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The New Standard for Large Scale Solar
Power Production

Introducing the industry’s first complete power harvesting and
management solution for utility class solar power plants
• Boosts total system power production
by 5-12%

• String level power optimization and
centralized total system management

• Lowers overall balance of system costs
by 20-25%

• Advanced grid interconnection and utility
control capabilities

• Reduces installation time and expense

• Increased system uptime, safety and
reliability

Call + 1.888.728.2664
or visit
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to learn more
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Announcing

THE NEXT
GENERATION
in TPO roofing.

GAF scientists have developed
EverGuard ® Extreme™ TPO...
designed for solar and other
high heat applications...

EverGuard ® Extreme™ TPO
is the next generation in
TPO membranes—with the
best guarantee in the industry!

Solar panels (which are dark in color
by nature) can create areas of high
temperatures up to 190°F on adjacent
roof surfaces. Other highly reflective
architectural structures (such as mirrored
glass) can act as solar magnifiers and
concentrate sunlight onto nearby roof
surfaces. This concentrated sunlight can
be far more intense than ambient sunlight —
leading to premature membrane failure.

GAF scientists have created the
next generation in TPO membranes,
built to handle the extreme demands
that new rooftop applications can
place on roofing membranes. EverGuard®
Extreme™ TPO uses proprietary stabilizers
and UV absorbers to achieve weathering
performance far beyond current standards.
That means more protection for your
customers — and for you.

Not eligible for Well Roof™ Advantage Guarantee extension.
See guarantee for complete coverage and restrictions
©2011 GAF Materials Corporation 1/11

Distributed by:

Plug into 30 Years of Solar Experience
Get all that AEE Solar has to offer:

✔ 3 decades of solar expertise
✔ Industry-leading tech support
✔ Broadest selection of the products

PEAK ENERGY MODULE

you need

✔ Best-in-class training and dealer
services

✔ A partner fully dedicated to your
solar success

“ AEE has been there for us since the
beginning, helping us grow our
company. From the terrific service your
sales team gives us to great advice
from your engineers, doing business
with AEE Solar is always a pleasure.”

Get REC’s New High-Efficiency
Peak Energy Module from
AEE Solar!

MORE POWER PER
SQUARE FOOT

US-PRODUCED
SILICON

ROBUST AND
DURABLE DESIGN

ENERGY PAYBACK
TIME OF ONE YEAR

JOHN ROGERS
Pacific Blue Solar, Inc.
“ AEE Solar consistently offers us sales
and product support on demand.
You go above and beyond to make
sure we have the products we need
and the ability to deliver them in a
timely manner. Having a supplier like
AEE definitely gives us a competitive
advantage.”
TERRY HUFFT
Top Hat Energy

800-777-6609
www.aeesolar.com
sales@aeesolar.com
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www.SMA-America.com

Installers worldwide know SMA inverters
are the key to a successful solar project.
SMA’s innovation has set the standard in solar technology for more than 25 years. The Sunny Boy
inverter is a prime example of this success and is ideally suited for residential and commercial
applications. When investing in an inverter, reliability and performance are paramount.
World-class German engineering and manufacturing standards assure long term, trouble-free
performance; and with a peak efﬁciency of over 97%, energy harvest is unmatched.
SMA Inverters: Ask for them by name.

The Future of Solar Technology
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help determine the right rack for the right project.

32 Low-Slope Roofs as
Platforms for PV Systems

48

While commercial and industrial rooftops are increasingly used as platforms for PV systems, the primary
goal of the roofing system is weatherproofing. A representative from the roofing industry offers insights on
how to meet your PV power generation goals without
compromising functionality,
durability and maintainability
of the roof.
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By David Brearley, Ryan Mayfield
and Joe Schwartz

64 Code Red: Notable Changes
in the 2011 NEC
Few articles are as subject to change from one Code
cycle to the next as those applying to PV systems and
interconnected power sources. Here is what is new and
relevant to you in the 2011 edition of the NEC.
By Rebekah Hren and
Brian Mehalic

SOLON Modules

Premium Quality. Buy American.

ARRA
Compliant
Leveraging more than 15 years of extensive R&D, production
excellence and solar power plant expertise, SOLON modules
combine strong performance with outstanding service life for
excellent return on investment.

› Sleek aesthetics
› Rugged design, exceptional stability and durability
› Industry-leading performance guarantee
• 10 year product
• 25 year, 5-stage performance guarantee

› UL, UL-C, CEC, FSEC certified
› 100 MW module manufacturing capacity in Tucson, AZ
ww.solon.com

SOLON Corporation
6950 S. Country Club Road
Tucson, AZ • 85756-7151
Phone +1(520) 807-1300
Email solon.us@solon.com

www.solon.com/buyamerican

SOLON Corporation is a leading US provider of solar modules and turnkey power plants.
We are committed to developing the US solar market and proud to be creating jobs.
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I’m punching dozens of holes to mount a solar
“ When
array, I need to be certain there are no points of failure.
Only Quick Mount PV gives me that assurance.”
Tony Diaz, Century Roof & Solar

Mount It with the Confidence of a Roofer
WHEN TONY DIAZ expanded his successful roofing
business into solar in 2001, he knew he had to flash each
and every roof penetration
flawlessly. And that’s just what he
did, in the painstaking manner
familiar to every roofer.

MODELS FOR ALL MAJOR ROOF TYPES
COMPOSITION

In 2006, Tony found a better, faster
way to get the job done when he
discovered Quick Mount PV, and
he has been saving time and
money on every solar installation
since. Quick Mount PV is the only
off-the-shelf solar mounting that fully complies with NRCA
best standards and practices, ensuring 100% code-compliant,
watertight installations every time.

Flash It Fast Without Sacrificing Quality
Quick Mounts not only install faster than any other flashed solar
mounting, they last longer. The money you save both short
and long term far exceeds the price you pay for Quick Mount’s
patented waterproofing technology, superior materials and
unwavering commitment to quality.
If you are in the solar business, find out what Tony Diaz knows:
Quick Mount PV takes the hassle and worry out of mounting
any rooftop solar array.

925-687-6686
ICC-ESR-2835

MADE IN
USA

info@quickmountpv.com
www.quickmountpv.com

FLAT TILE

SHAKE

UNIVERSAL TILE

QUICK MOUNT PV ADVANTAGES
■
■
■
■
■

No roof cutting required
Patented waterproofing technology
All aluminum flashing; 50-year life
Works with all popular racking systems
Live tech support, year-round training

Contributors

Experience + Expertise

Bill Brooks is a registered professional engineer in both North
Carolina and California. He has written widely used technical
manuals for the PV industry and consulted on a variety of
topics—including performance, troubleshooting and training.
Since 1992 he has focused on the analysis and testing of PV
systems for utility-interconnected applications. His experience
includes work on the technical review committees for the NEC
and the Institute of Electrical and Electronic Engineers (IEEE).

Rebekah Hren is a North Carolina–licensed electrical
contractor, NABCEP Certified Solar PV Installer and ISPQ
Certified PV Instructor. She teaches PV design and installation
classes for Solar Energy International and the North Carolina
Solar Center. Rebekah has co-authored two books with
Stephen Hren: A Solar Buyer’s Guide for the Home and Office
(Chelsea Green Publishing, 2010) and The Carbon-Free Home
(Chelsea Green Publishing, 2008).

Looking for
even longerterm coverage
for your IG and
IG Plus inverter?
The new
Fronius
20-Year
Warranty.
www.fronius-usa.com

James Kirby, AIA, joined the National Roofing Contractors
Association (NRCA) in 1996 and currently serves as its
associate executive director of technical communications.
He holds an MA in architecture from the University of Illinois
and is an Illinois-licensed architect. Jim is responsible for
NRCA’s sustainability activities and communicating technical
information through presentations and articles. He is pursuing
a graduate certificate in sustainable design and construction
from Boston Architectural College.
Brian Mehalic started his solar career in 2002 at EV Solar
Products in Chino Valley, Arizona, working as the lead installer
and project manager. He is a NABCEP Certified Solar PV
Installer with experience designing, selling and installing onand off-grid PV, solar thermal, and wind and water-pumping
systems. Brian works for Solar Energy International developing
curriculum and teaching PV design and installation classes. He
is a frequent contributor to Home Power magazine.
Jason Sharpe is a co-owner at Namaste Solar, where he
oversees large-scale technical design, provides specialized
training on advanced PV topics and spearheads client
representation services, including feasibility studies, design
engineering and production modeling. He joined Jade
Mountain/Real Goods Solar in 1998 and then joined Namaste
Solar in 2006. Jason holds a BS in electrical engineering, and
he is a NABCEP Certified Solar PV Installer and a Coloradolicensed master electrician.

Going further.

Introducing the Fronius 20-Year Warranty
Want to be covered even further into the future? As part of Fronius’ long-term commitment to our customers,
we now have a 20-Year Warranty option available for our IG and IG Plus PV inverters. The 20-Year Warranty offers
the same straightforward coverage as our standard 10-Year Warranty, including:
 A paperless RMA process tracked by the serial number, not the owner.
 Shipping costs covered both ways.
 Pre-shipping of replacement inverters – no waiting for us to receive the old inverter, and no credit card required.
 No warranty exclusions for corrosion and biological infestation.
 Repaired or replaced units are covered for a full year from the date of shipment from Fronius USA or for the rest
of the original, remaining warranty period – whichever is greater.
Visit www.fronius-usa.com, or call 810-220-4414, for more information on the Fronius 20-Year Warranty.
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Introducing the
most important
component of a PV
implementation…

...the human element from Advanced Energy.
PV inverters are only part of a solar PV system implementation.
Achieving a lifetime of success requires more than technology.
It starts with finding a true partner – one that understands
your needs and consistently delivers. Introducing innovative
solutions. Staying true to promises. And always being there for
service, support, and emergencies. That’s Advanced Energy –
the team that’s invested in seeing you succeed.
www.advanced-energy.com/renewables
sales.support@aei.com | 877.312.3832

Advanced Energy, Solaron, and PV Powered are U.S. registered trademarks or service marks of Advanced Energy Industries, Inc.

QA

Quality Assurance

Code-Compliant Conductor Sizing

C

onductor sizing is a critical step
in PV system design. You must
be sure you satisfy the NEC
requirements both for the conductor’s
ability to carry the current and the performance criteria for the power delivered.
To properly size conductors for the NEC,
you must determine the correct current
to use, the conditions of use and the
required overcurrent protection—and
then, finally, you must select a conductor.
As a designer, you must account for
all the conditions that the conductors
will be exposed to. The temperature they
will operate in, the number of conductors in the conduit, the length of the conduit and the terminals the conductors
are attached to each play a role. Proper
selection requires following a sequential
and methodical process when sizing
your conductors. Although this process
is common for sizing all conductors,
here I specifically address conductor
sizing as it pertains to satisfying the NEC
for the dc source and output circuits of
PV systems. Throughout this article, the
NEC references are from the 2011 version, unless otherwise noted. For those
familiar with the Code, the relocation of
tables in Article 310 is the most notable
change from earlier versions.
Maximum Current Calculations
The first step—determining the correct current value—is probably the
most unique item to PV dc conductors. For most conventional electrical
calculations, this is typically simple or
at least well understood. PV modules
have multiple ratings, are composed
of organic materials, and they operate
with a fluctuating power source. These
factors seem to confuse people and
may make calculations for PV seem
more complicated. Determining the
correct current value is actually relatively simple once you break it down.
Section 690.8 in the 2008 and 2011 NEC
14
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outlines the requirements for proper
conductor sizing.
Section 690.8 defines how to calculate the maximum circuit current.
In 2008, an FPN was added that states
“Where 690.8(A)(1) and B(1) are both
applied, the resulting multiplication
factor is 156%.” Historically, many PV
designers have used the “1.56 rule” to
size all dc conductors, in all conditions.
However, you must understand what the
individual components of the 1.56 rule
are so you know when both 690.8(A)(1)
and B(1) apply and when they do not.
Sections 690.8(A)(1) and (2) in the
NEC define the maximum current for
PV circuits. Imax is calculated as “the
sum of parallel module rated shortcircuit currents multiplied by 125%.”
The multiplier is needed because solar
irradiance fluctuates throughout the
day and from region to region. Modules’
Isc ratings are calculated in laboratorycontrolled standard test conditions
(STC) of 1000W/m2. Natural conditions
are different from STC and give rise
to a different current than the rated
value. Multiplying Isc by 1.25 defines
what current to use for PV circuits.
This is the maximum current expected
from the PV source and output circuits
under extreme conditions of short
circuit and high irradiance.
Overcurrent Protection and
Terminal Ratings
Now that you have determined Imax
per 690.8 (A)(1) and (2), you need to
determine how to size the conductors based on the terminals used in the
junction boxes and overcurrent protection devices (OCPDs) where required.
Section 690.8(B) states that PV circuits
shall be considered a continuous load,
and this requires a second 1.25 multiplier. The NEC rules that apply to
other continuous loads also apply to
PV circuits. The language in 690.8(B)

changed in 2011, clarifying the process
and requirements. The changes do not
affect the methodology you need to use
when evaluating PV circuits.
Section 690.8(B)(1)(a) of the 2011
NEC states that OCPDs shall be sized to
carry not less than 125% of the maximum current as calculated in 690.8(A).
To determine the minimum OCPD, multiply the Imax for a given conductor run
by 1.25. The resulting continuous current
(Icont) is the minimum OCPD required
to protect the conductor in the circuit
and the minimum rating of all terminals
used to make the wiring connections.
Terminal requirements. NEC Section
690.8(B)(1)(b) requires that you evaluate
the terminal temperature limits independent of the conductor ratings. It is
common to use conductors that are
rated at 90°C, yet the terminals they are
connected to are rated for only 75°C.
This requires that you evaluate the
conductor ampacity values twice: once
at the terminals where the conductor
is considered 75°C and again for the
length of the run where the conductors’
90°C properties are valid. NEC Section
310.15(B)(16) has multiple columns of
allowable ampacity, arranged according
to the conductor’s insulation temperature rating. Note the new Code reference
for the ampacity table, previously Table
310.16. To find the minimum conductor
size, look at the thermal ratings of the
devices that the conductor is terminated
on, regardless of the insulation of your
selected conductor. The conductor
should have a greater ampacity than the
termination rating.
Use the column that corresponds
with the thermal rating of the terminals. For terminals used in conjunction
with PV circuits, the most common
rating is 75°C. To satisfy 690.8(B)(1)(b),
select a conductor that has an ampacity
rating in the proper termination thermal rating column c o n t i n u e d o n p a g e 1 6

Partner and grow with the leader in solar
Join our Authorized Installer program

MADE IN USA

 A program designed to strengthen your business
• Financing options
• Exclusive leads
• Marketing support

 35 years of American solar manufacturing experience
 Higher performance for a faster return
P 805-388-6590 | www.solarworld.com
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that is greater than the calculated Icont
or OCPD if required.
For example, consider a PV output
circuit that has a rated Isc of 50 A and
is connected to a terminal that is rated
at 75°C:
	Imax = 1.25 x 50 A = 62.5 A
	Icont = 1.25 x 62.5 A = 78.1 A

According to Table 310.15(B)(16), under
the 75°C column, 4 AWG is the smallest
conductor that has an ampacity greater
than 78.1A.
OCPD Requirements. Section 690.8(B)
(1)(c) in the 2011 NEC requires that the
OCPD ratings are corrected per the
manufacturer’s instructions when the
system is operating at temperatures
greater than 40°C. This is a site- and
material-specific consideration. Given
that fuses are the most typical type of
OCPD used in these locations and that
fuse ampacity changes along with con-

ductor ampacities, this will generally not
be an issue. As long as a fuse properly
protects the conductor in normal operating temperatures, it will continue to
protect the conductor in elevated temperatures. However, in extreme elevated
temperatures, the fuse could nuisance
trip if not corrected for temperature.
OCPD ratings are defined in Section 240.4(B), (C) and (D). Where the
OCPD is rated at 800 A or less, 240.4(B)
allows you to use the next-higher
standard OCPD above the ampacity
of the conductors being protected. Be
careful about applying this allowance
to size the conductor below the OCPD
rating, especially when dealing with
small currents and sizing conductors
from modules to a string-combining
device. This is because Section 690.9(C),
“Photovoltaic Source Circuits,” states
that standard OCPD values used for
source circuits “shall be in one ampere

size increments, starting at one ampere
up to and including 15 amperes.” This
ability to use the next standard size
requires that you evaluate the conductors used in the source circuits and
verify that they have the correct ampacity for their conditions of use. In addition, be sure not to exceed the modules’
maximum series fuse rating.
Sizing the Conductors
The final step necessary to meet Section 690.8 requirements is to select a
conductor that can handle the current
and will be protected by the OCPD
under 690.8(B)(2). The 2011 NEC offers
two different methodologies to properly select a conductor. You need to do
both calculations and then choose the
larger conductor. Under 690.8(B)(2)
(a), the first test is to find the conductor ampacity that is greater than 156%
of Isc. There are no conditions of use

Spice Up Your Business...
...with the heat of an
established distributor.

See some of the ads we rejected at groSolar.com/bloopers

groSolar.com/solarpro
Nationwide full service solar distributor.
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800.374.4494

applied here, only the two 125% factors.
The second test under 690.8(B)(2)(b)
is to apply conditions of use to the Imax
found in 690.8(A). It is worth noting
that the second method uses the value
for Imax found after multiplying Isc by
1.25 only once.
Adding conditions of use. Conditions of
use are defined by the temperature the
conductors are exposed to at the site and
the number of conductors that are run
in close proximity to each other according to the correction factor subsections
of Section 310.15. Table 310.15(B)(3)(a)
provides adjustment factors for conductors run in conduit or bundled together
in continuous lengths greater than 24
inches. Table 310.15(B)(3)(c) provides
temperature adjustment values for circular raceways run along rooftops.
To determine conditions of use, first
determine your ambient temperature.
This sounds simple, but it has caused

many a debate in many a jurisdiction.
The 2008 NEC added an FPN at the end
of Section 310.15(B)(2) that states, “One
source for average ambient temperatures
in various locations is the ASHRAE Handbook.” This indicates that an average high
should be used. The Solar ABCs website
(solarabcs.org) provides a readily accessible source for ASHRAE data. You can
search for a location based on zip code,
and the site returns ASHRAE data from
local weather stations. The data include
two high temperature values—the 0.4%
and 2% average values in °C. Many in
the solar industry use the 2% high in the
ASHRAE tables as the standard for design
temperatures. You should determine if
the jurisdiction you are designing for has
published engineering standards that
include design temperatures. The same
design temperatures used for other engineering disciplines should be consistently
applied to PV applications. If the juris-

Business Nutrition Facts

diction does not have published design
temperature information, ASHRAE tables
are the safest and most accurate source
for this information.
Once you have determined your
starting design temperature, you have
to determine the other conditions of
use. Is your conductor in free air or in
conduit? Is it exposed to sunlight? How
far from the roof is it installed? How
many current-carrying conductors are
in the same conduit? Conductors are
often exposed to many different conditions of use in a single run. Technically,
you should do calculations for each
unique condition; however, the most
important thing is to do the calculation
for the worst case. The worst case is the
maximum correction factor caused by
coincident conditions that result in the
lowest ampacity of the conductor.
Exceptions can often come into
play. Section 310.15(B)(3)(a)(2) states,

...With
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“Adjustment factors shall not apply to
conductors in raceways having a length
not exceeding 600 mm (24 in.).” The
Exception to Section 310.15(A)(2) states,
“Where two (or more) different ampacities apply to adjacent portions of a circuit,
the higher ampacity shall be permitted to

be used beyond the point of transition,
a distance equal to 3.0 m (10 ft) or 10%
of the circuit length figured at the higher
ampacity, whichever is less.”
Worst-case conditions. The following example illustrates the method for
determining the worst-case condition

for the conductor. Consider the PV
source-circuit conductors from a module to a string combiner. A conductor
leaves a module in free air secured 3.5–
12 inches off the roof. It passes through
a 12-inch conductor tray located 0–0.5
inch off the roof, c o n t i n u e d o n p a g e 2 0

Sample Calculations
Example calculation #1 PV source circuits from array to combiner where the worst-case scenario is 20 current-carrying
conductors run in conduit supported 0.5–3.5 inches off the roof. Weather data is from the Denver International Airport as
reported at solarabcs.org/permitting/map/index.html.
Isc
=8A
Imax = 8 A x 1.25
= 10 A
Icont = 10 A x 1.25
= 12.5 A
Ambient temperature
= 34°C
Table 310.15(B)(3)(c), 3.5–12 inches off roof
= 17°C temperature increase
Effective temperature = 34° + 17°
= 51°C
Table 310.15(B)(2)(a), 90°C temp. column at 51–55°C	 = 0.76 correction factor
Table 310.15(B)(3)(a), 10–20 conductors
= 0.50 correction factor

