available at www.canadian-solar.com/en/WIN

Win with Canadian Solar Contest, March 1 to September 30, 2010. Deadline for entries is September 30, 2010. One grand prize winner and four honorable mentions will be announced October 12, 2010. Prizes are
non-transferable. Taxes are the sole responsibility of winners. Sponsors reserve the right to cancel, terminate, or modify contest. Other restrictions may apply. Check www.canadian-solar.com/en/WIN for more details.

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

Renewable
Energy
DESIGN GUIDE
& CATALOG

The industry’s most sought-after
product information resource
is now in print!
More than 200 pages of the latest and best
renewable energy technologies for homes
and businesses. Thousands of products,
with photos, specs, retail prices, plus design
guidance and installation tips.
AEE Solar dealers can get multiple
copies with their own branded cover to use
as their own sales tool. Our dealers also
get access to the contents of the catalog
digitally for their own marketing efforts.

Become an authorized
dealer and get all
AEE Solar has to offer:

Now on the web, too!

http://www.aeesolar.com/catalog/
Our catalog is now on our website, too –
and not as a PDF but in searchable html.
While only authorized dealers and installers
can buy from AEE Solar, everybody is free
to browse our extensive online renewable
energy products web catalog.

1. Best Products and Prices
2. Widest Inventory
3. Unsurpassed Tech
Support
4. Dealer Training
5. Renowned Catalog
6. Financing Packages

Whether you are an industry veteran or a solar rookie, put AEE Solar on
your team for solar success! Call or apply online today! www.aeesolar.com
CORPORATE OFFICES:
San Luis Obispo, CA

The Only Wholesale
Distributer You’ll Ever Need

SALES & SUPPORT:
Redway, CA • Oakland, CA • Sacramento, CA • Los Angeles, CA • Phoenix, AZ • Denver, CO
Salt Lake City, UT • Montpelier, VT • Olympia, WA • St. Petersburg, FL • Calgary, AB
WAREHOUSES:
Sacramento, CA • Manchester, NH
Calgary, AB • Oro Station, ON

800-777-6609 | 707-923-2277
sales@aeesolar.com • www.aeesolar.com
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Your Declaration of Independence
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Ultra reliable and efficient.
Intelligent equipment. Period.

www.kaco-newenergy.com (t) (866) 522 6765

Contents

2

April/May 2010

Issue 3.3

D e p a r t m ent s

20

FRONT END
10 Contributors Experience + Expertise
14 QA Quality Assurance
Avoiding and Resolving PV Permitting Problems |
Optimizing Array Voltage for Battery-Based Systems

20 The Wire Industry Currents
24 3-phase One Issue—Three Viewpoints

14

		Optimal PV-to-Inverter Sizing Ratio

Permit Fee ($)

Permit Fee ($/W)

Cycle Time (days)

Project

erage

Maximum

Minimum

Average

Maximum

Minimum

Average

Maximum

Minimum

Total
Number

9,400

$40,000

$175

$0.04

$0.22

$0.001

71

456

<1

103

1,185

43

6,100

$46,500

$154

$0.02

$0.17

$0.001

29

95

<1

16

1,000

77

3,450

$16,800

$91

$0.04

$0.12

$0.002

31

198

3

78

896

31

7,500

$22,000

$785

$0.16

$0.41

$0.022

62

206

4

24

308

23

9,500

$300,000

$90

$0.06

$0.40

$0.001

51

456

<1

251

3,900

23
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Tarn Yates and Bradley Hibberd, at the Borrego Solar office in

Berkeley, CA, examine an array operating voltage scatter plot generated by PV-DesignPro, a
production-modeling tool developed by Maui Solar Energy Software. Photo by Fred Speiser
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Need more flexibility with your solar design?
Average
(kW)
343
292
122
72
271

SolarMagic power optimizers enhance design flexibility by enabling:
™

n
n
n
n

Varying string lengths
Different tilts and orientations
Multiple module types and sizes
Better aesthetics

SolarMagic power optimizers use an advanced technology that monitors
and maximizes the energy harvest of each individual solar panel and
reclaims more than 50% of lost energy due to mismatch conditions.
To learn more, visit www.solarmagic.com/flexible

Solar for the Real World. www.solarmagic.com

Winner, innovation
Award Photovoltaics

Contributors

Experience + Expertise

Tobin Booth is CEO of Blue Oak Energy, a PV-focused firm
for commercial and utility-scale solar projects. He has more
than a decade of experience delivering multidisciplinary
solar projects for Blue Oak Energy and other firms. With
more than 50 MW of experience in the past 5 years, Tobin is
considered a leader in PV system design and engineering. He
is an alumnus of Colorado State University and is an active
professional engineer in mechanical and electrical engineering.

Jim Goodnight has more than 35 years of design and
project management experience covering a broad range of
technical fields. He has been designing and optimizing PV
systems since 2002 and is well-known on the NAWS and
OutBack forums as “crewzer.” Jim began providing technical
consulting and field support to OutBack Power Systems in
2004 and formally joined the company in 2008. He recently
joined Schneider Electric’s renewable energies business as a
senior sales application engineer.

Bradley Hibberd left the oil and gas industry in June 2003 to
join Borrego Solar as director of engineering, where he has
managed the design and engineering of over 12 MW of PV
installations. Bradley is responsible for the development of
Borrego’s design standards used by its engineering team and
the consolidation of its design and engineering tools. He holds
an MS in engineering from the University of Auckland, New
Zealand, and is a NABCEP Certified Solar PV Installer.

Phil Undercuffler enjoys life off the grid near Madrid,
New Mexico, in an ever-evolving project of a home. Phil
installed that system in 1995, his first, as an owner-builder.
He then became a licensed electrical contractor and
journeyman electrician specializing in both stand-alone and
grid-connected PV. He now serves as product manager
for Conergy. When not busy keeping up with his twin
daughters, Phil is a proud member of the Madrid Volunteer
Fire Department.

Tarn Yates is an applications engineer for Borrego Solar. He
was introduced to PV more than 15 years ago by an off-grid
system he maintained at a wilderness camp in the southern
Sierras. He is a NABCEP Certified Solar PV Installer and a
California certified electrician. Tarn holds a BS in physics
from the University of California at Santa Cruz, where he
completed research into the temperature effects on solar
cells in concentrating systems.

Corporate Office 360.435.6030
Technical Support 360.618.4363

Simplified

Ordering. Installation. Battery Back-up.

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

For available models and specs visit www.outbackpower.com/flexpower

Corporate Office 360.435.6030

Technical Support 360.618.4363

www.outbackpower.com
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New from HEYCO …
®

Wire Protection/Installation
Products for Solar Installers
and Integrators
Heyco® Solar Masthead™ II Cordgrips

• Accommodate USE-2 12 AWG and 10 AWG wire
• Feature skinned-over glands that

•
•
•
•
•

offer flexibility to use from 1 to 13
available holes while still
providing a liquid tight seal
around the wire
Designed for solar
rooftop installations
Provide a watertight seal
for PV module output leads
to inverters
Secure input PV leads from
solar panel array strings to fuse holder hookup
within solar combiner boxes
No disassembly required for installation
Available in other sizes and gland configurations–
contact Heyco

Heyco Liquid Tight
Snap-In “Solar Combiner
Box” Cordgrips
®

•
•
•
•
•
•
•

House multiple wires at
one entry point to provide
a liquid tight seal around
each wire and at the panel
Ideal when individual conductors for power or control
are used rather than jacketed cable
Feature a secure “click in place” fit that reduces
tightening errors by installers
Easy to install–no tools required
Have unique fingers that securely lock into a range
of panel sizes without use of a locknut
Offer limited intrusion into the combiner box enclosure
where access is tight
Rated IP 64

For FREE samples or product literature,
call toll free 1-800-526-4182, or visit our
website at www.heyco.com

®
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www.SMA-America.com

The biggest name in solar inverters just got bigger.
Meet the new Sunny Central 500U.
Today’s solar power plants are getting larger and customer demands are getting tougher.
Choosing the new Sunny Central 500U means you’re backed by over 25 years of industry
experience. Combine that with world-class German engineering and stand behind your work with
conﬁdence. The new Sunny Central 500U features industry-leading technology with powerful
options such as smart combiner boxes and Modbus ® capability. Your customers expect the best.
Rely on SMA to help you deliver.
The Sunny Central 500U. Ask for it by name.
Call 888 476 2872

The Future of Solar Technology

QA

Quality Assurance

Avoiding and Resolving PV Permitting
Problems

Y

ou have sold a customer on a
photovoltaic project or perhaps
been contracted to install the
system. You have obtained the equipment, decided on the final system design
and configuration, and negotiated with
subcontractors. You may think that all
the important elements of your project
have been covered. However, one critical
task remains, one that could significantly delay your project or even prevent
if from being built: obtaining permits.
Rather than waiting until the end
of the project contract and design
process, consider permitting issues
from the get-go. This includes understanding what the most common
PV project permitting problems are
and having effective strategies for
avoiding or resolving them. Consider
implementing processes and procedures internally to reduce permitting
costs and shorten permit turn-around
times. Last, become familiar with
national efforts under way to expedite
and reduce the costs of permitting.
You may be able to leverage these
efforts locally and take advantage of
coordinated industry work to solve PV
permitting problems.

Common Permitting Problems
Inconsistency. While local, state and

national codes help provide a framework for design guidelines, inconsistencies abound. The existence of
highly variable permitting requirements is not just a problem from jurisdiction to jurisdiction. In some cases,
it is a problem within jurisdictions,
from one plan reviewer to another or
from one project to the next. Variables
include lead times, procedures, design
standards (such as array walkway or
density requirements) and permit
prices, any of which can create unexpected challenges to project completion or profitability.
Multiple permits. Often, when you
show up at a permit office in California
for a PV system permit, you will be
sent directly to the local fire department, which must review and approve
the plans. This was true with a recent
project of ours in Orange County and
seems to be standard procedure. We
have found that seeking fire department approval before seeking the
building authority approval is a prudent use of time, at least in California.
While this is not necessarily required

in every state, it may end up catching
on. Oregon, for example, is currently
debating a proposed state fire code for
PV installations.
If you are working on a school,
hospital, government or other public
building, a state agency may operate
as an additional or separate permit
authority. Many installers have proceeded confidently with PV system
pricing to their customers, only to discover a state permitting agency standing between them and their project.
Cost-prohibitive charges. Most building projects are permitted based on
the value of the project or the square
footage of the building. Many agencies
expect to charge 1% of the value of the
project as a permit fee. While the permit office may feel that this correlation
works, it is not necessarily the best
procedure for supporting the industry.
Determining the project’s exact
value is challenging at best. Most
permit agencies do not know the value
of a PV system and have not seen a PV
system installed in their jurisdiction.
Some progressive permitting agencies encourage PV systems in their
own small way by charging a flat rate

Historical Permitting Data
Market

Permit Fee ($)
Average

Maximum

Permit Fee ($/W)
Minimum

Average

Maximum

Cycle Time (days)

Minimum

Average

Maximum

Minimum

California

$9,400

$40,000

$175

$0.04

$0.22

$0.001

71

456

<1

Maryland

$6,100

$46,500

$154

$0.02

$0.17

$0.001

29

95

<1

New Jersey

$3,450

$16,800

$91

$0.04

$0.12

$0.002

31

198

3

Oregon

$7,500

$22,000

$785

$0.16

$0.41

$0.022

62

206

4

All other states

$9,500

$300,000

$90

$0.06

$0.40

$0.001

51

456

<1

Table 1 This table was presented at Solar Power International by Joe Song, director of engineering at SunEdison. The
data are gathered from PV projects installed by SunEdison in 10 states during 2006–2009, totaling 68 MW. Highly variable
permitting fee and cycle times are clearly indicated.
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for PV-project permitting,
no matter the size. In my
hometown of Davis, California, I am proud to report
that our cantankerous permitting department charges
only a fixed $200 fee for a
PV system permit. In other
cases, the jurisdiction may
allow installers to exclude
the cost of the PV modules
from the project valuation
when determining permit fees.
Cycle times. In 2009, public agency
jobs almost unequivocally found
themselves on the chopping block in
the US. As jurisdictions are still working through a cash-strapped economic
cycle, permit agencies are dealing with
staff layoffs and furloughs nationwide.
Plan reviews are increasingly outsourced to third parties and project
review times have increased.

Some progressive permitting agencies
encourage PV systems in their own small
way by charging a flat rate for PV-project
permitting, no matter the size.

Effective Solutions
Face off. There is nothing as effective

as in-person meetings to understand
jurisdictional needs and address any
concerns before the permit application and plans are submitted. If you
can get to know the permitting authority, you have a much better chance at
resolving issues and obtaining a permit quickly rather than being thrown
to the bottom of the stack. It is always
a good idea to schedule prepermitting meetings for large or first-time
projects. Permit officials are relatively
Project

Total
Number

Maximum
(kW)

Minimum
(kW)

Average
(kW)

103

1,185

43

343

16

1,000

77

292

78

896

31

122

24

308

23

72

251

3,900

23

271

Courtesy sunedison.com

straightforward people. When you
can walk them through a jobsite or
they have a chance to meet with you
and your customer, you have a unique
opportunity to build a relationship
and a rapport. Once when I needed
a permit within 3 days to complete
a project in 30 days or less, this tact
helped my project get put at the top
of the stack of plans for review. As a
result, we received a permit for a goodsized project in record time.
Start at the fire department. The California Department of Forestry and Fire
Protection Office of the State Fire Marshall released its “Solar Photovoltaic
Installation Guideline” in April 2008.
Jurisdictions can adopt and interpret
this guideline as they see fit. However
they are interpreted, state fire marshal
requirements can trump those of local
building officials.
For this reason, it is often a good
idea to start the permitting process
with the fire department, especially
in California. Fire departments carry
a lot of responsibility, but they are
relatively straightforward to deal with.
A fire marshal inspecting a set of PV
plans is generally concerned with
one thing: access to the building and
rooftop for the purpose of fighting
a fire. In the event of a large fire and
under certain conditions, firefighters
may open a large hole in the rooftop
to concentrate the flames and exhaust
hot gases out of the building. This is
referred to as ventilating the roof. Fire
department personnel need sufficient
unobstructed areas around and within

a PV array so they can move
across a roof or ventilate it
as necessary.

Learn the permitting process. It is a good idea to learn

how to navigate through the
permitting process, understand its loopholes and be
familiar with the different
departments. Sometimes the
permit authority is the staff
at the building permit office.
Sometimes building departments will
hold your PV system permit hostage
in order to get the building owner to
fix other noncompliance issues at the
facility. We have seen this happen, for
example, with a noncompliant walkway that was not even in the vicinity
of the proposed PV system. We have
also found progressive towns and cities
that issue permits over the counter, the
day of submittal, as long as a registered
professional engineer has stamped
the plans.
Often the building permit office
staff wants to throw a permit application over to the planning department
to make sure the work you are doing
meets the look and feel it is trying
to achieve for its jurisdiction. When
the words “planning department”
are uttered, an emergency may be
declared. Try to avoid this at all costs.
This is when you bring out your copy
of the SEIA Solar Bill of Rights or the
California Solar Rights Acts. Reserve
your ammo for just such an emergency,
but have it ready in your back pocket.
Planning departments mean long lead
times, and they siphon money.
Hedge timelines and budgets.

Especially with a new jurisdiction,
planning for 4–6 weeks, on average,
to obtain a permit is prudent. Frequently it takes 8 weeks, even if you
have your act together. In the current
economic times, hedging budgets is
also a good idea. Because jurisdictions are more cash strapped than
ever, they are becoming less shy about
asking for hefty permit fees.
solarprofessional.com  |  S o l a r P r o                 15
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Submit a quality set of
plans. An important part

S

If you can get to know the permitting
authority, you have a much better chance
at resolving issues and obtaining a permit
quickly rather than being thrown to the
bottom of the stack.

of obtaining a permit
quickly is submitting highquality, fully engineered
construction documents.
The documents should
show the current site
conditions and how you
plan to change them. They
should be certified by a
registered professional
engineer and include a
calculation package.
A good title sheet goes a long way.
The title sheet should explain what
you are building, where it is being
built, what code versions apply and
who is doing the work. If the title sheet
and construction documents look
good, so much the better! Know what
code version the jurisdiction is using
at the time of your submission and
clearly state the code versions on the
title sheet. Usually, jurisdictions are
several years behind on adopting the
most current version of the National
Electrical Code, International Building
Code or local codes. I strongly recommended that you include relevant
code citations on the title sheet and
throughout the plans.
All documents submitted to the
permit agency tell your story. The
plans should spell out in plain language, without spelling errors, what
you are attempting to accomplish. A
comprehensive and consistent set of
plans goes a long way to illustrate
your expertise.
Permit runners? Your permit applicant is the face of the project, and the
permit agency is the gateway to getting
started on the project. In general, you
will have the best results, especially
if the jurisdiction does not have PV
project experience, if you or your staff
shepherd the plans through the permit
process. If you are comfortable using
a permit runner, hire an experienced
person who can intelligently answer
questions at the permit counter.
16
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Reducing Permit Times
and Costs
Overdeliver. Put yourself in the shoes
of the person at the permit desk. Ask
yourself if you could look at the plans
you are about to deliver, without any
knowledge of PV systems, and understand what is being proposed. Keep
in mind that this person’s last plan
review may have been a toilet upgrade
at the local barbeque joint.
It is well worth the effort to overdeliver on the construction plans for
a PV permit. Not only will this help
secure the permit, but it will also
help manage the budget. So take the
time necessary to deliver the permit
reviewer something professional, thorough and complete. The solar industry
is fully capable of delivering construction plans that are as professional as
those from any architect.
Standardize. Standardizing your
plan sets and accompanying documents helps you get through a higher
volume of projects more expeditiously.
This in turn helps you obtain permits
more quickly and install projects
more efficiently.
Educate the AHJ. It is worth the
personal face-time to educate the
AHJ about what it is you are trying to
permit. Take the time to explain the
project and the benefits associated
with it. We have seen AHJs refer work
to good installers, expedite permits
because of good relationships and
even waive fees because of the nature
of the projects—though it is fair to say

we have seen the opposite
too. Nonetheless, 99% of the
time education creates positive relationships.
Do your homework. Many
companies call the permit
agencies in advance and
gather beta information to
expedite the permit process.
For example, the permit
agency may have a 10-foot
setback rule for PV systems.
Or maybe you are going to
walk the plans into the permit office
on Wednesday, but the plan checker is
there only on Tuesdays and Thursdays.
Maybe you have to send the plans to
a third-party plan checker or a fire
department must do a review before
the permit agency will accept the
plans. It is always worth making a few
phone calls before taking your plans to
the permit counter.
Lobby for lower permit fees. Seriously, why not ask? This can work,
but you have to place an order to get
served. Encourage the plan-check
agency to waive the cost of the modules from permit costs or to establish
fair fixed fees. Politely appeal to the
permit agency or city council; they
need to understand all the ways that
installing PV systems is beneficial to
the jurisdiction. PV systems would be
more prolific if the costs were lower.
Similarly, come to new jurisdictions with information about typical
permit fee structures. There is no
more convincing way to negotiate
down a permit fee than to illustrate
what other jurisdictions are charging.
Some companies come armed only
with the good data—the examples
of low permit fees they have paid
in other jurisdictions—to ensure
that they are charged a fair fee by a
new jurisdiction.
National Efforts and Industry
Resources
Solar ABCs. The Solar America Board
for Codes and Standards recognized

that inexperience with PV systems
was leading many local jurisdictions
to implement unnecessarily complex
and inconsistent permitting procedures. Its solution was to develop a
national standard for permitting PV
systems under 15 kW, which share
many design similarities and constitute the majority of PV systems
installed in the US. The result is
the Expedited Permit Process for PV
Systems, written by Bill Brooks of
Brooks Engineering.
The expedited permit form is a
one-page document that is supported
by extensive guidelines to assist the
contractor and plan checker alike. The
goal of the process is to create a uniform set of expectations as well as a
standard for safe installations. Impress
your local AHJ by being the first contractor to introduce its permit department to this recommended nationally
standardized process. The report,

forms and diagrams are available
online at solarabcs.org/permitting.
SolarTech. One stated goal of SolarTech, an initiative of the Silicon Valley Leadership Group, is to reduce PV
permitting cycle time by 50% by 2011. In
November 2009, SolarTech announced
an industry-wide competition to develop
online permitting solutions around a
published interoperability standard.
Software providers are encouraged to
team with cities, integrators and utilities
to develop a pilot solution. The winning
team will lead a public demonstration in
April 2010. As with the Solar ABCs initiative, SolarTech hopes that its efforts will
standardize permitting expectations
and experiences across jurisdictions as
well as reduce project costs.
Project: Permit. Vote Solar, a grassroots solar advocacy group based in
San Francisco and operating across
the country, launched its Project:
Permit initiative in October 2009. The

goal of Project: Permit is to compile
data on current permitting practices.
An interactive map allows contractors to look up locations as well as to
download information about specific
permit processes.
Soon after launching Project:
Permit, Vote Solar published its list
of solar permitting best practices.
This sensible list includes flat fees,
over-the-counter issuance, standardized requirements, online guidelines
and staff training in solar. Does your
local jurisdiction belong in the PV
Permitting Hall of Fame or in the
Hall of Shame? Now you can let the
world know by visiting votesolar.org/
city-initiatives/project-permit. You
can also link to an online toolkit that
provides resources for working with
city officials to make improvements to
their permit process.
—Tobin Booth, PE / Blue Oak Energy /
Davis, CA / blueoakenergy.com

Protect your installations and your reputation:

T ONLY TAKES A SMALL LEAK to cause
major damage to a customer’s roof and
home. In fact, most constructionrelated lawsuits involve water intrusion.

Models for composition,
wood shake, and tile roofs

No matter how well a system
is installed, inadequate
flashing can fail and
place a solar installation
business at serious
risk. But you don’t
need to take that risk, thanks to Quick
Mount PV’s industry-leading flashing
and mounts that ensure 100%
code-compliant, waterproof roof
penetrations.

All aluminum flashing; 50-year life

No roof cutting required
Works with all standard racking
Stainless steel hardware included
Live tech support
Safeguard your customer’s home and
your good reputation with Quick Mount
PV, the industry standard for highquality, watertight solar installations.

Available
through all
major solar
distributors

Designed by installers for installers,
Quick Mount PV installs faster than
any other flashed solar mounting,
saving you time and money on the job.
Made in USA

Patents Pending

solarprofessional.com  |  S o l a r P r o                 17

QA
Optimizing Array Voltage for
Battery-Based Systems

B

efore the advent of modern maximum power point tracking (MPPT)
photovoltaic controllers, configuring a
PV array for a given battery bank’s nominal voltage was a fairly simple exercise.
Older series-type pulse-width-modulation charge controllers had a simple
1:1 relationship with the battery bank.
For example, a 12 Vdc-nominal module
operating at approximately 17 Vmp could
be used to charge a 12 Vdc-nominal
flooded-cell lead acid (FLA) battery,
which typically requires about 14.4 V
during the absorption cycle and about
15 V for equalization charging. Because
of this simple relationship, array voltage
received minimal concern during the
design stage, other than correctly sizing
the PV-to-controller wiring to minimize
voltage drop. Similarly, calculating maximum circuit current to specify the PV
controller and overcurrent protection
devices was fairly straightforward.
With today’s more advanced charge
controller technology, MPPT controllers
are the industry standard. They offer
significant advantages over non-MPPT
controllers, including optimized energy
harvest and the option to configure
the array at higher voltages than the
nominal battery voltage. Most MPPT
controllers have dc-to-dc voltage stepdown functionality, which allows you
to use a high-voltage array for lowvoltage battery charging. The benefits
of higher array voltages include lower
array currents, reduced power loss in the
homerun wiring, reduced conduit size
and cost, and the option to locate the
array farther from the battery pack to
minimize any potential shading issues.
Installers always prefer smaller-gauge
conductors, because they are easier to
work with.
By nature of their operation, MPPT
controllers deliver improved system
performance and can reduce copper
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costs when compared to non-MPPT
controllers. However, for optimal
performance, they also present greater
system design complexity. Factors that
must be considered during the design
phase include battery charging voltage
requirements, the use of high-voltage
arrays, the evolving requirements of the
National Electrical Code, the impact of a
site’s annual ambient temperature range
on array voltage and the characteristics
of the modules specified.
At a battery reference temperature of
25°C (77°F), a 48 Vdc-nominal FLA battery bank typically requires net charging
voltages of approximately 59 Vdc
for the absorption stage and 62 Vdc for
the equalization stage. MPPT controllers typically have temperature-adjusted
operational limits between 140 Vdc and
145 Vdc, with absolute voltage limits of
150 V. In addition, most readily available circuit breakers used in dc applications carry a 150 Vdc rating. At first
glance, the 91-volt span between 59 Vdc
and 150 Vdc may seem fairly large, but
operational and NEC considerations
shrink that range into a fairly narrow
“sweet spot” in short order. Consider, for
instance, a relatively extreme example
where the array will be operating in an
environment that is very hot in the summer and very cold in the winter.
A key operational trait of the dc-todc buck-type converter used in many
MPPT controllers is that the output
voltage is always lower than the input
voltage—a 2 Vdc drop is common. Combine this loss with another 2 Vdc drop in
the conductors between the array and
the battery, and the array’s operational
maximum power point voltage must
always be about 4 V higher than a battery bank’s target charging voltages.
In addition, a module’s maximum
power voltage (Vmp) at STC is based
on an illuminated cell temperature of

25°C in a laboratory environment.
Because PV cells and modules frequently
operate at approximately 25°C to 35°C
above ambient temperature, a PV module
really cannot be expected to produce fullrated power unless the ambient temperature is approximately -10°C. A module’s
temperature-related power variance
is manifested primarily as a change in
output voltage. For crystalline modules, a
typical open-circuit voltage temperature
coefficient is -0.35%/°C. The module’s
voltage drops as the cell temperature
increases. In many locations, it is not
uncommon for cell temperature to reach
65°C or higher at mid-day in the summer
(30°C to 35°C ambient plus 30°C to 35°C
cell temperature rise above ambient).
In this case, the actual cell temperature
will be about 40°C above the 25°C STC
temperature. With these assumptions,
the resulting voltage drop percentage due
to elevated cell temperature is: 40°C x
-0.35%/°C = -14%.