#12 USE-2
690.8(B)(1) calculation:
Minimum OCPD required = Icont
Next standard size OCPD	
Table 310.15(B)(16), 75°C conductor ampacity
25 A > 12.5 A (Icont)
25 A > 13 A (OCPD)

= 12.5 A
= 13 A (If <15 A, then increase in 1 A increments)
= 25 A
12 AWG satisfies 690.8(B)(1)(b)
12 AWG satisfies 690.8(B)(1)(d)

690.8(B)(2)(a) calculation:
Minimum conductor ampacity = Icont
Table 310.15(B)(16), 90°C conductor ampacity
30 A > 12.5 A (Icont)

= 12.5 A
= 30 A
12 AWG satisfies 690.8(B)(2)(a)

690.8(B)(2)(b) calculation:
Table 310.15(B)(16), 90°C conductor ampacity
Conditions of use ampacity = 30 A x .076 x 0.5
11.4 A > 10 A (Imax)

= 30 A
= 11.4 A
12 AWG satisfies 690.8(B)(2)(b)

690.8(B)(2)(c) calculation:
Next standard OCPD for conductor with conditions of use applied = 12 A
12 A < 13 A	
12 AWG does not satisfy 690.8(B)(2)(c)
Look at the next size conductor to verify that it passes the final checks, since the smaller conductor passed up to that point.
#10 USE-2
690.8(B)(2)(c) calculation:
Table 310.15(B)(16), 90°C conductor ampacity
Conditions of use ampacity = 40 A x .076 x 0.5
Next standard OCPD = 16 A > 13 A	
18
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= 40 A
= 15.2 A
10 AWG satisfies 690.8(B)(2)(c)

Renewable Energy Solutions

Renewable Energy Solutions

QA
with four other conductors, and then is
bundled with 19 other conductors in free
air, supported at 0.5–3.5 inches off the
roof. Finally, for physical protection, it
passes through 36 inches of EMT conduit
that is secured at 3.5–12 inches off the
roof before entering a combiner box.
You do not need to consider each
individual worst-case condition, but you
should consider the coincident worst-

case conditions When the conductor
passes through the conductor tray at
0–0.5 inch off the roof, Section 310.15(B)
(3)(a)(2) applies because the conduit
was less than 24 inches. The bundled
conductors are subject to Section
310.15(B)(3)(a). Because the conductors are in free air, you do not apply the
0.5–3.5 inches sunlight-exposed temperature increase to the conductor nor

consider the conductor in conduit. The
worst case in this example is a 20conductor conduit fill and 3.5–12 inches
sunlight-exposed temperature increase.
Use ampacity from Table 310.15(B)(16)
for conductors installed in conduit.
Final Considerations
Once you have defined the conditions
of use, refer to c o n t i n u e d o n p a g e 2 2

Sample Calculations (continued)
Example calculation #2 Two PV output circuits from a combiner box to inverter. All terminals have 75°C ratings.
Weather data is from Colorado Springs as reported at solarabcs.org/permitting/map/index.html.
Isc
= 50 A
Imax = 50 A x 1.25
= 62.5 A
Icont = 62.5 A x 1.25
= 78.1 A
Ambient temperature
= 32°C
Table 310.15(B)(3)(c), 3.5–12 inches off roof
= 17°C temperature increase
Effective temperature = 32° + 17°
= 49°C
Table 310.15(B)(2)(a), 90°C temp. column at 46–50°C	 = 0.82 correction factor
Table 310.15(B)(3)(a), 4–6 conductors
= 0.80 correction factor

690.8(B)(1) calculation:
Minimum OCPD required = Icont
Next standard size (240.6(A))
Table 310.15(B)(16), 4 AWG, 75°C conductor ampacity
85 A > 78.1 A (Icont)
85 A > 80 A (OCPD)

= 78.1 A
= 80 A
= 85 A
4 AWG satisfies 690.8(B)(1)(b)
4 AWG satisfies 690.8(B)(1)(d)

690.8(B)(2)(a) calculation:
Minimum conductor ampacity = Icont
Table 310.15(B)(16), 90°C conductor ampacity
95 A > 78.15 (Icont)

= 78.1 A
= 95 A
4 AWG satisfies 690.8(B)(2)(a)

690.8(B)(2)(b) calculation:
Table 310.15(B)(16), 90°C conductor ampacity
Conditions of use ampacity = 95 A x 0.82 x 0.8
62.3 A < 62.5 A (Imax)

= 95 A
= 62.3 A
4 AWG does not satisfy 690.8(B)(2)(b)

Look at the next wire size, 3 AWG.
690.8(B)(2)(b) calculation:
Table 310.15(B)(16), 90°C conductor ampacity
Conditions of use ampacity = 115 A x 0.82 x 0.8
75.4 A > 62.5 A (Imax)

= 115 A
= 75.4 A
3 AWG satisfies 690.8(B)(2)(b)

690.8(B)(2)(c) calculation:
Next standard OCPD for conductor with conditions of use applied = 80 A
75.4 A < 80 A	
3 AWG satisfies 690.8(B)(2)(c) under 240.4(B) {
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What makes a
PV module exceptional?
It has to outperform its competition. It has to generate high yields,
generate them reliably and continue to generate them for years.
Conergy’s PowerPlus does just that. The Conergy PowerPlus series
of PV modules ensures you get maximum return on your investment.
Across the globe, one in every ten modules is manufactured, sold or
installed by Conergy. We hold ourselves and our products to the highest
standards. That is why Conergy is the global leader in PV systems.

Watch a video of Conergy PowerPlus
state-of-the-art manufacturing:
www.conergy.us/powerplus-production.aspx
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the NEC tables for adjustment values.
You now have to consider the conductor’s insulation rating. Instead of
looking at the thermal rating of the
termination device, you must consider
the thermal rating of the conductor in
Tables 310.15(B)(16) when the conductors are in raceways and 310.15(B)(17)
when they are in free air. You use both
the ampacity value and the thermal
correction factor from the column that
corresponds with the chosen conductor type. The thermal correction factors
were relocated to Section 310.15(B)(2)
(a) in 2011. For most PV dc applications
exposed to extreme conditions of use, it
is best to select a 90°C conductor. Currently, most installers use USE-2 for free
air and THWN-2 in conduit.
To choose a properly sized conductor, compare the conditions-of-use
corrected conductor ampacity to the
Imax current and chosen OCPD. You do
not compare the corrected conductor

Courtesy Namaste Solar

QA

Conductor ampacity ratings All the conditions of use need to be considered
when determining the final ampacity values for the source-circuit conductors. These
conductors are bundled in close proximity to the roof, so Tables 310.15(B)(2)(a) and
310.15(B)(3)(a) both apply. However, the conductors are not in circular raceways, so
Table 310.15(B)(3)(c) does not apply.

to the continuous current (Isc x 1.56)
but rather only Imax (Isc x 1.25). This
is an important distinction. You also
need to verify that the conductors’
ampacity, without conditions-of-use
adjustments, exceeds the continuous-

current value to avoid conductors
that are larger than necessary. The
sample calculations (pp. 18 & 20) walk
through this process step-by-step.
Jason Sharpe / Namaste Solar /
Denver, CO / namastesolar.com
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Ultraguard ® resists yellowing,
changes in gloss, and discoloration*.

With fiberglass-reinforced enclosures from Allied Moulded
Products, you’ll get outstanding protection from the elements
even while you are harnessing their power. Made with our exclusive
Ultraguard ® formulation that withstands the harshest extremes
in temperature and UV radiation—it’s the right solution in any
environment. Now backed by the industry’s most comprehensive
warranty, other alternatives simply don’t compare.

To learn more, visit alliedmoulded.com.
*Results confirmed by independent lab tests of leading enclosure manufacturers.
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222 North Union Street
Bryan, Ohio 43506
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The New NEC 690.16(B) Fuse-Servicing
Requirements and Combiner Boxes
he term combiner box was coined
decades ago in the PV world to
describe a junction box that combines
multiple source circuits in a PV array.
Combiner boxes are analogous to ac
distribution panels in conventional
electrical systems. The only difference
is that the branch circuits in a PV system are sources of direct current that
are aggregated at the combiner box.
In a PV system, normal current flow is
in the direction of the feeder conductor, whereas in conventional electrical
systems alternating current is supplied
to a distribution panel through the
supply feeder and distributed to the
loads on the branch circuits.
PV Array Overcurrent Protection
In PV systems with three or more
source circuits, combiner boxes
with internal overcurrent protection
devices (OCPDs) are used to protect
the modules and relatively small
source-circuit wiring from high currents that can occur in the event of a
string-level fault. Since 600 Vdc circuit
breakers are expensive, particularly
in the 10–15 A range typical of PV
source-circuit OCPDs, PV systems use
series fuses instead of circuit breakers
to provide the required overcurrent
protection. The fuse holders, often tiltout devices, are not load-break rated.
The current must first be interrupted
with a disconnecting means to allow
the fuse holder to be safely opened.
In larger commercial PV systems,
there may be three or more combiner
boxes protecting various array segments, sometimes called subarrays.
When three or more source-circuit
combiners are used, the feeder circuits
between the combiner boxes and the
inverter must be fused, unless the
feeders are large enough to carry all
available fault current. This second
level of fusing, often located near or at
24
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the inverter, is also a dc combiner box.
While this is sometimes referred to as
a recombiner box, I prefer the terms
array combiner or subarray combiner,
since this box is used to combine feeders from the PV array or subarrays.
This multiple-level overcurrent
protection is functionally identical
to the design used for ac distribution
systems on larger commercial buildings. In ac systems, there is a main
service disconnect that is analogous to
the PV power source disconnect at the
inverter. After the main service disconnect in an ac system, a feeder panel
with circuit breakers limits the current
to various subpanels at the facility.
This feeder panel is like the PV array
combiner. Typically a distribution subpanel is at the end of each ac feeder. It

provides individual circuit protection
for small branch circuits supplying
power to small lighting circuits and
plug loads. PV source-circuit combiner
boxes serve a similar purpose to these
conventional ac subpanels.
Fuse-Servicing Requirements
Section 690.16(B) appears for the
first time in the 2011 edition of the
National Electrical Code. It requires
installing disconnects in PV output
circuits to allow fuses to be serviced.
The primary reason for this requirement is to address the poor design
practice of having combiner boxes far
from the inverter with no disconnecting means nearby to interrupt current
for fuse servicing. The disconnect is
also intended to c o n t i n u e d o n p a g e 2 6

Co u r t e sy R o s en d i n E l ec t r ic

T

Segmenting disconnect The integral 3-pole, rotary-style disconnect at this sourcecircuit monitoring combiner box—a SolarBOS product manufactured and branded for
Cooper Crouse-Hinds—allows for array segmenting and fuse servicing. It is one of 16
combiners that Rosendin Electric installed at the 1.1 MW PV system atop the Mineta
San Jose International Airport (see Profile, Feb/Mar 2011, SolarPro magazine).
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address the fact that fuse holders
cannot be operated under load,
whereas circuit breakers can be.
According to the new language
in Section 690.16, the fuse-servicing
disconnecting means shall be
located “within sight of, and accessible to, the location of the fuse or
integral with the fuse holder and
shall comply with 690.17.” Per the
definition of In Sight From found in
Article 100, the service disconnect
needs to be visible and located at a
distance not greater than 50 feet from
the fuses. If the disconnect is located
at a distance greater than 6 feet, then
a directory shall be provided at the
location of the OCPDs indicating the
servicing disconnect location. While
a load-break–rated disconnect is not
specifically required, nonload-break–
rated disconnects need to be labeled
“Do not open under load.”
To comply with Section 690.17, the
disconnect must be readily accessible and operable without exposing
the operator to live parts. It must also
clearly indicate if it is in the open or
closed position and have an interrupt rating sufficient for the nominal
voltage and current. In most cases, a
warning label will be required indicating that the line and load side terminals may both be energized when the
disconnect is in the open position.
Readily accessible, in this context,
means readily accessible to the equipment being serviced. Any disconnect
related to a combiner box must be
readily accessible from the location of
the combiner box.
Other Benefits of Servicing
Disconnects
In addition to allowing fuses to be
serviced, the disconnects required
by 690.16(B) provide other benefits,
such as improving operations and
maintenance capabilities, facilitating
emergency response activities and
encouraging better practices in residential applications.
26
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Bakersfield Fire: A
Lesson in GroundFault Protection,”
February/March 2011,
SolarPro magazine.)
In the absence of fuseservicing disconnects,
there is no way to
safely interrupt these
circulating fault currents. Where possible,
however, opening
fuse-servicing disconnects may effectively prevent current
flows from parallel subarrays into
faulted conductors. While this may not
solve all fire-related concerns within
an array, it does provide a means for
emergency personnel not familiar with
PV to mitigate the safety hazard until a
qualified PV technician arrives to fully
disable the array.
Residential applications. Rooftops
of dwellings are challenging environments, both for thermally activated
OCPDs and for service personnel. The
requirement for readily accessible
fuse-servicing disconnects should discourage installers from putting fused
combiners on these rooftops, which
are often sloped and will therefore
require expensive NEMA 4 disconnecting means. The problem with
rooftop combiners on residences is
that service personnel need ladders to
access them and are required to wear
fall protection to check source-circuit
characteristics during troubleshooting or maintenance activities. Service
personnel without the necessary fall
protection will often feel pressured
to work on the PV system anyway,
increasing the likelihood of a fall
injury—particularly if they receive an
electrical shock. Best practice is to
locate combiner boxes on residential
systems at ground level, ideally at the
inverter so that the PV power-source
disconnecting means can be the disconnect required in 690.16(B).

Readily accessible, in this context, means
that any disconnect related to a combiner
box must be readily accessible from the
location of the combiner box.

Routine maintenance. Locating
disconnects convenient to combiner
boxes makes it easier and safer for
technicians to commission, maintain or troubleshoot PV arrays. The
absence of these disconnects makes
it difficult to shut down small segments of an array in order to perform
necessary maintenance. This scenario
is particularly problematic with larger
inverters, such as 500 kW units, where
shutting down the inverter in order
to service the array results in lost revenue. The pressure that this financial
situation puts on service personnel
increases the probability of field errors
and the potential for injury. Additionally, shutting the inverter down does
not necessarily improve safety. It will
not usually segment the array, meaning that the entire array is still connected to the subarray being serviced.
By segmenting the array near the
combiner box, service personnel can
work on a particular array segment
without interrupting the inverter or
being exposed to fault currents from
the rest of the array.
Emergency response. If a PV array is
affected by a fire, earthquake or other
dangerous situation, fuse-servicing
disconnects can allow first responders
or facility personnel to interrupt fault
currents as soon as possible. In the
event of a PV array fire, for example,
there is a high probability that conductor faults could cause circulating
currents that may not be interrupted
by source-circuit fuses. (See “The

—Bill Brooks / Brooks Engineering /
Vacaville, CA / brooksolar.com
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Industry Currents

ASES Hosts
40th Annual
Solar Conference
[Boulder, CO] The 40th annual American Solar Energy
Society (ASES) conference will be held at the Raleigh
Convention Center May 16–21, 2011. Solar Success!
training sessions will offer a variety of classes for seasoned industry veterans, as well as for professionals
entering the market who are looking to gain technical and
business knowledge. Many sessions will offer continuing
education credits for architects, installers and engineers.
Conference participants can hear from solar industry
leaders on topics ranging from technology, policy and
workforce development to consumer education. The
exhibit hall is expected to have over 300 exhibitors
showcasing the latest solar technologies and will provide
a place to network with peers.
American Solar Energy Society National Solar Conference /
720.420.7939 / nationalsolarconference.org

Extech Multimeter
Aids Troubleshooting
[Waltham, MA] The Extech 830 1000 A clamp
meter incorporates an infrared (IR) thermometer into a multimeter to help field
technicians with maintenance and
troubleshooting. The entire 800 series
from Extech has built-in IR thermometers, but only the Extech 830 can read
dc currents—an absolute must for PV
technicians. The jaw opening allows
for current measurements on a single
750-kcmil or two 500-kcmil conductors.
The multimeter functions include ac and
dc voltage plus current measurements,
resistance, capacitance, frequency, diode
and continuity readings. To aid in servicing non–sine wave equipment, such
as older inverters, the 830 includes true
RMS readings for accurate measurements. Standard features also include
a data hold to capture inrush and
transient readings, and minimum
and maximum readings. The meter’s
auto ranging feature can be overridden with a manual range button. The meter can be
ordered with a limited National Institute of Standards and
Technology certificate that covers all functions except the
IR thermometer.
Extech Instruments / 781.890.7440 / extech.com

Tyco Releases SOLARLOK Combiner Box
[Berwyn, PA] Tyco Electronics has added a UL 1741–listed five-string combiner
box to its solar products. The box is designed to reduce time and materials for
residential installations. It comes with prewired Tyco SOLARLOK connections for
polarized terminations from the strings to the combiner. The output circuit can be
routed through one of four knockouts, giving installers flexibility for conduit routing.
The internal ground block is prewired to an external Tyco ground lug, allowing the
equipment-grounding conductor to terminate on the box’s exterior. The transparent
dead-front cover under the hinged lid adds protection for the installer and includes
a Tyco safety label. The maximum fuse size for individual strings is 15 A, and the
maximum rated Isc output for all strings in parallel is 48 A.
Tyco Electronics / 800.522.6752 / tycoelectronics.com/solar
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Enphase Introduces
Installer Dashboard
[Petaluma, CA] Enphase Energy recently released a new installer-focused

feature for the Enphase Enlighten monitoring system. The Installer Dashboard
gives contractors a single website from which to monitor existing installations.
The dashboard is a customizable screen with optional widgets to give a quick
overview of each project’s status. You can create groups within the dashboard
based on geographic location, size or any user-defined parameters. The power
and energy widget allows users to view the performance of individual groups or
all installed systems in real time. Installers can also view their dashboard on any
smartphone with web access. An additional widget allows installation companies
to monitor the progress of jobs under construction to help improve efficiencies.
Enphase Energy / 877.797.4743 / enphaseenergy.com

Centrosolar America
Offers US-Manufactured
Modules
[Scottsdale, AZ] Centrosolar America, the US subsid-

iary of Centrosolar Group AG, based in Munich, Germany,
is offering a new line of modules manufactured in the
US—the B-Series. The 60-cell multicrystalline modules
are available with a silver frame and white backsheet or a
black frame and black backsheet. All B-Series modules
offer a 5-year warranty on materials and workmanship
and a 25-year, 80% power output warranty.
Centrosolar America / 877.348.2555 / centrosolaramerica.com

Xantrex GT Inverter Recall
Schneider Electric announced a voluntary recall of approximately 25,000
Xantrex GT inverters manufactured between September 2005 and
August 2010. The US Consumer Product Safety Commission lists the
affected part numbers and additional details on its website:
cpsc.gov/cpscpub/prerel/prhtml11/11099.html.
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SolarWorld
Reaches 1,000
Employees
[Hillsboro, OR] Fulfilling its goal
set at the plant opening, SolarWorld
announced the hiring of its 1,000th
employee at its Hillsboro facility.
Its US facilities are on schedule to
produce 500 MW of modules by the
end of 2011. In 2007, SolarWorld
bought the former chip factory in
Oregon with
the intention
of transforming it into a
complete PV
module facility. Today,
the Hillsboro
facility is able
to process an entire product line,
from growing ingots to constructing
modules. SolarWorld’s Camarillo,
California, facility has also undergone major renovations during
the same time period. It employs
250 people.
SolarWorld / 503.844.3400 /
solarworld-usa.com

Reliability Means eveRything.
When you’re worlds away from the grid — when you’re totally dependent on alternate power sources — you’re in Trojan territory. It’s a place
where reliable power is absolutely essential — and that’s exactly what Trojan’s line of flooded, AGM and gel Renewable Energy batteries deliver.
Exceptionally dependable and powerful — Trojan’s proprietary deep cycle technology and
over 85 years of battery know-how make it the most reliable battery in the industry. Backed by
specialized technical support teams and a world–class warranty — Trojan means reliability.
Regardless of the application, when it comes to renewable energy storage and backup power, reliability means everything.
Available worldwide. For more information, call (800) 423–6569, +1 (562) 236–3000 or visit us at TrojanBatteryRE.com
Off Grid • Grid Tie • Backup pOwer • rural elecTrificaTiOn • induSTrial • SmarT Grid

Low-Slope Roofs
as Platforms
for PV Systems

S h a w n S c h re i n e r

By James R. Kirby, AIA

While commercial and industrial rooftops
are increasingly used for PV systems,
weatherproofing remains the primary goal
for any roofing system.

L

ow-slope roofs are ideal locations for
PV systems: the solar resource is good;
power is generated in close proximity

to loads; the location is secure and unobtrusive; and one- and two-story buildings in particular have favorable ratios of roof-to-wall
area. Best of all, low-slope roofs are plentiful.
As a platform for PV systems, they represent
an excellent business opportunity for both
PV and roofing contractors.

Although the roofing and PV industries often work
together by choice, this collaboration will soon be mandated.
The 2012 edition of the International Building Code will have
PV-specific information in Chapter 15, which covers “Roof
Assemblies and Rooftop Structures.” This means that, in addition to existing UL 1703 requirements, rooftop PV systems will
32
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need to meet the same requirements for fire, wind and impact
resistance as are required for the roof systems on which they
are installed.
The roof system is the building’s interface with the PV
system, so it is important to recognize the unique issues and
concerns that come into play when using a rooftop as a platform for PV. In this article I discuss the components of lowslope roof assemblies, the most common material types and
typical roof system construction. I introduce some roofing
professionals’ concerns about the application of PV systems
on rooftops. Finally, I discuss guidelines and best practices
for installing rooftop PV systems that are endorsed by the
National Roofing Contractors Association (NRCA).

Low-Slope Roof Assemblies

The NRCA defines low-slope roofs as those with slopes equal
to or less than 3:12 (see definitions, p. 34). A low-slope roof
assembly consists of a roof deck, insulation and roof membrane
or other weatherproof cover. An air or vapor retarder is sometimes included.
Roof deck. The most common roof decks for low-slope roof
systems include steel, concrete and wood. There are regional
differences in usage. For example, in the Southwest plywood
and OSB are used regularly for low-slope roof decks in light
commercial construction, whereas in the Midwest steel

roof decks are more prevalent. Roof systems commonly are
attached to wood decks with fasteners, but may be adhered
if a separator layer, such as an asphalt-coated base sheet, is
first nailed to the wood deck. Roof systems are commonly
attached to steel roof decks with screws and plates. However,
it is becoming more common to use adhesives to attach roof
systems to steel decks, although NRCA does not recommend
this method. Screws and plates may be used to fasten an entire
roof system or only the bottom layer, such as a gypsum-based
board used for fire resistance. When only the bottom layer
is fastened, the insulation and membrane are likely adhered
with asphalt, liquid adhesive or foam adhesive.
Roof systems are generally adhered to concrete decks with
asphalt. In the past, this meant hot asphalt, but today there
are additional choices like cold adhesives and foams. The less
common roof deck types include poured gypsum, precast
gypsum panels, cementitious wood-fiber panels, lightweight
insulating concrete and thermal-setting insulating fills. Fastening standoffs for PV mounting systems to these roof deck
types requires knowledge of the unique materials and fasteners necessary for a long-term installation.
Roof membrane
Cover-board
insulation

Co u r t e s y NR C A

Thermal
insulation

Vapor retarder
membrane
(if needed)
Insulation
Steel roof deck

Diagram 1 A representative cross-section of an insulated
low-slope roof assembly is shown here.
Insulation. Insulation for roof systems is best installed in
layers with a cover board included as the top surface. The
most common insulation material for low-slope roof systems
is polyisocyanurate, but many other types can be used: cellular glass, expanded or extruded polystyrene, fiberglass, mineral fiber, perlite and wood fiberboard. Common cover boards
include perlite, wood fiberboard and gypsum. Insulation is
all too often installed in one layer and without a cover board,
thereby reducing the system’s overall R-value.

Membranes and weatherproof coverings. Several weatherproof coverings are used for low-slope roof systems. Built-up
roofing (BUR), polymer-modified bitumen (MB), single-ply
( for example, EDPM, TPO, PVC), metal panel and spray polyurethane foam (SPF) roof systems are used in all climate zones
of the US, with some expected regional variation in market
share. Because BUR, MB and single-ply coverings are rolled
goods or sheets, they are considered to be membranes. Metalpanel roof coverings are formed from metal coils and sheets
and typically have vertical seams that are locked together to
raise the joint out of the drainage plane. SPF is applied on-site
to make an insulation-based roof system.
Although roofing professionals may be able to visually
determine roof types, subtleties can be hard to discern. There
are several white and light-colored single-ply membranes, for
example, and each has its own chemical recipe and base polymer. It is important to know the proper method—glue, tape
or hot-air welding—to use for long-term adhesion of seams.
A BUR roof may be asphalt or coal-tar based; each has different properties. MB sheets come in several common types, and
each is installed using different adhering methods.
All low-slope roof systems are required to have a certain
level of wind resistance, which is achieved through the attachment method. Roof systems can be adhered, mechanically
attached, or loose-laid and ballasted. BUR and MB membranes
commonly require hot and cold asphalt and asphalt-based
adhesives. Some MB sheets can be torch applied, and singleply membranes can be mechanically attached or adhered.
Loose-laid and ballasted attachments are commonly used in
EPDM membrane roof systems.
Low-slope metal panels, such as steel or aluminum products, achieve wind resistance using mechanical clips attached
to a metal-frame structural system, such as purlins and
beams. In most cases, these metal panels comprise both the
roof system and the structural deck.
SPF roof systems are unique. These two-component systems are sprayed on-site. The SPF insulation reacts and
adheres to the substrate to create an insulation layer. SPF roof
systems require a weatherproof coating for long-term durability. Most coatings are acrylic-, polyurethane- or siliconebased. Flashing a metal-panel roof system or SPF roof system
requires specific knowledge about the system and the proper
tools and equipment for a proper installation.
To ensure that flashing details are correctly constructed, it
is important that a roofing contractor is engaged in the installation of rooftop PV systems. Asphalt-based roof systems, for
example, are flashed with asphalt-based flashing membranes.
Single-ply roof membranes are flashed with the same membrane
used in the field of the roof system: EPDM is used to flash EPDM,
PVC is used to flash PVC, and so on. These materials require different methods to attach field sheets and flashings or to make
seams, including glues, tapes, heat, and hot- and cold-applied
solarprofessional.com  |  S o l a r P r o                 33

Low-Slope Roofs

asphalt-based adhesives. Some membranes have fleece backs
and require asphalt or SPF as an adhesive. Metal-panel flashing
installations often require custom-built metal flashing pieces.
SPF is considered self-flashing because it is spray applied.
Air barriers. To save energy and improve energy efficiency,
efforts are underway to reduce the airflow through building
envelopes. As building codes are updated, requirements for
the use of whole-building air barriers are expected to be mandated. Within the decade, many more buildings, likely starting with government-owned facilities, will be built with an air
barrier around the entire building.
Successful air barriers (and vapor retarders, for that matter) cannot have breaches at any building envelope penetration, including rooftop penetrations like drains or vent
stacks—and especially not at the perimeter where walls
transition to the roof. Installers of mechanical attachments
for PV mounting systems need to know whether the building

has a continuous barrier. If so, the additional air barrier or
vapor retarder layer must be accounted for. It must be properly repaired during the installation and weatherproofing of
the mechanical attachments that will penetrate these layers.
Contractors who are qualified and accustomed to installing
the materials used for air barrier and vapor retarder layers—
namely, adhered membranes and SPF—should be used to
help ensure a long-term installation.
Knowledge about and experience with air barriers, vapor
retarders, insulation and weatherproofing layers is critical for
the long-term success of a roof system and a rooftop PV system. It is also important to recognize that roofing membranes
and systems have evolved over the years. The number of systems to choose from and to understand continues to grow.
Vegetative roof systems are a good example. Because of the
push for energy efficiency and sustainability, roof systems are
being used as platforms for vegetation of c o n t i n u e d o n p a g e 3 6

Definitions: Glossary of Low-Slope Roof System Terms
so on, above the level of the roof surface; (2) a raised roof perimeter relatively
low in height.

The following definitions are
excerpted from the NRCA’s
Guidelines for Roof-Mounted
Photovoltaic System Installations
(see Resources):

Counterflashing: Formed metal or
elastomeric sheeting secured onto
or into a wall, curb, pipe rooftop unit
or other surface to cover and protect the upper edge of a base flashing and its associated fasteners.

Penetration pocket (pitch-pocket or
pitch-pan): A flanged, open-bottomed
enclosure made of sheet metal or other
material placed around a penetration
through the roof, properly stripped in to
the roof membrane and filled with grout
and bituminous or polymeric sealants to
seal the area around the penetration.

S h aw n S ch re i n er

Base flashing (membrane base
flashing): Plies or strips of roof
membrane material used to close off
and/or seal a roof at the horizontalto-vertical intersections, such as at a
roof-to-wall juncture. Membrane base
flashing covers the edge of the field
membrane and extends up the vertical surface.

Low-slope roofs: A category of roofs
that generally includes weatherproof
membrane types of roof systems
installed on slopes at or less than 3:12.

Technically speaking Polymer-modified
bitumen base flashing extends up the
sides of this parapet wall, which is
capped with custom fabricated formedmetal counterflashing.

Cricket: A relatively small area of a
roof constructed to divert water from
a horizontal intersection of the roof
with a chimney, wall, expansion joint or other projection.

Curb: (1) A raised member used to support roof penetrations, such as skylights, mechanical equipment, hatches and
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Roof assembly: An assembly of
interacting roof components, including
the roof deck, vapor retarder (if present),
insulation and membrane or primary
roof covering designed to weatherproof.

Roof system: A system of interacting
roof components, generally consisting
of a membrane primary roof covering and roof insulation (not
including the roof deck) designed to weatherproof and sometimes to improve the building’s thermal performance. {

Nature provides us with the gift of energy through the sun, but unfortunately, nature’s wrath may not be all that friendly to your
PV system under stressful conditions. Snow, wind, extreme heat or cold, and seismic activities can wreak havoc on underengineered,
underdesigned and insufﬁciently tested racking structures. Only UNIRAC solar structures have been engineered and third-party
tested to withstand the harshest of elements and events for a long and enduring service life. Complies with IBC, IRC, ASCE-7-05, ADM,
AISI, AISC, NEC and UL. For the highest level of engineering and construction with the lowest cost
of ownership in the business, Unirac is the 24/365 solution for performance in and out of the sun.
A HILTI GROUP COMPANY
Visit unirac.com for more information.

Not just for sunny days.
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move rooftop PV equipment, especially when it is not structurally attached to the building. The possible consequences
range from the catastrophic—racks actually coming off of
rooftops—to the undetected—racks sliding across the membrane. Both scenarios have the potential to damage persons
and property.
Because rack-mounted PV modules located in the perimeter and corner roof zones are subject to additional wind
loads, many of these mounting systems use additional ballast.
But how much weight is enough? While the roofing industry
assesses wind uplift in pounds per square foot (psf), my experience is that the PV industry provides miles per hour (mph)
The roofing industry has learned over the years how to suc- ratings for PV mounting systems, which makes design subcessfully design, install and maintain roof systems so they are stantiation difficult.
Wind loads acting on buildings are calculated based on the
weatherproof and durable. Fire, wind and impact resistance,
basic
wind speed at the location of the building, roof height,
system design, material selection and construction details
building
configuration, exposure category and occupancy,
are some of the big-picture issues dealt with on each roofing
which
determines
the importance category. Using this inforproject. In addition, the roof has to accommodate everything
mation,
the
design
uplift resistance is determined in psf. Wind
building owners desire or need to have on their rooftops.
resistance
information
about rack-mounted PV systems should
PV systems are in many ways equivalent to other rooftop
also
be
in
psf
in
order
to
facilitate an apples-to-apples compariequipment, like HVAC units, mechanized fans, TV antennas
son.
A
PV
system
and
a
roof system can then be analyzed to
and satellite dishes. Not only do the components of PV sysverify
adequate
wind
resistance.
It would benefit all stakeholdtems need to be flashed properly and weatherproofed, but the
ers
if
racking
manufacturers
serving
the PV industry provided
installation of PV modules on rooftops also requires considerpsf
ratings
for
mounting
systems,
rather
than mph ratings.
ation of other issues: wind and fire resistance; maintenance of
roof system warranties; drainage and dirt buildup; access for
Fire resistance. Roof systems are classified as Class A, Class B
rooftop traffic, maintenance or reroofing. These are all legiti- or Class C for their fire resistance, with Class A being the highmate roofing industry concerns relevant to the installation of est rating. The NRCA and other organizations in the codes and
rooftop PV systems.
standards community are concerned that a roof system’s fire
Wind resistance. A low-slope roof
classification may effectively be altered
is divided into three zones for wind
by the addition of a PV system. Solar
resistance analysis: field (or interior),
ABCs, for example, recently completed
perimeter (or end) and corner zones.
fire-resistance testing of rooftops with
The corner zones of a roof see the
PV systems in partnership with UL. An
highest wind loads; the interior or
interim report was presented at the
field zone of the roof has the lowest
Solar ABCs (see Resources) stakeholder
loads; perimeter zone wind loads
meeting on October 15, 2010. Many of
are somewhere in between the two.
the combined PV module and roof covTherefore, wind resistance becomes
ering systems did not meet the expected
an even more important considerfire resistance classification that the
ation when rack-mounted PV modroof systems alone achieve. Although
ules encroach into perimeter and
more testing is needed to determine
corner roof zones.
whether code changes are required, the
The popularity of ballasted PV
initial results clearly indicate that furmounting systems in particular
ther analysis is necessary.
deserves closer analysis. The roofing
Roof warranty. According to the
industry has learned from experience Weathering the storm As documented here
report “Successful Rooftop Photovolthat ballasted rooftop equipment by one of FEMA’s Hurricane Charley and
taics: How to Achieve a High-Quality,
does not necessarily remain station- Katrina mitigation assessment teams, balWell-Maintained, Compatible Roofary. Structurally attached equip- lasted equipment is less likely than structurally top PV System,” published by the
ment is more reliable in this regard. attached equipment to remain stationary in the Center for Environmental InnovaWind uplift may have the potential to event of an extreme wind event.
tion in Roofing c o n t i n u e d o n p a g e 3 8

all kinds—garden roofs, publicly usable landscaped roofs and
urban farming—as well as energy production.
Roofing contractors, electricians and PV integrators
should be knowledgeable about the general requirements of
the other trades. This does not mean solar electricians need to
become roofing professionals or vice versa, but each can learn
from the other. Each trade has hard-earned, industry-specific
skills that should not be undervalued. These unique skill sets
help to ensure a safe workplace, a successful building and a longterm service life for the building systems.

P h o t o co u r t es y F E MA’s Hu r r i can e Ch ar l ey an d Ka t r i n a A s s e ss men t Te am

Roofing Industry Concerns
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temperature monitoring of thin-film PV arrays,” is available
on the MRCA website (see Resources).
Reroofing and maintenance. A lack of consideration for
future roof maintenance and reroofing activities is one of
the most common design mistakes specific to roof systems
and their interfaces with other parts of the building. Where
roofs are penetrated or ended, use of construction details
that include counterflashing (see definitions, p. 34) allows
for the removal and replacement of the roof membrane
without much disturbance to adjacent materials and building components.
This should be true for PV installations as well. PV mounting systems should be installed with maintenance and future
reroofing in mind. A building owner who is confronted with a
reroofing project 10 years after a PV installation, for example,
will not be very happy with the added expense of removing
and reinstalling the PV array. Paying for design and installation details that allow reroofing without deconstruction of a
PV array is likely a good use of a building owner’s money, especially when looked at over the life of the system.
It will do neither the roofing nor the PV industry any good,
however, if in 10 years we have a number of building owners
faced with reroofing projects that have increased expense
because of the presence of a rooftop PV system. PV system
removal and reinstallation expense can make return on
investment projections very inaccurate. The PV and roofing
industries need to make sure we are not setting ourselves up
for unhappy building owners in the future.

Co ur t e s y D i am o n d So l a r S o lu t i on s an d t h e M R C A

(see Publications), limited manufacturer warranties cover
billions of square feet of commercial roofing. “Like all limited
warranties, however, the coverage offered may be severely
limited if critical design, installation and/or maintenance
procedures are not followed,” the report warns. This means,
for example, that the flashing detail for all roof penetrations must meet the roofing manufacturer’s specifications
in order for the roof warranty to remain intact. In addition,
rooftop equipment cannot interfere with long-term roof
maintenance. A good way to ensure that these criteria are
met is to communicate with the roof system manufacturer
and work with an approved roofing contractor. The building owner and facilities personnel also should be engaged.
Contractors that fail to do so run the risk of assuming the
liability for a voided roof warranty.
The roof system warranty is especially important when
adhering PV panels to BUR, MB, and single-ply weatherproof coverings. White and light-colored roof membranes
are used because they reflect heat energy. As a result, their
surface temperatures are typically 10°F to 15°F above ambient, which is lower than the surface temperature of dark roof
coverings or PV modules. These cool roof membranes are not
designed to withstand very high temperatures. A dark PV
laminate, meanwhile, absorbs heat energy. The temperature
of an adhered thin-film PV product may exceed the maximum
temperature limit of a white or light-colored single-ply membrane. The Midwest Roofing Contractors Association (MRCA)
is currently researching rooftop temperatures in conjunction
with adhered PV laminates at a site in Manhattan, Kansas.
Live data from the demonstration project, “Roof membrane

BIPV testbed This PV demonstration project, which features seven
different roof membranes, was installed at Diamond Roofing Company’s facility in Manhattan, KS, with support from the Midwest
Roofing Contractors Association. To monitor how the addition of BIPV
laminates affects roof membrane temperature, 32 thermocouples
installed around and under the subarrays are being monitored over a
3-year period.
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NRCA Guidelines

How do you get a long-lasting roof system when
installing a rooftop PV system? NRCA has developed
best-practice guidelines for roof-mounted PV system
installations. The information that follows highlights
recommendations found in the NRCA’s Guidelines
for Roof-Mounted Photovoltaic System Installations
(see Publications). These guidelines are focused on
providing a weatherproof installation that meets
the requirements of the International Building Code,
including those for fire, wind and impact resistance,
as well as the requirements found in the NEC.
Guidelines for All Rooftop PV Systems
NRCA’s guidelines for rooftop PV systems are conservative. The relative newness of rooftop PV systems means
that the durability and longevity of certain practices
are simply not known. NRCA does not recommend
the following practices: using ballast to provide uplift
resistance, adhering PV laminates on the surface of
mechanically attached membranes or installing a rooftop PV system over a ballasted roof membrane.
c o n t i n u e d o n pa g e 4 0
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Guidelines for New Construction
For all low-slope roof systems acting as a platform for PV systems, NRCA recommends that designers specify the following:
• High-compressive–strength roof insulation boards
• Thermal-barrier board directly under the roof
membrane
• Thicker membranes with increased puncture
resistance (relative to what would otherwise
be necessary)
• Reflective roof surfaces or coatings that provide
enhanced protection from the effects of UV and
high temperatures
These guidelines enhance the overall durability of a roof system being used as an equipment platform. It is always best to
install PV on a new roof system—one that is durable, appropriate for a PV system and well insulated.
Best Practices for Existing Construction
If you do install a PV system on an existing roof system,
acquire as much information as possible from the manufacturer and the contractor who installed the roof. First, check
for both contractor and manufacturer roof system warranties.
If warranties are in place, the roof system manufacturer needs
to be notified and likely included in the process of designing
the roofing components. Second, it is prudent to work with
the contractor who installed the roof system because of his
or her knowledge of the design and the materials. At a minimum, you should work with a contractor who is approved by
the roof manufacturer or experienced with the roof system.
Following these recommendations is key to a successful longterm project.
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Roof substrate evaluation. Whenever a PV system is being
considered for an existing roof, a roof substrate evaluation is
necessary. The building owner needs to consider whether the
remaining service life of the roof system is equivalent to the
expected service life of the PV system. It should be noted that
adding a rooftop PV system affects the service life of the existing roof system.
Additional rooftop penetrations, increased rooftop traffic and potentially elevated roof surface temperatures, particularly with adhered PV panels, are important factors to
consider when determining equivalent service life. Adequate
membrane thickness is also an important factor. Few existing roof systems have single-ply membranes that are thick
enough to meet the NRCA recommendation.
It is important to inform a building owner of all costs associated with the 20- to 30-year service life of a rooftop PV system.
If the expected service lives of the roof system and the PV system differ greatly, either a new roof system should be installed
or reroofing and maintenance should be accounted for when
designing the PV mounting and attachment system.