In this example, the array’s operational voltage is about 86% of the STC
specifications (100% – 14%). Put another
way, the array’s STC Vmp specification
needs to be 116% of the estimated minimum operational voltage required.
With this percentage in hand, you can
now specify the array’s minimum voltage at STC: (59 V (minimum target battery

voltage) + 4 V (loss in CC and wiring)) x
116% = 73 V.

While a module’s voltage drops when
the cell temperature rises, the voltage
will increase as the temperature falls,
so a second calculation is required. NEC
Article 690.7 provides correction factors
for calculating maximum voltage based
on STC open-circuit voltage and lowest
expected ambient temperature. The
2008 NEC requires you to use the PV
module’s voltage temperature coefficient in this calculation, if it is available.
Using the record low temperature for

the array’s location is common practice
during system design.
Record low temperatures approaching -40°C are not uncommon in some
US locations. For example, according to weather.com, the record low
temperature is -27°C for Santa Fe, New
Mexico, -31°C for Denver, Colorado,
and -38°C for Lander, Wyoming, while
average summer high temperatures
are typically near 30°C.
Modules at -40°C are 65°C colder
than their STC specification parameter.
Continuing to use the -0.35%/°C temperature coefficient, the cold temperature voltage multiplier is: 1 + (-65°C x
-0.35%/°C) = 122.75%.

In order to remain compliant with
NEC 690.7 and keep the temperaturecorrected maximum voltage below the
controller’s absolute 150 Vdc limit, the
array’s Voc at STC is calculated as: 150

Voc (absolute limit) ÷ 122.75% (cold ambient temperature multiplier) = 122.2 Voc.

Vmp is typically about 80% of Voc.
Therefore, the array’s Vmp limit for this
exercise is: 122.2 V x 80% = 98 V.
Accordingly, the suitable array Vmp
at STC range has narrowed considerably to a minimum of 73 V and a maximum of 98 V.
Finding modules with the right
STC voltage specifications for the site
temperature range in the above example
used to be a daunting challenge. Two
72-cell modules in series (about 68 Vmp
at STC) results in an array voltage that
is below the minimum 73 Vmp at STC
value. Three 72-cell modules in series
(about 102 Vmp at STC) results in an
array voltage that is greater than the
maximum 98 Vmp at STC value. One
popular solution was to configure five
36-cell modules in series, for an array
voltage of approximately 85 Vmp at
STC that fit comfortably between the
73 V and 98 V limits. However, 36-cell
modules have low power ratings and a

high cost per watt compared to 72-cell
modules. The combination of higher
specific-power and labor costs resulted
in a relatively expensive array.
Fortunately, the marketplace has
addressed and solved these issues of
module specifications and cost. Wiring
five 36-cell modules in series creates
strings with 180 cells in series operating
at about 85 Vmp at STC. Several manufacturers now offer large-format 60-cell
modules. Configuring three of these
modules in series results in an equivalent 180-cell string. These manufacturers
include BP, Canadian Solar, REC, Sharp
and SolarWorld. Other solutions are also
available. Canadian Solar, Day4Energy,
Kyocera and Sharp produce 48-cell
modules, which create 192-cell strings
when wired four in series. This approach
works quite satisfactorily over broad
temperature ranges as well.
—Jim Goodnight / Schneider Electric /
Vienna, VA / schneider-electric.com
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Industry Currents

California Approves $358 M
in Solar Water Heating Incentives
On January 21, 2010, the California Public Utilities Commission approved the California Solar Initiative Thermal Program. The program
sets aside $305.8 M in direct financial incentives for consumers and $31.25 M
for market facilitation. The remainder of the funds supports program administration, inspections, measurement and evaluation. Beginning May 1, 2010,
residential customers qualify for state rebates of up to $1,875 for certified
SWH systems. Incentive levels drop in four steps as the market for thermal
systems grows within the state. Commercial and multifamily projects qualify
for up-front incentives of up to $500,000 beginning June 1, 2010.

[San Francisco]

California Public Utilities Commission / 800.848.5580 / www.cpuc.ca.gov

HatiCon Solar
Offers Racking in
North America

Solmetric Improves Site Analysis
[Sebastopol, CA] Solmetric announced the launch of the SunEye 210, a

handheld electronic instrument for solar site evaluation. Like the SunEye
110, the 210 provides analysis of shade and solar access for site evaluation and energy production estimates using a calibrated fisheye lens and
a patent-pending digital image processing technique. The 210 enhancements include an electronic inclinometer and compass for roof pitch and
azimuth measurements, one-handed device control, extended battery life
and a live preview mode with the sun path adapting to the position of the
instrument. The companion SunEye Desktop software is enhanced for
compatibility with both the 110 and 210 models. Solmetric also announced
the acquisition of Sun Tracker from Imeasure Systems. Sun
Tracker is an Apple iPhone 3GS
application for preliminary site
assessment that uses
the iPhone’s compass
and inclinometer functions to estimate solar
access. It provides a
convenient and costeffective preliminary
assessment for iPhone
users, complementing the
precision and convenience
of the SunEye’s single-shot
skyline exposure.
Solmetric / 707.823.4600 /
solmetric.com
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With more than 150 MW
of installed capacity in the international
market, HatiCon Solar now offers its
versatile mounting systems to the North
American marketplace. HatiCon provides
ground-mount, pitched-roof and flat-roof
racking systems for framed and frameless PV modules. Ground-mount systems
include posts that can be rammed into the
ground, set in concrete or ballasted. Array
tilt angle adjustment ranges from 15°–35°.
Vertically adjustable posts minimize the
impact of footing discrepancies. HatiCon’s
flat-roof mounting system tilts via preassembled structural base triangles that are
adjustable in 5° increments and available
in three configurations from 10°–45°.
Height-adjustable module clamps and
end clamps, telescopic rail extenders and
HatiCon Solar’s patented click technology
streamline system installation.

[Ontario, CA]

HatiCon Solar / 866.489.4472 / haticonsolar.com
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SolarWorld Pioneers 25-Year Linear
Performance Guarantee
[Hillsboro, OR] SolarWorld is the first PV manufacturer to offer

a linear performance guarantee on all modules installed as of
2010. The new approach guarantees first-year operation at a
minimum of 97% of nominal rated output, and from the second
year of operation warrants that output will not decline by more
than 0.7% per year. After 25 years of operation, the module is
guaranteed to have at least 80.2% of the rated nominal output. Traditional module guarantees use a tiered performance
approach, typically covering 90% of nominal output for the
first 10 years, then 80% for years 11 to the end of the warranty period. The linear performance guarantee that SolarWorld

pioneered increases PV
plant investors’ confidence
by warranting against the
possibility of significant,
unpredictable and nonlinear drops in output over
the plant’s operational lifetime. SolarWorld is also rolling out “plus
sorting” in the US. Modules will be sorted in 5 W increments and
shipped only if they flash test in the positive tolerance range.
Flash-test data will be included with all module shipments.
SolarWorld / 503.844.3400 / solarworld-usa.com

Kaneka Texas Brings Hybrid
Thin-Film Module to US Market

Sollega Introduces
Ballasted PV
Mounting System
[San Francisco] Intended to reduce installation and
material costs in commercial-scale low-slope roof
applications, the Sollega InstaRack mounting system
is a one-piece molded component manufactured
from high-density polyethylene plastic (HDPE).
Common 12-by-12 concrete pavers are used for
ballast. The building-block design allows for system
flexibility, minimizes roof penetrations, is compatible with all 175 W–230 W modules on the US market
and requires a single tool for assembly. Features
include integrated conduit paths and standard
Unistrut hardware. InstaRack’s lightweight and
stackable nature reduces shipping costs over traditional aluminum or steel racking systems. The product has a set 15° tilt and carries a 20-year warranty.
Sollega / 415.648.1299 / sollega.com
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[Pasadena, TX] Japanese PV manufacturer Kaneka has
opened a new US office in Texas and introduced a hybrid,
dual-layer module that combines a microcrystalline thin-film
silicon layer with a second, amorphous thin-film layer. The
U-SA110 module is listed to UL 1703 and is rated at 110 W
with a power tolerance of +10%/-5%. Compared to Kaneka’s
existing G and T series
modules, the U series has
significantly lower voltage characteristics (71.0
Voc/54.0 Vmp compared
to 91.8 Voc/67.0 Vmp),
which adds granularity
to string sizing options.
The increased efficiency
of the U series dual-layer
approach results in a
power density of 8.4 W per
square foot, an impressive
increase when compared
to the 5.9 W per square
foot value of Kaneka’s G
series modules.
Kaneka Texas / 281.447.0755 /
kanekatexas.com
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One Issue—Three Viewpoints

Optimal PV-to-Inverter Sizing Ratio

P

roperly matching PV and inverter
capacities is a balancing act, but one
that can improve grid-connected system performance. In his article “Sizing of
Grid-Connected Photovoltaic Systems,”
Jayanta Mondol of the University of Ulster
states: “Optimal sizing depends on local
climate, surface orientation and inclination,
inverter performance, and the PV/inverter
cost ratio.” Mondol recommends examining
the PV-to-inverter sizing ratio (Rs) “in terms
of energetic performance—the annual PV
system output per PV rated capacity—and
economic performance, the annual PV system output per total capital cost.” Arguably,
inverter reliability and availability are also
important factors.
Many inverter manufacturers have
blanket sizing ratio assumptions embedded in their string sizing programs. But
climate variations in North America are
quite extreme. In your experience, how can
integrators best define the optimal sizing
ratio for their location based on local climate
conditions or array mounting? What impact
does falling module prices have on this
relationship? What impact does equipment specification have? With all of these
variables, what are the most important
considerations for designers, and what, if
any, rules of thumb do you recommend?

Sizing Ratio Should Optimize
Specific Yield
Allan Gregg / Satcon /
Boston, MA / satcon.com
The goal of the PV system designer is
almost always to configure the system
components for maximum energy
throughput from the PV panels to the
grid, while optimizing specific yield.
Specific yield is calculated by dividing kilowatt-hours delivered over time
by the peak installed kilowatts. This
24
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calculation takes into account all system
losses. The optimal PV-to-inverter sizing
ratio according to specific yield will vary
from system to system, based on the
designers’ allowances for the various
derate factors. This design process can
be performed based on educated estimates, detailed calculations or performance modeling. However it is done, the
best performance can be achieved only
by sizing the peak capacity of the array
larger than the maximum power rating
of the inverter.
All PV panels are assigned a peak
power rating at STC, which is a light
energy level of 1,000 W per square
meter, a cell temperature of 25°C and
an air mass of 1.5. Unfortunately, these
conditions rarely, if ever, exist simultaneously. Experienced system designers
know this, and they try to account for
the various other factors that negatively
impact the output of any PV array.
These factors include the following:
• Module soiling. Except during
and immediately following a rain
shower, a fine layer of dust covers
the surface of an array, even one
that appears clean.
• Module power tolerance or mismatch. PV modules often have a
+5%/-5% power tolerance. The maximum power operating points of paralleled modules do not exactly match.
Modules are forced, due to parallel
electrical connections, to operate at
a less-than-optimum voltage.
• Elevated cell temperature. Power
output is inversely proportional to
cell temperature. Even on a cool day,
the sun warms cells to temperatures
above 25°C.
• Low irradiance conditions or nonoptimal tilt angles or both. Weather
conditions or array tilt routinely result
in plane of array light intensities less
than 1,000 W per square meter.

• Module aging. Silicon-based PV
modules generally degrade by a
little less than 1% per year.
• DC wiring losses.
All of these factors work to reduce
the available array power. Consequently, even before other system losses
are accounted for—such as inverter
or transformer losses—the output of
a PV array is always derated by some
factor. This factor is the basic premise
on which a system designer bases the
calculation that determines the sizing
ratio between the array capacity and
the inverter capacity. In order to utilize
the system components to their full
capacity, and to optimize specific yield,
the peak array power should always be
greater than the inverter capacity. The
question is how much greater.
It is common in the industry to
oversize the PV array by using a PVto-inverter sizing ratio of around 1.15.
After all, a well-designed system will
typically have end-to-end system losses
of about 15%–16%. Oversizing the array
ensures that the inverter is driven to
its maximum output, at least during
the best sun hours of the day. System
designers who are looking at a 20-year
design life for the system will usually
size the array-to-inverter using a 1.2 to
1.25 ratio. Some PV system integrators
even routinely use a 1.3 ratio.
The only impacts that an oversized
array have on system output are to
bring the inverter up to its best efficiency a little earlier in the day and
to drive the inverter at full power for
longer periods of time. Since the area
under the power curve is the energy
delivered, the “fatter” curve equates
to more kWh, even if the peak output
is limited to the maximum inverter
capacity. As an array ages, the number
of hours per year that the inverter is
driven to full output con t inu e d on pag e 2 6
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power decreases. An oversized array
helps ensure that the inverter will reach
full capacity over the full 20-year life of
a typical system.
Note that inverter capabilities must
be taken into consideration when
determining the maximum array sizing.
For example, some inverters cannot
operate at full power for extended
periods of time in higher ambient temperatures. These inverters have array
capacity limitations, usually reflected in
their associated string sizing programs.
The system designer needs to understand the performance capabilities of
the inverter to ensure they match the
system design and the site conditions.

Practical Considerations
Drive Designs
Cyndi Adcock / SunEdison /
San Clemente, CA /
sunedison.com
While SunEdison’s slogan is “Simplifying Solar,” this can be difficult to manage with all of the complex variables to
account for when optimizing PV arrayto-inverter sizing ratios. Examining the
intricacies of how to balance array and
inverter sizes may be useful in making
certain design choices, but at some
point a few practical decisions must be
made to turn an empty roof or a vacant
lot into a reliable source of renewable
energy. Since you have to begin somewhere, it makes sense to start with
what you are unable to manipulate.
Most designers would agree that
it is crucial to first take particular site
characteristics into account; and most
customers would like to see their available real estate be used to its maximum
potential. Residential roofs may have
only enough south-facing area to accommodate a string or two of modules.
Commercial roofs of any size may also
have limited area that is free and clear.
After you factor in OSHA safety
requirements, working clearances
26
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S

Locations with high solar insolation
effectively push the desired ratio
down, while areas with less solar
insolation push it up.

required by the NEC and other
code requirements, the most
appropriate racking technology
and walkways for system maintenance or firefighter safety, the
amount of unobstructed real
estate available for an array may
be decreased significantly. In many
cases, the locations of obstructions
and the resulting size and shape of
the area available for the PV system limit
the designer’s options for system sizing
and component selection alike.
Once the modules are laid out and
the system size is known, the next step is
to select the most appropriate inverter.
A good rule of thumb is to use the optimal dc-to-ac sizing ratio of 1.2. In this
calculation, the dc value is equivalent to
the module’s nameplate rating multiplied by the desired quantity of modules;
the ac value is simply the capacity of the
inverter. It is advantageous to perform
this simple calculation for several
inverter options to determine which
provide the optimal sizing ratio.
In some cases, one particular
inverter best fits in terms of capacity,
but often several inverters within the
desired range are options. Commonly,
the decision to select one inverter over
another comes down to product availability or reliability, the weight or size
of the inverter, utility or AHJ approvals
and pricing or site-specific concerns.
Data analyst experts have indicated
that the optimal PV-to-inverter sizing
ratio is within the 1.15 to 1.25 range.
As Mondol states, location and climate
do play a large role in determining the
optimal PV-to-inverter sizing ratio.
Locations with high solar insolation
effectively push the desired ratio down,
while areas with less solar insolation
push it up. It is important to use qualified long-term temperature and irradiance data, such as TMY2 data, to be
confident in your decisions. You should
also account for project-specific derates,
such as flush-mounted modules, module
quality losses, module mismatch losses,
inverter clipping and temperature

losses. Production-modeling tools, such
as PVsyst, are also useful as design tools
to confirm that a system will operate
within the allowable power point tracking range.
Mondol also suggests evaluating
the optimal PV-to-inverter sizing ratio
in terms of capital costs. As module
prices fall, solar integrators may choose
design systems toward the higher end
of the PV-to-inverter sizing range.
However, even with falling module
prices, goals and targets remain the
same. As long as the module represents 50% of the system costs and the
inverter remains a fixed-cost item, it is
always desirable to optimize kWh per
kW return. Another factor to take into
account when determining the optimal
PV-to-inverter ratio is the structure of
the local rebate program. For example,
in locations subject to a feed-in tariff,
energy may be worth more at noon in
the summer than it is at noon in the
winter. In such cases, decreasing the
PV-to-inverter ratio is advantageous to
reduce power clipping.
When specifying equipment,
designers should always take into
account inverter installation guidelines
and recommended sizing factors. All
inverters have specified maximum
dc watts and dc current input, and
these will dictate the upper limit of the
dc array sizing. The system designer
should determine if there are any
reasons to make any system size reductions from here. The goal should be to
achieve a balance of high production
and long-term dependability. Therefore,
the designer may elect to downsize
array capacity due to historical
con t inu e d on pag e 2 8

 


 
 

 




 








 


 
   
 

  



  


 



 



   



           







   
    

   

 



3-phase
climate tendencies to ensure the highest
reliability and least possible maintenance.

Account for Inverter Advancements and Altitude
Bill Brooks /
Brooks Engineering /
Vacaville, CA /
brooksolar.com
Appropriate methods for sizing inverters have changed significantly over the
past decade. Ten years ago, peak inverter
efficiency for many inverters occurred
in such a narrow range of power that
sizing the PV array was critical to proper
system performance. Inverters typically
cost about $1/W back then, so the cost
of the inverter was more than 10% of
the system cost. In the past few years,
efficiency curves for many inverters have
become nearly flat, from 10% to 100%.
Inverter costs, even in the residential
size range, have fallen by half, even
though system costs have fallen to only
two-thirds of earlier costs.
Five years ago, the traditional PVto-inverter sizing ratio was 1.25. The
inverter output capacity was sized to
80% of the STC rating of the array. This
number is still used by several manufacturers as the highest allowable ratio of
array-to-inverter power. For arrays tilted
below 15° from horizontal, this is still a
good ratio to use since the irradiance on
the array only gets to 1,000 W/m2 in
the middle of hot summer days in June
and July. However, for more steeply
tilted arrays that produce more energy
and power on a consistent basis, a more
conservative ratio makes sense.
Module technology is also a consideration. The difference relevant
for array-to-inverter sizing is less a
function of technology than it is location. Some thin films have half the
temperature coefficient of power as
c-Si, so they often produce power closer
to nameplate rating during hot conditions when high irradiance is more
common. With this in mind, knocking
28
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about 10% off of the thin-film array
size relative to a c-Si array would be a
conservative response when sizing an
inverter. For example, if the maximum
c-Si array-to-inverter sizing ratio is 1.25,
the corresponding maximum ratio for a
thin-film array would be 1.15.
Given the low cost of inverters—
they often cost less than the mounting
hardware—slightly oversized inverters
should become more common. This is
particularly true now that PV inverters
operate at high efficiencies at much
lower power levels. Given the efficiency
curves for today’s inverters, an arrayto-inverter power ratio of 0.5 has only
a small negative impact on system
performance. For example, simulating
a 1 MW array with a 2 MW inverter in
PVsyst yields an inverter efficiency loss
that is only 1.9% more than that for a
properly matched inverter. This is a
grossly oversized inverter—one that
would never be cost effective—but it
has a small effect on system performance. Boosting the PV-to-inverter
ratio to 0.75 drops the efficiency differential to only 0.7% less than a properly
sized inverter.
Having established the acceptable
boundaries for proper inverter ratios
at 0.75 on the low end and 1.25 on the
high end, what is the correct answer?
With flat inverter efficiency curves and
lower costs, the deciding factors for
the ratio of STC array size to maximum
inverter output power are climatic
conditions. The final answer ultimately
depends on your location.
For locations near sea level, where
irradiance conditions rarely break
1,000 W/m2, an array-to-inverter power
ratio range of 1.1 to 1.2 works just fine.
The best way to prove this is to run
simulations with PVsyst or PV*SOL to
see what losses result from having an
array output greater than the inverter
maximum output. You will find that
the lost energy is nearly zero for most
of these sea level cases. At sea level
we expect good irradiance when the
weather is warm, so the array power is

well below STC at these times, yielding
an array output of 80–90% of nameplate rating.
However, take a PV array to 6,000
feet and add snow reflectance and
excellent cold weather performance,
and things change significantly. At
higher altitudes, irradiance can be
higher throughout the year, particularly after snowstorms, when ground
reflectance is significantly higher.
This requires that the inverter be
sized larger to account for better cold
weather performance. Also, the cooling
capabilities of air-cooled inverters are
significantly reduced at higher altitudes
since the air is thinner. Inverter manufacturers may provide graphs or tables
showing how their maximum output
is reduced at higher elevations. With
all these factors considered, a prudent
array-to-inverter ratio at high elevation
is more in the range of 0.9–1.1.
Here is an equation that may be
helpful in sizing the array-to-inverter
ratio to account for elevation:
Rs = 1.2 – (h / 33,000')

where h is the true altitude, the elevation above sea level in feet. According
to this equation, a PV system at sea
level will result in an array-to-inverter
sizing ratio of 1.2, while a PV system
at 10,000 feet will result in an RS of 0.9.
This equation will work up to 10,000
feet. Any project above this elevation
should use actual inverter performance
graphs and simulation programs to
properly size the array.
If you are struggling over whether
to spend extra money on a larger
inverter—to take your sizing ratio
down from 1.3 to 1.1, for example—consider the fact that keeping the inverter
at a lower power level will run the
inverter cooler and thus make it last
longer. It is difficult to quantify these
benefits, but the combination of cooler
operation and never limiting the array
are good reasons to spend additional
money on a larger inverter.

A COST-EFFECTIVE SOLUTION
TO TIE INTO THE GRID WITH EASE
EXELTECH’S XLGT INVERTERS

XLGT SERIES

Transformerless grid-tie inverter
 1800 watts
 96% efficient
 200 - 600 VDC input
 Compact
 Made in the USA
 Low cost, high quality
 Simple, one person installation
 Natural convection cooling
 Weighs just 14 lbs
 No transformer – means greater efficiency,
lower cost, and less weight
 Built-in AC/DC disconnect switch further
reduces the total installed system cost
 ETL certified to UL1741
 Housed in a NEMA 3R indoor/outdoor enclosure
for maximum environmental safety and protection

7317 Jack Newell Boulevard North
Forth Worth, Texas 76118-7100
817-595-4969 voice, 817-595-1290 fax
800-886-4683 toll free
www.exeltech.com web site

Production Mo
for Grid-Tied PV Systems
Production modeling meets multiple needs. Integrators seek to optimize
PV system designs or to provide production guarantees; investors look to verify
the right return on investment; operators need performance expectations to
compare to measured performance.

A

ll sectors of the maturing solar industry demand
accurate production estimates, which require
a clear understanding of how the estimates
are produced and an ability to interpret the
results. In this article we provide an overview of productionmodeling theory and review available production-modeling
tools. We compare the tools’ performance to each other and
to real systems, and provide a summary of the key uses of
production modeling in PV projects.
At the most basic level, production modeling comes
down to two questions:
1. How much sunlight falls on an array?
2. How much power can a system produce with
that sunlight?
Answering these questions requires location-specific
parameters, such as shading and weather data; educated
assumptions about system derating due to soiling, module mismatch, system availability; and complex algorithms to model
available radiation as well as module and inverter performance.

HOW MUCH SUN?