PV Mounting Options
Rooftop PV systems fall into three general categories: adhered
to the roof surface, rack-mounted with low clearance, and
rack-mounted with ample clearance. As c o n t i n u e d o n p a g e 4 2

Adhered or
integrated

Removeable

Accessible

Diagram 2 Adhered and low-profile rack-mounted PV
systems need to be removed to accommodate reroofing
activities. However, if the roof remains accessible to roofing
professionals, roof maintenance, repair and replacement will
not result in PV system downtime.

Co u r t es y NR CA

Ballast used on roof systems, such as river rock or concrete pavers, sometimes moves during wind events. In fact,
building codes limit the application of loose ballast in certain
regions. Loose rock on rooftops may have the potential to
damage glass-faced PV modules. Mechanically attached roof
membranes billow in the wind. This billowing may damage
adhered PV modules over the life of the roof system. This billowing can also lead to localized abrasion of a roof membrane
as it rubs the edges and corners of a PV mounting system (at
ballast trays, for example).
Positive attachment of rooftop devices is the most effective method to ensure long-term wind resistance. Therefore,
the NRCA recommends that rooftop PV systems use structurally attached mounting systems with properly flashed penetrations or adhered PV laminates on approved membranes.
Design loads need to be considered for all roof-mounted
PV systems. A structural evaluation of the deck and structure
should be done, and upgrades implemented as necessary.

SLEEK. STRONG. FAST.
The flexibility the channel and
channel nuts give you, the ease of
wire management, the integrated
flashed L foot – SnapNrack keeps
the job simple and straightforward.
DAVID WALDMAN

AAE Solar, CO

S

napNrack PV Mounting systems make solar owners happier
and installers more profitable. Here’s how:
■

■

Owners see a clean finish – no protruding rails, exposed
wires or rough edges.
Installers use one wrench, a no-ties wire management system,
and no-drilling snap-in channel nuts to save time and money.

Contact us today to find out how we can help you sell more
systems with more profit.

www.snapnrack.com
sales@snapnrack.com

SnapNrack systems work for both roof and ground mounts and with all leading PV module brands.

Solar Power
Management

TM

More Than Monitoring

UTILITY
COMMERCIAL
PPA
RESIDENTIAL

24 / 7 / 365
OPERATIONS
CENTER

FORTUNE 500
COMPANY

www.ArgusON.com
1-866-459-4102

solarprofessional.com  |  S o l a r P r o                 41

Low-Slope Roofs

illustrated in Diagram 2 (p. 40), when roofing replacement is
necessary, adhered PV laminates and rack-mounted PV systems with low clearance likely will require disassembly and
reassembly of the PV arrays and rooftop wiring. To avoid this
extra work during reroofing, it is best to either reroof at the
time the PV system is installed or to install a rooftop PV system that has adequate clearance for reroofing.
Adhered PV. Some in the building and roofing industries
consider a PV laminate adhered to a roof membrane to be a
building-integrated photovoltaic (BIPV) product. Whether
adhered in the field or in a factory, however, the roof membrane manufacturer should always approve the installation
of adhered PV products. One of the roofing industry’s biggest
concerns arises when PV panels are adhered to an existing
roof system without notifying the roof membrane manufacturer. This is a quick and easy way to void a manufacturer’s
warranty and perhaps take on the liability for that warranty.
Adhered PV products are often specified for their low
profile, which may provide aesthetic and wind loading benefits, as well as their low weight relative to rack-mounted PV
systems. Given the relatively short service history of adhered
panels on low-slope, single-ply roof systems, NRCA recommends the following guidelines:
• Use with adhered membranes only
• Specify a minimum membrane thickness of 72 mils
for single-ply membranes

• Specify single-ply membranes with higher-thancommodity-grade levels of stabilizers, including UV
stabilizers, that are recommended by the roof
membrane manufacturer for photovoltaic applications
• Specify thermally resistant insulation cover board
directly under the membrane
• Use high-temperature–resistant insulation (expanded
and extruded polystyrene boards are not appropriate
for adhered PV applications)
Mechanically attached single-ply roof membranes are
attached at their seams, with sheets in the range of 5 to 9 feet.
During high winds, single-ply membranes flutter because
of negative air pressure. In many cases, high internal building pressures exacerbate this fluttering. Will fluttering of a
single-ply membrane transfer stresses to the adhered PV
panel? Perhaps. Therefore, it is best to be conservative and to
use adhered membranes that cannot flutter.
Rack-mounted PV. For rack-mounted rooftop PV systems,
NRCA recommends penetrating or curb-fastened supports
attached to the structural deck or beams and flashed into
the roof system. Sufficient vertical and horizontal clearance
is needed to appropriately install low-slope membrane flashings, which are recommended to be at least 8 inches high and
often extend 6 to 8 inches horizontally onto the roof surface.
Adequate clearance for roofing workers is also needed.
NRCA recommends 12 to 24 inches c o n t i n u e d o n p a g e 4 4

Support

Sheet metal rain collar
with drawband

Diagram 3 This construction
detail for a pipe support flashing
illustrates the method
recommended by the NRCA.
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Sheet metal flashing
collar

Diagram 4 Electrical conduit is shown
passing through a roof assembly inside roof
curbs capped with a sheet metal assembly.
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and the roof membrane. If a
curb system is used to support
racks for PV modules, the curbs
should not block drainage, as
The roofing industry recognizes the need for education and credentialing of those
shown in Diagram 5.
who install roof-mounted PV systems. In 2010, the Center for Environmental InnoDirt buildup. A related concern
vation in Roofing and the National Roofing Contractors Association founded Roof
is the dirt buildup that results
Integrated Solar Energy (RISE) “to provide a means of evaluating and certifying
from small amounts of undrained
solar roofing professionals to support the widespread use of rooftop solar energy.”
water atop low-slope roof coverAs explained on its website: “RISE evaluates and certifies solar energy installers for
ings. Construction tolerances and
knowledge about critical roof system construction and maintenance practices necroof slopes are often so low that
essary to support successful rooftop solar energy installations based on principles
the mere presence of a roof seam
regarding the installation and maintenance of rooftop solar energy systems without
may limit drainage. This is espeadversely affecting roof system performance and service life. RISE also provides the
cially true when seams cross the
public with tools to identify skilled rooftop solar energy professionals.”
drainage flow.
The certification created by RISE is the Certified Solar Roofing Professional
This has implications for how
(CSRP), which is “awarded by RISE to individuals who meet all the requirements for
best to lay out and install PV
certification established by the RISE board of directors.” In addition to PV-specific
laminates. Ideally, adhered PV
roofing issues, someone with CSRP certification will have a basic understanding of
products are installed running
how PV systems function. Understanding the entire system helps coordination and
parallel to the slope of the roof.
cooperation on a jobsite. The use of CSRP and NABCEP-certified professionals on
This helps reduce dirt accumulaa project is beneficial for the building owner and the long-term success of rooftop PV
tion and standing water, which
system installations. {
over time can cause problems
with PV laminate-to-roof membrane adhesion. This also minimizes
the
cell
shading
that
compromises
PV performance.
between penetrations. Twelve inches is adequate between
pipe penetrations; 24 inches is appropriate between supRoof traffic. Believe it or not, roof membranes are not
port curbs and walls. In addition, vertical clearance is nec- intended to be walked on frequently or c o n t i n u e d o n p a g e 4 6
essary. Small curbs should be at least 8 to 12
inches high, and large support curbs should be Diagram 5 The crickets called out in this diagram are intended to ensure
as much as 3 to 4 feet high. Maintenance and proper roof drainage. This and other curb criteria are published in the NRCA
reroofing under rooftop devices is very difficult Guidelines for Roof-Mounted Photovoltaic System Installations.
if vertical access is not provided.
Install crickets if curbs
The construction details used for PV system
are perpendicular to
penetrations—at standoffs and conduit entry
drainage flow and
points, for example—are the same basic details
greater than 24” wide
used for all types of common rooftop penetrations. In the roofing and weatherproofing sense,
flashing a penetration for a PV system is similar
to flashing a conduit for an HVAC unit or flashing a skylight or a roof vent. Diagrams 3 and 4
(p. 42) feature two typical flashing details.
For metal-panel roof systems, support stands
and curb flashing should be shop-fabricated
by roofing professionals or premanufactured
to ensure appropriate flashing materials and
methods are used.
Roof drainage. A PV system should not
interfere with or block the roof drainage patin.
”m
tern. Where a mounting system may block
0
30
3
”m
drainage, a membrane-compatible drainage
in.
8” min.
mat should be installed between the rack

Co u r t e s y NR CA

RISE Certification

44

S o l a r Pr o   |  April/May 2011

ROOF
RO
OF MOU
OF
O NT
T

GROU
GR
OUND
OU
N MOUNT

Feat
Fe
atu
at
ure
ress ou
o r uunniq
ique

A fu
f ll rran
ange
gee of
v rsat
ve
atil
ilee braccke
k ts and
moun
mo
unting sol
o utioonss.

Grou
Gr
ou
und Con
ontr
trrol™
Clip
Cl
ip
pS
Syste
em.
m Fas
ast,
ast
t,
l ghhtw
li
weigh
eiighht, dur
u abble
le..

BALL
LAS
A T MO
MOUN
UNT
T
With
Wi
th eeas
asy,
as
y, qqui
u ck
ui
ck-i
-ins
-i
nsta
ns
ta
alll
hard
ha
rdwa
rd
ware
wa
re..
re

Get more. For less. www.jac-rack.com/sp | 1-800-526-3491
IN ARIZONA: CALL CED, EXCLUSIVE DISTRIBUTOR FOR JAC-RACK MOUNTING SYSTEMS, 602-437-4200

JAC123_Ad#1_SolarPro.indd 1

12/7/10 11:07 AM

Tired of fighting
your distributor?

North America’s Premier Distributor of ET Solar Modules.

(916) 679-4044 • www.ussolardistributing.com
solarprofessional.com  |  S o l a r P r o                 45

Low-Slope Roofs

PV systems are installed. It includes guidelines for ladder
placement on the ground or roof edge, conduit run locations
(below structural beams when possible), trip hazard mitigation and roof coverage limitations. This type of information
assists a designer when laying out a PV system and helps
ensure the safety of those on the rooftop.
There will be new language in the 2012 edition of the International Fire Code (IFC) that specifically applies to rooftop PV
systems. Much of the information follows the guidelines in the
CAL FIRE-OSFM document. This addition to the IFC will give
the IFC (and fire marshals) code-mandated authority over the
installation of rooftop PV systems.

S h a w n S h re i n e r

Conclusion

Access This rooftop PV system in Berkeley, CA—designed
and installed by Sun Light & Power for Clif Bar & Company—provides walkways for roof traffic, working clearance
at roof-mounted equipment, and roof access for roofing
professionals and firefighters.

used as a work surface. Installing and maintaining a rooftop PV system invariably results in increased rooftop traffic.
Rooftops used as equipment platforms will have more traffic—electricians, roofing workers and HVAC mechanics, for
instance. These people need to be able to move around safely
and have access for maintenance and repair.
In addition to roof system enhancements that improve
durability, a roof membrane should be protected in highly
trafficked areas, such as a loading or staging location where
a lift is being used. Walkways or permanent walk pads may
also need to be included in a rooftop PV system installation.
Access and safety
The NRCA provides guidelines concerning roofing worker
safety in the NRCA Safety Manual, Second Edition. However,
the “Solar Photovoltaic Installation Guideline” published
by the California Department of Forestry and Fire Protection—Office of the State Fire Marshall (CAL FIRE-OSFM) is
becoming the definitive resource concerning overall rooftop
worker safety and access recommendations when rooftop
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When your work truck or family car is in need of repairs, do
you take it to a plumber, an electrician or a roofer? Of course
not. You take it to an automotive service technician, a professional with specialized training and expertise. This is analogous
to why it is important to work with roofing professionals when
installing rooftop PV systems.
The roofing industry has a tremendous amount of experience flashing penetrations and keeping buildings weatherproof. Roofers have specialized knowledge about roofing
systems and materials. Roofers are specifically trained to
properly design and install flashing, using appropriate and
high-quality materials. While many trades share the roof
platform, ultimately roofers are responsible for providing and
maintaining a long-term roof system.
g C O N TAC T
James R. Kirby, AIA / National Roofing Contractors Association /
Rosemont, IL / jkirby@nrca.net / nrca.net
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ounting
systems
Applied Energy Technologies (AET).
for low-slope, comThe Rayport Roof Ballasted System
mercial roof applimanufactured by AET is the only
cations are wide
stainless steel racking system availranging and repreable for low-slope roof applications,
sent one of the most rapidly evolvmaking it a sound option for corroing equipment groups. Solutions
sive coastal environments.
range from preengineered prodModules are installed in landucts to customized racking sysscape format on support rails that
tems. Since 2009, nine new players
can be ordered with tilt angles
have entered the market, nearly
ranging from 0° to 30°. Support
doubling the number of manufacrails are connected to ballast tray
turers. Many have several distinct
assemblies, which are in turn
By David Brearley, Ryan Mayfield
product lines.
secured to assemblies at the front
and Joe Schwartz
To generate this article, we
and the rear, creating a monosent surveys to 24 manufacturers
lithic array structure. AET does
that have developed solutions for low-slope commercial roof not offer product-specific wire management options.
applications. Some of these manufacturers were not even on
The Rayport system is designed to be compatible with all
our radar when we started our background research. Four framed modules. AET offers the Rayport Frameless Module
did not respond to our requests for company and product- System for thin-film module technologies as well. A spacer
specific information.
bar is utilized during installation to set the support rails at
Survey questions addressed topics ranging from product the correct spacing for a given module model. One common
line overviews and suitable array capacities for a given racking bolt size is used for all racking joints. Holes for rack grounding
system to integrated equipment-grounding provisions and wire lugs are provided on the back of each support rail. EPDM rubmanagement options. Because structural engineering require- ber pads protect the roofing material from abrasion damage.
ments vary from project to project, often significantly, we also
The Rayport Roof Ballasted System and Rayport Fraqueried manufacturers regarding the specific array design, meless Module System are suitable for project capacities
engineering and permitting support services offered.
of 20 kW and larger. Both systems carry a limited 15-year
The manufacturer overview table on page 57 provides warranty. Full array layout and loading analysis and layout
basic information on the companies behind the racking drawings are provided with each Rayport system.
systems. Because racking can represent significant shipCooper B-Line. The ARISTA Monolithic Solar Mounting
ping and freight costs, US and Canadian manufacturing and System is a low-slope rooftop solution from Cooper B-Line.
warehousing locations are included in the table when the Recycled rubber DURA-BLOCK supports serve as the system
base, elevating north-south strut rails off of the roof memmanufacturer provided this information.
This article is intended to serve as a starting point to help brane and helping to reduce roof wear. The base strut can be
determine the right rack for the right project. As always, the ballasted in place or mechanically attached. Preassembled
90° strut fittings are used to attach vertical uprights to the
devil is in the details.
base strut. Preassembled angled strut fittings (10°, 20° or
30°) at the top of these uprights are used to anchor the tilted
Low-Slope Racking System Manufacturers
While it is not possible to cover the intricacies of the dozens of east-west rails that support the PV modules. The use of preracking systems available for low-slope roof-mounted arrays in assembled components eliminates loose parts on the jobsite
a single article, we have assembled company and product line and decreases labor time in the field. Expansion splice plate
overview information for 20 primary players in the market.
assemblies for interconnecting base struts are designed to
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accommodate material expansion and contraction while
maintaining system strength.
Because the ARISTA Monolithic Solar Mounting System
is strut based, it is compatible with standard strut fittings
and accessories. This enables a wide range of mounting
options for conduit, combiners and other accessories.
Cooper B-Line offers many BOS components, including
cable management solutions and electrical enclosures. The
racking system accommodates both portrait and landscape
module orientations. In addition to the standard ARISTA
system, Cooper B-Line can also provide an array of custom
engineered mounting solutions upon request.
The ARISTA Monolithic Solar Mounting System is covered by a 10-year warranty on material and workmanship,
and a 5-year warranty on the finish. Cooper B-Line offers
design, engineering and permitting support for its mounting
system, which received structural validation through a certified third-party wind-tunnel test.
DPW Solar. The POWER-FAB product line from DPW Solar
offers a wide variety of mounting solutions for low-slope roof
applications.
The company’s recently released Power Grid mounting
system is designed to achieve maximum power density on
commercial rooftops while maintaining roof drainage. The
top-clamping, modular mounting system allows for the flat
installation of frameless thin-film or framed crystalline PV
modules in either portrait or landscape mode. The mounting grid can be fully ballasted, mechanically attached or a
hybrid of both.
For applications where a 5° to 25° tilt is desirable, DPW
Solar offers the POWER-FAB CRS nonpenetrating flat-roof
mounting system. Module layout is limited to landscape
orientation. Both the Power Grid and POWER-FAB CRS
mounting systems incorporate EPDM rubber base material
for protection of underlying roof membrane. The company
reports that both designs are supported and qualified by
full-scale wind-tunnel testing.
Where mechanical attachment or higher roof clearances
are desirable, mounting solutions can be configured for projects of any size using DPW Solar’s Power Rail components.
The company has two rail profiles to choose from, the P6 or
the P8, depending on the required span between supports.
Tilt-up kits are available with fixed-length or telescoping

SunLink Roof Mount
System (RMS)
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JAC-Rack Solar Ballast Mounting System