A PV system’s geographical location, surroundings and configuration determine the amount of sunlight that falls on the
modules. Where a system is located geographically determines
how much sunlight is available; the surroundings dictate the
amount of available sunlight that is blocked before reaching the
array; and the array configuration determines how efficient the
system is at exposing the modules to sunlight.
Meteorological data. The first factor in determining how much
sunlight falls on an array is meteorological data that accurately
represent the weather at a system’s location. Meteorological
data typically include solar radiation (global horizontal, direct
beam and horizontal diffuse), temperature, cloud cover, wind
speed and direction, along with other meteorological elements.
The data are based on ground or satellite measurements and in
some instances are modeled rather than measured.
30

S o l a r Pr o | April/May 2010

Typically a large amount of analysis is involved in taking
raw data and producing a data set suitable for use. Meteorological data are typically measured by government agencies
and utilized by a variety of organizations that make the data
available in formats suitable for use in production-modeling
tools. These organizations include the National Renewable
Energy Laboratory (NREL) and NASA, which provide the
information free of charge, and also organizations such as
Meteonorm and 3Tier, which provide the data for a fee.
The most common sources of data for US solar projects
are the Typical Meteorological Year (TMY) files published by
NREL and based on analysis of the National Solar Radiation
Data Base (NSRDB). TMY data comprise sets of hourly values
of solar radiation and meteorological elements representing a
single year. Individual months in the data record are examined,
and the most “typical” are selected and concatenated to form a
year of data. Due to variations in weather patterns, these data
are better indicators of long-term performance rather than
performance for a given month or year. According to the online
document “Cautions for Interpreting the Results” that NREL
publishes along with its PVWatts tool (see Resources), these
data may vary as much as ±10% on an annual basis and ±30%
on a monthly basis.
The first TMY data set was published in 1978 for 248 locations throughout the US. The data set was updated in 1994 from
the 1961–1990 NSRDB to create a set of TMY files, called TMY2,
for 237 US locations. A subsequent 2007 update utilized an
expanded NSRDB from 1999–2005 to create TMY3, which covers 1,020 locations across the US. TMY3 data are categorized
into three classes that reflect the certainty and completeness of
the data, with Class I being the most certain, Class II less certain and Class III being incomplete data. TMY, TMY2 and TMY3
present changes in reference time, format, data content and
units from set to set. The data sets are incompatible with each
other, but conversion tools are available. The TMY2 and TMY3
data sets are either utilized by or can be imported into all of the
major PV performance-modeling tools used in the US.

By Tarn Yates and Bradley Hibberd
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Radiation models. Typical weather data include three solar
radiation values representing radiation incident on a horizontal surface: direct beam, horizontal diffuse and global horizontal radiation. Direct beam radiation is light that travels in a
straight line from the sun, whereas diffuse radiation is light that
is scattered by the atmosphere or by clouds. In theory, global
horizontal radiation is the sum of the direct beam and the horizontal diffuse radiation. However, this is not always the case
due to measurement inaccuracies and modeling techniques.
Meteorological data indicate how much radiation falls
on a horizontal surface, but how much falls on an array?
While occasionally installed flat, PV systems usually have a

tilt and an azimuth or employ single- or dual-axis trackers. A
mathematical model is needed to translate horizontal radiation values into plane-of-array (POA) irradiance. The accuracy of a radiation model is affected by the weather at the
system location and by the quality of the weather data.
Numerous models are used to make this translation,
including the Perez et al., Reindel, Hay and Davies, and Isotropic Sky models. The Perez et al. model is the most complex.
A test performed in Albuquerque, New Mexico, by Sandia
showed that Perez et al. model predictions are the closest
to measured data. This is documented in the Sandia article
“Comparison of PV System Performance-Model Predictions
solarprofessional.com | S o l a r P r o
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“PV production models are really
quite simple. Making an accurate
model is straightforward. The difficult part is getting the right input
assumptions that drive the model—
the most critical of these, of course,
being insolation.”
—Joe Song,
director of engineering,
SunEdison

with Measured PV System Performance” (see Resources).
In general, radiation models treat
the direct beam component the same
way. Using the latitude and longitude of
the system location as well as the time
of day, it is possible to calculate the sun’s
position in the sky. Once this is known,
the translation of direct beam radiation
to POA radiation is a relatively simple
geometric calculation.
Where the models differ is in the treatment of diffuse
radiation. The Isotropic Sky model assumes diffuse radiation is emitted equally from every portion of the sky. More
advanced models take into account the fact that diffuse
radiation is more intense at the horizon and in the circumsolar region, the area directly surrounding the sun. They
may also consider variations in intensity based on the altitude angle of a section of sky, the clearness and brightness
of the sky, and the air mass. Refer to Solar Radiation and
Daylight Models for a history and review of radiation models (see Resources).
An additional component of radiation is the radiation
reflected by the ground or by the roof or surfaces associated
with the ground or roof. The reflected radiation is a function
of the albedo of the surface, a term that describes the reflective qualities of a surface. The amount of reflected radiation
is also a function of the angle of the array; an array at zero
degrees will receive no reflected radiation. The amount of
radiation received from reflection will increase with increasing tilt angle. Albedo varies with the surface and can change
throughout the year with weather conditions such as snow.
Modeling programs give you a variety of methods to account

“Direct”
from sun

m o l ly o h al l or a n . co m

“Diffuse”
from sky

Fixed horizontal
collecting surface
Global horizontal radiation According to NREL’s “Glossary
of Solar Radiation Resource Terms,” while total solar radiation
is the sum of direct, diffuse and ground-reflected radiation,
the amount of radiation reflected off of the ground is usually
insignificant. As a result, global horizontal radiation is generally referred to as the sum of direct and diffuse radiation.
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for this. For example, both PVsyst
and PV*SOL allow you to define
monthly values for the albedo,
whereas the System Advisor Model
(SAM) changes the albedo if the
weather data indicate snow.
Shading. Simply translating
horizontal radiation into POA
radiation does not tell the whole
story. Depending on the PV system
location and configuration, large
distant objects, close obstructions and the system itself may
block some of the available sunlight. The complexity of the
performance-modeling tool dictates whether these types of
shading are treated separately or grouped together. In the latter case, shading is accounted for by a single derate factor.
Using a single derate factor for shading assumes that the
system experiences the same losses due to shade for every
hour of the year. In addition, most production-modeling tools
assume that the effects of shade are linear. That is, if 10% of
the array is shaded, then you lose 10% of the expected energy
production. This is not an accurate model, because shading
just one cell in a module can disproportionately impact the
whole module, the string or even the entire array.
Accurately defining shading is very difficult. It is not
possible to simply go out to a proposed project location,
look around and determine a shading derate factor. This
is where tools like the Solmetric SunEye and Solar Pathfinder are useful, because these tools quantify shading factors that can be used in many of the production-modeling
tools. Both Solmetric and Solar Pathfinder have their own
production software that is designed to interact with data
collected using their shade survey tools. (For more information on this topic, see “Solar Site Evaluation: Tools and
Techniques to Quantify & Optimize Production,” December/January 2009, SolarPro magazine.)
Soiling. An additional factor that decreases the available
sunlight is soiling caused by the accumulation of particulates, such as dust, snow, pollutants and bird droppings. The
power lost due to soiling is affected by the tilt of the array,
the quantity and seasonal variability of rain and snowfall, the
system’s cleaning schedule and any site-specific conditions,
such as the proximity to a major roadway or a commercial
operation that creates dust. Most tools allow you to enter
an annual soiling derate factor only. This is not sufficient if
the value of power is determined by the period of time in
which the power is produced. For example, estimates for the
production losses due to soiling in California can be around
1% in winter and at least as high as 10% in late summer for a
system that is not washed—a significant loss during a prime
production period that an annual soiling factor would not
accurately take into account. c o n t i n u e d o n p a g e 3 4
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domestic end product under:
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Production Modeling

HOW MUCH POWER?

PV Performance Models
Several models have been created
to predict the power output of a
solar cell, module or array. Both
complex and simple models exist.
Here we describe some of the
more relevant models.
Sandia performance model. In
2004, Sandia National Laboratories published “Photovoltaic
Array Performance Model,” which Quantifying shade Solmetric’s recently released PV Designer software tool allows you to
outlines the Sandia array perfor- drag icons representing data collected by its SunEye tool onto a visual representation of a
mance model (see Resources). This roof surface.
is one of the more robust production models. The Sandia performance model is based on a real-world losses, such as current leaks and resistance
series of empirically derived formulas that define five points between the metallic contacts and the semiconductor.
on the IV curve of a PV cell. These five points can be used to
Using circuit theory, you can define equations that
produce an approximation of the actual curve. The model describe the current and voltage characteristics of the
requires approximately 30 coefficients that are measured on a equivalent circuit. Unknown variables can be determined by
two-axis tracker at the Sandia National Labs in Albuquerque, evaluating the equations at conditions such as those specified on the manufacturers’ spec sheet for open-circuit voltNew Mexico.
The coefficients used in the Sandia model take into con- age and short-circuit current. The single-diode performance
sideration module construction and racking technique, solar model is the basis of both the model used in PVsyst and the
spectral influences, angle of incidence effects and the irra- CEC model that is an option in SAM.
diance dependence of electrical characteristics such as the
PVFORM model. The performance model that PVWatts uses
temperature coefficients of power, voltage and current. Tests is a simplified version of a model developed at Sandia called
documented in “Comparison of Photovoltaic Module Perfor- PVFORM. This model uses the POA irradiance, ambient temmance Measurements” show that the model can predict power perature and wind speed to calculate the operating temperaoutput to within 1% of measured power (see Resources).
ture of a solar cell. It then calculates the power output of the
The Sandia performance model is an option in both Sys- system by adjusting the STC capacity rating of the array based
tem Advisor Model (SAM) and PV-DesignPro. One of the chal- on the POA irradiance and the cell temperature. As implelenges associated with this model is that the modules must mented in PVWatts, this model assumes that the temperature
undergo testing at the Sandia labs to be included. Unfor- coefficient of power for a PV module is -0.5%/°C. This is a reatunately, this means that the Sandia database of modules sonable approximation for crystalline silicon modules that
often does not include recently released modules. This issue have temperature coefficients in the -0.55 to -0.40%/°C range.
should soon be alleviated, as Sandia entered an agreement However, it is not appropriate for other technologies, such as
to have commercially available modules tested by TÜV thin film, that typically have temperature coefficients in the
Rheinland Photovoltaic Testing Laboratory at its facilities in -0.26 to -0.20%/°C range.
Tempe, Arizona.
Single-diode performance model. The single-diode model DC Derate Factors
assumes that the behavior of a PV cell can be simulated by The major factors that determine the amount of dc power
an equivalent circuit consisting of a current source, a diode produced for a given level of illumination are the efficiency
and two or three resistors, as shown in Figure 1. The cur- of the technology, the temperature of the module cells and
rent source and diode represent the ideal behavior of a solar the technology’s response to changes in temperature. Other
cell, and the series and shunt resistors are used to model factors that should be considered for accurate production
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The second step in production
modeling is determining how
effective a PV system is at converting the sunlight incident on
an array into usable power.

I
ID
IShunt
modeling are the accuracy of
warranties for crystalline modRSeries
the nameplate rating of the
ules, such as the 85% power
module, losses due to module
guarantee after 25 years offered
IL
RShunt
V
mismatch, voltage drop across
with Suntech’s Reliathon modthe diodes and connections in
ule, indicate that manufacturers
the modules, the resistance of
expect the value to be less. Addithe dc wiring, module degradationally, “Comparison of Degradation, the inverter’s accuracy at Figure 1 This diagram shows the solar cell equivalent tion Rates of Individual Modules
tracking the maximum power circuit used in the single-diode performance model.
Held at Maximum Power” (see
point of the array and the angle The current from the current source, IL, is directly
Resources) suggests that 0.5% per
of incidence of the sunlight.
year is a better rule of thumb for
proportional to the intensity of the available light and
Once the theoretical power the corresponding photoelectric effect.
crystalline modules, but notes
output of the array has been
that it should be higher than 1%
calculated, a series of derate
for many thin-film modules.
factors must be applied to arrive at the actual power that
will be delivered to the inverter. Following are some of the AC Derate Factors
major factors.
Unfortunately, the conversion of dc power delivered to the
Module nameplate rating. Module manufacturers assign a inverter into ac power at the point of interconnection is not a
range of accuracy to the nameplate rating of their modules, lossless process. The inverter is the major factor in this stage,
such as +/-5%. This means that a module rated at 200 W may but it is also important to consider losses due to wiring, transhave a power output of only 190 W. Unless the tolerance is formers and system downtime.
-0%, many modules do not have an STC rating as high as that
AC wiring losses. As with dc wiring, the losses due to resisspecified. A conservative value to use for this factor is one that tance in ac wiring vary with the amount of current. In the case
assumes that all of the modules have a rating at the low end of of ac current, loss factor calculations typically assume full
the tolerance.
power output from the inverter. This occurs for only a portion
DC wiring losses. Most integrators have standards for of the inverter’s operating time.
acceptable voltage drop that provide a good starting point
Transformer losses. When a transformer that is not
for determining this number. It is common for a wiring loss included as part of the inverter is required, it is necessary
factor to be calculated using the current and voltage at the to account for its losses. While many transformers are
maximum power point at STC conditions, as specified on the more than 98% efficient, it is worth verifying the transmanufacturer’s data sheet. Less rigorous tools take this single former’s efficiency.
factor and apply it over all operating conditions. This practice
System downtime. Every PV system experiences downtime
neglects the fact that the current and voltage are rarely equal at some point. This can be due to the failure of an inverter or
to the values specified on the spec sheet. More advanced pro- a short in a single string. The severity and duration of the
grams (such as PVsyst, PV*SOL and PV-DesignPro) ask you to downtime can be mitigated by diligent maintenance, monispecify the size of conductors and length of the wire run, or toring and rapid response.
specifically ask for the losses at STC. They then calculate the
wiring losses at other operating conditions.
Inverter Performance Models
Module mismatch. This derate factor accounts for the fact According to the authors of Sandia’s “Performance Model for
that the current and voltage characteristics of every module Grid-Connected Photovoltaic Inverters” (see Resources), “Freare not identical. Although the MPPT in the inverter keeps quently in modeling PV system energy production, inverter
the array at its maximum power point, each individual mod- efficiency is assumed to be a constant value, which is the same
ule does not operate at its maximum power point. A loss of as assuming that inverter efficiency is linear over its operat2% is a typical estimate for module mismatch. (Note that ing range, which is clearly not the case.” In reality, the inverter
this factor is not relevant when using microinverters.)
efficiency depends on both the loading of the inverter and on
MPPT efficiency. According to “Performance Model for the input voltage of the array. This is illustrated in Figure 2
Grid-Connected Photovoltaic Inverters” (see Resources), most (p. 36), which shows a typical inverter efficiency graph availgrid-tied PV inverters are between 98% and 100% efficient at able through the CEC. A similar graph is available for every
capturing the maximum available power from a PV array.
inverter that is approved for incentives in California. An accuDegradation. If you are modeling future production, the rate inverter model should account for any power shaving that
degradation of power over time must be considered. A stan- may occur due to overloading or inverter shutdown due to the
dard value for module degradation is 1% per year. Recent dc voltage being out of range. The power consumption of the
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Percent of rated output power
laboratory testing enable more refined versions
of the inverter model. A benefit of this model Figure 2 This graph is typical of the performance test results available for
is that it is compatible with the parameters all CEC-eligible inverters, showing, in this case, how the efficiency of an AE
recorded as part of the CEC testing process, and Solaron 333 is a function of inverter loading and dc input voltage.
therefore the associated database is kept upto-date. A Sandia study showed this model to be accurate to PVWatts
within 0.2% when compared to measured results. The Sandia PVWatts was developed by NREL and has long been the
inverter model is available in the system production-modeling default production-modeling tool of the US PV industry. Its
tool SAM.
strength lies in its simplicity. You can make a reasonable estiOther inverter models. The single-point efficiency model is mate of a system’s production by selecting the location from
utilized in PVWatts and is also an option in SAM. This model a US map, entering the system size in dc watts and specispecifies a conversion efficiency that is used for all operating fying the array tilt and azimuth. You can also select singleconditions. In PVsyst and PV*SOL, inverters are defined by or dual-axis tracking options. By default the program uses
the manufacturers’ spec sheet values, such as the maximum a single conservative derate factor. This value is based on
power rating, the MPPT voltage range, the threshold power assumptions for variables such as the inverter efficiency, ac
and the inverter’s efficiency at various levels of loading. and dc wiring loses, and soiling. You can easily revise these
These programs use the efficiency inputs to define a curve assumptions to recalculate the derate factor.
PVWatts provides estimates of the monthly and annual
that is used in simulations. Although not a perfect correlavalues
for the ac energy production and average solar radiation, input values for defining inverter efficiency curves can
tion
per
day, plus a rough calculation of the value of the energy
be pulled from the online results of the CEC inverter tests at
produced
based on local energy rates. These values are often
Go Solar California, as illustrated in Figure 2.
reasonable estimates, but PVWatts lacks the level of control
and specificity of results that can be found in other tools.
Version 1. PVWatts v. 1 presents a simple map of the US
from which to choose the state where the project is located.
You then chose the TMY2 data location that is closest to the
While it is beyond the scope of this article to compare all of project site (in some instances the closest data location may
the available production-modeling tools, we review the major not be in the same state). A feature specific to v. 1 is that it
software packages currently utilized by researchers, inte- outputs an 8,760 report—an hour-by-hour report of energy
grators and project developers in North America: PVWatts, production for the entire year—in text format.
System Advisor Model, PV-DesignPro, PV*SOL and PVsyst.
Version 2. PVWatts v. 2 provides a map of the US that
These production-modeling tools, along with five oth- is divided into 40-by-40 km grid areas. The program then
ers, are surveyed in the companion table, “2010 Production- combines data from the closest TMY2 data location with
Modeling Tools,” on pages 40–43. This table does not include monthly weather data that are specific to the grid area
estimators used by various incentive or rebate programs and that you select. This more accurately reflects local weather
tools that are primarily intended to generate sales quotes conditions and accounts for distances from the TMY2
and proposals. Some of the entries in this table are adopted data locations. The v. 2 map is searchable by zip code or
from a table developed by Geoffrey Klise and Joshua Stein by latitude and longitude. A beta version of a new PVWatts
for their article “Models Used to Assess the Performance of v. 2 map viewer was recently released. This new interface
Photovoltaic Systems” (see Resources.)
allows you to quickly see the annual and monthly irradiance

PHOTOVOLTAIC
PRODUCTION-MODELING TOOLS

36

S o l a r Pr o | April/May 2010

C o ur te sy g o so l a rc a l i fo r ni a . c o m

inverter under standby and operating conditions is also a factor in total power production.

specific to each grid cell. It is also easier to navigate and
more attractive.
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LCOE

System Advisor Model (SAM)
SAM was produced by NREL in conjunction with Sandia
through the US Department of Energy’s Solar Energy Technologies Program. It is a step up from PVWatts in the level of
control available. SAM provides a wide range of options for
estimating PV module production, including the Sandia PV
array performance model, the CEC performance model and
the PVWatts performance model. The Sandia inverter performance model is used to simulate inverter performance.
You can select modules and inverters from databases so that
the specific characteristics of the system components can
be used in the simulations. In cases where components are
not in the databases, simple efficiency models can represent
their performance. SAM uses two composite derate factors,
pre-inverter and post-inverter, to account for system losses.
A 12-month-by-24-hour matrix is used to define the percent
of shading for every hour of every month of the year.
In addition to its production-modeling capabilities, SAM
puts an emphasis on analyzing the financials involved in PV
project development. The analysis focuses on the US market
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Parametric analysis The results from the parametric analysis optimization tool in SAM show that the tilt resulting in the
minimum levelized cost of energy (LCOE) is 32.5° with an
LCOE of 19.15 ¢/kWh. This graph assumes a cash purchase,
using the default system cost and financial information provided in SAM. The system modeled consists of 1,190 Sharp
ND-216U1F modules with a due south azimuth connected to
a SMA Sunny Central 250U inverter in San Francisco, CA.
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and includes tax credits, depreciation, and capacityand production-based incentives. Detailed cash flow
models are available for residential, commercial
and utility-scale projects that can be used to calculate parameters such as the levelized cost of energy
(LCOE). SAM provides a method for entering utility
rate schedules, including time of use (TOU) schedules,
to accurately represent the varying value of electricity.
SAM contains a suite of analysis tools that includes
parametric, optimization, sensitivity and statistical
tools. These tools give you insight into how changes in
system variables (including tilt, azimuth, system capacity or component cost) impact output metrics such as
annual production or LCOE. The parametric and optimization tools run numerous iterations of the production simulation, stepping through a range of values that
you can define for one or more system variables. The
optimization tool maximizes or minimizes a specified
output metric, whereas the parametric tool provides a
broader view of the relationship between system variables and output metrics.
Two interesting new features were added to the
program with the release of the latest version in
October 2009. A scripting language called SAMUL has
been developed for SAM that is similar to the VBA
language available in Microsoft Excel. This allows you
to control many of the program functions through
code, and it facilitates the automation of repetitive
tasks. In addition, the program now generates source
code in Excel/VBA, C and MATLAB formats so that
the core simulation engine can be accessed separately from the user interface.
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PV-DesignPro scatter plots These plots, with the hour of the day
and the solar irradiance on the horizontal plane and the array power
in dc watts on the vertical axis, show the difference in production for
a horizontal single-axis (north-south) tracker and a fixed system with
a tilt of 37° and an azimuth of 0° (true south) in San Francisco, CA.
Each figure shows 8,760 data points, one for every hour of the year.
(System specifications: 1,376 Mitsubishi PV-UD185MF5 modules;
one Xantrex PV225 inverter.)

PV-DesignPro
PV-DesignPro was developed by Maui Solar Energy
Software. The program is similar to SAM in that you
define system configuration and derate factors. PVDesignPro utilizes the Sandia PV array performance
model and provides module and inverter databases from
which to choose system components. The program accounts
for shading by means of a horizon profile that you define by
specifying the azimuth and altitude angle as well as the opacity of the obstruction. You also have the ability to define the
size and length of wire runs, as well as the efficiency of the
inverter’s MPPT. All other system losses are accounted for in
overall current and voltage derate factors.
One of PV-DesignPro’s strengths is the wealth of information that it supplies. At every step in the process the program attempts to provide as much insight as possible into
the variables that affect energy production. Once you select
a system location, for example, the program produces charts
showing detailed irradiance, temperature and wind data for
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every day of the year. When defining system capacity, graphs
show typical IV curves and the max power of the array at cell
temperatures from 25°C to 50°C. Once you have run a simulation, you can create scatter plots containing data on system variables for every hour of the year. These scatter plots
can be used to visualize and learn about system behavior or
to inform design decisions.
PV-DesignPro also performs parametric analyses and
produces graphs that illustrate how changes in system variables influence production and financial parameters. This
function can help you minimize or maximize important
variables such as kWh production or the cost of a utility bill.
The software also includes tools to produce detailed load
and TOU profiles. These can be used to c o n t i n u e d o n p a g e 4 4

PV Powered
is a US company
and manufacturer,
fully compliant
with the Buy
American Act.