legs. The company’s ground-mount solutions, like the Large
Ground Mount or the Multi-Pole Mounts, may be suitable for
use in some commercial rooftop applications.
DPW Solar also offers a ballasted residential mounting
system, the POWER-FAB BRM. This system is configurable
for tilt angles of 20° to 45° and is fully ballasted in place using
standard pavers. The BRM system is suitable for modules in
portrait orientation.
Integrated equipment-grounding options for DPW Solar
products are available using Wiley Electronics’ WEEB hardware. However, the company does not offer proprietary wire
management hardware.
DPW Solar’s racking systems are recommended for projects of 20 kW up to MW-scale capacity. The product lines are
covered by a standard 10-year warranty. DPW Solar offers
design and permitting assistance, such as wind loading analysis, ballast calculations, roof loading analysis, array layout
and CAD drawings.
HatiCon Solar. The Flat Roof mounting system from
HatiCon Solar is optimized for design flexibility, field adaptability and quick assembly.
The HatiCon Solar racking system is designed around an
adjustable aluminum base triangle that is available in three
tilt ranges: 10°–15°, 20°–30°, and 35°–45°. Where appropriate,
these base triangles can be directly mounted to a surface.
Alternately, they can be attached to a variety of rails that
span appropriate roof members. They can also be directly
attached to ballast. The base triangles can be manually
adjusted in 5° increments. This variable height enables a
level installation even on uneven roof surfaces.
To speed the installation process, base triangles are delivered to the site preassembled. Likewise, end- and mid-clamps
50
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for framed or unframed PV modules arrive
preassembled. The structural design calls for
X-bracing between base triangles (at least
one for every row and once every 40 feet) and
these diagonal straps also ship preassembled.
While the HatiCon Solar Flat Roof mounting
system accommodates portrait module orientation and a range of tilt angles, landscape
orientation at a 10° tilt is the most commonly
used design. The company does not offer integrated equipment grounding or proprietary
wire management hardware.
The HatiCon Solar Flat Roof mounting system is recommended for projects starting at
100 kW in capacity and up to the MW scale. The
products are covered by a standard 10-year warranty. The company provides project layout and
system optimization services, as well as engineering wet stamps.
IronRidge. The standard roof-mount solution
from IronRidge features a unique curved aluminum extrusion with internal splice bars that do
not conflict with foot placement. The stronger XRS rail profile is recommended for commercial low-slope roofs. This is
a mechanically attached solution with a variety of options
for attaching the rails to the roof, including flashable aluminum standoffs, L-feet and tilt legs. For elevated, structurally
attached mounting systems, hardware from the company’s
Scalable Ground Mount product line is available to interface
between a Schedule 40 pipe substructure and XRS mounting
rails. The XRS mounting system supports both portrait and
landscape module orientations.
IronRidge also offers a ballasted roof-mounting system
that can be installed with just one tool, for systems 50 kW and
larger. The IronRidge BRM is a rail-free mounting system for
landscape-oriented PV modules with tilt angle options of 0°,
5° and 10°. (As of press time, no documentation for this product line was available on the company’s website.)
Integrated WEEB equipment-grounding hardware is
available for all IronRidge mounting systems. While no proprietary wire management solutions are currently offered,
third-party solutions like Acme Cable Clips from Wiley Electronics can be used.
The IronRidge XRS and BRM mounting systems are suitable
for small commercial through MW-scale projects, and are covered by a standard 10-year product warranty and a 3-year finish warranty. IronRidge offers standard span tables for its XRS
rail in both flush and tilt-up configurations. Standard certification letters are available for many US states. IronRidge provides
web-based software to help with basic system configuration;
engineering services are available for more complex projects.
JAC-Rack. In addition to the JAC-Rack ballasted mounting system, the company offers roof- and c o n t i n u e d o n p a g e 5 2
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ground-mount solutions that system designers can consider
for low-slope roof applications.
The JAC-Rack ballasted solution is rail-based. Aluminum base extrusions with an extruded rubber nonslip base
are installed in a north-south orientation with ballast trays
between them. Perpendicular rails installed on angled
mounting brackets tilt the array at 5°, 10°, 15° or 20°. Three
rail profiles—Series 150, Series 250 and Series 300—are
available to choose from depending on the span, wind or
snow loading requirements.
Channels in the base extrusion are large enough to be
used for wire management, and the company offers snapin clips to keep the PV source-circuit conductors in place
once they are routed within these channels. This facilitates
stringing modules together between rows, as well as routing
source-circuit conductors from multiple rows to a common
combiner box. Integrated equipment grounding is available
using JAC-Rack’s Ground Control hardware, which includes
WEEB grounding clips.
Where structurally attached solutions are desired, the
JAC-Rack solar roof mounting system can be configured for
flush or tilt-up applications. While the company’s product
catalogue does not include flashable round stanchions or
standing seam clamps, these can be sourced elsewhere.
For increased roof clearance, the JAC-Rack solar groundmounting system facilitates tilt-up designs elevated using round
tubing, which can be sourced locally and flashed for waterproofing. Both portrait and landscape orientation are supported.
All JAC-Rack products are covered by a 10-year standard
warranty. Project suitability ranges from small commercial
to MW scale. The company offers both design and engineering services, including structural engineering certifications.
Standard span tables are provided for all rail series. The
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Schletter IsoTop System
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company can interpret and send DWG files for AutoCAD, as
well as other universal formats like IGES.
Mitsubishi Electric USA. The Diamond Mount from Mitsubishi is a scalable racking solution. The rack is sold with
modules, presourced combiner boxes and wiring solutions in
100 kW, 250 kW and 500 kW blocks. The mounting system was
designed and engineered by P2, a California integrator with
extensive experience in racking solutions.
The standard tilt angles are 14°, 18° and 25°. According
to Mitsubishi, other angles can be specified. The Diamond
Mount racking system allows installers to choose either
portrait or landscape module orientation. The system was
designed to be fully ballasted, but optional roof-attachment
components are available.
The modular rack design employs a triangulated structure, reducing installation time and keeping the system
square during array construction and assembly. The spans
between the footings are bridged with aluminum beams.
This detail minimizes roof contact and helps evenly distribute weight to structural components of the building.
The Diamond Mount racking system is designed for commercial PV systems from 100 kW and up. It comes with a
standard 10-year warranty, which is extendable to 25 years.
The system has undergone wind-tunnel testing, and test
results are available to local jurisdictions upon request.
PanelClaw. PanelClaw’s Grizzly Bear and Polar Bear lowslope racking systems can be fully ballasted or incorporate
flashed roof penetrations as necessary. The rail-free racking
systems accept all module types, to be mounted in landscape mode only. Depending on the width of the module, the
resulting tilt angle varies between 10° and 13°. The Polar Bear
is suitable for areas with a basic wind speed of 120 mph, and
the Grizzly Bear is rated for 100 mph.
Each rack consists of three major parts—a
module support with integrated ballast, a claw
for module attachment and a wind deflector.
The components are secured with only two
nut and bolt sizes to simplify installation. The
inter-row rack spacing is variable, allowing for
optimal array design and shade mitigation. The
module support includes multiple mountinghole options to compensate for variances in
roof heights along rows of modules.
The ballasted module support includes a
preinstalled rubber pad to protect the roof
surface. The ballast also incorporates two wire
chases for wire management during installation. The integrated Wiley WEEB lug simplifies
bonding the modules to the rack in the field.
The universal claw secures the module to
the ballasted support at each corner of the
module. PanelClaw has c o n t i n u e d o n p a g e 5 4
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worked with several PV manufacturers to have its mounting
method included as part of the UL-listing process. For modules that cannot be mounted on the short edge of the frame,
there are optional claw attachments for proper support. The
optimal design starts at a six-by-six grid of modules, but
single module placement is possible, allowing installers to
avoid roof obstructions easily and have flexibility in the final
array layout.
The Polar Bear and Grizzly Bear racking systems can be
used for systems of any size. The products are covered by a
standard 10-year warranty and have undergone third-party
testing, including wind-tunnel testing. PanelClaw offers support with system design and AutoCAD blocks for use in permitting and construction drawings.
Schletter. The Schletter mounting systems include fully
ballasted and penetrating racks suitable for nearly any size
of commercial rooftop array.
The AluLight rack is a fully ballasted rack that holds the
modules at a 12° tilt in landscape orientation. The frame
is assembled on-site using a rivet gun to connect the components. The backside of the frame incorporates a wind
shield to minimize the uplift forces imposed and reduce the
required ballast weight. The modules are held in place with
standard top-down clamps.
Another ballasted option, the Windsafe System, offers
a range of tilt options, from 10° to 45°, that allows system
designers to maximize power density on the roof. The
Windsafe System offers variable row configurations and is
delivered on-site with the majority of the rack preassembled.
Mechanical attachment options are available to supplement
the primarily ballasted design.
The IsoTop racking system is a penetrating system
designed for use on commercial buildings with membrane roofs. The system is engineered to minimize roof

Silverback Solar Solar Racking System
54

S o l a r Pr o   |  April/May 2011

penetrations by maximizing the spans between attachment
points. The result is a rack system that can properly support
modules with up to 32 feet between supports. The supports
are connected directly to the primary structural members of
the building, reducing the loads on the roof substructure.
The CompactVario and CompactGrid racking systems
can be either fully ballasted or penetrating. These racks can
be used with any roof type, including low-slope metal roofs.
The CompactVario allows the supporting rails attached to
the roof to span longer distances than the CompactGrid system does, allowing for greater flexibility in the array design.
The CompactGrid is an optimal solution for roofs with an
east-west slope.
All Schletter racking systems come with a standard
10-year warranty. A Schletter engineer can stamp its rack
designs for most US states, or the company can arrange for
a third-party engineer for states it does not cover in-house.
Silverback Solar. In contrast with many manufacturers of
racking systems for low-slope roof applications, Silverback
Solar does not offer a ballasted solution. All of the company’s
products are designed to be mechanically secured via a patented, watertight roof attachment.
The support structure for Silverback Solar’s elevated racking systems is based on 2.5-inch and 1.5-inch tubular steel
sourced from Allied Tube & Conduit. This design approach
maximizes the span of structural members and minimizes
the number of required roof penetrations. All tubing components are protected by Allied’s Gatorshield finish. Sliding
tubing connectors allow for unlimited adjustment during
installation. Fittings are slid over the tubes, the rack is leveled and plumbed, then secured in place with self-drilling
tek screws.
Modules can be installed in portrait orientation only, but
any tilt angle can be achieved. A patent-pending panel clip
adjusts for any module thickness from
1.21 to 2.02 inches. Each clip consists of
a saddle and retainer. The saddles are
fastened with two self-drilling screws,
and the retainer is secured with a
machine bolt. Integrated equipment
grounding and wire management solutions are in development.
Silverback Solar’s racking systems
are suitable for arrays ranging from
100 kW to MW scale. The products carry
a standard 10-year warranty. Silverback
Solar provides project-specific structural
calculations, wet stamped by a licensed
structural engineer for any US state. The
company also provides blueprint-sized
shop drawings and detail sheets to assist
with installation. c o n t i n u e d o n p a g e 5 6
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SnapNrack. Two new SnapNrack models are being released
in 2011. The original Roof Mount Series 100 rail system was
developed for residential installations. Two new systems, the
mechanically attached Commercial Roof Series 400 and the
ballasted/mechanically attached hybrid Commercial Roof
Series 450, have been scaled up for larger projects. (As of press
time, no documentation for these products was available on
the company’s website.) Both the 400 and 450 series racking
systems are designed for landscape module orientations with
tilt angle options of 5°, 12° and 20°.
Anodized aluminum rails feature an integrated wire management channel and require no additional wire clips or ties
to support and protect module cabling. Labor-saving features
include snap-in channel nuts and rail splices that eliminate
the need to slide mounting components in from the ends of
the rails. To further simplify installation, one wrench fits every
assembly bolt in the system. A wide variety of stanchions and
flashing kits is available for mechanically attached or hybrid
attachment designs. Rails can be leveled by raising or lowering
the points where they attach to the standoff assembly. The racking system is fully compatible with Wiley Electronics WEEB
equipment-grounding products.
SnapNrack’s Commercial Roof Series 400 and hybrid Commercial Roof Series 450 carry a 10-year limited warranty. The
manufacturer recommends a minimum project size of 100 kW
for the Series 400 and 20 kW for the 450 Series product lines.
In-house design assistance is standard and third-party engineering services are available.
SolarDock. The fully ballasted and enclosed low-slope
SolarDock roof racking solution is a lightweight mounting system with a high-tilt angle of up to 35°, suitable for arrays of 5 kW
and larger. While custom tilt angles from 5° to 30° (in 5° increments) are available, the manufacturer stresses that higher

SnapNrack Commercial Roof Series 450
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array tilt angles reduce the build-up of dirt and debris, shed
snow more readily in cold climates and reduce array operating
temperatures, thereby increasing system production.
Modules are mounted in landscape format on ventilated,
aluminum structural enclosures that are designed to fit most
commercially available modules. Individual units are attached
side-to-side and front-to-back, creating a monolithic array
structure. The mounting system itself rests on 1-inch insulation, eliminating abrasion issues. Insulation panels are spaced
to allow for unimpeded water drainage. Ballast material is positioned toward the back of each mounting unit.
SolarDock’s UL- and TUV-listed, fully enclosed design provides wire management and protection from debris build-up
or rodent damage. Cabling is contained within the racking
system, and installers can core out the front and back of the
racking system where necessary to run conduit between units.
Two sizes of SolarDock equipment-grounding clips are available. The SolarDock units are certified as a ground path, and
only one grounding lug is needed for every 45 connections or
five rows.
The SolarDock roof racking system is designed for array
capacities of 5 kW and larger and carries a 25-year standard
warranty. The company supplies preliminary module layout
services. Full mechanical and ballast plans are provided for
purchased systems. Currently, signed and sealed drawings
for 29 states are available for a fee, and additional states are
being added.
Solar FlexRack. The Solar Rooftop FlexRack roof-mount
solution from Solar FlexRack is designed for speedy installation. This is accomplished using preassembled modular racks
that eliminate and simplify mechanical work in the field. The
collapsible mechanical assemblies ship from the factory in a
compact form. These units are small and light enough that,
once on-site, only two people are needed
to carry each one into position on the roof.
Once a Solar FlexRack is in place, simply
cut the zip ties holding everything together,
unfold it and tilt the top plane up. After the
preconfigured uprights are lifted into position, everything is bolted together.
North-south and east-west connections between individual mounting units
are accomplished using connection arms.
Standard Solar FlexRack configurations
for framed crystalline modules or unframed
thin-film laminates are 3-by-3, 3-by-2 or
3-by-1, but custom configurations are
also available. Framed modules slide into
position; unframed laminates are attached
using padded clips. Both portrait and landscape module orientations are supported.
Tilt angle options are c o n t i n u e d o n p a g e 5 8
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Mid-Atlantic

707.459.9523

ironridge.com

JAC-Rack

JAC
Products

2009

1,000

Pontiac, MI

Franklin, GA

Franklin, GA

Pontiac, MI

800.526.3491

jac-rack.com

Mitsubishi
Electric USA

Mitsubishi
Electric

2010

125,000

Cypress, CA

multiple US
states

multiple US
states

multiple US
states

714.236.6137

mitsubishielectricsolar.com

PanelClaw

N/A

2007

30

N. Andover, MA

multiple US
states
Ontario, CAN

multiple US
states
Ontario, CAN

N. Andover, MA
California

978.688.4900

panelclaw.com

Schletter

Schletter
Gmbh

1990

1,000

Haag, Germany

Tuscon, AZ
Windsor, ON

Tuscon, AZ
Windsor, ON

Arizona
Virginia
New Jersey

US: 520.289.8700
CAN: 519.946.3800

schletter.us
schletter.ca

Silverback
Solar

RoofScreen
Manufacturing

2007

13

Santa Cruz, CA

Santa Cruz, CA

Santa Cruz, CA

Santa Cruz, CA

877.765.2759

silverbacksolar.com

SnapNrack

Mainstream
Energy

2008

600

San Luis Obispo,
CA

Sacramento, CA

Sacramento, CA

Albuquerque, NM

805.540.6999

snapnrack.com

SolarDock

N/A

2003

8

Wilmington, DE

New Castle, DE
Detriot, MI
Ontario, CAN

New Castle, DE
Detriot, MI
Ontario, CAN

Delaware, Ohio,
US: 302.504.0124
Florida, Nevada,
CAN: 705.743.1817
Washington

Solar
FlexRack

Northern
States
Metals

2008

125

West Hartford, CT

Youngstown, OH
Markham, ON

Youngstown, OH
Markham, ON

all 50 US states
Ontario, CAN

720.840.6615

solarflexrack.com

Sollega

N/A

2009

11

New York, NY

Tigard, OR

multiple US
states

San Francisco, CA
New York, NY

(W) 415.648.1299
(E) 212.417.0321

sollega.com

SunLink

N/A

2004

55

San Rafael, CA

Southwestern US
Ontario, CAN

San Leandro, CA
Markham, ON

San Rafael, CA

415.306.9837

sunlink.com

TOUGH TRAC

N/A

2009

325

Medford, NY

St. Louis, MI

St. Louis, MI

Medford, NY

631.504.6700

toughtrac.com

DNR

DNR

DNR

505.242.6411

unirac.com

DPW Solar

Albuquerque, NM
Albuquerque, NM US: 800.260.3792
Albemarle, NC
Cambridge, ON CAN: 519.740.6666
Cambridge, ON

dpwsolar.com
preformed.on.ca

solardock.com

Hilti Group

1998

DNR

Albuquerque,
NM

Unistrut
Energy
Solutions

Atkore
International

2009

3,100

Harvey, IL

six locations3

six locations3

Harvey, IL
Ajax, ON

877.336.4332

unistrutenergy.com

Zep Solar

N/A

2009

35

San Rafael, CA

California
Wisconsin
Michigan

San Rafael, CA

San Rafael, CA

415.329.0768

zepsolar.com

Zilla Rac

Next
Generation
Energy

2006

52

Lafayette, CO

multiple
US states
Ontario, CAN

multiple US
states
Ontario, CAN

multiple US
states
Ontario, CAN

877.643.4786

zillarac.com

Unirac
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Sollega lnstaRack System

0° to 30°. Both mechanically attached and ballasted configurations are possible using the Solar FlexRack. Grounding straps are
available, as are wire management clips that install in the rail.
The Solar Rooftop FlexRack system is designed for projects
of 25 kW capacity and up. The system carries a 5-year standard
warranty. In addition to engineering certification for snow and
wind loads, the company offers roof layout design assistance.
Sollega. InstaRack is a ballasted racking system from Sollega
designed specifically for low-slope roof applications in the
50 kW to 1 MW range. It is a one-piece molded unit that requires
one tool (a 5/16-inch wrench) for installation and utilizes readily available Unistrut rails and standard intermodule and endclamp hardware. Individual InstaRack units are designed to
interlock with the module rows to the front and rear to add
additional array structural stability. The patent-pending, noassembly support is designed to reduce product shipping costs
and installation labor costs. InstaRack is manufactured using
high-density polyethylene made from 35% recycled content
with a UV inhibitor.
InstaRack is available with set tilt angles of either 10° or
15°. The modular design ensures compatibility with most solar
panels of 36 to 44 inches in width. Modules are installed in portrait orientation. A proprietary hinge plate enables easy access
under the modules. For arrays that require a hybrid ballast/
mechanical attachment, 6-inch stanchions are available, as are
windscreens to reduce wind loading on the array. Integrated
module equipment grounding is possible using Wiley Electronics WEEB grounding clips.
InstaRack carries a 25-year standard warranty and was
developed for arrays of 50 kW and larger. Sollegra offers array
layout and design engineering services, as well as wind and
ballast calculations. Preengineered product specifications are
available for permitting purposes.
SunLink. SunLink offers two mounting solutions, one
for framed crystalline modules and a second for frameless
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S o l a r Pr o   |  April/May 2011

thin-film modules. Both racking systems can be fully ballasted,
mechanically attached or use a hybrid method for securing the
array to commercial rooftops.
SunLink’s Roof Mount System (RMS) is designed for mounting framed modules in landscape orientation and offers fieldadjustable tilt angle settings of 5°, 10°, 15° and 20°. The system
components are designed to link together to provide rigidity
and support to the entire array. RMS mounts are compatible
with most low-slope roofing material types, including BUR,
OVC, TPO and SMS. ETL-listed spars are available for most
modules to satisfy equipment-grounding requirements. A fully
integrated wire management system, including wire clips and
covered wire ways, is available.
Two unique features decrease RMS installation time and
associated costs. First, SunLink is reportedly the only racking
manufacturer that offers prepanelization—the off-site assembly of modules in configurations of three or four. According
to the manufacturer, prepanelization can take over 50% of
the mechanical assembly time off the roof, minimizing on-site
installation time, liability and the chances of poor weather
conditions slowing project implementation time. Second, the
RMS’s Tilt-Access feature allows sections of module rows to be
tilted up vertically to reduce wiring time during installation
and to allow for roof inspection or repair.
The SunLink Frameless Roof Mount System is a lightweight
and fast-installing roof-mounting solution designed for frameless and laminate thin-film modules. In most conditions, the
system requires no additional ballast weight or roof penetrations. A simple three-step process (slide in blocks, rotate down
links and click in panels) eliminates the need for installation
tools and results in rapid on-site assembly. Modules mount in
portrait orientation at tilt angles of 2° to 10°.
SunLink’s Roof Mount System and Frameless Roof Mount
System are suitable for array capacities from c o n t i n u e d o n p a g e 6 0

Co u r t es y R os en d i n E l ec t r ic

C o u r t e sy S o l l e g a

Racking Manufacturer Sur vey

Unirac ISYS Roof Mount

30 kW to multiple MW scale. Each system is covered by a
15-year standard warranty. Custom-engineered solutions are
available for unique or difficult projects. An online sales quote
tool is available. SunLink offers full engineering services,
including array design and layouts for projects over 30 kW,
shading analysis and site-specific design and engineering support, including wind load analysis and permitting assistance
for ballasted systems.
TOUGH TRAC. Each of TOUGH TRAC’s five low-slope racking systems are designed to be compatible with most common
modules. In 2011, adjustable universal end- and mid-clamps
were introduced that accommodate module frame thickness
from 1.33 to 1.97 inches. A click-in-place rail-mount system is
in development. All five racking systems are compatible with
WEEB products, and wire management solutions are available on request.
The Low Angle Ballast system supports a single row of
modules in either portrait or landscape orientation with a
low-profile 10° tilt angle. The penetration-free, fully ballasted
rack utilizes TOUGH TRAC’s standard rail, which can span
up to 96 inches. Rear joining braces create a fully interlocked
array structure.
The Mid Angle Portrait system mounts one row of modules
in portrait orientation, while the Mid Angle Landscape system
mounts in two rows in landscape orientation. Each has a standard 30° tilt angle. A rear cross brace provides support for lateral movement. Using the standard rail allows spacing up to 96
inches. The system is available in both mechanically attached
and ballasted formats.
TOUGH TRAC’s Continuous Array Large model supports
four rows in landscape or three rows in portrait with a standard 20° to 30° tilt angle. The Continuous Array Small model
supports two rows in landscape or two rows in portrait. Either
standard or heavy-duty rails can be specified, for up to 8-foot
and 12-foot spans, respectively. Side and rear cross braces provide lateral support, and vertical supports feature welded base
plates to minimize installation time.
The Low Angle Light ballasted system secures one
module with a dedicated ballast tray. The system does not
require mounting rails and is made up of three primary
structural components.
TOUGH TRAC’s racking systems are suitable for small commercial through MW-scale projects. The products come with a
limited 20-year warranty. TOUGH TRAC offers standard engineering certifications and fee-based engineering services.
Unirac. Low-slope roof-mounting solutions from Unirac
include a variety of mechanically attached and ballasted
options for PV systems of all sizes and configurations.
The newest of these product lines is the ISYS Roof Mount,
which is designed for flat-roof mounting applications. At its
base, this system utilizes a 5.25-inch galvanized steel I-beam
that is elevated off the roof membrane using recycled rubber
60
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Unistrut Energy Solutions Custom Solar Racking

blocks. The front and back leg supports accommodate 0°
to 30° array tilt angles. The system is designed to be selfballasting. It can be utilized with a variety of flashed standoffs. The east-west rails that support the PV module are galvanized steel with a 3-inch profile; modules are attached using
bottom-mounting hardware.
The Unirac RapidRac G10 ballasted mounting system consists of just seven parts and can accommodate any project size.
Aluminum mounting frames are used as ballast trays. Module
brackets attach between these trays and tilt the PV array at 10°.
WEEB hardware facilitates equipment grounding. Optional
mechanical attachments are available to minimize or eliminate
the use of concrete ballast materials.
Where mechanical attachment with higher tilt angles is
desired, designers can consider tilt-up configurations using the
Unirac SolarMount rail system. Two rail profiles are available, as
well as a variety of standoffs, tilt legs and module top-mounting
clamps or bottom-mounting clips. Integrated equipmentgrounding hardware is available from the manufacturer for
the SolarMount rails. If higher roof clearances are needed,
designers can employ the Unirac Large Array (U-LA) mounting
system, which includes a pipe-based substructure. The U-LA
system features heavy-duty SolarMount HD rails that can withstand extreme wind or snow loads. The U-LA mounting system
is compatible with locally sourced Schedule 40 or 80 steel pipe.
Both of these mechanically attached solutions are versatile and
can accommodate custom designs.
The ISYS Roof Mount is covered by a 20-year limited product warranty and is designed for systems of at least 200 kW in
capacity. Unirac’s other racking systems are covered by a 10-year
limited product warranty and a 5-year finish warranty. Extensive engineering documentation is available on the Unirac
website for all of the company’s product lines. Unirac also offers
configuration and estimation tools and support. The company’s Custom Solutions Division supports the needs of larger
projects. c o n t i n u e d o n p a g e 6 2

Unistrut Energy Solutions (UES). Unistrut Energy Solutions
employs a custom design and engineering approach for each
project, engineered around a core product line, to achieve a
cost-effective solution.
UES sources galvanized steel tubing, angle, channel and
strut stock from Allied Tube and Conduit and Unistrut. These
often locally sourced structural components serve as the basis
of UES’s array structures.
Multiple racking solutions, including mechanically fastened, ballasted or hybrid systems, are available, based on the
customer’s preferences and the project’s structural requirements. Typical tilt angles range from 10° to 40°. Designs can
accommodate either portrait or landscape module orientations. While integrated equipment grounding solutions are
not available directly from UES, wire management options are
extensive and include metallic and nonmetallic ladder tray,
channel tray and wire basket tray.
UES’s customized racking systems have a standard 10-year
warranty. The systems are suitable for projects with capacities of 50 kW up to MW scale. The company offers a variety of
services that includes reverse engineering, conceptual design,
metallurgical analysis and structural design. It also offers engineering calculations, CAD drawings and seals to meet local and
geographic project requirements. UES will work with a client’s
engineering firm if preferred.
Zep Solar. For installations using Zep-compatible modules,
the Zep System III is a solution with an ultra-low parts count
for commercial-scale, ballasted low-slope roof applications.
The rail-free solution utilizes only four components: row connectors, ballast pans, leg sets and Zep fasteners. Modules are
set at an 11° tilt angle and mounted in an interlocking fashion in landscape format. The row connectors and ballast pans
include an integrated EPDM friction pad to reduce wear on
the roof surface. For locations with high wind requirements,
options such as wind guards and mechanical roof attachments
can be incorporated into the mounting system.
The Zep fasteners incorporate both equipment grounding
and structural support from module frame to module frame. As
the modules are interconnected, the Zep attachments create
a UL-listed equipment-grounding connection, eliminating the
need to bond individual modules. In turn, the Zep ground lug is
installed at the end of each row of modules and used to terminate the equipment-grounding conductor that is routed to the
combiner box.
Zep System III is recommended for projects with capacities
of 50 kW and larger. The system is covered by a 20-year standard warranty. Zep Solar provides array design, site and load
assessment, ballast feasibility studies and assistance in determining ballast requirements. A list of Zep-compatible modules
is available on the company’s website. While Zep-compatible
modules are currently limited, this innovative system still warrants attention.
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Zep Solar Zep System III
Zilla Rac. Next Generation Energy’s (NGE) Zilla Rac RED3
tilted ballast system is designed for low-slope roof applications
in all wind zones. The racking system consists of a grid of northsouth rails that sit on the roof surface and mate to the ballast
pans. The post standoffs that determine the modules’ tilt are
directly attached to the north-south rails. The front end of each
module is held in place with a rail channel that mates with a
module clip attached directly to the module. The clip installation method allows for quick access to the back of the modules
during maintenance. Each of the rail sections includes an integrated chase that allows the installer to support and manage
the source-circuit conductors. When required, options from
the Zilla Rac product line can be used to make mechanical
attachments to the roof structure.
The racking system can be adapted to multiple configurations, allowing the installer to avoid rooftop obstructions and
install the modules in either landscape or portrait. The installer
can determine the tilt angle for the array and adjust the post
standoff as necessary.
The Zilla Rac RED3 system was designed for arrays starting at 25 kW in capacity. The system is covered by a 10-year
standard warranty and a 45-year material finish warranty. Integrated module equipment grounding is provided. To help verify
proper installation, NGE offers design and engineering services
for the US, Canada and the Caribbean.
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Do More Installing, Less Competing!

Evergreen
Solar Modules

Xantrex XW
Grid-tie Inverters

Solectria
Grid-tie Inverters

Kyocera
Solar Modules

DPW Mounting
Structures

Unirac Mounting
Structures

Penn Renewables is
making it do-able, are you?

altE Direct customer Paul of Penn Renewables,
shakes the hand of Congressman Patrick Murphy
as the system owner stands by on the right. Penn
Renewables has been happily working with altE
since 2005 and have attended NABCEP entry level
certified classes PV 301 and PV 302 at altE U
helping Paul achieve NABCEP certification.

®

Simply put, we don’t do installations, period*. That’s your business, not ours.

Our business is to be your best solar distributor and focus on assisting you to be successful
as an installer. So, whether your install jobs are small or large, you won’t have to worry about
some install division of altE potentially competing against you today or tomorrow. We know our
business and it’s helping you!
making renewable do-able ™
for over 10 years!

altE Direct Offers You:
•
Strong inventory at competitive prices
•
Accredited IREC PV training through our altE U
•
Friendly service from folks passionate about renewable energy
•
Some of the best trained technical wholesale representatives in PV distribution
*Fine Print: Ok, so we’ve installed on our own homes and helped some friends over the years.

Installers! Call us today at 888.218.1023 or visit us online at www.altEDirect.com
Some of the brands we proudly represent:

Code Red:
Notable Changes
in the 2011 NEC
By Rebekah Hren and Brian Mehalic

Few articles are as
subject to change
to the next as
those applying
to PV systems
and interconnected
power sources.
Here is what is
new and relevant
to you in the
2011 edition
of the NEC.
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from one Code cycle

While the design and
installation of PV systems requires knowledge that lies outside
of the scope of the
National Electrical Code,
its requirements must
be integrated into overall design practices. PV
system design and installation are therefore affected by the
many changes in the 2011 NEC.
While we focus mainly on PV-specific changes in the NEC, the Code also
provides minimum standards for all electrical system installations that PV
systems must meet, primarily relating to safety. However, merely meeting
these minimum standards does not ensure that a PV system is efficient, easily expandable [90.1(B)] or aesthetically pleasing [110.12]. Designers and
installers should consider these and other parameters in addition to safety.
For example, the 2008 NEC required additional grounding electrodes at all
ground- and pole-mounted PV arrays [690.47(D)]; this requirement has been
removed from the 2011 Code. While no longer mandated, in many cases it is
still a best practice because of the additional level of protection grounding
electrodes provide to sensitive electronics.
The Code also includes Informational Notes (previously called Fine
Print Notes), which are explanatory and nonmandatory, such as the
recommendation that voltage drop in branch and feeder circuits not
exceed 5% [210.19(A)(1) Informational Note No. 4 and 215.2(A)(4)
Informational Note No. 2]. This is not a safety issue, but rather deals

S h a w n S c h re i n e r

Identification Section 690.4(B)
codifies the practice of identifying PV
source, PV output and inverter input
circuits at all terminations, connections and splices. At this Willpower
Electric installation in Ashland, OR,
heat shrink is used to preserve the
numbered and color-coded conductor
identification means.

PV-Specific Code Changes

While we strive to explain sometimes oblique Code changes, the
final arbiter is always your local AHJ.
The NEC is intended to be used by
AHJs as a source of safety mandates
for electrical installations. Ultimately, the local AHJ has the final
authority in interpreting the Code,
and for deciding which equipment
and methods meet its requirements
as per 90.4, “Enforcement.”

690.4, “Installation”
The majority of 690.4 pertains to mechanical specifics for PV
installations. Noted Code experts Bill Brooks and Mike Holt
agree that the changes in 690.4 are among the most important
for PV system designers and installers to be aware of. (Brooks
is principal at Brooks Engineering, and Holt is president and
CEO of Mike Holt Enterprises.)
Identification and grouping. PV source and output circuits
have historically been allowed to be contained in raceways,
junction boxes and so on with other non-PV system conductors—if the conductors for different systems are separated
by a partition. While this remains
true, additions in 690.4(B) mandate
identification and grouping of PV
system conductors in all installations for added clarity.
As explained by Brooks: “The
added identification and grouping

Co u r t e s y S u n L i g ht & P o we r

with system efficiency; therefore it is not mandated by Code.
However, voltage drop is a critical design parameter for PV
systems and in nearly all cases should not exceed 3% overall.
Other citations, such as 110.12, “Mechanical Execution of
Work,” provide the AHJ with latitude to decide what qualifies
as “neat and workmanlike.” One of the most overlooked but
fundamental sections of the Code is 110.3(B), “Installation
and Use,” which states, “Listed or labeled equipment shall
be installed and used in accordance with any instructions
included in the listing or labeling.” The use of lay-in lugs that
are not rated for direct burial for module grounding is one
common example of misusing a listed
product. When an indoor-rated lug is
improperly used outdoors, it invariably results in galvanic corrosion and
poor grounding continuity.

Grouping The intent of 690.4(B)(4)
is that conductors of more than one
subarray or inverter be separately
grouped whenever they occupy the
same equipment or raceway with
a removable cover. Using wire ties
to group conductors within gutters
is an easy way to meet these new
requirements.

solarprofessional.com  |  S o l a r P r o                 65

Code Red

C o u r t e s y R o se n di n E l e c tr i c

Bipolar PV systems The two 600
Vdc monopole subarrays feeding this
AE Solaron inverter are physically
separated with distinct dc combiners and conduit runs. This meets
the requirements in 690.4(G), which
were added to ensure that equipment rated for 600 Vdc does not see
800–1,200 Vdc in the event of a fault.

requirements found in 690.4(B)(1) through (4) take requirements found elsewhere in the NEC and bring them specifically into 690. These are important changes due to the
general lack of identification and grouping in existing systems. These deficiencies have resulted in several fires during
system commissioning due to mispolarized wiring and poor
identification practices.”
PV source, output and inverter circuits must now be identified at all points of termination, connection and splices.
Per 210.5(C) and 215.12(C), the means of identification can
be “color coding, marking tape, tagging, or other approved
means.” Best practice would be to use properly colored PV or
USE-2 wire for PV source circuits. If using only black PV or
USE-2 wires, as allowed by 200.6(A)(6), then correct marking tape is always necessary for grounded and ungrounded
current-carrying conductors. You should also use callout
tagging, such as “PV source circuit 1” or “PV inverter output
circuit 2.” If color-coded tags are used, you should provide a
key for identifying the color codes.
In addition, conductors associated with multiple inverters should be grouped using wire ties or other means when
they occupy the same raceway, junction box or equipment.
For example, inverter output circuits sharing a common gutter would need to be separately grouped at least once, and
then at intervals not exceeding 6 feet. There are exceptions
to 690.4(B)(3) and (4) that permit identification and grouping
to be omitted if spacing, arrangement or the use of separate
raceways make their identification obvious.
Qualified persons. One of the more contentious 2011 NEC
changes appears in 690.4(E): “The equipment and systems in
690.4(A) through (D) and all associated wiring and interconnections shall be installed only by qualified persons.”
As defined in Article 100, a qualified person “has skills
and knowledge related to the construction and operation
66
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of electrical equipment and installations and has received
safety training to recognize and avoid the hazards involved.”
As it is the job of the local AHJ to enforce Code requirements,
690.4(E) will undoubtedly be subject to interpretation on the
local level. At minimum it appears that PV equipment training and safety training can be mandated. Note also that 705.6
extends the umbrella requirement for installation by qualified
persons to any power source operating in parallel with a primary source, including PV, wind and fuel cells.
According to Holt, the new language requiring “qualified
persons” is both surprising and unprecedented. In the analysis that accompanies this section in Mike Holt’s Illustrated
Guide to Changes to the NEC 2011 (Holt’s Guide), the author
notes: “Other (arguably, more dangerous) areas of the Code
have never required this, as it’s typically covered by state or
local agencies and their applicable licensing regulations. This
change is considered by many as revolutionary, and may set
an interesting precedent for future editions of the NEC.”
The qualified persons wording was proposed and supported by representatives of the International Brotherhood
of Electrical Workers, the National Electrical Contractors
Association and the National Joint Apprenticeship and Training Committee. The NEC definition of qualified person does
not preclude installation of PV systems by individuals not
licensed as electrical contractors, and jurisdictions have varying requirements. For more information on state-specific
solar contracting requirements, consult the Database of State
Incentives for Renewables and Efficiency (see Resources).
Circuit routing. Section 690.4(F) is an entirely new subsection written to ensure that maintenance personnel or
firefighters can easily locate PV source and output circuits.
When located inside a building, these circuits must be routed
along structural members “where the location of those structural members can be determined by c o n t i n u e d o n pa g e 6 8
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observation.” In addition, if circuits outside the perimeter of
the array are embedded in roof material, their locations have
to be clearly marked.
Multiple inverters. The last addition to this section is
690.4(H), which permits multiple inverters on a single building. It mandates, however, that a directory showing the
location of all PV system disconnects be installed at dc, ac
and main service disconnecting means if the inverters are
remotely located from one another.
690.7, “Maximum Voltage”
PV system designers know that having accurate coldtemperature data is critical for calculating maximum array
open-circuit voltage and designing PV source circuits (series
strings) of the correct length. Array voltage should never
exceed inverter dc voltage parameters or equipment voltage
ratings. There is no standard dataset for these temperatures,
and many designers resort to weather.com or other sources
of almanac data for record low temperatures. However, the
record low temperature for a location is extremely conservative for design purposes. Reasons for this include module
voltage degradation over time and the very low likelihood
of significant irradiance occurring at the same time as the
record low temperature.
When the system designer uses a conservative coldtemperature value, the maximum number of modules in series
is likely to be fewer than may otherwise be possible. Shorter PV
source circuits means that more circuits are necessary to attain
the same power as longer ones; this increases system cost. A

Low Design Temperature Data Comparison (°C)
ASHRAE
Low

Record
Low

Boston, MA

-17

-34

Chicago, IL

-22

-32

Dallas, TX

-9

-22

Miami, FL

5

0
-26

Location

Newark, NJ

-15

Phoenix, AZ

1

-9

Portland, OR

-6

-19

Raleigh, NC

-12

-21

Sacramento, CA

-3

-8

Seattle, WA

-6

-18

Table 1 According to the Informational Note added to
690.7(A), the ASHRAE Extreme Annual Mean Minimum Design
Dry Bulb Temperature—listed above in the “ASHRAE Low”
column—is statistically valid as the lowest expected ambient
temperature for a variety of locations.
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lower array design voltage, resulting from shorter series strings,
also causes the maximum power point voltage to be lower in
the inverter voltage window, which may reduce energy harvest
over the life of the system.
An Informational Note added to this section in the 2011
Code cycle provides design temperature guidance. It refers
to the Extreme Annual Mean Minimum Design Dry Bulb
Temperature data published in ASHRAE Handbook—Fundamentals as “statistically valid lowest-expected ambient
temperatures.” These temperatures are not record lows,
but expected lows that will be exceeded 50% of the years
on average. The inclusion of this Informational Note in the
Code should help designers feel comfortable using these
new numbers, which are often quite different from record
lows, as shown in Table 1. While the data do not represent
every locale, an interactive map to help designers select a
microclimate similar to the site location is available, along
with the ASHRAE data, on the permitting page of the Solar
ABCs website (see Resources). For a detailed discussion of
PV source-circuit sizing, see “Array Voltage Considerations,”
October/November, 2010, SolarPro magazine.
690.8(B), “Ampacity and Overcurrent Device Ratings”
Section 690.8(B), which details requirements for sizing conductors and overcurrent devices, has received a major update
in the 2011 cycle. According to Holt’s Guide: “Although the conductor and overcurrent device rules of Chapters 1 through 4
already apply [90.3], some installers of PV systems may not be
that proficient with them. In order to make it easier for these
people, the rules have been, more or less, copied and pasted
into this section.”
Overcurrent devices. 690.8(B)(1)(a) through (1)(d) apply
to overcurrent protective devices (OCPDs). As described in
690.8(B)(1)(a), overcurrent devices shall be rated to carry
not less than 125% of the maximum currents as calculated in
690.8(A). For PV circuits, this means not less than the rated
short-circuit current multiplied by 1.25 twice (Isc x 1.25 x
1.25). For grid-direct inverter output circuits, it is not less than
the inverter continuous output current multiplied by 1.25. For
stand-alone inverter input circuits, it is calculated, according
to 690.8(A)(4), using the inverter’s continuous input current
rating “when the inverter is producing rated power at the lowest input voltage.”
According to 690.8(B)(1)(b), terminal temperature limitations must also be observed, as required by 110.3(B) and
110.14(C). New language in 310.15(B) is relevant to this
requirement: “The temperature correction and adjustment
factors shall be permitted to be applied to the ampacity for
the temperature rating of the conductor, if the corrected
and adjusted ampacity does not exceed the ampacity for the temperature rating of the termination.” Note
that rules for ampacity and OCPD
c o n t i n u e d o n pa g e
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PV Output-Circuit Sizing Example
Two paralleled PV source circuits (Isc per circuit = 8.4 A, total = 16.8 A)
Conductor insulation rating = 90°C
Terminal temperature rating = 75°C
67°C total operating temperature (0.58 correction factor, Table 310.15(B)(2)(a))
Four current-carrying conductors in conduit (0.8 adjustment factor, Table 310.15(B)(3)(a))
Minimum overcurrent device size [690.8(B)(1)(a)]
= 16.8 A x 1.25 x 1.25 = 26.25 A
Round up to 30 A [240.4(B)]
Minimum conductor ampacity (greater of 690.8(B)(2)(a) or (B)(2)(b))
= 16.8 A x 1.25 ÷ 0.58 ÷ 0.8 = 45.26 A (> 16.8 A x 1.25 x 1.25)
= 8 AWG conductor (90°C insulation rating, Table 310.15(B)(16))
Ampacity under conditions of use [690.8(B)(2)(c)]
= 55 A x 0.58 x 0.8 = 25.52 A
Permitted to be protected by 30 A overcurrent device [240.4(B)]
Terminal temperature [310.15(B)]
8 AWG with 75°C insulation rating = 50 A [Table 310.15(B)(16)]
50 A > 26.25 A and 45.26 A ✓
(For more examples, see “Code-Compliant Conductor Sizing” on pp. 14–22.) {