MEDIUM VOLTAGE PLATFORM FOR
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communication providing utilities with awareness and control, and is setting the bar for inverter reliability
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2010 Production Modeling Tools 1
Basics
Software
Program
HOMER

Developer

Cost
free

Polysun

HOMER ENERGY,
originally
developed by
NREL
Vela Solaris

Light $159
Pro $489

PV Designer

Solmetric

$400/yr

PV-DesignPro

WebBased or
Application
application

Weather Data Source

Irradiance Model

user provides hourly average global solar radiation on the horizontal
surface (kW/m2), monthly average global solar radiation on the
horizontal surface (kWh/m2/day), or monthly average clearness index

Hay and Davies model

application

Meteotest

unknown

application

various weather sources including TMY2 and TMY3 data; outside the
US, the same weather sources as Energy Plus

Perez et al. model

Maui Solar
$259
Energy Software
with Sandia
F-Chart Software $400
with University
of Wisconsin
Valentin
$698 2
Software

application

TMY2, TMY3 , Meteonorm, Global Solar Irradiation Database

Perez et al. model (default), HDKR
model (option)

application

TMY2, TMY3, weather data can be added

Isotropic Sky model

application

MeteoSyn, Meteonorm, SWERA, PVGIS, NASA SSE

Hay and Davies model

PVsyst

University of
Geneva

application

NREL

PVWatts v. 2

NREL

free

Web

RetScreen

Natural
Resources
Canada
NREL

free

application

TMY2, TMY3, Meteonorm, ISM-EMPA, Helioclim-1 and -3, NASA-SSE,
WRDC, PVGIS-ESRA and RETScreen; user can import custom data in
a CSV file
in the US—TMY2 data; 239 options outside the US—TMY data from
the Solar and Wind Energy Resource Assessment Programme, the
International Weather for Energy Calculations (V1.1), and the Canadian
Weather for Energy Calculations
combination of TMY2 data with monthly weather data from Real-Time
Nephanalysis (RTNEPH) database (cloud cover), Canadian Center
for Remote Sensing (albedo), National Climatic Data Center (daily
maximum dry bulb temperatures) and RDI/FT Energy (1999 residential
electric rates)
combination of weather data collected from 4,720 sites from 20
different sources with data from 1961–1990 & NASA-SSE

Hay and Davies model (default),
Perez et al. model (option)

PVWatts v. 1

1st license
$984,
additional $197
free

free

application

TMY2, TMY3, EPW, Meteronorm

Perez et al. model (default);
Isotropic Sky Model, Hay and
Davies model, Reindl model
(options); total and beam (default),
beam and diffuse (option)

PV F-Chart

PV*SOL

System
Advisor Model
(SAM)

Web

Notes:
1
Some entries in this table adopted from Klise and Stein (2009). 2 Does not include expert version to be released in 2010.
3
Shading derate is from SunEye readings. Inverter efficiency derate is from an equipment database.
4
User enters array operating temperature, reference efficiency, temperature coefficient and array area.
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Perez et al. model

Perez et al. model

Isotropic Sky model

Modeling
Production-Estimating Model:
Module

Production-Estimating Model:
Inverter

Simulation
Frequency

linear irradiance model with
temperature correction

single efficiency derate factor

hourly

manual
input

manual
input

derate factors not categorized, all losses except for
single percentage for inverter efficiency are covered by
“miscellaneous losses”

empirical model of module
performance, dependent on three
MPPT power ratings at different
irradiance values and the module
temperature coefficient
proprietary model based on nominal
power and operating temperature

unknown

hourly

manual
input

manual
input

soiling, degradation, mismatch, wiring

single-weighted efficiency
derate factor

hourly

manual
input

manual
input

Sandia model

Sandia model

hourly

manual
input

manual
input

PV module nameplate dc rating, inverter and transformer,
mismatch, diodes and connections, dc wiring, ac wiring,
soiling, system availability, shading, sun tracking, age 3
wiring, MPPT efficiency, array current derate factor, array
voltage derate factor

function of efficiency and
temperature

power tracking and power
conversion efficiency factors

hourly

manual
input

manual
input

inverter conversion efficiency and power tracking efficiency

modeled using V and irradiance at
STC, module efficiency curve and
an incident angle modifier; linear or
dynamic temperature model options
Shockley’s one-diode model for
crystalline silicon; modified onediode model for thin film
simplified PVFORM

inverter profile and efficiency
curve generated from measured
data

hourly

manual
input

manual
input

mismatch, diodes, module quality, soiling, wiring, deviation
from standard spectrum, module height above ground

inverter profile and efficiency
curve generated from measured
data
single efficiency derate factor

hourly

manual
input

manual
input

hourly

manual
input

manual
input

field thermal loss, standard NOCT factor, Ohmic losses,
module quality, mismatch, soiling (annual or monthly), IAM
losses
PV module nameplate dc rating, inverter and transformer,
mismatch, diodes and connections, dc wiring, ac wiring,
soiling, system availability, shading, sun tracking, age

simplified PVFORM

single efficiency derate factor

monthly

manual
input

manual
input

PV module nameplate dc rating, inverter and transformer,
mismatch, diodes and connections, dc wiring, ac wiring,
soiling, system availability, shading, sun tracking, age

Evan’s average efficiency model

single efficiency derate factor

monthly

manual
input

manual
input

inverter efficiency, miscellaneous losses

Sandia model, CEC model, PVWatts
model

single efficiency derate factor,
hourly
Sandia Model for grid-connected
inverters

manual
input

manual
input

mismatch, diodes and connections, dc wiring, soiling, sun
tracking, ac wiring, transformer

Tilt

Orientation

Derate Factors
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2010 Production Modeling Tools
Modeling
Software
Program
HOMER

Technologies

Tracking

Output Data

single axis (horizontal, daily adjustment), single
axis (horizontal, weekly adjustment), single axis
(horizontal monthly adjustment), single axis
(horizontal, continuous adjustment), single axis
(vertical, continuous adjustment), dual axis
cSi, aSi, CdTe, single axis, dual axis
CIS, CIGS, HIT,
μc-Si, Ribbon
(EFG)
cSi, aSi, CdTe, n/a
CIS

not considered independently, could be
incorporated into single derate factor

hourly ac production data

horizon profile may be defined or imported

unknown

sub-module level shading, computed based
on distance-weighted interpolation of
readings taken from Solmetric SunEye
cSi, aSi, CdTe, single axis (horizontal axis EW), single axis (horizontal horizon profile user-defined
CIS, CPV,
axis NS), single axis (vertical axis), single axis (NS
mj-CPV
axis parallel to Earth’s axis), dual axis
not
flat-plate array, single-axis tracking (adjustable tilt/
not considered, could be incorporated into
technology
azimuth), dual-axis tracking, concentrating parabolic other derate factors
specific 4
collector

hourly ac energy production; daily and
monthly ac energy production displayed
graphically on screen
hourly data available for meteorological
data, PV array behavior (cell temp, module
efficiency), energy production and more
monthly average hourly values of ac
energy

horizon profile user-defined or imported
from shade survey tool, 3D modeling
environment in Expert version
horizon profile can be user-defined or
imported from a shade survey tool, 3D
modeling environment, based on array
configuration

hourly energy production in one-week
segments

PVWatts v. 1

cSi, aSi, CdTe, single axis (vertical), dual axis
CIS, HIT,
μc-Si, Ribbon
cSi, HIT, CdTe, single axis (horizontal axis EW), single axis (vertical
aSi, CIS, μc-Si axis), single axis (tilted axis), dual axis, dual axis
(frame NS), dual axis (frame EW), tracking sun
shields; ability to define parameters such as collector
width, shade spacing and rotation limits
cSi
single axis, dual axis

single derate factor

hourly ac energy production

PVWatts v. 2

cSi

single derate factor

n/a

n/a

n/a

12-month by 24-hour shade profile can be
imported

hourly data available for meteorological
data, PV array behavior (cell temp, wiring
losses, etc.), energy production

Polysun

PV Designer

PV-DesignPro

PV F-Chart

PV*SOL

PVsyst

not
technology
specific4

Shading

single axis, dual axis

RetScreen

cSi, aSi,
single axis, dual axis, azimuth
CdTe, CIS,
spherical-Si
System
cSi, aSi, CdTe, single axis (tilted NS axis), dual axis
Advisor Model CIS, CPV, HIT
(SAM)

Notes:
4
User enters array operating temperature, reference efficiency, temperature coefficient and array area.
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n/a = not available

hourly data available for meteorological
data, PV array behavior (cell temp, wiring
losses, etc.), energy production

Details
Financial Analyses
cash-flow analysis considering
energy costs, operating costs and
calculation of LCOE

Component Database
Ability to Export
Data to Excel
exported as a
text file

Optimization

Module

Inverter

Update Method and Frequency

sensitivity
analysis and
optimization
capability

n/a

n/a

n/a

User Support &
Documentation
user manual provided with
software

financial analysis including O&M
costs, incentives, projected
electricity costs, inflation and
interest rates
n/a

yes

n/a

yes

yes

automatically checks for updates

user manual provided with
software

yes

n/a

yes

yes

component data complied from PVXchange
database, updated approximately monthly

user manual provided with
software

basic cash-flow analysis

yes

parametric
analysis

yes

yes

online help file, training
videos

parametric
analysis

n/a

n/a

updates supplied periodically on the Maui
Solar Software site; you can add modules
and inverters
n/a

tilt, inter-row
yes
spacing, inverter
loading
tilt, orientation, yes
inter-row
spacing, inverter
loading

yes

lifecycle cost calculations including can be copied and
electricity purchased from
pasted into Excel
utility, electricity sold to utility,
O&M costs, rebates, tax credits,
depreciation; cash-flow analysis
economic efficiency and cash-flow yes
analysis

user manual provided with
software

considers energy costs, feed-in
tariffs and system financing

yes

basic calculation of energy value

n/a

n/a

n/a

basic calculation of energy value

8,760 report is
output as text that
can be pasted into
an Excel file
n/a

updates to the database are supplied by
manufacturers; the program can be set to
check for updates at start up
updated approximately once a year, usually
with the release of a software update; you
can define additional components or import
individual component files received from
other sources
n/a

n/a

n/a

n/a

n/a

detailed cash-flow analysis,
sensitivity and risk analysis

program is Excel
based

n/a

yes

n/a

manufacturer must contact RetScreen

detailed cash-flow analysis for
residential, commercial and utility
scale projects; focused on the US
market; sensitivity and statistical
analysis tools

yes

numerous
yes
production
and financial
optimization
tools, parametric
analysis

yes

CEC module model (NREL maintains a
extensive user manual,
library of CEC-approved modules), SAM can detailed help file, online user
sync with the most recent library, additional group, email support
modules can be added by contacting NREL;
library of inverter coefficients is updated
regularly as the CEC inverter database is
updated

yes

limited help file available with
program; training available
detailed help file available
with program, FAQ on Web
site, no user manual

online documentation and
support available

limited help file provided
available with program,
additional online documentation and support available
online manual, detailed help
file, online training courses
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PV-DesignPro parametric analysis This chart was created
using the default load profile available in PV-DesignPro and
the PG&E A-6 rate schedule that is preloaded in the program.
The lowest electric bill for a customer in San Francisco, CA, is
achieved at a module tilt of 30° and an azimuth of 10°. (System
specifications: 1,376 Mitsubishi PV-UD185MF5 modules; one
Xantrex PV225 inverter.)

compare the financial benefits that may result from switching rate schedules when installing a PV system.
PV*SOL
PV*SOL is produced by Valentin Software, based in Germany.
The program is widely used in the European market, and Valentin has begun efforts to increase market share in the US. These
efforts include a 2010 release of an Americanized version of
both PV*SOL and its most advanced tool, PV*SOL Expert, that
use American numbering conventions and a North American
product database. PV*SOL contains an extensive database of
modules and inverters that is frequently updated. The program
can be set to automatically check for updates to the database
on startup. You can account for shading by creating or importing a horizon profile. Derate factors, such as mismatch, soiling,
dc voltage drop, module tolerance, and losses across diodes
and connections, are all considered.
At the start of each session you are given the option to use
a Quick Design tool. After you select a specific type of module,
the number of modules that are to be installed and an inverter
brand, the program calculates all of the possible stringing
combinations. The options are ranked based on how efficient
they are at using inverter capacity. This is useful when trying
to determine the best way to use numerous string inverters
on a project.
PV*SOL stands out in its ability to model multiple arrays
and multiple inverters in the same simulation, something not
possible with most tools. Each array can be specified independently of the others, including module type, array tilt and
azimuth, and single or multiple inverters. Derate factors and
horizon profiles can also be specified independently for each
44
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PV*SOL shading simulation This PV*SOL screen capture
is color-coded to indicate the amount of shading across the
roof. The numbers on the modules indicate the shading loss
for each. A US version of PV*SOL will be available in 2010.

array. On complex projects with multiple buildings, this can significantly reduce the simulation time.
PV*SOL Expert contains a 3D shade modeling environment in which a building can be defined that includes typical
features such as gables and chimneys. Other objects that may
shade an array, such as trees and additional structures, can
be added to the model. You can then run a simulation that
color-codes the roof according to the amount of shade an area
receives. This simulation also lets you arrange modules on the
roof and see the shading loss for each one, as shown in the
screen capture above.
Although many of the advanced tools available in both
versions of PV*SOL are geared toward the simulation of
roof-mounted systems, the program also contains options
for vertical single-axis tracking as well as dual-axis tracking.
The program does not have an option for horizontal singleaxis tracking.
PVsyst
PVsyst, developed at the University of Geneva, Switzerland,
is currently the hot name in production modeling. It is
the primary tool used by independent engineers who are
brought in to verify production numbers for investors. The
program contains a large database of modules and inverters for component selection. PVsyst considers many of
the system losses as the other modeling tools do. Where it
stands out is its treatment of shading and soiling.
You have the ability to enter a different soiling factor
for each month in PVsyst, which more accurately reflects
real-world conditions. The program can quickly model the
effects of inter-row shading through c o n t i n u e d o n p a g e 4 6
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Power Production

Introducing the industry’s first complete power harvesting and
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an option called unlimited sheds that calcuIn order to provide an
“PVsyst provides more conservalates when the system experiences inter-row
understanding
of the relative
tive results and is more powerful
shading based on the array parameters and
performance of each tool
at covering complex issues such
on the location and orientation of the array.
in different scenarios, we
as shading.”
PVsyst also provides you with a 3D CADcompare the performance—Manfred Bächler,
like environment in which a more complex
modeling tools’ production
chief technical officer,
model of a PV system and the nearby surestimates for crystalline
Phoenix Solar
roundings can be created. Once an array is
silicon PV modules on a
defined, it can be broken into strings, and
fixed-tilt array, a single-axis
the effect that shading has on a string can be specified.
tracking array and a dual-axis tracking array, as well as thinPVsyst provides numerous array configuration options. film modules on a fixed-tilt array.
To simulate tracking, you can define the important charTo perform the simulations in each modeling tool across
acteristics such as single or dual axis, maximum and mini- the three mounting systems and the two module technologies,
mum tilts, the spacing between rows or arrays, and whether we input specifications for four generic systems, as follows:
or not the tracker employs backtracking. (Backtracking is
a tracking strategy controlled by a microprocessor that Crystalline Systems
adjusts the array tilt to constantly avoid inter-array shadModules: Sharp ND-216U2 (216 W STC, 187.3 W PTC)
ing, especially early and late in the day.) PVsyst can simulInverter: Xantrex GT250 (250 kW, 96% CEC efficiency)
taneously model systems that comprise more than one size
Array: 1,400 modules (302.4 kW STC), 100 strings of
or type of inverter, as well as arrays with two different tilts
14 modules each
and azimuths connected to a single inverter.
Installation #1: Fixed-tilt ground mount, 0° azimuth (true
What makes PVsyst such a valuable tool is not that it has
south), 30° tilt
a more accurate model for PV or solar cell production than
Installation #2: Single-axis tracking (north-south),
the other production-modeling systems available, but rather
0° azimuth (true south)
its unique ability to control and accurately define many of
Installation #3: Dual-axis tracking
the other factors that are involved in production modeling.
The report that PVsyst produces, and in particular the dia- Thin-Film System
gram showing system losses, is especially valuable. A new
Module: First Solar FS255 (55 W STC, 51.8 W PTC)
version of the program, PVsyst 5.0, was released in June 2009
Inverter: Xantrex GT250 (250 kW, 96% CEC efficiency)
and updates to the program are released regularly on the
Array: 5,028 modules (276.5 kW STC), 838 strings of
PVsyst Web site (see Resources).
6 modules each
Installation: Fixed-tilt ground mount, 0° azimuth (true
south), 30° tilt c o n t i n u e d o n p a g e 4 8

We use the production-modeling tools just discussed to simulate the annual energy yield for different system designs. In
this section we compare the tools’ production estimates for
theoretical systems of different technologies and perform
two case studies to compare the modeling tools’ production
estimates to measured production. These tools are evaluated in the following model-to-model comparisons:
• PVWatts, v. 1
• PVWatts, v. 2
• PVsyst v. 4.37
• SAM, Sandia PV performance model and Sandia
inverter performance model
• SAM, CEC PV performance model and Sandia
inverter performance model
• PV*SOL 3.0, release 7
• PV-DesignPro, v. 6.0
46
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COMPARISON OF
PV PRODUCTION MODELS

PVsyst 3D model The near shading scene function in PVsyst
is used to calculate the impact of obstructions like adjacent
trees or structures on system performance. In this case, the
effects of shading are modeled on a vertical east-west singleaxis tracking system.
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The systems are sized by starting with a chosen inverter,
dividing the ac power rating by the CEC-rated efficiency, then
dividing by the module’s PTC rating. The resulting number of
modules is rounded up to a whole number of strings.
Modeling-Tool Parameters
We use the default derate parameters for each modeling
tool—with the exception of SAM, for which we match
the derate factors to those from PVWatts for consistency. Table
1 lists the derate parameters used in the various modeling tools.
Each PV system is located in San Francisco, California.
NREL TMY2 data for that location are used in the modeling.
For the purposes of modeling with PVWatts v. 2, the 94124
zip code is used to identify the 40-by-40 km grid.
Each tool’s default POA radiation model is used. This
means that simulations performed with PVWatts v. 1 and
v. 2, SAM and PV-DesignPro use the Perez et al. model; PVsyst
and PV*SOL use the Hay and Davies model.
To maintain consistency between tools when modeling
tracking, we did not use PVsyst’s capability to model the backtracking or shade avoidance. In addition, the horizontal
single-axis tracking design was not modeled in PV*SOL, as
that tool can model only a vertical single-axis tracking design.
Results of Model-to-Model Comparisons
The results of the modeling comparisons are presented in
terms of specific yield in Graph 1. Specific yield is the production in kWh with respect to the STC system size in kW. In other
words, it is energy divided by nameplate power. This allows
for a more direct comparison between different technologies.
In reviewing the results presented in Graph 1 and the
source data, we make the following observations about the
estimates that each of the tools generated:
• For any single scenario, the discrepancy between the
maximum and minimum production estimate ranged
from 9% to 14%; the average difference was 11.5%.

• The largest discrepancy between production estimates
was 14% for the thin-film scenario. This reflects the
greater level of uncertainty associated with modeling the
performance of thin-film modules.
• With the exception of the thin-film scenario, PV*SOL and
PVWatts (v. 1 and v. 2) consistently produce estimates
that fall between those for SAM and PV-DesignPro at the
high end and PVsyst at the low end.
• In the thin-film scenario, the relatively lower estimates
for PVWatts v. 1 and v. 2 are expected due to the inability
of the tool to accurately model thin-film performance.
What is unexpected is that the PVsyst estimate is similar
to those from PVWatts v. 1 and v. 2.
• The estimates of the two SAM models were consistently
the largest or most aggressive estimates. Using the CEC PV
performance model, SAM generally estimated a 1% higher
annual production than it did when using the Sandia PV
array performance model. The small percentage suggests
that the difference in module performance models is
small, in the context of a full-system simulation.
• PV-DesignPro consistently estimates between 1.5% and
2% below the SAM models, but still significantly higher
than most other tools’ estimates. By default, PV-DesignPro
considers MPPT efficiency and dc wire loss only. We expect
that its production estimates would be lower if consistent
derate factors were applied.
• PVsyst consistently produced the smallest or most conservative production estimates. Comparing the PVsyst
loss diagram that the software generates with the simple
derate factors for other modeling tools leads us to believe
that this result is largely due to the module performance
model within PVsyst. Differences in module and inverter
characteristics within the tool’s databases may also contribute to this result.
• PVWatts v. 1 estimates an average of 2% more annual production than v. 2. We believe the difference is attributable

Derate Factors Model-to-Model Comparisons
PV module nameplate
Inverter & transformer
Mismatch
Diodes & connections
dc wire loss
ac wire loss
Soiling
Shading
Sun tracking
MPPT efficiency
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PVWATTS
v. 1 & v. 2
0.95
0.96
0.98
0.995
0.98
0.99
1
1
1
-
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SAM (CEC &
Sandia models)
MOD
0.98
0.995
0.98
0.99
1
MOD
1
-

PVsyst

PV*SOL

PV-DesignPro

0.97
MOD
0.98
MOD
MOD
1
1
1
MOD
-

1
MOD
0.98
0.995
MOD
1
1
1
1
-

1
MOD
1
1
.99
1
1
1
0.95

Table 1 Derate factors for
each program are translated to a decimal value
for comparison, matching
the convention used in
PVWatts. “MOD” denotes
that the parameter is modeled within the tool, rather
than reduced to a single
derate factor.

2,200

1,800

1,600

PV-DesignPro

PV*SOL

SAM - CEC

PVSyst

1,000

SAM - Sandia

1,200

PVWatts v. 2

1,400

PVWatts v. 1

C ou r te sy bor re gosola r.c om

Specific yield (kWh/kWp)

2,000

30˚ tilt
Crystalline silicon

Single-axis tracking
Crystalline silicon

Dual-axis tracking
Crystalline silicon

30˚ fixed tilt
CdTE thin film

Graph 1 This graph shows the annual specific yield estimated by the different PV production models for the four comparison
PV systems. Absent data in the single-axis tracking example is due to the fact that PV*SOL does not model vertical (northsouth) tracking.

to the modification of weather data in PVWatts v. 2 to
improve geographic resolution; as such, other sites may
produce dissimilar results.

CASE STUDIES: COMPARING MODELING
TOOL OUTPUT TO PRODUCTION DATA

To compare predicted performance with the measured performance of actual systems, we perform two case studies of
PV systems in operation. Case Study #1 is a fixed-tilt hybrid
monocrystalline /amorphous silicon installation on a rooftop in Escondido, California. Case Study #2 is a fixed-tilt carport installation with amorphous silicon thin-film modules
in Santee, California. Both projects have monitoring equipment that includes measurement of insolation; as such,
both the energy produced by the systems and the insolation
available to the systems can be compared to simulations.
For the case studies, we reduced the number of tools
used. This is due to the similarity in results observed in the
comparisons between two pairs of PVWatts and SAM models. For PVWatts, only v. 2 was used in the case studies. For
the two SAM models, we used the Sandia PV array performance model for Case Study #1 and the CEC performance
model for Case Study #2; this is due to the availability of
modules in the respective databases.

Modeling Parameters
Weather data. The meteorological data for all simulations are

NREL TMY2 data for San Diego, California, with the exception of the PVWatts v. 2 simulation, which uses modified
data based on the zip code for each system.
Shading. Each modeling tool addressed inter-row shading as follows:
• In PVsyst, by utilizing the “unlimited sheds” modeling
technique;
• in SAM by using the 12-by-24 shading matrix;
• in PVWatts by entering the shading loss resulting from
the PVsyst simulation; and
• in PV*SOL and PV-DesignPro by creating a horizon
profile.
No additional shading is considered, because the arrays
are largely shade-free.
Soiling. This is modeled in PVsyst at 1.5% per month, accumulating from month to month when the average rainfall in
that month was not significant. When rainfall was significant
or the system was cleaned, the soiling factor was reduced to
1.5% for that month. Case Study #1 was not cleaned and the
resulting annual soiling loss was 4%. Case Study #2 was cleaned
at the end of June, and the resulting annual soiling loss was
3.1%. These annual soiling losses are used in all modeling tools.
Other. Except as noted below, all other derate factors are
as per Table 1:
solarprofessional.com | S o l a r P r o
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is close to the measured production, with the exception of
the PV*SOL modeling tool. The combination of the modeled
insolation being lower than measured, but modeled production approximately matching what was measured, indicates
that the modeling tools will significantly overestimate system
production if an average or typical weather year were to occur.
Our interpretation is that the system is underperforming with
respect to the modeling tools’ predictions. This underperformance is consistent with reports from the project site indicating that significant soiling is reducing production.
Graph 2 shows that the monthly production estimates
and measured production values are within the same range
and follow the same trend over the course of the year, with
some exceptions. The most significant exception is the drop
in measured production in June. When reviewing the insolation data, we observe an equivalent drop. Therefore the
system is performing as expected. (This drop in June is also
observed in Case Study #2.)
With the exception of June, the modeling tools appear to
have produced estimates in reasonable c o n t i n u e d o n p a g e 5 2

Energy (kWh)

Case Study #1
The first case study is a 78.4 kW roof-mounted array in
Escondido, California, consisting of Sanyo HIP-200BA3
hybrid monocrystalline/amorphous silicon modules that
are tilted at 10° and oriented directly south (0°). The array
is wired with seven modules per source circuit, and the
resulting 56 source circuits are connected to a PV Powered
PVP75KW-480 inverter. The system has been in operation
for just over 18 months with no significant downtime since
being commissioned. The site is relatively new construction and is located in an area
where further construction is
occurring. As a result, soiling is
Measured
SAM (Sandia)
PVWatts
expected to have a significant
13,000
impact on the system’s performance. In addition, there is a
12,000
local wastewater ordinance
11,000
restricting the owners’ ability
to clean the system. Therefore,
10,000
it has not been cleaned since it
PVSyst
PV-DesignPro
was commissioned.
9,000
Results. The modeling results
8,000
for Case Study #1 are presented
in Table 2. They show that mea7,000
sured insolation is approxiPV*SOL
mately 10% greater than mod6,000
eled. This is consistent across
the different tools, indicating
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
that they perform comparably
in modeling weather data. The Graph 2 This graph shows the monthly energy production in kWh for the measured and
estimated production, however, modeled system in Case Study #1.

Case Study #1: Measured-to-Modeled Comparison
Insolation (kWh/m2/year)
Delta to measured (%)
Production (kWh)
Delta to measured (%)

Measured
2,178.6
0.0%
123,058
0.0%

PVsyst
1,977.3
-9.2%
119,816
-2.6%

SAM (Sandia)
1,981.2
-9.1%
127,107
3.3%

PVWatts
2,004.8
-8.0%
119,986
-2.5%

PV*SOL
1,911.8
-12.2%
114,736
-6.8%

PV-DesignPro
1,984.6
-8.9%
118,502
-3.7%

Table 2 This table presents the measured and estimated annual insolation and production values for Case Study #1 as well as
the percent difference of measured-to-modeled values.
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• In PV*SOL a module tolerance of -3% is specified.
• In PV-DesignPro MPPT efficiency is modeled as 98%; an
array voltage derate factor of 0.975 is used to account for
module mismatch and losses in diodes and connections;
wiring losses are set at 3%.
As these systems are both in their first 12–18 months
of operation, no module degradation is considered. System
availability is also not considered, because each system had
no significant downtime.

With Trojan Battery, you just may forget
you’re off-the-grid.
With over 85 years of experience, Trojan Battery offers a complete line of flooded, GEL and AGM
deep cycle batteries for reliable power and long life in the toughest off-grid locations.
Trojan Battery is the most trusted name in deep cycle technology:
• Even longer life
• Superior charge performance
• 5 year limited warranty: Best-in-class for Renewable Energy applications
Visit www.trojanbattery.com to see our selection of Renewable Energy batteries or call
800-423-6569 for the nearest Trojan Battery partners near you.
Trojan batteries are available through Trojan’s Worldwide Master Distributor Network and
Renewable Energy Wholesalers. For the nearest partners, call 800-423-6569 or visit us at
www.trojanbattery.com/RE

Receive your FREE Technical Brief on Deep Cycle Technology:
visit our website at www.trojanbattery.com/RE008
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The wide variation is an indicator that modeling the performance of thin-film modules is more complex and presently
less accurate than modeling performance for crystalline silicon modules.
PVWatts is limited in its ability to model modules other
than crystalline silicon. Given that amorphous silicon
modules are used in this case study, we account for this
limitation in PVWatts by applying a correction factor to
the STC system size specified in the PVWatts model. The
correction factor is determined by comparing the PTC to
STC ratio for the Kaneka G-SA60 module to that for a reference crystalline module, in this instance the Sharp ND216U2. The PTC to STC ratio is 10% higher for the Kaneka
module; as a result, the system size modeled in PVWatts
is increased by 10%. The results shown in Table 3 indicate
that the adjusted PVWatts v. 2 results are similar to those
for the other tools. This approach is similar to the one used
by the Los Angeles Department of Water and Power in its
incentive program. While this appears to produce reasonable
results, more effective tools are available for modeling thinfilm module performance.

Energy (kWh)

Case Study #2
The second case study is a 481.5 kW carport-mounted array
in Santee, California, consisting of Kaneka G-SA60 singlejunction amorphous silicon thin-film modules, tilted at 5°
and oriented 27° west of true south. The array is wired with
five modules per source circuit, and the
resulting 1,605 circuits are connected to
Measured
two Xantrex GT250-480 inverters. The
95,000
carport is actually an RV parking shelter
PVSyst
SAM (CEC)
PVWatts
and has a roof deck immediately below
85,000
the modules, which reduces airflow and
PV*SOL
increases module temperature. The sys75,000
tem has been in operation for just over
12 months with no significant downtime since being commissioned.
65,000
Results. The modeling results for
PV-DesignPro
Case Study #2 are presented in Table 3.
55,000
They show that measured insolation is
approximately 5% lower than modeled.
45,000
This is consistent across the different
tools, indicating that they model weather
data comparably. The estimated proJan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.
duction, however, varies widely, ranging
from 3% below the measured value for Graph 3 This graphs shows the monthly energy production in kWh for the meaSAM to 15.2% below for PV-DesignPro. sured and modeled system in Case Study #2.

Case Study #2: Measured-to-Modeled Comparison
Insolation (kWh/m2/year)
Delta to measured (%)
Production (kWh)
Delta to measured (%)

Measured
2,037.6
0.0%
849,136
0.0%

PVsyst
1,944.1
-4.6%
779,192
-8.2%

SAM (CEC)
1,922.7
-5.6%
823,635
-3.0%

PVWatts
1,956.4
-4.0%
777,359
-8.5%

PV*SOL
1,855.7
-8.9%
759,531
-10.6%

PV-DesignPro
1,918.3
-5.9%
719,869
-15.2%

Table 3 This table presents the measured and estimated annual insolation and production values for Case Study #2 as well as
the percent difference of measured to modeled values.
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agreement with the measured data. However, when you
examine Graph 2 closely, you can see that—with the exception of June—the measured data either exceed or are equal
to the estimated data from January to July. It is reasonable
to suppose that if insolation in June had not been relatively
low, the production that month would also have exceeded
the predictions. From August through October, however,
the measured data fall below nearly all of the modeled estimates. Only one modeled data point—that for PVsyst in September—is lower than the measured data. This indicates the
impact of soiling on production through the dry summer
season in San Diego County. The PVsyst capability to model
soiling on a monthly basis captures the behavior. The estimated production values in November and December are
similar to the measured values.

available with silver or black frames

Graph 3 shows that the monthly estimates for production
and the measured production follow the same broad trend, in
terms of an increase in production during the summer. As in
Case Study #1, the one instance where measured and modeled
production do not track one another is the drop in measured
production in June. Again, the insolation data reveal a similar
reduction, and thus the behavior is as expected.
While generally predicting near the average of the other
modeling tools, PVsyst has the highest production estimate
in July. This is due to PVsyst’s ability to model month-bymonth soiling factors. The soiling factor was reduced from
6% for June to 1.5% for July when scheduled cleaning was carried out, and the resulting production increase is reflected in
the production graph. Other tools also show a similar trend,
but this is simply in proportion to the increased insolation
available in July.

THE VALUE OF
PRODUCTION MODELING

Production modeling impacts many aspects of PV project
development. During the sales cycle, performance estimates
are necessary for determining project capacity and lining up
financing. These estimates are also used during the design
and engineering phase to make informed design decisions
that optimize PV system performance. During operations,
production modeling is used to evaluate system performance to ensure appropriate production. Production modeling also has a key role in the evaluation of new products
and technologies.
System sizing. Production estimates of varying complexity are essential in determining the appropriate size system
to build. In simple situations where customers are trying to
offset a portion of their annual energy bill, a back-of-theenvelope production estimate may suffice. However, if customers are trying to zero out their electric bill or if TOU rate
schedules are in play, the method used to estimate production
needs to be more precise, more sophisticated. You can have
more confidence in design decisions by modeling with tools
that use location-specific weather data and produce hourly
estimates of production.
Financials. Revenue from energy production is a major force,
if not the driving force in PV project development. In an environment where the majority of PV projects, particularly larger
projects, are not purchased outright but financed through
complex deals, the value of each kWh generated cannot be
understated. Incentives based on kWh rather than kW—such
as the California Solar Initiative Performance Based Incentive
program or one of many solar renewable energy credit programs—can double or triple the simple value of a kWh, exceeding $0.30/kWh.

LS285

Mono-Crystalline Photovoltaic Modules

Best dollar value on the CEC list
Call today to become a dealer
Free Shipping

Solar Training
Courses Scheduled Monthly
•
•
•
•

Comprehensive Solar PV Training - $995 (5 days)
Hands on Solar PV Training - $600 (3 days)
Comprehensive Solar Thermal Training - $995 (5 days)
Hands on Solar Thermal Training - $600 (3 days)

For complete details about our training go to:

www.lumossolar.com/training/overview

www.lumossolar.com

303.449.2394
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Given the potential value of each kWh, system
Once a technology
production has a huge impact on the revenue a
choice has been made,
project generates. If production is significantly
modeling tools allow you
under- or overestimated, the effects can be serito optimize the array
ous on the project at hand, on future deals and
layout. A general rule of
on the industry as a whole.
thumb holds that the
Underestimated production can cause
optimal configuration to
any number of development issues, perhaps
maximize annual producmisrepresenting project viability or resulting
tion is a tilt angle equal to
in an oversized system. Underestimated prothe site’s latitude with a
duction may prevent a project from being developed that due south azimuth. While this rule would be true for a singlemight otherwise have been attractive. Or it could push a plane array under ideal circumstances, inter-row shading and
customer toward a deal with a developer whose production local weather variations can skew the optimum configuration.
estimate is higher. If an oversized system results, the excess Modeling tools can be used both to find the optimal configuelectricity generated may have to be given away to the util- rations and to look at what effect a nonoptimal configuration
ity without compensation.
would have. For fixed-tilt systems, modeling tools can be used
Overestimated production may result in changes to the to determine the effects of inter-row shading. They also help to
financial structure of the project. This is true when the com- determine the balance between the increased capacity allowed
missioned system cannot meet the performance require- by smaller shade setback distances and the decreased producments established through production modeling. Production tion. For tracking systems, modeling tools can help you make
guarantees that are based upon an overestimated production decisions about the spacing of arrays or whether backtracking
model can lead to financial penalties for the party guarantee- is a valuable option. The 3D shade simulations can be used to
ing the system performance. An underperforming asset may place arrays in areas where they are least impacted by shading
not have the market value that an owner had planned on from trees or roof obstructions.
when committing to the project terms.
Performance-modeling tools also allow you to make
Whether used by investors examining revenue streams, informed decisions about inverter sizing. For example, if a
integrators looking to guarantee that revenue, or end cus- building can accommodate an array rated at 500 kW STC,
tomers looking to offset their utility bills, accurate energy should you use a 500 kW inverter or a 350 kW inverter?
production estimates are crucial to all parties in the suc- Using a modeling tool that accounts for power loss due to
cessful deployment of a solar energy project. Given this clipping allows you to compare the value of the lost power
importance, investors rarely evaluate production estimates themselves. Instead, independent engineering firms with extensive
production-modeling experience are generally
relied upon. Typically, the independent engineering firm also verifies system performance
following commissioning.
System design. Production-modeling tools
play an essential role in maximizing the production or financial return of a PV system. The
first step is making a decision about what technology to deploy based on a given location or
a set of financial considerations. Different climates and locations affect the output of various technologies, such as crystalline silicon
versus thin-film PV or single- versus dual-axis
trackers. The times of the day and seasons of
the year when these technologies produce Inverter clipping This PV-DesignPro scatter plot has one data point for
power also vary. A technology that has the each hour of the year. It illustrates how much power clipping results
best financial return in one location or under a from overloading a Xantrex PV225 inverter with a 384.8 kW array (2,080
given rate schedule may not be the best choice Mitsubishi PV-UD185MF5 modules) for a system in San Francisco, CA,
with a 25° tilt and a 0° (true south) azimuth.
in other circumstances.
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“Currently, all the models lack the
seriousness that can be provided
only by having skin in the game.
Once there is a tool out there that
people put money behind, the
entire solar industry will get far
more serious and real.”
—Fred Unger, president,
Heartwood Group

The Dollars Are in the Details

45

25˚ tilt

40
32.5˚ tilt
35
30
D a ta c ou r te sy pvsyst.c om

D a ta c ou r te sy n re l.gov/ a n a lysis/ sa m

Graph 4 This contour graph was created by SAM and
shows the relationship of energy production to tilt and azimuth for a modeled PV system in San Francisco, CA.

Example 2: PVsyst. Production numbers run in PVsyst,
which provides an inter-row shading option, show that for systems with an 8° azimuth and inter-row spacing that keeps the
array shade free between 9am and 3pm on December 21,
a tilt angle of 25° actually produces slightly more annual
power than one tilted at 32.5°. This is illustrated in Graph 5,
which shows the monthly kWh production for 25° and 32.5°
tilt angles, as modeled by PVsyst. Tilting the array at 25° has
additional benefits: Production is weighted toward the summer
months when power is generally more valuable; the system
covers a smaller area; and less racking material is required.
In this case, using the data from SAM would appear to result
in a less productive, more expensive system. You could run
additional comparisons to optimize the system for total production, TOU weighted production or other system metrics. {

Energy (MWh)

T

he following production-modeling examples, which seek
to correlate annual production to system tilt and azimuth,
show the importance of using modeling tools that account for
detailed system variables.
Example 1: SAM. An optimization run using SAM for a
250 kW system in San Francisco, California, at a latitude of
37.6°, shows that annual production is maximized with a tilt

25

over the life of the system when using the 350 kW inverter to
the increased upfront cost of installing the 500 kW inverter.
You can run the same type of analysis to make the decision
between a single inverter or multiple inverters for arrays
with different orientations.
Operations. Production-modeling tools can also be used to
evaluate a PV system’s long-term performance. Accurate production modeling establishes a relationship between the irradiance available to the system and the electricity produced by
the system. This ratio is applied to the measured irradiance
and used to determine the expected production. This result
can be compared to the measured production to determine
whether the system is performing as expected. This can be
done in real time, typically using Web-based analysis tools for

Dec.

Nov.

Oct.

Sept.

Aug.

July

June

May

Apr.

Mar.

Feb.

Jan.

20

of 32.5° and an azimuth of 8°, where true south is 0° and
positive values indicate an azimuth that is west of south. See
Graph 4 for a representation of this result. The SAM optimization assumes no shade. However, most large systems are
composed of numerous rows spaced at a calculated distance,
and are often designed to have inter-row shading before 9am
and after 3pm on December 21. Unfortunately, SAM does not
provide an easy method for defining inter-row shading.

Graph 5 This graph was produced using monthly energy
production numbers generated by PVsyst. It indicates that for a
system with an 8° azimuth in San Francisco, CA, a 25° tilt generates more energy than a 32.5° tilt, especially in the summer.

viewing the data from the system, or retrospectively over a
given time, typically monthly or annually. Accurate modeling
of all of the system parameters is critical to the effectiveness
of this technique, as are accurate measurements of the irradiance and production values.

CONCLUSIONS

Based on our evaluations, the radiation model components
of the evaluated tools perform consistently, predicting similar POA irradiance from the same weather data. In terms
of production estimates, SAM is the most aggressive modeling tool and PVsyst the most conservative. There is an
average of 9% difference between their estimates.
solarprofessional.com | S o l a r P r o
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“New technologies and applications
create new challenges for modelers. There
is a continuing need for development
and validation of models for diverse
technologies, applications and climates
to ensure model accuracy and to quantify
uncertainty.”
—Chris Cameron,
project lead for systems modeling,
Sandia National Laboratories

Given the importance of accurate energy production estimates,
the sophistication and capabilities
of modeling tools must continue to
evolve along with the solar industry. At this stage, an ideal tool might
combine the following features: the
Sandia PV array performance model;
a component database updated as
frequently, or more often, than the
CEC database; PVsyst’s control over
system and location variables; and
SAM’s ability to perform financial, parametric and statistical
analyses. Throw in the ability to define 3D layouts in a CADlike environment—as in PVsyst—and to load shade readings
taken in the field—as with Solmetric’s PV Designer software
and its SunEye tool—and you would have it all.
In the end, production-modeling tools are only as good
as the person who uses them. The choice of derate factors
can easily shift a production estimate by 5% or more. That

said, for accurate simulations, it is important
to have a tool that gives
you as much control as
possible over the factors
that affect production.
Currently, PVsyst is the
tool that stands out, due
to its ability to account
for shading from a variety of sources and to
vary soiling definitions
over the course of the year as well as its flexibility to model a
large number of different configurations.
The authors wish to thank Geoffrey T. Klise and Christopher P. Cameron of Sandia National Laboratories for their
expert input during preparation of this article as well as for
sharing a prepublication draft of the report “Models Used to
Assess the Performance of PV Systems.”
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Stand-Alone

System Design

C o u r t e s y p o s i t i v e e n e r g y s o l a r. c o m

Load analysis, equipment specification and lessons learned

By Phil Undercuffler
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designing effective and durable stand-alone systems have
remained consistent. In this article, I do not present a comprehensive design guide, but rather I introduce the critical
decision points in the design and installation of high-quality
stand-alone residential power systems.

The Art Of Load Analysis

Without drawing too fine a line, off-grid customers can be
generally divided into two types: sailors and motorboaters.
Sailors travel within the limits of what the wind provides,
tacking and trimming their sails to best fit their intended
path. Motorboaters expect to maintain their desired speed
and direction, regardless of the weather. Neither mode of
travel is right or wrong, but you need to take different system design approaches to match the lifestyle and needs of
these disparate clients. When it comes to off-grid customers, sailors can usually live within the limits of a smaller,

C ou r t e s y p o s i t iv ee n er g ys o l a r. c o m

S

izing and specifying a system for off-grid clients
can be the hardest challenge a designer ever
faces. Most stand-alone systems are inherently
more complex, with more complicated interactions between components, than standard gridtied systems. Good stand-alone system design
is based on careful interaction with the clients. Essential
steps in creating an efficient and reliable system that meets
the clients’ expectations include understanding their motivations and requirements, helping them determine their
needs and desires, tailoring the design to match the hard
realities of their site and budget and turning the results of
this soul searching into hardware and components. Fifteen
years ago, when my wife and I built a home in New Mexico
and moved off the grid, these were our own challenges.
While the US solar industry has undergone amazing transformation in the past 15 years, the key steps to

		

Stand-Alone System-Sizing Tools
Veteran integrators serving off-grid markets often develop
in-house sizing tools. For those new to stand-alone systems,
the available design resources range from simple worksheets, such as “Stand-Alone Sizing Worksheet” in Appendix D of SEI’s Photovoltaics: Design and Installation Manual,
to powerful software tools capable of modeling annual system performance, including required generator input, using
hourly weather data for specific locations. Maui Solar Energy
Software, for example, offers PV-DesignPro-S for stand-alone
system design and analysis as part of its $250 Solar Design
Studio software suite. Somewhere between these options
is “Simple Stand-Alone PV System Worksheet” available
with the online version of this article at solarprofessional.
com. This Microsoft Excel spreadsheet was first developed
by Windy Dankoff and is provided in its current format by

= (quantity x watts x hours/day x days/week) ÷ 7

For instance, two 15 W compact fluorescent lamps used
4 hours a day, 5 days a week consume 86 Wh on average
per day.
However, not all loads are simple. Many loads, such as
washing machines and dishwashers, are dynamic. In these
cases you need to know the energy consumed per cycle.
Other loads, such as refrigerators, cycle randomly throughout the day based on temperature. Electronic equipment
such as stereos or computers have electrical ratings that
indicate how much power they draw under peak conditions,
but their actual power draw is variable.
Measuring energy use. For dynamic, cycling or variable
loads, I recommend quantifying energy use with a simple
load meter, such as the Brand Digital Power Meter or the Kill
A Watt meter from P3 International. These devices are easy
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budget-constrained system, whereas systems designed
for motorboaters should contain a higher level of automation and self-protection.
A comprehensive load analysis is the most important
step in designing an off-grid system for three main reasons. First, determining the total electrical load is critical
to choosing the correct battery bank and PV array. Second, this analysis also determines the inverter capacity
required to efficiently power all connected loads. Third,
by exploring the load analysis with the clients, you gain a
clearer understanding of what energy demands they consider critical and what they consider expendable.
At its simplest level, a load analysis is a detailed examination of what household equipment the clients want to
operate, how much they use it and how much energy it
consumes. A critical need to one person may be a luxury to
the next, so it is important to examine the clients’ requirements rather than apply a one-size-fits-all approach. One
of the best ways to start a load analysis is to have the clients walk through their home and evaluate each object
that consumes electricity to determine how much energy
it draws and how often they use it.
While large systems can be challenging to design due
to the complex level of interaction between the various
components, the very smallest systems benefit the most Sizing tool PV-DesignPro-S can model stand-alone PV system
from good design practices. In a large system, errors of performance using NREL’s hourly TMY data, enabling designers
omission or miscalculations are often glossed over by to quickly examine the pros and cons of multiple configurations.
increased generator run-time. Large systems are sophisticated enough to self-protect, and the client may never
be aware of any oversight in the design process. In a micro- Conergy. Whatever sizing tool you use, every load needs to
system, however, there is no room for error. Any miscal- be assigned an estimated energy consumption value.
culation or overlooked load can result in substandard
Calculating energy use. For most simple loads, daily energy
performance and shortened battery life. Conversely, overes- use is a quick and easy calculation:
timating the load may needlessly increase PV array capacity
average daily energy (Wh)
and cost.

Stand-Alone System Design

Five Rules for Load Analysis
The hardest aspect of doing a load analysis is mastering the art of hitting a moving target. Our energy consumption is dynamic. Our lives grow and requirements
change, if not daily or weekly, then certainly seasonally
and through the years. So how do you distill your clients’ needs down to a concrete number?
These five rules can help.

Rule #1: Do not be sidetracked by superficial details.

In many of the systems I have designed, the client has
returned a load analysis with a painstakingly detailed
summary of every light in the house. For your purposes,
however, illumination can often be reduced to broad
strokes. For example, two or three lights per person, 4
or 5 hours a day, is usually sufficient for most families.
Lighting loads, after all, can be kept under control.
Verifying loads A load meter, such as this Kill A Watt meter from
Rule #2: Seek out loads that cannot be controlled. Very P3 International, is a highly accurate means of quantifying both
few clients are willing to unplug the refrigerator just power demand and energy use.
because the PV system’s batteries are low. This is an
example of a load that cannot be controlled. If there is a howl- Clients make better decisions when they can see the relaing Northeaster with days on end without sun, the client can tionship between generation and demand on an hourly,
decide whether to watch a movie or read a book. The thermo- daily or weekly basis.
stat, however, will almost certainly call for heat. You need to
Rule #5: Plan for the future. Sometimes the future can be
account for this energy consumption.
anticipated, such as appliances the clients wish to have, but
Rule #3: Never stop searching for a better way. In the context either cannot afford or do not need now. Sometimes the
of stand-alone power system design, some lifestyles are bet- future is a shot in the dark. One thing is certain, however:
ter than others. For example, off-grid customers should use a load creep. I have yet to see one family whose energy requireclothesline instead of a dryer, and a laptop instead of a desk- ments have decreased over time. My wife and I started with
top computer. Instead of a coffee pot with a 900 W heating a 300 W array and had an energy surplus. When our children
element, how about a thermal carafe instead? The key is to were born, our system grew, along with our home, to 1.5 kW.
approach this not as a matter of doing without, but rather as As I cast an eye toward their teenage years, I am planning
a challenge to see how it can be done better. My general rule is another expansion to 2.7 kW. This is not to suggest that you
that any load with a run-time greater than 1 hour or a power front-load your clients and install a larger array than they
draw greater than 900 W needs to prove its worth.
need. However, leaving conduit in the ground and breaker
Rule #4: Provide your clients with a feedback mechanism. space in the panel is a valuable service.
No load analysis is perfect. A simple system monitor provides valuable information on how the system performs All Loads Are Not Created Equal
over time. More important, it can provide instantaneous Regardless of the sizing tool you use, keep in mind that some
and historical feedback concerning inputs and outputs. loads are more important than others— c o n t i n u e d o n p a g e 6 2
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to use and provide both instantaneous power measurements and energy consumed over a given time.
For dynamic loads, measure energy consumption
per cycle and calculate energy use based on the average number of cycles per day. For random cycling or
variable loads, measure for a 24-hour period. For new
appliances, daily energy consumption can be estimated
by dividing the yearly energy consumption rating on the
yellow Energy Guide label by 365. For refrigerators and
many other major household appliances, the efficiency
gains to be had by investing in the most recent Energy
Star appliances are so great that it pays to upgrade.