ratings specifically for utility-interactive inverters also
appear in 705.60(B).
The addition of 690.8(B)(1)(c) is especially relevant to PV
combiner boxes. This section explicitly states that the manufacturer’s temperature correction factors be applied to the rated
ampacity of an OCPD when it is operated above 40°C (104°F).
This is one of several reasons that it is not advisable to put
overcurrent devices in hot locations, such as on a roof. While
reduced overcurrent device ampacity does not put conductors
at risk, it can lead to nuisance tripping. Brooks, an alternate on
Code-Making Panel No. 4, says: “In general it is best practice for
PV source circuits to specify fuses according to the module’s
maximum series fuse rating. This provides the greatest margin
above the operating conditions of the modules.” If installing
overcurrent devices in hot locations is unavoidable, Brooks recommends that designers try to source “a fuse that works better
under higher temperature conditions.”
Per 690.8(B)(1)(d), it is also permitted to round up the size
of the OCPDs to the next standard size—even if it exceeds the
ampacity of the conductors being protected. This is in accordance with 240.4(B), which applies to overcurrent devices below
800 A, based on the standard sizes in 240.6(A). Note, however,
that 690.9(C) specifically states: “Standard values of supplementary overcurrent devices allowed by this section shall be
70
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in one ampere size increments, starting at one ampere up to
and according 15 amperes.” For values above 15 A, the standard
sizes in 240.6(A) apply. In addition, the maximum overcurrent
device sizes for small conductors specified in 240.4(D) apply.
(See above example for calculations and logic.)
Conductor ampacity. Section 690.8(B)(2) clarifies that conductors be sized to carry whichever is greater: 125% of the
maximum current without correcting for conditions of use,
which is the same value as the minimum overcurrent device
size; or the maximum current after applying conditions-of-use
correction factors—such as the number of current-carrying
conductors in the conduit, ambient temperature and elevated
temperatures due to proximity to the rooftop.
Further, 690.8(B)(2)(c) states that overcurrent devices,
where required, must protect their associated conductors
after conditions-of-use factors are applied to the conductor ampacity. Large adjustments due to high-temperature
operation and multiple current-carrying conductors can
result in greatly reduced ampacity under conditions of
use. Often the conditions-of-use factors result in a larger
required ampacity than 125% of the maximum current.
Applying these same factors to the unadjusted, rated
ampacity of the selected conductor can result in a corrected conductor ampacity that is less c o n t i n u e d o n pa g e 7 3
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Overview of the Code-Making Process
the Standards Council will decide whether to issue the new
he original document that became the NEC was first
Code. If approved, the 2014 NEC will be released in Septemdeveloped in 1897; the 2011 version is the 52nd ediber 2013.
tion. The National Electrical Code Handbook, which conStates (and local jurisdictions where applicable) adopt
tains supplemental interpretive text as well as the Code,
and implement the Code at different times. For example,
is in its 12th edition. Article 690, “Solar Photovoltaic (PV)
although Ohio and Massachusetts began implementing
Systems,” first appeared in 1984.
the 2008 Code on January 1, 2008, most other states did
Publishing a new version of the NEC every 3 years is a
not adopt it until mid-2008, sometime in 2009, or later.
standardized process. The first step is the call for proposals,
As of July 6, 2010, 34 states had adopted the 2008 NEC;
currently underway for the 2014 Code. Proposals, which
10 states had local adoption, meaning local jurisdictions
are accepted from the general public, outline suggested
operated under different versions of the Code and had their
changes in the text of the NEC along with substantiation for
own cycles for adopting it; and six were still using earlier
the changes. In order to be considered for the 2014 Code
versions—most notably California, which was scheduled to
cycle, proposals must be received no later than Novemstart enforcing the 2008 Code on January 1, 2011. Expect
ber 4, 2011. Forms are available in the back of the NEC
similar timelines for adoption of the 2011 NEC, and consult
or online. The website for the International Association of
your state or local building department for information about
Electrical Inspectors also has links to the form for submitadoption and enforcement in your jurisdiction. {
ting a proposal, as well as guidelines for developing a good
proposal (see Resources).
Once the proposal acceptance
period has closed, the National
Electrical Code Committee meets. It
consists of a Technical Coordinating
Committee and 19 Code-Making
Panels (CMPs), which act on submitted proposals, prepare proposals
of their own, vote on all proposals and generate the Report on
Proposals. The report for the 2014
edition of the NEC will be available
in June 2012 for public review and
comments. Proposals regarding
Articles 690 and 705 will be posted
to the Solar ABCs website (see
Resources). CMP No. 4 covers
Articles 690 and 705 (previously
CMP No. 13), and its members at
the time the final 2011 document
was balloted are listed on
page 11 of the NEC.
Public comments on the proposals are due by October 17, 2012,
after which the committees meet to
review the comments and prepare
comments of their own, vote on
the comments and generate the
Report on Comments, which will
Development process The NFPA updates and revises the NEC every 3 years.
be available in March 2013. After
The development process takes approximately 2 years to complete.
the technical report session and the
Reproduced with permission from the NFPA website at www.nfpa.org, copyright © 2010, National Fire
NFPA annual meeting in June 2013, Protection Association.
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than the overcurrent device rating as sized in 690.8(B)(1).
If this is the case, a larger conductor has to be selected,
unless the roundup allowance in 240.4(B) applies.
Changes in Article 310. Conductor and OCPD sizing are
also impacted by significant changes made in 310, “Conductors for General Wiring.” New Tables 310.15(B)(2)(a) and
(b) contain ambient temperature correction factors that
apply to the allowable ampacity of conductors, and they
have greater granularity in the higher temperature ranges.
Conductor-allowable ampacity now begins with Table
310.15(B)(16). Tables for adjusting for more than three
current-carrying conductors [310.15(B)(3)(a)] and for conduit exposed to sunlight on a roof [310(15)(B)(3)(c)] are
numbered differently. More subtle changes are also included,
such as the ampacity of a 90°C rated 1 AWG copper conductor, which was reduced from 150 A to 145 A.
690.9, “Overcurrent Protection”
Section 690.9 covers the requirements for overcurrent protection for PV circuits and equipment, referencing Article 240.
The Exception to 690.9(A) allows conductors in very specific
situations to be exempted from the Article 240 requirements
for overcurrent protection, such as where the ampacity of

The 2011 Code includes a
terse but critical change in the 690.9
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the conductor cannot be exceeded by short-circuit currents
from all sources. The 2011 Code includes a terse but critical
change in the 690.9 Exception, adding the words PV source.
Specifying source circuits means that there are now no clear
exceptions for overcurrent protection for PV output circuits.
PV output circuits could be mandated to follow all requirements of overcurrent protection in 240, including 240.15(A),
which states that each ungrounded conductor must have an
overcurrent device connected in series.
In the reality of PV field installations, this change could
prove tricky to understand and implement. If a system
includes an inverter-integrated fused combiner, such as a
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Fronius or SMA string inverter, then the PV output circuit
is UL listed as part of the assembly and therefore an OCPD
would not be needed. If the PV combiner is not listed as part
of the inverter assembly, or a separate external combiner is
used, then the AHJ could mandate overcurrent protection
for the PV output circuit regardless of whether the conductor ampacity cannot be exceeded by the short-circuit current from all sources. Blake Gleason, director of engineering
at Sun Light & Power, notes that a literal interpretation of
240.21 would require this OCPD at the supply or source end
of the circuit. “This could result in a large fuse with no physical purpose at the output of the combiner,” he says. If the
inverter is UL listed to not backfeed current, an argument
could be made that series string fuses provide overcurrent
protection for the PV output circuit. This will be a local jurisdictional interpretation and decision.

PV integrators undoubtedly
need to pay close attention to the
development and availability of
arc-fault protection devices so that
systems can be designed to meet
the 2011 NEC requirements.

690.11, “Arc-Fault Circuit Protection
(Direct Current)”
Likely the least-understood new provision of the 2011 NEC
is the requirement for a listed arc-fault protection device
on dc source and output circuits on or penetrating a building, where PV system maximum voltage is above 80 Vdc as
calculated per 690.7(A). This requirement follows in the
footsteps of requirements for arc-fault protection devices
on ac circuits and dc ground-fault protection, which have
both been expanded in recent Code cycles. NEC provisions
are focused on safety and fire prevention, and arcing faults
and ground faults in PV arrays are primary causes of PVrelated fires. According to Brooks: “690.11 is by far the
most contentious change in NEC 2011. Arc-fault detectors
will definitely improve system safety eventually, but it will
take some time to iron out operating issues that are likely
to happen in early field applications.”
There are two possible types of arc faults that can occur
in a PV system: series or parallel. The 2011 Code mandates
74
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only the use of devices that detect series faults. A parallel arc
fault is a short between two current-carrying conductors or
between a current-carrying conductor and the equipment
grounding conductor, conduit or other grounded objects,
whereas a series arc fault occurs in line with one currentcarrying conductor. For example, compromised conductor
insulation, an internal module defect or a loose connection—
at a plug connection on a roof or at a termination in a junction
or combiner box—can interrupt the continuity of the conductor and produce a dc arc that is difficult to extinguish, potentially starting a fire in adjacent materials.
Section 690.11 mandates that the arc-fault detection
device perform several functions in addition to detecting the
fault. The device must disconnect inverters, and charge controllers or other “system components within the arcing circuit.” The equipment cannot then automatically restart but
must be manually restarted. There also must be a visual indication that the arc-fault device has operated, and it cannot
reset automatically.
Where will the arc-fault device be located in a system?
For battery-based systems with charge controllers that
can handle input voltages higher than 80 Vdc, the arc-fault
device will likely either be integrated into the charge controller or combiner box. For grid-direct systems, the device will
be inverter-integrated, module-integrated, integrated into
module-level dc-to-dc converters or located in a combiner
box. If it is integrated within an inverter or combiner box,
it may have a similar appearance to an ac arc-fault breaker.
Once the UL standard for dc arc-fault protection is defined, it
is expected that dc-to-dc module–level products like those
from SolarEdge or Tigo will meet the standard.
Microinverter systems will for the most part be exempted
from arc-fault protection requirements because they operate under 80 Vdc. Microinverters for very-high-voltage
modules—like certain thin-film products or Sanyo HIP modules—are possible exceptions. In those cases, dc arc-fault
protection would likely be integrated into the microinverter.
Section 690.11 includes a reference to “system components
listed to provide equivalent protection,” which leaves the
door open to devices like modules with integrated protection or other system solutions.
PV integrators undoubtedly need to pay close attention
to the development and availability of arc-fault protection
devices so that systems can be designed to meet the 2011
NEC requirements. Eaton has been working on the design and
testing of a device over the last year and likely will be early
to market with a listed external device. Combiner box manufacturers also claim to have solutions at the ready. While
some members of Code-Making Panel No. 4 expressed concern about including a requirement in the Code for a device
that did not yet exist, UL representative Timothy Zgonena,
principal engineer for distributed energy c o n t i n u e d o n pa g e 7 6
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Accessible to qualified persons
only As a rule, a disconnect may
not open a grounded currentcarrying conductor in a PV system
[690.13]. However, this is allowed
if the disconnect is accessible only
to qualified persons for the express
purpose of PV array maintenance
[Exception No. 2]. This locked disconnect at a fenced utility-operated
site in St. George, UT, would qualify.

resources equipment and systems, assured the panel that UL
would quickly develop and publish safety requirements that
would allow the commercial release of listed devices. While
this standard was not available prior to the publication of
the 2011 NEC, it is expected to be available in the next few
months, before many jurisdictions adopt the new Code.
Fortunately, not having listed products available is no
problem for installers. Section 90.4 states: “This Code may
require new products, constructions, or materials that may
not yet be available at the time the Code is adopted. In such
event, the authority having jurisdiction may permit the use
of the products, constructions, or materials that comply with
the most recent previous edition of this Code adopted by the
jurisdiction.” Note, however, that as soon as one listed device
becomes available, an AHJ may mandate that PV systems
include that specific device, which could narrow the flexibility
of system design until other options come to market.
690.13, “Disconnecting Means, All Conductors”
Section 690.13 requires means to disconnect “all currentcarrying dc conductors of a photovoltaic system from
all other conductors in a building or other structure.” It
also states, however, that the grounded current-carrying
conductor cannot be switched if this leaves it energized
and ungrounded. The portion of the grounded conductor on the array (line) side of a dc disconnect, for example,
is energized and ungrounded with the switch in the
open position.
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In previous editions of the Code, a bolted or terminal
(non-switched) connection could be used to disconnect the
grounded conductor, but Exception No. 2 under 690.13 now
allows for a switch on the grounded conductor, provided certain conditions are met: the switch is accessible only to qualified persons for the express purpose of array maintenance, and
it is rated for the maximum dc voltage and current that could
be present in the event of a fault. Furthermore, Exception No. 1
allows the now-mandated arc-fault detection and circuit interruption systems to open the grounded conductor, in addition
to the ground-fault protection device (GFPD).
The primary reasons to disconnect both currentcarrying conductors in a grounded PV array are maintenance
and fault troubleshooting. A switch is safer for servicing the system than having to lift a bolted or terminal connection, because
the connection may be energized in reference to ground. This
would be the case if the GFPD activated and removed the
system ground connection. However, with both grounded
and ungrounded current-carrying conductors disconnected,
tests can be performed more safely to locate faults. (For more
information on ground-fault troubleshooting, see “PV System
Ground Faults,” August/September, 2009, SolarPro magazine.)
Disconnecting the grounded conductor also allows
for testing to see if a grounded conductor-to-ground fault
condition exists. If this situation is undetected, it could be
catastrophic if a second fault were to occur. In many PV
systems, a grounded conductor-to-ground fault condition
may not cause the GFPD to activate. c o n t i n u e d o n pa g e 7 8
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Tests for this type of fault cannot be completed with the
grounded conductor connected to the GFPD, regardless of
whether the fuse is in place. With both conductors disconnected, an unfaulted array is floating and has little or no
potential to ground. However, if a fault exists, the newly
ungrounded conductor may be at hundreds of volts relative to ground and must be treated with caution.
Note that this grounded conductor disconnecting means
must not include overcurrent protection, such as a fuse, on
the grounded conductor. Fusing the grounded conductor in
this manner would violate the requirements in 240.22. Also
note that a multiple-pole disconnect serving as an equipment disconnect cannot be used to switch both the grounded
and ungrounded conductors simultaneously, as 690.13
Exception No. 2(2) states that the grounded conductor
switch is to be accessible only by qualified personnel for PV
array maintenance and thus cannot serve the dual purpose
of an equipment disconnect. Since the switch may have to
be operated during fault conditions, it has to be rated for the
maximum dc current and voltage that could be present per
690.13 Exception No. 2(3).
Installing a switch on the grounded conductor therefore means purchasing additional 600 Vdc-rated switches,
which increases the serviceability of the system but also the
cost. Locating a maintenance disconnecting means for the
grounded conductor near the inverter is an obvious choice,
as in many cases it may need to switch only a single PV
output circuit. A properly rated three-pole switch could be
used in the same manner it is for the ungrounded conductors of multiple PV output circuits. The switch could also be
included in an inverter-integrated disconnect, if it operated
separately from the ungrounded conductor disconnect and
was accessible to qualified persons only.
Surprisingly, the 2011 Code does not specify labeling for
this disconnecting switch. Section 690.5(C) specifies labeling for dc ground-fault protection devices, and similar language could be used for this switch. For example:
Warning
FOR MAINTENANCE ONLY
BY Qualified Persons.
Electric Shock Hazard
If this switch is open.
Normally grounded conductors
May be ungrounded and Energized.
690.16, “Fuses”
Section 690.16(A) requires that a disconnecting means
be provided for fuses energized from both directions, and
that it must be possible to disconnect “all sources of supply.” In addition, when fuses are installed in PV source
circuits, that it must be possible to disconnect each one
78
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independently of any other fuses. Previously this section
required disconnecting means only if the fuses were accessible to unqualified persons.
Section 690.16(B), an addition to the Code, further
addresses fuse servicing specifically for PV output circuits.
When paralleled at an array combiner or subcombiner,
PV output-circuit fuses are energized from two directions:
from the fused circuit and from the other circuits they are in
parallel with. As described in Holt’s Guide: “Replacing a fuse
under load is obviously an unsafe work practice, but unfortunately, this often occurs when the inverter has internal
PV source and output combining fuses on the input circuits
connected directly to the inverter input terminals. When
this is the case, an external disconnecting means must be
installed to ensure worker safety.”
Brooks considers the new language in 690.16(B) to be
one of the most important changes and points out that it
applies to PV source-circuit fuses as well. (See “The New
NEC 690.16(B) Fuse-Servicing Requirements and Combiner
Boxes” on pp. 24–26 for more information.) A PV sourcecircuit fuse in a combiner box is exposed to power from the
PV string it protects and from all other source circuits it is in
parallel with. While these fuses are often installed in touchsafe holders, the fuse holders themselves are not load-break
rated. Opening such a fuse holder under load results in an
arc being drawn, which could start a fire. Therefore, fuse
holders should be opened only after the output of the combiner box has been disconnected and the absence of current
has been verified with a clamp-on ammeter.
On two- or three-string PV systems, running each source
circuit to a ground-level location in the immediate proximity of the inverter can allow for a single disconnect to meet
both 690.13 and 690.16 disconnecting requirements. This
also improves serviceability, as individual source circuits
can be tested from the ground without the need for ladders
and fall protection.
On larger arrays the output of multiple combiner boxes
are paralleled either at the inverter dc input or an array combiner box. The safety of servicing PV source-circuit fuses in
these systems is dramatically enhanced when a disconnecting means is located at the combiner box, either as a separate
switch or by using one of the many UL-listed combiner boxes
with built-in disconnects. This disconnect can also allow for
individual combiner boxes to be isolated from the output of
other paralleled combiner boxes and taken off-line for service, rather than having to shut down the entire system at the
inverter. The disconnect also allows emergency personnel to
segment the array, possibly disconnecting circulating currents from continuing to flow into a fault.
Integrated dc disconnects in inverters typically disconnect the paralleled output of the PV circuits from the inverter,
meaning the circuits are still energizing one another on the load

Courtesy Eaton Corporation

(inverter) side of the fuses and are also energized on the array
side via the circuit they are protecting. Large inverters may have
input combiners with 10 to 20 or more fuses, ranging from 50 A
to 300 A. To remove power from both sides of any one fuse, each
PV output circuit has to be disconnected. This can be accomplished via disconnects at the combiner box level, though on
a large array this can require detailed instructions and a lot of
time walking the field to the various combiners. Furthermore,
690.16(B) requires the disconnecting means to be within sight
of—defined in Article 100 as “visible and not more than 15 m (50
ft) distant”—and accessible to the fuse. Depending on the site
layout, this often is not possible if the disconnect is at a combiner box and not at the inverter. Section 690.16(B) also requires
that a directory be installed at the overcurrent device showing
the location of each disconnect if it is more than 6 feet away.
Fuse servicing
This fusible 600 Vdc
solar switch from
Eaton features a
fused center pole
that is electrically
isolated from all
sources of supply
when the switch
is opened.