R

Bright Thinking in Solar

Stand-Alone System Design

and some are easily overlooked. Consider as well that each
customer’s needs and priorities are different.
Water. An important consideration during the load analysis is how the clients get their water. Since most off-grid residences rely on a pump rather than the city water mains, this
is probably the single largest driver in system design.
If the clients have a well with a large ac submersible
pump, then the inverter and related BOS components need
to be sized to start that load. They must also be able to support all background loads without overcurrent tripping or
dimming the lights. Conversely, if the clients’ primary water
source is a rainwater cistern with a small dc pressurization
pump, it has little overall impact on system size.
With a few exceptions, such as the Grundfos SQ line of
pumps, ac centrifugal pumps are not very efficient. You can
expect the pump to draw approximately 1 kW per horsepower when running. Dividing the client’s daily expected
water needs by the pump flow rate provides the daily
expected run-time. A useful guide for sizing inverters to

Co u r t e sy in n o v at i ve s ol a r. co m

Critical load At an off-grid residence, both the inverter system and the generator should be sized to power loads like this
Grundfos submersible pump.

power ac submersible pumps is that they require at least
2.5 kW of inverter capacity per horsepower for starting.
Remember, the inverter has to start the pump while the
washing machine is running as well.
What is missing? When reviewing a load analysis, it is
important to consider what is not included in the client’s list.
It is surprising, but clients often do not notice the things that
draw a significant amount of energy in their home. Many clients are concerned about their microwave oven, for example, whereas you need to worry about cell phone chargers
and the like.
Doorbells and thermostat transformers, heating system
zone valves, cordless phones, electric clocks, smoke detectors and security systems require constant ac power. If not
accounted for, these loads can drag down a system, causing it to run a constant deficit. I try to eliminate such loads
by recommending alternative products that do not require
constant power. For example, clients can use a knocker in
place of a doorbell, choose a gas stove with piezoelectric
ignition instead of glow bars or use clocks that run on batteries. Coordinating with the contractor and electrician to
add switched outlets wherever appropriate can help conveniently eliminate standby loads for televisions, DVD players
and other consumer electronics.
Prioritize. Once you have evaluated a household’s appliances and quantified their energy use, the true design work
begins. I start by asking the clients to group their loads into
three categories: must haves, like to haves and nonessentials. Very few people have the budget to power everything
they desire. This simple task helps me gauge what is critical
to them to ensure the system meets their needs.
If the client’s budget is constrained, you may design the
system to expand over time. For example, a young couple
might live easily within the scope of a small system but need
additional power as the family grows. The system design
should support this growth without major reconstruction.
Invest in efficiency. One of the most effective ways to
reduce stand-alone power system size and, therefore, cost is
to invest in energy efficiency. Every dollar invested reduces
the home’s energy profile, which considerably decreases PV
system cost, while providing equal or better quality of life.
Investments in thermal efficiency are especially beneficial. It
is far more economical to design a home with minimal heating and cooling requirements than to throw energy at forcing hot or cold air through the house.
Accounting for System Losses
After the load analysis has identified the power and energy
requirements, you need to account for all conversion, efficiency and tare losses.
Conversion losses. The daily energy requirement of all ac
loads must be adjusted to account for dc-to-ac conversion
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residential system might employ a
single Magnum MS4448-AE inverter,
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which draws approximately 25 W continuously when in idle. Over the course
90
of a day, the inverter consumes 0.6 kWh
(0.025 kW x 24 hours = 0.6 kWh). This
85
consumption must be added to the
daily energy requirement.
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I have seen poorly designed instal75
lations where the inverter’s standby
power draw was greater than the
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combined. In one case, it was even
Percent of rated output power
greater than the output of the entire PV
array. Effective tare loss management
Inverter loading While the Xantrex XW4548 has a 93% CEC efficiency rating,
becomes especially critical as system
in an off-grid application it may well operate below 10% of rated power
size increases. Generally, the larger the
much of the time. To better reflect actual operating conditions, it may be pruinverter or greater the number of invertdent to use a lower inverter efficiency rating in design calculations.
ers, the greater the potential tare losses.
Knowledgeable manufacturers take
losses. Conversion efficiency is the ratio of how much energy pains to decrease inverter tare losses by careful design of the
an inverter consumes versus the connected load. For the electronics and magnetics, and they integrate sophisticated
load analysis, an 85%–90% average dc-to-ac conversion fac- schemes to minimize losses in multi-inverter installations.
tor is reasonable. A highly efficient inverter makes the most
of every electron and wastes very little energy in the process
Inverter Selection and
of conversion. In theory, you would simply choose the most
Configuration
efficient inverter on the market. In practice, however, the
peak efficiency point of stand-alone inverters rarely coin- In the early days of off-grid solar, inverters were notoriously
cides with the loads in a home.
unreliable and, as a result, multiple inverter use was comInverter efficiency. Efficiency is described by a curve that mon. When one failed, a backup inverter was wired into
varies with inverter loading. Know the shape of the efficiency the system while the first went out for service; meanwhile
curve and how it relates to the primary loads. Since the load you hoped that the first inverter returned before the backup
profile can change drastically and continuously throughout failed. For ultimate reliability, specifying dc appliances that
the day, inverter choice may not be so straightforward.
could run directly off the battery pack was considered advisFor example, consider a 5 kW inverter with a peak able to meet critical needs, such as refrigeration, lighting
efficiency of 95% at 1 kW. The inverter is specified for an and water pumping. Modern inverters, however, are not only
application where there is a continuous 100 W background reliable, but they are also continually increasing in power,
load and occasional spikes of short duration to 4 kW. The flexibility and sophistication.
inverter is generously sized to handle the peak loads withThe choice of inverter is another aspect where standout strain, but the primary 100 W load is well below the alone systems differ greatly from grid-direct systems. With
inverter’s peak efficiency point. As a result, the inverter an off-grid system, the inverter must provide high-quality
may run at 60%–70% efficiency throughout the day. A bet- stable power, operate around the clock for decades without
ter alternative would be a 2.5 kW inverter with 93% peak failure, be capable of surging well beyond its rated capacity
efficiency. While the peak efficiency might be lower, the to power reactive loads and sensitive loads simultaneously
inverter operates more efficiently at the primary operating and charge from generators with less-than-ideal wavepoint, as determined by the background load. Since most forms—all while managing its own idle current to maxistand-alone inverters can surge well beyond their rated mize system efficiency. When you are choosing an inverter
capacity, handling the 4 kW spikes are not problematic.
for stand-alone operation, you must consider reliability,
Tare losses. Also referred to as idle or standby losses, tare flexibility, ease of installation and programming, charging
losses are a measure of the energy the inverter consumes to capacity, serviceability and surge capability. Surge capapower its internal electronics and magnetics. This is critical bility is often touted foremost, but it arguably is the least
to include in system sizing. For instance, a typical off-grid important factor.
Efficiency (%)
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Inverter/Charger
Single-Inverter Systems
Although inverters are often
For many residential off-grid systhought of as simply converting
tems, a single inverter is sufficient
dc to ac, in stand-alone systems
to power all desired loads. Adding
the inverter frequently operan additional inverter or inverters
ates in a bidirectional mode. In
to provide split-phase power, often
addition to powering ac loads,
simply to provide 240 Vac for the
the device can also charge the
well pump, only serves to increase
batteries from an ac engine gencosts and complexity. However, 120
erator. How well the inverter can
Vac stand-alone systems can presfunction as a battery charger
ent their own challenges when interis critical.
facing with components or wiring
Charging performance often
designed for split-phase power.
takes the most time to adjust
Generator input. The vast majorand get operating correctly. The
ity of off-grid systems rely on backup
wider the inverter’s acceptable Split-phase Magnum Energy was first to
generators during extended periods
voltage and frequency window, market with its battery-based inverter with split- of inclement weather. Most generathe better; and the easier it phase output, the MagnaSine AE, one of which
tors are designed to provide full outis to access these set points, is deployed at this Positive Energy installation
put at 240 Vac. Attempting to use a
the better. This is especially in New Mexico.
single 120 Vac inverter to charge battrue with lower-cost generators
teries with generators configured for
often used in smaller systems. I
240 Vac output utilizes, at best, only
was recently surprised to find an inverter with charging set half of the generator’s rated capacity. Worse yet, the generator
points that could be adjusted only via a proprietary com- is unbalanced: one phase is heavily loaded while the other has
puter program and interface dongle. Unfortunately, these little or no load. This causes stress on the generator’s compoare neither shipped with the inverter nor mentioned in the nents and can significantly shorten its lifespan.
user’s manual.
If a single inverter with 120 Vac output is specified, conAnother aspect to consider is whether the inverter has sider using a higher-quality generator that can provide full
a power-factor–corrected charger or whether the charger output at 120 Vac. Alternatively, you could add a step-down
appears as a reactive load to the generator. Reactive loads balancing transformer to the system. These approaches not
waste much of the generator’s capacity as heat. Since neither only spare the generator from unbalanced operation, but they
the generator nor the inverter have the stability of the grid, can also cut generator run-time in half by effectively doubling
lagging or leading power factor from the charger circuit can the current available for battery charging.
Multi-wire branch circuits. A somewhat common ac wiring
cause extreme instability and harmonics, which also affect
practice, where one neutral conductor is c o n t i n u e d o n p a g e 6 6
loads in the house.

Multi-wire branch circuit:
3 conductor + ground feeder
with shared neutral

PV array
Main panel

N

N
L1

CC

NEUTRAL OVERLOAD

N
L1
L1

30 A
15 A
15 A

15 A
15 A
Battery bank

Multi-wire branch circuits Circuits with shared neutral wiring are commonly found in existing residential construction. While
the ampacity of the neutral is never exceeded when the service is 120/240 Vac split-phase, it is possible to overload the neutral
if the service is 120 Vac. Note that the inverter power panel wiring is greatly simplified.
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shared between two hot conductors, could present a challenge
when interfacing a battery-based
system with an existing ac service. Normally, the waveforms
of the two ungrounded currentcarrying conductors are in opposition—180° out of phase with
one another—and the neutral
grounded current-carrying conductor carries the difference in
current between the two. In this
scenario, there is no risk of the
neutral becoming overloaded.
However, when the system is
powered by a single 120 Vac
inverter, the neutral carries the
sum of the currents on both legs,
presenting a dangerous overload
potential. Possible solutions for
dwellings with shared neutral
wiring include rerunning the ac
circuits, combining the two hot
conductors into one circuit pow- Quad stack In multiple inverter systems, like this OutBack power panel, inverter configuraered by a single 120 volt circuit tion determines output voltage, and correct programming limits tare losses.
breaker, adding a second inverter
or a transformer to provide
120/240 system output and specifying a single inverter that
Inverter stacking. How you specify the system affects the
outputs split-phase ac.
energy that the inverters consume due to tare losses. For
Split-phase inverters. Recently, manufacturers have intro- example, a typical system with two 3.6 kW OutBack VFX3648
duced products with integrated split-phase 120/240 Vac output. inverters could employ one of three possible configurations:
They can greatly streamline installations, and, more importantly, they match traditional US standards and expectations.
• Classic stack mode. Each inverter powers one leg of a
Magnum Energy was the first to market with a battery-based
120/240 split-phase distribution panel, and a load
inverter with split-phase output. Xantrex’s line of XW inverton either inverter causes both to switch from sleep to
ers also incorporates this design feature. As currently impleidle mode. Each inverter draws approximately 23 W
mented by both Magnum and Xantrex, one possible pitfall of
continuously. Over the course of the day the inverters
this inverter design is that the inverter may not be fully capable
consume roughly 1.1 kWh.
of supporting unequal loads on the two phases. The ideal splitphase inverter would be capable of providing a high percentage
• OutBack stack mode, with an autoformer. The second
of its full rated output into one phase for extended periods of
inverter drops into sleep mode when not required.
time, without allowing the voltage on the unloaded leg to spike.
Even with the additional 12 W of power that the autoformer consumes, the tare loss drops to 0.84 kWh/day,
Multi-Inverter Systems
because the second inverter has an idle draw of 0 W.
Until recently, all battery-based inverters available in the US
had 120 Vac output from line to neutral. Installations requir• Parallel stack. With full output at 120 Vac, the coning 120/240 Vac split-phase or 120/208 Vac 3-phase power
sumption drops to 0.55 kWh/day.
required multiple inverters synced to provide the opposite
phases. A common design approach in larger stand-alone
The benefit of a staggered approach becomes evident as
systems is to utilize multiple inverters. The ability to stagger system size increases. For example, it is possible to have a
or tier the inverters allows only those that are required to 36 kW OutBack inverter system with 10 inverters and an idle
power the current loads to be active.
draw of less than 50 W when loads are light. Of course, the
66

S o l a r Pr o   |  April/May 2010

C o u r t e s y p o s i t i v e e n e r g y s o l a r. c o m

Stand-Alone System Design

speed at which the system can react to changes in the loads
by waking up additional inverters affects how well it can support spikes, such as motor-starting inrush currents, without
overloading or allowing voltage to sag excessively.

Battery Selection and
Configuration

The battery bank is one of the most challenging, confusing
and misunderstood components of stand-alone PV systems.
Part of the reason is that batteries can perform in what
appears to be a nonlinear manner. The key to understanding
batteries is to realize that they are chemical machines. One
of your jobs as a designer is to ensure that the system as a
whole operates within the ideal parameters for the specific
batteries that you chose, as much of the time as possible.
With any chemical reaction, there is an ideal range of
conditions within which the agents can react fully. For example, as temperature increases, the chemical reactions within
the battery become more aggressive. If you speed up the
reaction beyond the ideal range, the reaction is incomplete.
As temperature decreases, the chemical reaction is slowed
and reduces the effective battery capacity.

Capacity. Batteries are rated in amp-hours (Ah) at a given
discharge rate. The discharge rate for a battery is denoted
by capacity (C) divided by time, or C/X, where X equals the
duration of the discharge cycle. For our purposes, the C/20
rate is considered the industry standard, and this is the rate
that should be used when comparing batteries.
Effective battery capacity decreases as rate of discharge
increases and vice versa. For example, a Surrette S460 has
a capacity of 360 Ah at C/24, meaning it would take a 15 A
load 24 hours (15 A x 24 h = 360 Ah) to discharge the battery
from full (100% state of charge) to empty (100% depth of discharge). Decrease to a C/100 discharge rate, and the same
battery has a capacity of 466 Ah, as there is more time for the
active materials to participate in the chemical reaction. Conversely, if you increase the discharge rate to 4 hours, a very
high rate of discharge for a deep-cycle battery, the capacity
drops to 228 Ah. The chemical reaction is happening too fast
to fully utilize the battery’s active materials.
Days of autonomy. The number of days that the battery
bank can support the design load without solar or generator input defines its days of autonomy. This is an important
consideration when sizing energy storage systems. In practical terms, a reasonable target is 2 to 3 days of autonomy.
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Designing for less than that provides insufficient reserves
during inclement weather. However, attempting to achieve
excessive days of autonomy can result in a battery bank that
is too large to effectively charge—and this negatively affects
battery longevity.
Total energy storage. To determine the desired energy storage, prior to cycling or temperature considerations, multiply
daily energy consumption by the number of days of autonomy. For instance, consider a small stand-alone lighting
system intended to power four 12 Vdc, 20 W LED lamps for
8 hours every evening.

enclosure, with winter temperatures commonly dropping
to -5°C. This is a 30°C delta from the temperature that the
battery is rated at according to its published specifications,
which corresponds with a 30% reduction in battery capacity.
At -5°C, when only 70% of its nameplate capacity remains,
the battery still needs to supply the equivalent of 200 Ah at
25°C. This adjustment can be made as follows:

average daily energy (Wh)
		 = (4 x 20 W x 8 hours/day x 7 days/week) ÷ 7 days/week
		 = 640 Wh

It is easy to verify that this is correct: the battery has a 286 Ah
capacity at 25°C; 30% of 286 Ah equals 86 Ah. When 86 Ah
are removed from the total capacity because the temperature is -5°C, there is still 200 Ah capacity available to serve
the load.
Charge and discharge rates. After sizing a battery, you
would be prudent to compare its Ah capacity to the current
available from charging sources to ensure that the design
optimizes battery longevity. The correct rate of charge is critical. Too fast, and excess energy is dissipated as heat, which
can damage a battery. Too slow, and the charge rate may be
insufficient. What this commonly means in a stand-alone PV
system is that the battery simply cannot reach a full state of
charge before the sun sets.

Three days of autonomy would therefore require 1,920 Wh of
stored energy.
Deep-cycle batteries can be discharged without harm
to 20% of their C/20 rated capacity—an 80% depth of discharge—as long as they are routinely recharged back to full.
Therefore, to determine the minimum total energy storage,
divide the desired energy storage prior to cycling by 80%:
minimum energy storage
		 = 1,920 Wh ÷ 80% = 2,400 Wh

	T-corrected minimum battery capacity
		 = 200 Ah (at -5°C) ÷ 70%
		 = 286 Ah (at 25°C)

Because batteries are seldom rated
in watt-hours, you need to convert
energy to amp-hours by dividing the
minimum energy storage by the system’s nominal battery voltage:

Batteries are designed to operate at
room temperature. If they are in an
unconditioned environment below
room temperature, the chemical reaction slows down, reducing the effective capacity. Storage capacity must
be corrected upward for conditions
of use. Most battery manufacturers publish temperature coefficients
for their products, but a generic 1%
reduction per °C below 25°C can be
used when they are not known.
For the small lighting system
under consideration, assume the
specifications call for an outdoor
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minimum battery capacity
		 = 2,400 Wh ÷ 12 V
		 = 200 Ah

Battery enclosure Good FLA battery enclosures, like this one by Positive Energy,
account for shock hazard, corrosion and explosive potential while allowing access for
regular maintenance.

For best performance, the desired target charging current for a deep-cycle battery is equal to the battery capacity
divided by a value between 10 and 20. For the example lighting system, the target array charge current should be in the
range of 14 to 28 amps (between 286 Ah ÷ 10 hours and 286
Ah ÷ 20 hours). When calculating the charge rate, take into
account any daytime loads. Due to budgetary constraints,
I may choose to target a daily C/20 rate with the PV array,
for example, and achieve a weekly or monthly C/10 rate with
generator charging. This might require a larger generator
and additional inverters beyond what would otherwise be
needed to power the loads, but the incremental expenses
are generally more cost effective than substantially increasing the PV array.
Building a Battery Bank
Batteries are available in a staggering range of sizes, styles,
capacities and qualities. I find that the most cost-effective solution for most residential applications is specifying high-quality
industrial flooded lead acid (FLA) batteries from a reputable
manufacturer. For small, budget-constrained systems, I consider golf cart batteries from a reputable manufacturer—but
the short-term savings of lower-cost batteries are usually offset
by the costs of poor performance and shortened lifespan.
Wiring configuration. Much like modules, batteries are
connected in series strings to obtain the desired system
voltage. Additional identical strings are added in parallel
to increase capacity. Each battery cell provides a nominal

+

+

+

–

–

–

+

+

+

Battery voltage
Battery capacity
Batteries in series

–

–

–

2 V, meaning that for a 48 Vdc nominal system, 24 cells are
strung in series.
Unlike modules, there are practical limits to how many
battery strings you can connect in parallel. If you think of a
string of cells as a chain, then the chain is only as strong as
the weakest link. Due to variances in manufacturing, internal
resistance and interconnections, as the number of parallel
strings increases, so does the likelihood of having a weak link.
In this case, the weak link is the one cell that resists charging more than its neighbors. This diverts current through the
other strings, leaving the weak string undercharged. To make
things worse, an undercharged string not only draws down
the performance of the other batteries, but it also continues
to weaken unless you take corrective measures.
A battery consisting of a single string of cells theoretically provides the best performance; however, in practice
many designers prefer two strings for redundancy. If two
strings are used, the failure of a single cell or battery is not
debilitating. The system can continue to operate on half the
battery capacity while a replacement is on its way. The general industry recommendation is not to exceed three parallel strings. If more capacity is required, you should look
at increasing the system voltage or choosing a cell with a
greater amp-hour capacity.
Wire sizing. Another challenging aspect of building a battery bank is sizing the battery interconnect and batteryto-inverter cables. In the case of a single string of batteries
connected to a single inverter, the determination is easy:

+
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Bank B

2 Vdc
1,200 Ah

6 Vdc
400 Ah

6
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2
6

Parallel strings
Bank voltage

12 Vdc
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Bank capacity

2,400 Ah

2,400 Ah

Bank A: 12 V, 2,400 Ah

Bank B: 12 V, 2,400 Ah
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Surrette S1590—2 V, 1,200 Ah (x 12)

Surrette S530—6 V, 400 Ah (x 12)

Battery-bank configuration While these battery banks store the same amount of energy, Bank A minimizes parallel
strings and is the more robust design for long-term performance. Banks are configured at 12 Vdc for simplicity.
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Series String Fusing for Batteries?

C o u r t e s y h u p s o l a ro n e . c o m

bank is less than the AIC ratNEC Article 690.71(C) requires that
ing of the inverter breaker, so no
a listed current-limiting overcurrent
additional current-limiting devices
device be installed in each circuit
are required.
where the available short-circuit
Not all breakers used in solar
current from the battery exceeds
applications have such a high AIC
the interrupting ratings of equiprating. The Carling Technologies C
ment in that circuit. Unfortunately,
series circuit breaker, for example,
few battery manufacturers provide
has an AIC rating of only 5,000
short-circuit current ratings for
amps. If there were a fault conditheir products, so you may need
tion downstream of this device,
to do additional research to ensure
the short-circuit current available
that you meet this requirement.
from this battery could overwhelm
One notable exception is
its ability to interrupt the flow of
Northwest Energy Storage’s HuP
current. Therefore, under these
Solar-One series. For instance, its
conditions the manufacturer’s
SO-6-85-21/48 series battery is
data sheet requires that a K5
rated for 1,055 Ah at a 20-hour
or RK5 fuse rated no more than
rate, with a short-circuit current
four times the full load amps be
rating of 12,000 amps. The 175
used to back up the breaker. The
A or 250 A Carling Technologies
installation of these fuses should
F series circuit breaker is a typical
Series fusing You can use Northwest Energy
comply with Article 690.16, which
overcurrent device used by many
Storage’s short-circuit ratings for its HuP
states that disconnecting means
battery-based inverter manufacSolar-One series batteries to determine whether
must be provided for all sources
turers. This device is listed by
additional series fusing is required.
of supply if the fuse is accessible
CSA to UL 489 for dc applications
to other than qualified persons.
up to 125 Vdc and has an amps
A fuse holder with a bolted connection could be utilized if a
interrupting capacity (AIC) rating of 50,000 amps.
tool is required to access the fuse. {
In this case, the available fault current from the battery

Size the cables based on the amperage rating of the main
breaker. If a second inverter is connected to the batteries
through a second parallel main breaker, install parallel conductors of the same ampacity.
However, what happens as the system grows in scale? If
there are eight inverters in the system, do you need to install
eight paralleled sets of conductors, assuming they could all
fit on the battery terminals? Typically, the approach is to
sum the eight paralleled breakers and provide cabling of sufficient capacity to handle this current. For example, consider
eight OutBack VFX3648 inverters, each with a 175 A breaker.
The breaker rating calls for 2/0 cable from the breakers to
each inverter. However, can you economize on the cabling to
the battery, which needs to be sized for 1,400 A (8 x 175 A)?
Referring to Table 310.17 in the NEC, 2/0 THW cable has an
allowable ampacity of 265 A in free air; 4/0 THW can handle 360
A. Therefore, in this application, you could use four paralleled
4/0 conductors from the battery breakers down to the battery.
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PV Array Selection and
Configuration

The operating voltage is the primary difference between
a PV array for a residential grid-tied application and a PV
array for an off-grid residence. The vast majority of charge
controllers currently used in battery-based applications
are designed to function with an array voltage somewhere
between the nominal battery voltage and a 150 Vdc maximum open-circuit voltage. Grid-direct systems typically
have a maximum potential of 600 Vdc. For the same array
capacity, a stand-alone system has more source circuits in
parallel; these series strings operate at lower voltages than
you may be accustomed to.
In addition, the battery in a stand-alone power system
can supply a hazardous and potentially damaging amount
of current into a fault. Therefore, the overcurrent protection exception in NEC Article 690.9(A) c o n t i n u e d o n p a g e 7 2
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Design season To harvest as much energy as possible in the
winter when the days are short and the sun is lowest in the sky,
system designers often use latitude plus 15° for the array tilt.

cannot be applied to the array wiring in an off-grid system.
Series fusing is required for every string of modules. Fortunately, 150 Vdc-rated circuit breakers and array combiners are
available from numerous sources in a range of sizes.
Sizing the Array
Determining the array capacity for a stand-alone application
is relatively straightforward and, in many ways, comparable
to calculating the estimated production of a grid-direct PV
system. There are, however, a few notable exceptions.
Peak sun hours. Unlike a grid-tied system where any deficit is seamlessly met by the utility company and any surplus
is carried forward, a stand-alone system must provide for the
entirety of the clients’ needs at all times. Any energy deficit
must be made up by generator run-time or load reduction.
Most designers size off-grid systems based on the season
of heaviest demand, which for most clients is wintertime,
when the days are short and insolation is limited. The winter daily average peak sun hour values used for stand-alone
system design purposes are much lower than the year-round
averages commonly used in grid-tied calculations. In addition, when you specify array-mounting systems in standalone applications, use higher array tilt angles to maximize
wintertime production.
System losses. Stand-alone system designs need to
account for additional losses involved in charging batteries.
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As an example, calculate the array required for a client outside Albuquerque, New Mexico, whose load analysis indicates a daily 5.4 kWh ac load requirement before inverter
tare losses and other system losses are considered.
Assuming that the inverter is 90% efficient on average,
the customer’s array needs to deliver 6 kWh as a daily average (5.4 kWh/day ÷ 90% = 6 kWh/day). Accounting for 3%
wire losses, this number increases to nearly 6.2 kWh per day
(6 kWh/day ÷ 0.97 = 6.19 kWh/day). Storing energy in a battery for later use entails additional energy conversion. These
round-trip losses are generally accounted for using an additional 80% derate factor; if the majority of ac loads coincide
with daytime peak charging, however, this factor could be
closer to 90%. Since the client works away from home, peak
loads are not expected to coincide with PV generation, so the
total average daily energy input is estimated at 7.7 kWh per
day (6.19 kWh/day ÷ 80% = 7.7 kWh/day). This is the average
amount of energy the client requires on a daily basis. Your
job is to design a charging system that returns that much
energy to the batteries every day.
A common source for daily peak sun hour data for a variety of locations and conditions is the “Solar Radiation Data
Manual for Flat-Plate and Concentrating Collectors,” published by NREL (see Resources). This volume is often referred
to as the NREL Red Book, due the color of its cover.
According to the NREL Red Book data for a typical
meteorological year in Albuquerque, New Mexico, which
has a latitude of 35°N, the client’s site receives an average
insolation of 5.5 kW/m2/day in December for an array tilted
at latitude plus 15°. The resulting 50° tilt is a far more severe
tilt angle than usually encountered in grid-tied applications. In this case, the system design driver is meeting the
average daily load in the worst-case scenario at the winter
solstice. Because a peak sun hour is equivalent to 1,000 W/
m2 for 1 hour, system designers routinely refer to average
insolation values simply as peak sun hours—in this case, 5.5
peak sun hours.
The minimum PV array required for this example is calculated as follows:
Minimum PV capacity
		 = daily avg. energy required ÷ daily avg. peak sun hours
		 = 7.7 kWh ÷ 5.5 peak sun hours
		 = 1.4 kW

In order to achieve the daily energy harvest required in
real-world conditions, you should specify a 1.4 kW PTC-rated
array rather than a 1.4 kW array at STC.
Diminishing returns. It is difficult to meet 100% of your
clients’ needs with solar 100% of the time. Due to the
changing nature of both the weather and the clients’ loads,
there is a point of diminishing returns. No matter what the

Charge controller
Products such as
the OutBack Power
FLEXmax 80 provide
the energy-harvest
benefits of MPP tracking and allow for
higher PV array voltages—in this case
up to 150 Vdc.

protecting the batteries
from overcharging. With
the possible exception of
extremely small systems,
most stand-alone systems
utilize advanced MPPT
charge controllers, which
greatly increase the energy
harvested.
MPPT controllers allow
the array voltage to be independent of the battery nominal voltage, which means that you are not limited to
working in 36-cell modules and multiples thereof. This is
an increasingly important benefit, because many modules are available with different cell counts and varying
maximum power voltages.
Sizing an array with an MPPT controller follows
many of the same calculations as sizing an array with
a string inverter. Invariably, however, the array voltages are lower and the current higher. Some chargecontroller manufacturers provide online sizing tools
equivalent to string inverter-sizing tools, but these
are not as fully developed as inverter-sizing tools.
You should perform design calculations to confirm the
electrical design. (For more information, see the “PV Array
Matching to Charge Controller and Battery Bank” sidebar in
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historical data shows for insolation
averages, some periods of inclement weather will exceed the average.
Similarly, while you can account for
every watt-hour the client intends
to consume, guests will come to
visit and the carefully calculated
load profile goes out the window.
The budget defines the effect of
diminishing returns in a stand-alone
PV system design. For example,
while it might be relatively affordable to meet 80% of the household
energy needs with renewables,
meeting 90% might double the system costs. Reaching for 95% might
double the cost again. Therefore,
every stand-alone system needs to
have some sort of energy source that
can be activated on demand. Usually,
this is a generator powered by fossil
fuel. While this might run counter
to some clients’ desires to decrease
their carbon footprint, the alternate
choice is to shed loads in times of inclement weather or to
risk damage to the batteries. You need to ensure that the clients’ needs are covered, that their investment is protected
and that generator run-time is minimized.
In order to minimize generator run-times
and fuel consumption, extracting as much
energy as possible out of every gallon of fuel
burned is important.
One way to achieve this is to make the
generator do the heavy lifting. Often, there
is one large load—an ac submersible pump,
perhaps—that is forcing the system to be
larger than is otherwise needed to cover the
basic loads. In this case, if you add aboveground water storage and a small booster
pump, you can run the generator to power
the pump to fill the storage tank. Best of all,
if the generator is sized large enough to start
the pump, it also has sufficient reserves to run
other loads, such as charging the batteries.

Charge Controller
Selection

Charge controllers have two main functions in stand-alone PV power systems:
optimizing PV array performance and
providing optimal battery charging while

System expansion Because loads seldom decrease over time, designers should
make accommodations for system growth, as Solar Wind Works did here.
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“Grid Down Power Up,” February/March 2009, SolarPro
magazine.) The goal of these calculations is to ensure
the following three requirements are met:
1. Under the lowest expected temperatures, the
maximum open-circuit voltage does not exceed the rating of the components.
2. Under the hottest conditions, the lowest MPP
voltage is sufficiently higher than the battery equalization voltage.
3. The power throughput capacity of the controller is
not exceeded under peak operating conditions.
Controller capacity is calculated by multiplying
the controller-rated output current by battery nominal voltage. I prefer that the maximum array wattage
not exceed the controller capacity. This results in a
relatively conservative number, but it should be noted
that the controller often operates at its highest capacity during winter conditions, when the array is cold and
the battery voltage low. You want to ensure that you
can adequately harvest all the potential energy at this
time. I therefore recommend a conservative design to
prevent conditions in which the array is capable of putting out more power than the controller can process.
(More information on optimizing the array for MPPT
controllers is available in “Optimizing Array Voltage for
Battery-Based Systems,” p. 18.)

Putting It All Together
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Stand-Alone System Design

Potential savings MidNite Solar E-Panels, which ship with many
components preassembled and prewired, are useful for projects
with space or budget constraints.

Integration hardware—which includes components
used to house and protect overcurrent protection devices,
cabling and secondary equipment—is now available from
multiple manufacturers. These products coordinate with
a wide array of inverter and BOS components. It is your
responsibility to select the proper integration hardware and
to ensure that the ratings and capabilities match the requirements of the components. You must also confirm that the
physical location provides working clearance for the equipment. It is always advisable to accommodate future system
expansion as well.
Probably the hardest part of integrating a stand-alone PV
system is making sure you have all the required components
on hand. These systems are highly customizable, far more
so than grid-direct PV systems. Components may include
dc load breakers, ac load breakers, battery cable busbars,
current shunts, system monitoring components, a generator balancing transformer and an ac output transformer for
split-phase loads.
Inverter bypass switch. One component may need to be
ordered separately, but should not be left off any batterybased inverter system: the inverter bypass switch. This switch
is essential to the safe operation and maintenance of the
system in the event of an inverter failure or service call. In
74
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many systems, the inverter bypass switch is a ganged-breaker
assembly that is integrated into the sheet metal enclosure on
the ac side of the power panel. Larger systems often require an
external double-pole, double-throw transfer switch.
Either way, the bypass ideally has three positions: normal, bypass and off. In the normal position, the inverter supplies ac power to the residence. In the bypass position, the
generator supplies ac power to the residence, but it does so
without energizing any terminals at the inverter. This means
that the inverter can safely be serviced or removed for repair
without loss of power at the ac loads. In the off position, neither power source is connected to the ac loads. Perhaps the
best resource on how to specify and install the right bypass
switch is the eight-page “AC Input Output Bypass Switches”
technical note available at the OutBack Power Systems Web
site (see Resources). In addition to providing a safe and convenient way to service an inverter, the bypass switch also
gives you a first course of action when remote customers call
because they have lost power. Simply have them throw the
bypass switch and start the generator.
Power panel integration. There are three main design
and specification resources for integrators: equipment
installation manuals, technical service c o n t i n u e d o n p a g e 7 6
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equalized? System monitoring answers
these questions and gathers a whole host of
other essential information. Think of a monitoring system like the instruments in your
car’s dashboard: The engine will run and
the wheels will turn without it, but you are
also highly likely to run out of gas or get
pulled over for speeding.
Many different manufacturers offer
good system monitors, each with their
own advantages and disadvantages. The
perfect system monitor would be easy to
understand, provide state-of-charge at a
glance, indicate whether the batteries are
charging or discharging and how fast this
is occurring compared to battery size, display meaningful historical information in
an intuitive manner and provide reminders when service is due. At this point, no
System status This TriMetric battery monitor from Bogart Engineering provides
functions similar to a car’s odometer, speedometer and fuel gauge. Neither
one product on the market does all of this,
batteries nor cars should be driven blindly.
but the field is progressing.
Regardless of the product selected, the
most
important
thing
is that the system monitor is installed
representatives at wholesale renewable energy equipment
where
all
who
live
in
the home can see it, perhaps in the
distributors and applications engineers or technical support
kitchen
or
near
the
television
or computer. Ideally, it should
representatives for the OEM.
be
part
of
the
clients’
daily
life.
Both the OEM and its distribution partners may offer
value-added services whereby dozens of components are
preassembled and prewired into an integrated power panel. X Web ex clu si ve Go to the online version of this article at
The power panel is crated and shipped on a pallet to either solarprofessional.com to download Conergy’s Simple Stand-Alone
the job site or your warehouse. This assembly is more or less PV System Worksheet.
ready to hang on the wall and wire. It is not quite, but almost,
g C O N TAC T
as easy as wiring a grid-direct system: Land the dc in from
Phil Undercuffler / Conergy USA / Denver, CO /
the array and battery pack; wire the ac out to the loads and
p.undercuffler@conergy.us / conergy.us
in from the generator.
While experienced off-grid installers often forego this
Resources
option, preassembly in your warehouse may create efficienBrand Electronics / 269.365.7744 / brandelectronics.com
cies. In many cases, assembling components on a workbench
Carling Technologies / 860.793.9281 / carlingtech.com
in a conditioned space is easier and faster than integrating
Grundfos / 913.227.3400 / grundfos.us
components in the field after the back panel and enclosures
Magnum Energy / 425.353.8833 / magnumenergy.com
are mounted to the wall. Preassembly may also reduce the
Maui Solar Energy Software / mauisolarsoftware.com
likelihood of rolling a truck to a remote site only to discover
Northwest Energy Storage / hupsolarone.com
that an essential component is missing. Not all projects lend
OutBack Power Systems / 360.435.6030 / outbackpower.com
themselves to preassembly or the use of value-added inteP3 International / 212.346.7979 / p3international.com
gration services, but for smaller or first-time projects, they
Rolls Battery / 800.681.9914 / rollsbattery.com
may save considerable time and money.
Xantrex/Schneider Electric / 604.422.8595 / xantrex.com
Keeping Track
No stand-alone PV system is complete without a system monitor. This feedback mechanism allows the homeowners to keep
track of the system’s health and performance. Was today’s
charging sufficient for the batteries to recover from last
night’s loads? How long has it been since the batteries were
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Photovoltaics: Design and Installation Manual by Solar Energy
International, 2007, paperback, US $60 from Publisher / 970-963-8855/
solarenergy.org
“Solar Radiation Data Manual for Flat-Plate and Concentrating Collectors”
by W. Marion and S. Wilcox, 1994, NREL Report No. TP-463-5607 /
nrel.gov/publications
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By Boaz Soifer and Bristol Stickney

Storage mediums and temperaturecontrol strategies for predictable and
consistent performance
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Systems
R

esidential solar installations are on the rise nationwide, but
deployment of solar space-heating systems lags well behind photovoltaic, solar pool heating and domestic water heating technologies. A variety of factors contribute to this trend. Foremost among
them is the complexity of space-heating system design and installation, especially heat storage and system controls. Space heating represents more than 40% of home energy use. As more proven designs
and modular components are brought to market, many heating
contractors will routinely offer solar heating.

For solar heating to become mainstream, systems need to have consistent, predictable performance and offer a user interface that is comparable to conventional heating systems. The
customer should have to adjust only the thermostat, and the rest of the system should take
care of itself. If the control approach sheds excess solar heat into a concrete floor, the floor’s
temperature must not fluctuate dramatically. Customers do not want rooms overheating due to
excessive system output. If a hot tub or swimming pool is used to shed excess heat, a safe highlimit temperature must be maintained.
To ensure quality solar heating installations, you must carefully balance customer satisfaction with the proper operating parameters of the solar collectors. A key recurring challenge in
closed-loop hydronic solar heating design and implementation is the need to manage excess
solar heat, especially in the shoulder seasons—spring and fall. One method to manage excess
solar heat is by the use of water storage tanks as heat sinks. However, this involves added system costs, space requirements and complexity as well as the need for control strategies when
the water in the storage tanks gets too hot.
At Cedar Mountain Solar, we developed control strategies for closed-loop glycol systems
that facilitate automatic solar heat storage in the thermal mass of buildings while mitigating
potential overheating issues. The methods we use are appropriate for the high desert climate
in New Mexico and locations with similar characteristics, which include wide diurnal temperature swings, cold winters and ample sunlight.
Water and Concrete as HEAT-STORAGE Mediums
Compared to concrete, water has a higher heat-storage capacity but a lower density. In solar heating systems, concrete is often available in a much greater volume than water. These variables
complicate the comparison between the two heat-storage approaches. To illustrate the difference
in performance of direct solar-heated concrete to the more common solar-heated water tanks,
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Physical Properties of Water and Concrete Storage Mediums
Property

Water

Concrete Units

Comments

Specific heat capacity

1

0.2

Btu/lb. − °F

Heat stored in 1 lb. when temperature rises 1°F

Density

62

120

lb./ft.

Weight per unit volume (water is 8.3 lb./gallon)

Earth temperature

50

50

°F

Earth temperature 6' below house (similar to the average annual
temperature)

Heat load

7

7

Btu/ft.2 floor area

Average hourly heat load on cold day in energy-efficient house

R-value

15

15

ft.2 − °F − hr./Btu

Value for insulation surrounding water storage tank and under
cement slab

Room temperature

70

70

°F

Average daily ambient room temperature

Slab temperature

73

73

°F

Average daily slab surface temperature

3

Table 1 We assume these conditions in order to compare water and concrete storage mediums in the example. Note that we
use a conservative pound per cubic foot weight of concrete.

we can employ a simplified analysis of two hypothetical heating systems modeled for the climate in New Mexico. We round
off the numbers and make assumptions based on our experience to get into the ballpark for a reasonable comparison.
A good snapshot of these two heat-storage systems must
include storage capacity as well as heat loss from the different configurations. The specific heat capacity and the density
of the heat-storage material define the storage capacity. The
heat loss is driven by the temperature difference between
the warm mass material and the environment, the insulating value and the surface area. Table 1 summarizes the
key conditions needed to make a comparison. We calculate
heat loss by multiplying the surface area by the temperature
difference and dividing by the insulation’s R-value. We
then calculate heat storage by multiplying the specific heat
by the density and then by the temperature rise (or drop) in
the material.
A Hypothetical Solar-Heated House
Consider an energy-efficient residence with 3,200 square feet
of heated living space with the energy use and performance

temperatures shown in Table 2. The owners decide to integrate eight 4-by-10-foot flat plate collectors to supplement
a hot water heating system that uses a hydronic boiler. One
option is to store the heat produced by the collector array in
water tanks. The second option is direct heat storage using
insulated, slab-on-grade hydronic radiant concrete floors.
The size of the collector array is typical of systems installed
in the area and represents about 10% of the floor surface
area. Water-tank storage for this system is typically sized to
provide two gallons for each square foot of collector area,
or 640 gallons. Setting aside the other obvious design issues
such as integrated DHW, room temperature-control strategies and protection from overheating, we can focus on how
much heat generation is involved and how the thermal storage systems react to it.
Even though the concrete floor weighs 24 times as much as
the water in storage, the concrete’s total heat-storage capacity
is about only 5 times that of the water. In addition, it is interesting to note that in this example system, the backup boiler
burns the equivalent of about one gallon of propane per hour
at full output. In comparison, the solar c o n t i n u e d o n p a g e 8 2

Example 3,200-Square-Foot Solar-Heated Dwelling
Item

Tanks

Slab

Comments

Size

640 gal.

3,200 ft.2

Cylindrical tanks containing boiler fluid (low-pressure water)

Weight

5,312 lb.

128,000 lb.

4-inch slab

Heat capacity

5,312 Btu/°F

25,600 Btu/°F

Heat stored when average temperature rises 1°F

Heat loss

1,693 Btu/hr.

4,907 Btu/hr.

Tank loss to mechanical room; floor loss to ground

Solar collectors

320 ft.2

320 ft.2

Eight 4-by-10-foot flat plate collectors

Solar heat

320,000 Btu/day

320,000 Btu/day

1,000 Btu per ft.2 per clear day

Boiler

80,000 Btu/hr.

80,000 Btu/hr.

Typical minimum hydronic boiler output

Table 2 Assuming identical values of solar heat delivered on a clear day, water and concrete storage mediums perform differently based on the heat capacity and heat loss characteristics of each storage approach.
80

S o l a r Pr o   |  April/May 2010

PV WORKSHOPS & ONLINE COURSES

For more than 20 years, Solar Energy International has been teaching

hands-on workshops and online courses in renewable energy and sustainable building
technologies. Our industry-experienced, certified instructors have trained more than 16,000
people from 66 countries at our eco-campus and locations around the world. If designing and
installing NEC Code-compliant PV systems is in your future, please visit our website or give us a
call for a schedule of SEI workshops in your area.

REGISTER ONLINE AT

SOLARENERGY.ORG

PO Box 715 / 76 S. 2nd St. / Carbondale, CO 81623

970.963.8855

Steel and Aluminum
Utility-Scale Volume Capacities
Photovoltaic (PV) Mounting and Framing
Commercial and Residential Solar
Concentrated Solar Power (CSP) Structures
Parabolic Mounting Structures
Linear Fresnel Structures
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S

collectors deliver about four times this
amount of heat per day.

Thermal Response of
Water Versus Concrete
We use the data shown in Table 2 to calculate the temperature rise in the thermal
mass driven by the available solar heat. We
then calculate the heat loss from the tanks,
the heat loss from the floor and the heat
needed by the building. This lets us determine the net solar heat delivered and compare the solar savings, as shown in Table 3.
The water tanks must operate at a much
higher temperature range than the concrete floors to store the daily ration of solar heat. The tanks
can gain more than 50°F of net temperature rise, while the
floors gain less than 8°F. If the tanks begin the day at 100°F,
they will be 150°F at the end of a sunny day. The concrete
floor surfaces will typically stay below 80°F. Lower temperatures are generally associated with higher solar thermal
system efficiencies. Based on the daily heating summary, in
this example, the direct floor system is capable of providing
a savings of greater than 25% above the storage tank system
with the same size collector array.
Even though the concrete has a lower specific heatstorage capacity, because there is so much of it, the temperatures can easily be maintained within a comfortable
range. The room temperature can be allowed to drift as
much as 8°F from day to night without exceeding the limits
of human comfort. Programmable two-stage thermostats
allow the owners to control temperatures on a room-byroom basis. A wider temperature fluctuation can be tolerated in some rooms, resulting in higher savings in those
particular rooms.
Keep in mind that a house must be energy efficient to obtain
a high percentage of heat from solar collectors, which provide a

finite amount of heat each
sunny day. The solar heating percentage does not
exceed 40% on the coldest
day in our example. During milder cold weather,
the solar contribution is
higher. Engineering buildings that provide a high
solar contribution to the
heating energy balance is
certainly possible.
You can see that concrete is a useful storage
medium for solar heat.
It can replace storage tanks and reduce system cost and
complexity. However, the challenge of controlling the excess
solar heat so that the concrete floors act as storage but do
not overheat remains.

The direct floor system is capable of
providing a savings of greater than
25% above the storage tank system
with the same size collector array.

Glycol-Based Systems
To minimize seasonal overheating, you should first apply
passive measures. Mounting the collectors at a steep tilt
optimizes winter heat gain and minimizes heat production in the summer when space heating is not needed. For
an installation that includes both heating and domestic hot
water in Santa Fe at latitude 36°N, the tilt is typically 75°–85°
from horizontal, or nearly vertical for larger banks of solar
heat collectors.
In addition to controlling heat within the building,
another primary reason for effective solar-heat dissipation
is to maintain a safe high-limit temperature for the solar
collectors during normal operation. Low-temperature propylene glycol (PG) mixtures are formulated for maximum
temperatures of approximately 225°F. High-temperature
PG mixtures are formulated for a high limit of about 325°F.
When you specify a particular glycol c o n t i n u e d o n p a g e 8 4

Daily Solar Heat Response
Item

Tanks

Slab

Temperature gain

60.2°F

12.5°F

Comments
Average storage temperature rise possible in one sunny day

Temperature loss

7.7°F

4.6°F

Typical temperature drop in storage mass per day due to heat loss

Net temperature gain

52.5°F

7.9°F

Useful temperature rise available per sunny day for space heating

Net solar heat delivered

161,120 Btu/day

202,240 Btu/day

Less tank loss to mechanical room; less slab loss to ground

Boiler run-time saved

2.01 hrs./day

2.53 hrs./day

Boiler running at full output (80,000 Btu/hr.)

Boiler run-time with no solar input

6.72 hrs./day

6.72 hrs./day

Boiler running at full output on cold day

Solar percent of heating load

29.9%

37.6%

Expressed as percentage of normal boiler run-time

Table 3 In the example, the values for net temperature gain, solar heat delivered and boiler run-time saved determine the solar
heating system’s contribution to the total heating load as a percentage.
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Simplify, speed-up and improve your design process

PV & Thermal Design Software
Powerful, accurate and easy-to-use. Software programs to
design, perform financial analysis and help sell residential,
commercial and utility projects.

Available in 3 diﬀerent versions:
Express, Professional and Expert

Download your FREE demo
and tutorials at
www.valentin-software.com

!

Valentin Software, providing solar professionals with industry
leading design, simulation and sales tools for over 20 years.
Valentin Software, Inc.
701 Palomar Airport Road · Suite 300 · Carlsbad, CA 92011-1028
USA · Toll free +1-888-786-9455 · info@valentin-software.com

The BEST Tool for Solar Site Analysis

JUST GOT BETTER!
USER FRIENDLY,
FAST & ACCURATE!

The original Solar Pathfinder
with its reflective properties
gives an excellent “instant solar
blueprint” of the prospective site.
Now, the NEW Solar Pathfinder
Assistant software, and
your digital camera, carry
that shading information
into a concise, thorough,
professional-looking solar site
analysis report in just seconds.

Solar Pathfinder Assistant:
automatically adjusts for magnetic
declination, latitude, azimuth, tilt angle, &
tracking mode (fixed, 1-axis, 2 axis);
automatically does yearly energy computations using included NREL data
(no internet connection necessary); displays “before/after” results of
removing obstructions; and creates professional-looking reports!

Solar powerful!
fast, easy PV mounting that lasts

Combining photovoltaic arrays
with standing seam metal
rooﬁng is made fast and easy
with the S-5-PV Kit. Crystalline
PV modules mounted with the
S-5-PV Kit produce a reliable
30-year alternative power
source. The patented design
of the attachment clamp and attendant round-point
setscrew enables an entire installation without a single
penetration of the roof’s surface! If you want it strong
without sacriﬁcing your roof, this is the right way!
To learn more about the entire S-5! line of
attachment solutions and the S-5-PV Kit visit us at
www.S-5-solar.com or call us at 888-825-3432
A revolutionary new solution
to attach solar PV panels to
standing seam metal roofs!

3953 Marsh Creek Road, Linden, TN 37096 • 317-501-2529 • Fax 931-589-5400
info@solarpathfinder.com • www.solarpathfinder.com

See our new products at Solar 2010 Booth #225
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product based on the system design and control set
points, you should verify its temperature limit in the
manufacturer’s specifications or user’s manuals prior to
system charging.
Normal glycol mixtures are virtually transparent with
a Ph slightly higher than distilled water (slightly alkaline).
When glycol gets too hot, it can “cook,” which changes
its chemical structure. Low-temperature glycol begins to
turn brown and thickens when it is repeatedly operated

above its rated temperature. High-temperature PG holds
up better. Nonetheless, temperatures over the limit lower
the Ph of any glycol, which becomes more acidic over
time. High stagnation temperatures can negatively impact
the chemical structure of glycol when the fluid remains
in the solar collectors for more than about half an hour
without the circulator operating. This includes leftover glycol residue inside of collectors that have been
drained. c o n t i n u e d o n p a g e 8 6

Solar heat
exchanger

Primary check-loop
To solar
collectors

Air separator

Closely spaced tees
separated by swing check

P1–boiler
circulator
powered
by boiler

3-way
tempering
valve
P2–DHW
circulator
P3–floor
circulator
Domestic
hot water
Aquastat AQ

Zone valves

S3

Sensor

ZV1
ZV2
ZV3
ZV4

Low-temperature secondary loop
HRF—warm mass floors with zone valves

High-temperature secondary loop
Indirect DHW tank

Boiler water refill system
Hydronic boiler

Heat control This diagram shows a typical combi system piping approach. The system controls limit excessive slab and interior temperatures while maintaining safe high-limit temperatures for the collector array.
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More Energy
Active Management

!

Enhanced Safety

LABEL-WRIGHT
SAFETY & IDENTIFICATION LABELING

Safety & Identification Labeling
for Mechanical & Electrical Systems,
Components & Renewable Energy Systems
•ANSI Z535.4 & ISO 3864-2 Safety Labels
•NEC Article 690 Code Compliant Labels
•Experience in Utility System & Component Labeling
•Facilities Signage
PO Box 1322 | Boone, NC 28607

(866) 356-8911
www.Label-Wright.com

Start Maximizing your solar energy output
today with Tigo Energy
Available now from:
www.tigoenergy.com

Site evaluation just got easier.

The new SunEye 210.
DH Solar has developed a sun-tracking system with a
digital controller that tracks the sun’s arc all day, and
adjusts weekly for elevation. The system is connected
to your power panel and becomes a mini power plant
that sells electricity back to the
power company---and your meter
runs backwards! We now generate
our own electricity from the sun!

Solar

One-handed operation makes your
shade measurements a snap. Preview
mode shows the sun path overlay
adjusted to the device’s orientation. Pitch
and azimuth measurements are built-in.

Expert Tools.
Better Solar.
Watch an introductory video
at www.solmetric.com
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Heat Dissipation Controls
A typical solar home heating system that we install in the
Santa Fe area consists of a large bank of solar heat panels used
to heat a single DHW tank along with warm mass floors. We
call this the Combi 101 solar heating system, because it is the
most common and simplest solar combi system we install. The
controls for this system typically consist of a differential thermostat for the DHW tank and some set point thermostats to
control the space heating. Twostage room thermostats allow
controlled solar-heat banking
in the floor mass of each room.
The objective for this control
system is to make the best use
of the solar heat from day to
day without exceeding comfortable conditions inside the
house, while maintaining safe
high-limit temperatures for
the collectors.
The control system used in
the Combi 101 heating system
is designed to dissipate extra
heat into a floor zone as a last
resort to keep the solar collectors from exceeding the normal operational high-limit temperature. The following rules are implemented sequentially
before the control system allows solar heat dumping:

S

All the temperature ranges listed provide a reasonable
starting point, but they may need to be adjusted once the
responses of the system and the home’s occupants have been
taken into account.
Real-Life Temperature Data
We can verify the performance possible with a well-designed and
well-controlled direct solar heating system by reviewing data on
a solar-heated radiant slab
system that we designed
and installed. The project
was fully instrumented
with the beta version of
the Solar Logic Integrated
Control (SLIC) system.
The SLIC controller allows
secure monitoring of this
installation in real-time
from any computer on the
Internet, capturing data
from more than 200 points
in the heating system and
remotely changing the
settings and updating the
software if needed.
The installation is a solar heating retrofit to a home in
Placitas, New Mexico (36°N latitude), near Albuquerque.
The house is in a cold winter climate at a 6,000-foot elevation in the mountain foothills. It had an existing hydronic
boiler heating system, and all of the dwelling’s rooms have
radiant-heated mass floors. There are nine radiant floorheating zones and an 80-gallon solar DHW storage tank.
The solar heating system is installed just like a Combi 101
system. Instead of a single bank of collectors, this system has
two banks of six panels, each with its own PV-powered glycol
pump. The collectors are mounted in landscape orientation
and hidden behind parapet walls on the roof. The collectors
are mounted at a 75° tilt to provide maximum heat in winter, minimize overheating in the summer, and supply ample
solar DHW year-round.
Graph 1 (p. 88) provides performance data captured
over 2 days in October 2009. During data collection, the
house was in solar-only mode, which prevents the boiler
from firing whenever the solar heat supply pipe is hot. Heat
was needed on Day 1 but not on Day 2 because of fluctuating outdoor air temperatures. Outdoor temperatures are
shown on Graph 2 (p. 88) for reference. The dew point temperature is included in Graph 2 to show how much cooling
is available from these collectors at night if needed. Night
sky radiant cooling, if desired, can be achieved at a temperature about half way between the air temperature and
the dew point. c o n t i n u e d o n p a g e 8 8

The control system used in the Combi 101
heating system is designed to dissipate extra
heat into a floor zone as a last resort to keep
the solar collectors from exceeding the
normal operational high-limit temperature.

1. If the collector fluid output is hotter than the DHW
tank, heat is directed to the tank. A tempering valve
is provided to eliminate the danger of scalding at
the faucets.
2. If the DHW tank has reached a safe high limit
(165°F–180°F), controls stop delivering solar heat to
the tank.
3. If there is a Stage 1 call for solar-heat banking from
any room and collectors are hot (120°F–130°F), solar
heat is directed into that floor.
4. If the Stage 1 high-limit comfort temperature (72°–
76°F) has been reached in the room, the solar heat is
no longer directed to that floor.
5. If all four of the conditions above have been met and
the collectors are still hot, coolant is circulated
around the solar collector loop until the glycol
reaches its safe high-limit temperature (180°F–200°F).
6. When the safe high-limit temperature of the glycol is
reached, controls direct heat to one or more mass
floor zones to dissipate heat from the glycol until its
temperature drops approximately 10°F–15°F below
the safe high-limit temperature.
7. Steps 5 and 6 are continued until sunset.
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Stevens Point, WI
June 15-16, 2010

at the Ramada Conference Center

Small Wind
Conference 2010
www.smallwindconference.com

The Small Wind Conference is the premier event for small wind-electric system designers
and installers, and those involved in sales, specification, management, funding, and permitting
June 14: Pre-conference events:
Fundamentals of Wind Energy for Small Wind Systems
Zoning Summit 2010
June 15 - 16: Small Wind Conference
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our partner...

For sponsorship, exhibitor and other information, contact:
Samantha Smart Merritt at Windustry (612-870-3473 or Samantha@windustry.org) or info@smallwindconference.com

Introducing...

PVSelect.com
Your One-Stop Design Tool for
Pairing and Comparing Modules and
Inverters... Fast, Simple & FREE!
j Streamlined module and inverter selection on one Web site
j Over sixty inverters from nine manufacturers
j Over two hundred PV modules from twenty manufacturers

Visit pvselect.com today, a free solar design resource provided by
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Temperature (ºF)

Temperature (ºF)

200
Graph 1 shows that on Day 1, the night temperatures are cold enough to allow heat bank175
ing in the mass floors as soon as the sun comes
Collector array output
up. Heat banking continues until around 5pm,
150
when the collector output temperature spikes
Domestic water tank
as that heating load turns off. The spike is not
125
big enough to activate the heat dissipation
control at the end of Day 1. Because of the
100
thermal-flywheel effect of the solar-heated mass
floors, the room continues to warm up into the
75
early evening and stays warm throughout the
Indoor room
night. On Day 2, the water tank absorbs heat
temperature
50
until its high-temperature set point is reached,
Heat dissipation pump
but there is no call for heat banking in the slab
25
because the house is a few degrees warmer than
0:00
6:00
12:00
18:00
0:00
6:00
12:00
18:00
0:00
the previous morning. Just after noon, the heat
Day 1
Day 2
dissipation control takes over and cycles on and
Time
off approximately every 20 minutes to prevent
the glycol temperature from reaching 200°F. The Graph 1 Data collected over 2 days illustrate that in solar-only mode, the
DHW tank appears to reach its operating high solar space heating system maintains consistent interior temperatures
limit near 170°F just before sunset.
through good system design, storage integration and solar input control.
During the sunny part of the day, the solar
DHW tank absorbs heat simultaneously with the
80
floors being warmed by heat banking on Day 1
and while heat dissipation is active on Day 2. A
70
thermal mixing valve on the outlet of the DHW
Temperature
tank prevents scalding at the faucets. This house
60
has an instant hot water circulator pump that is
timer controlled to cycle every 15 minutes. This
50
provides the comfort and convenience of instant
hot water throughout the house. Much of the con40
tinuous heat losses from the domestic water tank
Dew point
and the temperature cycling in the early morning
30
are due to this circulator constantly removing
tempered hot water from the DHW tank.
20
Whenever we introduce the idea of heat
dissipation to the mass floors, we are asked:
10
“Won’t this overheat the rooms inside the
6:00
12:00
18:00
0:00
6:00
12:00
18:00
0:00
0:00
Day 1
Day 2
house?” The data in Graph 1 illustrate that the
Time
answer is “No,” when thermal storage is sized
and controlled properly. The glycol in the solar Graph 2 Comparing outdoor temperature and dew point values illustrates
collectors can be kept at a safe temperature the potential for nighttime storage-medium cooling if system controls are
without adversely affecting human comfort. designed to enable night sky radiant cooling.
The data show that the maximum room temperature remains the same during heat banking on Day 1 as
g C O N TAC T
it does on Day 2 during heat dissipation. The reason is partly
because we are following the seven rules listed earlier to
Boaz Soifer / Cedar Mountain Solar Systems / Santa Fe, NM /
control overheating, but also because of the nature of solar
deltat@cedarmountainsolar.com / cedarmountainsolar.com
collector thermal efficiency. A hot collector is less efficient
and loses more heat to its surroundings than a cool collecBristol Stickney / Cedar Mountain Solar Systems / Santa Fe, NM /
tor. Thanks to the laws of physics, a collector naturally tends
deltat@cedarmountainsolar.com / cedarmountainsolar.com
to cool itself when it heats up.
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Training

Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training and the providers’ Web sites.

Arizona

Colorado

Sunny Boy 1
SMA America–Solar Academy
May 21
Phoenix
sma-america.com

Grid-Direct Solar Electric
Lab Week
Solar Energy International
May 3 – May 7
May 10 – May 14
Paonia
solarenergy.org

Sunny Boy 2
SMA America–Solar Academy
May 22
Phoenix
sma-america.com
Solar Design & Installation
eRenewable Resource Group
May 17 – May 21
Jun 21 – Jun 25
Phoenix
erenewableresource.com
California
BIPV
DC Power Systems
Jun 9
Los Angeles
dcpower-systems.com
Sunny Boy 1
SMA America–Solar Academy
Jun 15
San Diego
sma-america.com
Sunny Boy 2
SMA America–Solar Academy
Jun 16
San Diego
sma-america.com
Sunny Central 1
SMA America–Solar Academy
Jun 17
San Diego
sma-america.com
Advanced Case Studies
DC Power Systems
Jun 24
Santa Rosa
dcpower-systems.com

Grid-Direct Design
Solar Energy International
May 17 – May 21
Boulder
solarenergy.org
Solar Hot Water
Solar Energy International
May 17 – May 21
Carbondale
solarenergy.org
Illinois
Advanced Case Studies
DC Power Systems
May 20
Chicago
dcpower-systems.com
Louisiana
Solar Installer Training
Louisiana CleanTech Network
Apr 12 – Apr 16
Lafayette
lacleantech.net
NABCEP Entry-Level Solar
Electric Training
ONTILITY
Apr 12 – Apr 16
Lafayette
May 10 – May 14
Lake Charles
ontility.com
Massachusetts
Basic PV & Site Assessment
for Installers
AltE University
Apr 12 – Apr 13
May 10 – May 11
Hudson
altestore.com

Post or view professional
trainings online at:
solarprofessional.com/training
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Intermediate PV Design &
Installation
AltE University
Apr 14 – Apr 16
May 12 – May 14
Hudson
altestore.com
Sunny Boy 1
SMA America–Solar Academy
Apr 20		
Boston
sma-america.com
Sunny Boy 2
SMA America–Solar Academy
Apr 21		
Boston
sma-america.com
Sunny Central 1
SMA America–Solar Academy
Apr 22		
Boston
sma-america.com
Solar Water Heating Design
& Installation
AltE University
May 5 – May 7
Hudson
altestore.com
Advanced PV Design &
Installation
AltE University
May 17 – May 21
Hudson
altestore.com
Nevada
Inverter University
DC Power Systems
Apr 8 – Apr 9
Las Vegas
dcpower-systems.com
New Jersey
Racking University
DC Power Systems
May 5 – May 6
Lyndhurst
dcpower-systems.com

Solar Sales & Marketing
Solar Energy International
May 10
Princeton
solarenergy.org
New York
PV Design & Installation
SUNY at Delhi
May 24 – May 28
Jun 14 – Jun 18
Delhi
delhi.edu
Ohio
Basic PV & Site Assessment
for Installers
AltE University
Jun 7 – Jun 8
Columbus
altestore.com
Intermediate PV Design
& Installation
AltE University
Jun 9 – Jun 11
Columbus
altestore.com
Pennsylvania
Solar PV Calculations
Electric Education Center
May 4
Jun 1
Philadelphia
electriceducationcenter.com
Entry Level PV Design &
Installation
Electric Education Center
May 10 – May 14
Jun 7 – Jun 11
Philadelphia
electriceducationcenter.com
PV Sales Seminar
Electric Education Center
Jun 30 – Jul 1
Philadelphia
electriceducationcenter.com

Texas
NABCEP Entry-Level Solar
Electric Training
ONTILITY/St. Philips
College
Apr 19 – Apr 23
San Antonio
ontility.com
NABCEP Entry-Level Solar
Electric Training
ONTILITY/Collin College
May 17 – May 21
Plano
ontility.com
Advanced Solar Electric
Training
ONTILITY/Houston
Community College
May 17 – May 21
Houston
ontility.com
Utah
Grid-Direct Solar Electric
Systems & Code Criteria
Solar Energy International
Apr 5 – Apr 9
Salt Lake City
solarenergy.org
ONLINE TRAINING
Allied American University /
allied.edu
Allied Schools /
training4green.com
Solar Energy International /
solarenergy.org
Solar Living Institute /
solarliving.org
Step Up Education /
solarclassesonline.com
Sun Pirate /
sunpirate.com

SOLAR SUCCESS!

Presented by

TRAINING EVENT 2010

www.solar2010.org

Phoenix, AZ | MAy 17-22, 2010
www.solAr-success.org

NEW

Don’t miss the solar energy industry’s
leading professional training event
| Exclusively for Contractors, Solar Business Owners,Entreprenurs and Project Developers
working in or entering the grid-tie and battery-based residential & commercial scale markets.
| Powerful technical & product training, cutting-edge market research, sales & marketing
best practices, project financing and business development expertise.
| Co-located at ASES NATIONAL SOLAR CONFERENCE and tradeshow to provide the
greatest networking opportunities and highest value for your time & money.
| Expanded training opportunities in 2010 including: Start-Ups, Pro-Track, Fast-Track,
ASES conference sessions and expanded manufacturer training.

98% agreed this training provided valuable information which
will help their solar business
92% will recommend this training to their peers
94% said the event was Excellent or Above Average compared
to other training events

in 2010

technical training partner:
SolarPro magazine

Solar Success! Pro-Track
Advanced seminars in business management,
project development, system design and
installation for experienced solar business
owners, project managers, sales
directors and engineers.
Go to:
www.solar-success.org
/pro-track

“The Conergy employees were very friendly,
knowledgeable, and willing to go above and beyond
to provide answers to our questions, during and after
the event. I believe these are the reasons behind the
huge success.”
| Neal Wharton, Owner/Master Electrician
Alpha Wave Electric, DE

“Those Guys Rock!”
| George Lewis, Owner
Aurora Borealis Electric, NM

Solar Success! Training Event Sponsors
R
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Participating Manufacturers:
Unirac, Enphase, Outback Power Systems, Wiley Electronics, Morningstar, Direct Power and Water,
Oldcastle Precast Concrete and many other leading suppliers. *
*Final schedule subject to change. Please visit website for updates.

Discover Solar Energy:
www.conergy.us | 888.396.6611

Projects

System Profiles

COMMERCIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Reclamation District 108 Solar Farm
Overview
DESIGNER: Bob Parkins, PE,

director of engineering, Solar
Development, solardevelop.com,
and Bob Parkins Consultants,
bobparkinsconsultants.com
INSTALLATION TEAM:

integration: Solar Development;
electrical: Butterfield Electric,
www.butterfieldelectric.com; structural:
Ascent Builders, ascentbuilders.com
C o u r t e s y s o l a rd e v e l o p . c o m ( 4 )

DATE COMMISSIONED:

November 2009
INSTALLATION TIME FRAME: 45 days
LOCATION: Knights Landing, CA, 39°N
SOLAR RESOURCE: 5.5 kWh/m2/day
RECORD LOW/AVERAGE HIGH
TEMPERATURE: 19°F/94°F
ARRAY CAPACITY: 386.4 kW
AVERAGE ANNUAL AC PRODUCTION:

802 MWh

Equipment Specifications
MODULES: 1,680 Trina TSM-PC05,

230 W STC, +3%/-3%, 7.72 Imp,
29.8 Vmp, 8.26 Isc, 37.0 Voc
INVERTER: 3-phase, 480 Vac service,
Advanced Energy Solaron 333 kW,
600 Vdc maximum input, bipolar ±330
to ±600 Vdc MPPT range, 97.5% CEC
efficiency
TRACKERS: 30 Meca Solar MS

Tracker 10+, dual axis, 1/3–1 HP
480 Vac 3-phase motors on both axes,
100 kWh annual motor consumption, gear motor and cogged crown
wheel azimuth drive, electrically driven
mechanical jack tilt drive
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eclamation District 108 (RD 108)
procured this project to power its
irrigation pumps at Sycamore Slough,
5.5 miles northwest of Knights Landing
in Yolo County, California. The location
and its associated environmental limitations, along with avoided-cost considerations, substantially challenged the
project’s designers. The array is installed
on productive farmland, so a high-power–
density solution was needed to maximize
energy production while minimizing
valuable land area dedicated to the PV
system. The project could not disturb
an endangered garter snake habitat. In
addition, it required elevation above the
Sacramento River’s 100-year floodplain.
Finally, it prescribed adherence to a narrow installation timeline of 60 days to
avoid liquidated damages.
These very specific design parameters led RD 108 to select 30 Meca Solar
dual-axis trackers, making this the first
US installation to utilize the equipment.

Meca Solar tracking systems have been
installed throughout Spain in solar
farms as large as 50 MW, with a current
installed capacity of 180 MW worldwide
since 2004.
Optimizing performance at the
power-conditioning level was paramount.
With a CEC-weighted efficiency of 97.5%,
the transformerless, bipolar topology of
the specified Advanced Energy Solaron
inverter resulted in smaller-gauge dc wire
runs and increased output compared to
transformer-based central inverters.
To tackle the floodplain issue, the
tracker foundations are elevated on a
3-foot earth berm. A reinforced concrete
column provides an additional 4 feet on
top of the manufacturer-recommended
2-foot foundation. This places the
modules above the floodplain when in
a stowed, horizontal position. Normally,
the trackers are installed with three
attached string inverters; however, a
centralized approach is used here to

mitigate the inherent flood potential.
The inverter is
placed on a
custom-made
steel platform,
16 feet above
ground elevation
and out of harm’s
way. The 3-phase,
480 Vac output is
transmitted to the
service entrance
located in a pump
house via an aboveground pole line.
Complicating
schedule efficiency,
the trackers shipped
from Spain, and
the Trina modules
came from China. Once the equipment
arrived, the project was fast-tracked and
completed in 45 days, ahead of schedule.
It achieved its maximum rated capacity immediately. Through a net metering
connection to the Pacific Gas and Electric Company grid, the array generates
approximately 80%–90% of the pumping
load, which varies with changing crop and
weather patterns.
“For most of 28 days, I checked the weather
data for the North Atlantic daily. I was
tracking the delivery ship’s route relative

ARRAY: 56 modules per tracker, 14
modules per series string (3.22 kW
STC, 7.72 Imp, ±417.2 Vmp, 8.26
Isc, ±518 Voc) 120 strings total—60
positive and 60 negative-to-ground
(386.4 kW STC, 463.2 Imp, ±417.2
Vmp, 495.6 Isc, ±518 Voc)
ARRAY INSTALLATION: Customballasted surface foundations
with embedded J-bolts for direct
attachment to tracker framing
ARRAY COMBINERS: 16 Blue

Oak HCB8F, NEMA 4X, fiberglass,
14 A fuses, eight PV source circuits
per shared combiner (25.76 kW
STC, 61.76 Imp, ±417.2 Vmp,
66.08 Isc, ±518.0 Voc); two trackers have individual combiners with
four PV source circuits each (12.88
kW STC, 30.88 Imp, ±417.2 Vmp,
33.04 Isc, ±518.0 Voc)

to hurricanes roaring through the region,
sweating the loss of even one day. It was
a relief when the ship carrying the trackers
arrived on schedule in Oakland, California. I
am exceptionally proud of everyone on the
team. We met our schedule and performance goals and turned over a beautifully
constructed project that is a real showcase
for the Meca tracker and a valuable asset to
RD 108. The RD 108 staff, led by Manager
Lewis Bair, were very supportive and helpful
team players.”

DC DISCONNECTS: Six Square D

H363RB 100 A, 600 Vdc heavyduty safety switches
SYSTEM MONITORING: Draker

Laboratories Sentalis 1000, including string-level monitoring and
Web-based reporting in accordance with CEC SB-1 performance
requirements

—Bob Parkins,
Solar Development
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Product Comparison
Just Got Easier!
The rapidly-growing module and inverter
landscapes make it both challenging
and time-consuming to compare specs
from one manufacturer to the next.
Now there’s an efﬁcient way to quickly
and easily make these critical component
selection decisions...and it’s FREE.
Introducing solarhub.com, an
online database of module and
inverter speciﬁcations.
Manufacturer-veriﬁed data o
Advanced ﬁltering o
Includes over 125 popular brands o
Continually updated o

solarhub.com

A free, online resource provided by...

www.solarnexus.com

www.solartech.org

Bookmark solarhub.com
in your browser today!

www.solarprofessional.com
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Projects
RESIDENTIAL GRID-DIRECT PHOTOVOLTAIC SYSTEM:

Koller Residence
Overview
DESIGNER: Ashlee Reiniger, senior

project manager, GreenLogic Energy,
greenlogic.com
LEAD INSTALLER: Matt Krisko,

GreenLogic Energy
DATE COMMISSIONED: June 24, 2009
INSTALLATION TIME FRAME: 5 days

C o u r t e s y g re e n l o g i c . c o m ( x 2 )

LOCATION: Shelter Island, NY, 41°N
SOLAR RESOURCE: 4.3 kWh/m2/day
RECORD LOW/AVERAGE HIGH
TEMPERATURE: -7°F/88°F
ARRAY CAPACITY: 5.52 kW
AVERAGE ANNUAL AC PRODUCTION:

5,982 kWh

Equipment Specifications
MODULES: 24 SunPower SPR-230-

WHT, 230 W STC, +5%/-5%, 5.61 Imp,
41.0 Vmp, 5.99 Isc, 48.7 Voc
INVERTER: SunPower 6000m, 6 kW,
600 Vdc maximum input, 250–480
MPPT range
ARRAY: Eight modules per source
circuit (1,840 W, 5.61 Imp, 328 Vmp,
5.99 Isc, 389.6 Voc) with three circuits
total (5,520 W, 16.83 Imp, 328 Vmp,
17.97 Isc, 389.6 Voc)
ARRAY INSTALLATION: Unirac
SolarMount HD rail system, 129°
azimuth, 15° tilt
ARRAY COMBINER: Inverter integrated
with dc disconnect, 20 A series fuses

Do you have a recent PV
or thermal project we should
consider for publication in
SolarPro?
Email details and photos to:
projects@solarprofessional.com
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reenLogic Energy was selected
from more than 200 SunPower
dealers in North America to receive the
2009 SunPower Residential Dealer of
the Year award. The custom-attachment
approach used on the Koller project is
one example of the company’s leadership
in the residential market and its quality
installation standards.
To meet the customer’s aesthetic
needs, the garage roof was selected
as the ideal location for the array. The
roof is supported by 3.5-by-11-inch
wood beams sheathed with 2-by-4
tongue-and-groove cedar with 2 inches
of rigid foam insulation between the
sheathing and the 30-year architectural
shingle roofing. This construction
made the attachment approach
extremely challenging. To meet
the stringent local design criteria,
GreenLogic consulted with a New
York–certified engineer and the
technical support staff at Unirac
to develop a customized attachment technique.
To minimize potential uplift
forces, the array is installed in
Roof Zone 1. Each row of modules
has three SolarMount HeavyDuty
Rails that are secured to the structural beams with hanger bolts and

Unirac serrated L-feet. Each hanger bolt
has 6 inches of thread embedded in the
corresponding beam. The use of hanger
bolts required an alternative flashing
approach that utilizes a silicone gasket
and washer combination at each attachment point.
“After we calculated the required hanger
bolt length, we completed an exhaustive search and determined that the bolts
needed to be custom fabricated. The
design and procurement phase of this
project was challenging, due to the atypical
roofing material buildup. Once that phase
was completed, the installation went well
and without a hitch.”

— Ashlee Reiniger, GreenLogic Energy

THE SOLAR DEPOT

ADVANTAGE.

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

WHAT IS THE
SOLAR DEPOT
ADVANTAGE?
 Pre-Engineered Packaged Systems
Superior Technical Support
Rebate Filing Assistance
Jobsite Delivery
 Lead Referral Program
 Product Shipment Nationwide
 Marketing & Advertising Support

VISIT WWW.SOLARDEPOT.COM
Explore Solar Depot online! Access our full product
catalog and over 100 packaged system designs from
our website. Register for a Solar Depot workshop in
your area today by clicking on “Workshops.” View
the Contractor section to learn about our full range
of services and how to become an Solar Depot dealer.
Join the Solar Depot team, and gain an advantage
over your competition!
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Distinguished performance

Rated #1 in independent performance testing
We’ve been America’s largest solar PV manufacturer since
1977 and our SolarWorld Sunmodules® have long been known
to generate more energy per nameplate rating than other solar
panels.
US-made Sunmodules are plus-sorted in 5 Watt increments to
eliminate mismatch and nameplate tolerance losses, which
ensures that you get all the energy you’re paying for.
That’s why we call them
Call 1-866-226-5958 for a distributor near you.
www.solarworld-usa.com
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