Fuse servicing procedures vary considerably from site
to site. As an example, a single externally fused three-pole
disconnect used as a disconnecting means on a system with
only three PV output circuits renders the fuses safe for servicing. However, if the output of the disconnect is in parallel with other disconnects, then all the disconnects have to
be switched off in order to remove power from both ends of
the fuses being serviced. Note that some fused disconnects,
such as the Eaton Fusible Solar Switch, isolate a single fuse
between the poles of the disconnect. Opening the switch
removes power from both ends of the fuse regardless of
whether it is in parallel with other PV circuits.
690.31, “Wiring Methods Permitted”
Notable changes in this section relate to: PV Wire conduit fill
calculations, the use of metal-clad cable for dc PV circuits
inside a building, clearance between dc PV circuits and the
roof deck, and the marking and labeling of these circuits.
PV Wire. Section 690.31(B) has a new Informational
Note addressing Photovoltaic (PV) Wire, also known as PV
Cable. Because PV Wire has a nonstandard outside diameter, designers must consult NEC Chapter 9, Table 1 for
solarprofessional.com  |  S o l a r P r o                 79
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The new provision in
690.31(E) is a useful addition to
the 2011 Code. It allows Type MC
metal-clad cable to be used for dc
PV source or output circuits inside
a building prior to the first readily
accessible disconnect.
Metal-clad cable. The new provision in 690.31(E) is a useful addition to the 2011 Code. It allows Type MC metal-clad
cable to be used for dc PV source or output circuits inside a
building prior to the first readily accessible disconnect. The
use of metal raceways was already mandated for these circuits to provide additional physical and fire protection, as
well as a ground-fault path for these conductors since they
are at a high voltage potential whenever there is ambient
light. Type MC is not metal raceway, but it is now deemed
acceptable as long as it complies with 250.118(10), which
requires that it contain an equipment-grounding conductor or have a metal sheath listed as an equipment-grounding
means. Note that for circuits over 250 volts to ground, as
exist in nearly every grid-direct PV array, bonding bushings
or jumpers must be installed on metal raceways per 250.97.
Clearance beneath roof. Section 690.31(E) continues in
690.31(E)(1) to state that wiring must be installed more
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than 10 inches from roof decking or sheathing, if not directly
below the array. As explained in the accompanying Informational Note, this clearance is intended “to prevent accidental
damage from saws used by fire fighters for roof ventilation
during a structure fire.”
Marking and labeling. Sections 690.31(E)(3) and (4) cover the
new requirement that the label “PV Power Source” be applied
to exposed raceways, cable trays or other wiring methods,
pull boxes, junction boxes and conduit bodies that contain PV
power-source conductors. The label must be visible after installation, and it must appear every 10 feet and wherever the wiring
system is separated by floors, walls, ceilings or other barriers
to lines of sight. Gleason at Sun Light & Power notes that this
requirement will not always sit well with architects and building owners who want things to blend in and disappear. “If the
owner wants the exterior conduit painted, the required visible
labels will have to go on afterwards,” he says.
690.43, “Equipment Grounding”
Section 690.43 offers additional clarification on equipment
grounding, particularly as it applies to PV arrays. The majority of the 2011 section was contained in the previous version,
but now it has been broken out into a list of requirements (A)
through (F). Requirement (C) addresses the use of mounting structures—typically the mounting rails or a metal racking system—as the equipment-grounding conductor (EGC).
It specifically states: “Metallic mounting structures, other
than building steel, used for grounding purposes shall be
identified as equipment-grounding conductors or shall have
identified bonding jumpers or devices connected between
the separate metallic sections and shall be bonded to the
grounding system.” c o n t i n u e d o n pa g e 8 2
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calculating conduit fill, as specifications are not contained
in Informative Annex C. UL 4703 dictates the standards for
PV Wire, which has a wet rating of 90°C and a dry rating of
90°C to 150°C. PV Wire can have a 1,000 or 2,000 volt rating and is the only single conductor that can be used for PV
source circuits in ungrounded PV systems per 690.35(D).
Dimensions of insulated conductors can be found in
Chapter 9, Table 5, but you have to obtain specifications for
PV Wire from the manufacturer. Diameters are not standard,
and there are differences between various PV Wire brands,
as is obvious when consulting a few specification sheets.
Southwire PV Wire is listed for 600 V, 90°C wet or dry, and in
10 AWG has an outside diameter of 0.231 inches. AmerCable
also makes a USE-2/Type PV Cable conductor with the same
ratings but an outside diameter of 0.238 for 10 AWG and a
1,000 volt–rated PV Cable with an outside diameter of 0.282
inches for 10 AWG. A similar cable from Allied Wire and
Cable has an outside diameter of 0.288 inches.

Bonding jumper New language appearing in 690.43(C)
states that when mounting structures other than building steel
are used for grounding purposes, they must be identified as
equipment-grounding conductors or have bonding jumpers—like the WEEB bonding jumper shown here—installed
between sections.

AccelerAte
Your cAreer

David Ochoa

California Solar Engineering, Inc.

Distinguish Yourself
“Being a Certified Solar PV Installer can add an additional $15,000 a year
to your earnings with our company. I was impressed with the depth
and breath of the exam — the hardest I have taken since college.
NABCEP Certification certainly has differentiated me as an installer.”
Peter Parrish, Ph.D., President, California Solar Engineering, Inc.

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

www.nabcep.org
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Mechanical integration matters
While ac PV modules are specifically
exempted in the 2011 NEC from the
requirement to bond the dc grounding
system to the ac grounding system
[690.47(C)], microinverter systems—
like this Enphase installation in Austin,
TX—are not.

According to John Wiles of the Southwest Technology
Development Institute: “Many AHJs equate identified with
listed, since they do not rely on manufacturers doing the
identifying. Also, ‘identified for the purposes of use and
listed’ is written in many places in the Code.” It is no surprise
then that the two terms are easily conflated. To this end,
the new UL Standard 2703, “Rack Mounting Systems
and Clamping Devices for Flat-Plate Photovoltaic Modules and Panels,” is being developed, with the first outline
issued in October 2010. The scope of UL 2703 will pertain to
“bonding paths, mechanical strength and suitability of
materials only.”
Devices such as Wiley Electronics’ Washer Electrical
Equipment Bonding (WEEB) clips are already widely used to
meet 690.43(D), which requires identified devices to ground
module frames. However, the mechanical and thermal expansion characteristics of module racking systems make it difficult to create low-resistance, long-lasting bonds between the
rack components to which the modules are grounded. Rack
manufacturers may elect to have their equipment listed to the
forthcoming UL 2703. Alternately, listed equipment meeting
the requirements of 250.8(A), “Connection of Grounding and
Bonding Equipment,” and 250.102, “Bonding Conductors and
Jumpers,” will have to be installed.
690.47, “Grounding Electrode System”
As expected, this section underwent substantial changes,
both through addition and subtraction.
DC system requirements. Section 690.47(B) requires that
all dc PV systems have a grounding electrode system, regardless of whether the system has a dc grounded conductor.
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The 2011 Code added a provision for sizing and installing
a common grounding electrode conductor (GEC) and tap
conductors for systems with multiple inverters. According
to Holt’s Guide: “Section 690.47(B) has been revised to clarify
that a common grounding electrode conductor can be used
to ground multiple inverters. This concept isn’t new to the
Code, as similar provisions can be found in 250.30 for separately derived systems.”
The common GEC is the portion that runs directly to the
grounding electrode, and the tap conductors branch off from
the common GEC to the inverters. Taps must be connected to
the common GEC so that splices or joints are not introduced
to the common GEC. Note that 690.47(B) does not mandate that these connections be irreversible, just that listed
grounding and bonding equipment be used. Both the dc tap
conductors and the common GEC are sized in accordance
with 250.166. This Code section states that these GECs
shall not be smaller than the largest conductor supplied by
the dc system and never smaller than 8 AWG copper wire;
fortunately, a maximum size is also specified. Systems with
ground rods, pipes or plates only do not need a GEC larger
than 6 AWG copper, and for systems with concrete-encased
electrodes only the maximum size is 4 AWG copper. If using
8 AWG copper for grounding electrode tap conductors,
note that per 250.64(B) the conductor must be protected in
conduit, whereas a 6 AWG conductor can be run along the
surface of a building without other protection as long as it
is not exposed to physical damage. Using 6 AWG copper
conductors for all taps and the common GEC on systems
with ground rods only is a straightforward way to comply
with these sizing provisions. c o n t i n u e d o n pa g e 8 4
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Code Red
OPTION 1: Separate but bonded dc and ac
grounding electrodes [690.47(C)(1)]
Main panel
OPTION 1: Separate but bonded dc and ac
grounding electrodes [690.47(C)(1)]

Systems with ac and dc requirements. Section 690.47(C) has
changed extensively over the past few Code cycles. It covers
the requirements for grounding electrode systems for PV
systems with both ac and dc circuits, where there is no direct
connection between the ac and dc grounded conductors. A
connection between dc and ac grounded conductors happens via the installation of the grounding electrode system,
but generally does not exist otherwise.
The National Fire Protection Association (NFPA) Report of
Proposals details the 2011 change and substantiation submitted by John Wiles, explaining that the 2008 NEC did not require
the ac and dc grounding systems to be bonded together; in
addition, the 2008 Code outlined only one method for bonding,
which was not applicable to all PV systems. The 2011 NEC clarifies the mandate to bond ac and dc grounding systems. It also
clearly presents three acceptable methods to accomplish this,
which are outlined in 690.47(C)(1) through (3).
Separate but bonded. The first acceptable method
(Option 1 in Diagram 1), in 690.47(C)(1), is to install separate dc and ac grounding electrodes that are bonded
together. Article 250, Part III covers the requirements for
grounding electrode systems and conductors, and several
of these sections are relevant to this methodology. Section
250.53(3)(B) mandates that multiple grounding electrodes
be greater than 6 feet apart. Section 250.53(3)(C) details
requirements for bonding jumpers—the conductor that
connects the grounding electrodes—including sizing this
jumper per 250.66.
Common grounding electrode system. The second approved
method (Option 2 in Diagram 1), in 690.47(C)(2), is to
terminate both the ac and dc GECs on one common grounding electrode. Both the dc and ac GEC must be continuous
and follow the requirements of 250.64(C). Also note that
250.70 lists the acceptable methods for connecting multiple GECs to the electrode. For example, if a single clamp
is used, it must be listed for multiple conductors. If the PV
system is being retrofitted into existing construction and
the electrode itself is not accessible—as with a Ufer ground,
for instance—250.64(C)(1) allows the use of an irreversible
crimp connection or exothermic weld to connect the dc GEC
to an accessible portion of the ac GEC.
Combined dc GEC and ac EGC. The third method (Option 3 in
Diagram 1) allowed for bonding the ac and dc grounding electrode system, in 690.47(C)(3), is straightforward but requires
attention to detail. In this method, the dc GEC is the same
conductor as the ac EGC. It is landed at the terminal intended
for the dc grounding electrode conductor in the inverter. The
Code specifically allows this dc GEC to be terminated on the
grounding busbar in associated ac equipment and not on the
grounding electrode as is typically the case for GECs. However, the conductor must be continuous and connections to
it—such as an equipment ground in an ac disconnect—must
84
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Main
panel
OPTION 1: Separate but bonded
dc and
ac
grounding electrodes [690.47(C)(1)]
Main panel

OPTION 2: Common dc and ac grounding
electrodes [690.47(C)(2)]
Main panel
OPTION 2: Common dc and ac grounding
electrodes [690.47(C)(2)]
panel
OPTION 2: Common dc and ac Main
grounding
electrodes [690.47(C)(2)]
Main panel

OPTION 3: Combined dc GEC and ac EGC
[690.47(C)(3)]
Main panel
OPTION 3: Combined dc GEC and ac EGC
[690.47(C)(3)]
Main
OPTION 3: Combined dc GEC and
acpanel
EGC
[690.47(C)(3)]
Main panel

Diagram 1 Because the ac and dc sides of a PV system are
usually electrically isolated by a transformer, two separate
grounding systems must be installed. The three approved
methods for bonding these separate grounding systems
together are illustrated here.

be irreversibly spliced as the conductor cannot be broken and
landed on busbars as per 250.64(C).
If using this third method, note that per 250.166 the minimum size for the dc GEC is 8 AWG copper, in many cases larger
than what is required for the ac EGC per 250.122. The conductor, fulfilling two roles, must be the larger of the two sizes that
would be required. Also note that solid bare conductors larger
than 10 AWG are not allowed in conduit per 310.106(C).
In addition, Holt’s Guide notes: “To prevent inductive
choking of grounding electrode conductors, ferrous raceways and enclosures containing grounding electrode conductors must have each end of the raceway or enclosure
bonded to the grounding electrode conductor in accordance with 250.92(B) [250.64(E)]. Nonferrous metal raceways, such as aluminum rigid metal conduit, enclosing the
grounding electrode conductor aren’t required to meet the
‘bonding each end of the raceway to the grounding electrode conductor‘ provisions of this section.” The Guide adds
in a cautionary note: ”A single conductor carrying highfrequency induced lightning current in a ferrous raceway
causes the raceway to act as an inductor, which severely
limits (chokes) the current flow through the grounding electrode conductor. ANSI/IEEE 142, Recommended

Practice for Grounding of Industrial and Commercial Power
Systems (also known as the IEEE Green Book) states: ‘An
inductive choke can reduce the current flow by 97%.’” To
avoid this problem without installing bonding bushings,
Holt’s Guide advises that it is probably easiest to install a
combined GEC/EGC in PVC conduit.
Additional electrodes. The 690.47(D) requirement for additional electrodes for array grounding has been removed from
the 2011 NEC. Holt’s Guide notes: “This requirement was
added in the 2008 edition and was intended to be optional.
The Code language that was used, however, made it mandatory. By removing the rule altogether, it’s still optional, but
now isn’t mandatory.”
690.64, “Point of Connection”
Another notable disappearance in NEC 2011 is the text previously found in Section 690.64. While it may be gone, it is not
to be forgotten. In fact, it has simply moved, along with some
other sections, as discussed below.

Interconnected Electric Power Sources

Article 705 contains the general requirements for connecting
any electric power production source operating in parallel
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Exception to the 120% rule Interconnection breakers for
utility-interactive battery-based inverters are usually sized
to accommodate ac pass-through current for battery charging. For example, the SMA Sunny Island 4248-US typically
interconnects via a 70 A single-pole breaker, even though its
maximum continuous output current is 35 A. An Exception to
705.12(D)(2)—previously 690.64(B)(2)—clarifies that 125% of
the rated utility-interactive current from the inverter is to be
used for interconnection evaluation and design purposes and
not the rating of the breaker.

with the utility. Brooks explains why so much content was
moved from Article 690 to 705: “The grid-connected ac side
of a PV system is no different from any other inverter-based
generator. Until recently, PV inverters were the predominant
source for these inverters. Although this is still the case, fuel
cells, micro-turbines and other distributed generators are
also becoming more popular. It became logical to put the
requirements in one location rather than repeating the information in numerous sections. Article 705, ‘Interconnected
Electric Power Production Sources,’ is the logical place to put
this information.”
There are few noteworthy changes in the content that
moved to Article 705. Some sections were moved with minor
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wording modifications, others with no changes. There are
even some sections that are duplicated in 690 and 705. All
of this is intentional, according to Brooks: “The 2008 NEC
copied 690.64(B) into 705.12(D) in preparation for making
the transition in the 2011 NEC in which 690.64(B) now has
been deleted with only a reference to 705.12(D). The same
was done for 690.63, ‘Unbalanced Interconnections,’ being
moved to 705.100.”
Maximum interconnection. A much-needed addition to the
2011 Code, Section 705.12 defines the size limits of parallel
production sources on the supply side of a service (or, by logical extension, on the load side): “The sum of the ratings of
all overcurrent devices connected to the power production
sources shall not exceed the rating of the service.” For example, a 400 A service could not have a combination of PV and
wind generators that exceeded 400 A of interconnected overcurrent devices. The generators’ overcurrent devices would
be sized according to 705.60. Holt’s Guide notes, “Although
common sense seems to indicate that the production equipment shouldn’t exceed the rating of the service, there wasn’t
a rule that gave such guidance.” Now there is.
Neutral conductor ampacity. Section 705.95(B) is an addition
to the 2011 NEC that allows downsizing the neutral conductor
if it does not carry current but is used only for instrumentation, voltage or phase detection. The neutral conductor must
still in all cases be at least as large as the EGC. This allows
potential cost savings on large commercial installations.
However, note that inverter manuals may require a minimum
gauge output wire, which would take precedence over this
allowance per 110.3(B).
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An Experienced Perspective

Geoff and Michelle Greenfield,
Third Sun Solar
Growing an Integration Team from the Ground Up
hird Sun Solar has been operating
in the Midwest since 1997. Over
the past 13 years, the integrator company has grown from a one-man shop
to a full-service PV project provider
with 28 full-time employees. Geoff
Greenfield, the company’s founder,
co-owner and president, has an MA in
international development with a focus
on project administration from Ohio
University. Geoff was a member of the
inaugural NABCEP Solar PV Installer
certification in 2003 and renewed
his certification in 2006 and 2009.
Co-owner Michelle Greenfield currently serves as the CEO of Third Sun.
Michelle has a BS in business administration from Miami University and an
MA from Ohio University in international economic development, with a
focus on small business.
SP: Third Sun started out of a home
office in Athens, Ohio, and now has three
additional regional offices. When were the
satellite offices opened, and what advice
do you have for integrators contemplating
setting up shop in new sales regions?

MG: We opened our Cincinnati office
in 2007, followed by Columbus in 2009
and Cleveland in 2010. We were doing a
lot of projects in these areas. As activity
increased, we decided we were ready
to invest in a dedicated staff person
in each of those locales. Hiring people
who are networked within the local
community is critical, and having them
operate out of home offices helps to
keep overhead low.
GG: A large part of our success in opening new offices was the result of finding
the right people—folks with talent, technical ability and a good cultural fit with
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the company.
Staff working
from homebased satellite
offices are very
independent
and must be
self-motivated
and missiondriven if they
are to succeed.
SP: How does
Third Sun
handle product
warehousing
and coordination
between service
regions?

MG: When
Geoff and Michelle Greenfield, co-owners of Third Sun Solar,
we were doing
have built a model photovoltaic integration business. In 2010,
smaller jobs,
Third Sun Solar installed Ohio’s largest rooftop array at the Akron
we took equipMetro Regional Transit Authority.
ment delivery
at our warepiece is just one part of overall projhouse in Athens and loaded trailers to
deliver it to the job site when the project ect management, though. Our project
managers get to know their regions or
commenced. As the jobs have gotten
cities. They work closely with our sales
larger, we now ship equipment directly
representatives and develop close relato job sites, if they can accommodate
tionships with inspectors, suppliers and
it, or ship to local material-handling
various subcontractors.
warehouses.
GG: In addition to project equipment,
we also have specialized tools, safety
SP: As well-managed small integration
firms grow, there’s often a critical point
equipment and even techs with differthat facilitates rapid expansion. Did Third
ent specialties who are scheduled for
Sun experience such a pivotal point or has
different roles at different phases of a
growth been a more organic process?
given project. We use a combination
of UPS, freight and hand delivery. We
MG: Growth for us has been very
have a warehouse manager focused on
organic. We have internally funded our
logistics coordination. It is certainly one
expansion, with help from an operating
of the least understood but key parts of
line of credit from a local bank. We also
smooth project delivery. The logistics
have been focused c o n t i n u ed o n pa g e 9 0
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S

The key word is differentiation. Leave
the marketing clichés at home and
think hard about what truly makes
your business different.

on doing the financial part of our
business well. We are a trusted
customer to our vendors. We
always pay our bills on time, and
we have been very successful at
performing our job as a contractor and getting paid by our
customers on time. These factors
have helped us to maintain cash
flow for operations and growth.
GG: A turning point came a few years
back when I made a few hires and
discovered that working through other
people led to better outcomes. It’s not
simply that I found people better and
smarter than me, but that by spreading the load and focusing on our
own particular areas we are all more
effective. At our core, the mission is
to accelerate the shift to clean energy.
Focusing on that helped Michelle
and me to realize that when we were
becoming choke points in the organization it was time to add capacity.
That realization has really helped both
volume and quality and allowed us to
bring great people onboard.
SP: Over the past several years, numerous small integrators have been sold to
national integration companies. Do you
feel pressure to follow suit in order to stay
competitive in today’s more consolidated
integrator landscape?

GG: Some of the difficulties of integrating different companies—including
cultures, brands and systems—more
than offset the sought-after benefits,
which are primarily a lower cost structure through economies of scale. I talk
with my longtime industry peers about
this on a regular basis, and we share a
concern that some of the venture capital
investors’ focus on a short-term payout—instead of on long-term customer,
employee and company success—may
lead to problems for the whole industry.
Time will tell.
SP: Four members of Third Sun’s team are
NABCEP Certified Solar PV Installers. How
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important is certification to your company?
Does Third Sun give employees incentives
to seek certification?

MG: It is critical that our qualityoriented company has people who are
experienced, knowledgeable and certified. Achieving NABCEP certification is
one tool that helps our staff to design
and install systems that are safe, highperforming and make our customers
happy for many decades.
GG: Three additional employees are
sitting for the next test, and our senior
project developer will be sitting for
the new technical sales certification. I
think the primary motivation is pride
in his or her craft, but we also pay for
training and for the test itself, and we
offer a raise to anyone who receives
NABCEP certification.
SP: What are the current module lines that
Third Sun deploys, and how did you settle
on these products?

GG: Over the years, we have used a ton
of different modules. We are always on
the lookout for the ideal module for
a specific project or application. The
primary criteria in module selection
are our confidence in quality, long-term
performance and the stability of the
company behind the warranty. It is an
increasingly crowded and often misleading marketplace. One of the things our
customers count on us for is to use our
knowledge to make an informed selection for their project goals. Right now we
are mostly installing Kyocera, Sharp and
SunPower products.
SP: Do you consistently specify one module brand in any specific market?

GG: Not always, but there are trends. We

have been using a lot of Sharp modules
this year, and not just because they
are great panels. We have done a lot of
stimulus projects, and Sharp modules
are made in America. With residential
and some commercial projects, we
often can best serve a customer with
SunPower modules, as their incredible
energy density allows us to pack the
most PV onto the roof while staying out
of shaded areas.
SP: Do you try to minimize the number of
manufacturers you work with, or do you
see an advantage to working with a wide
range of equipment?

MG: We have been limiting the number
of manufacturers for a couple of reasons.
First, we feel that we can get a more solid
partnership with a manufacturer when
we can guarantee a larger volume. That
can translate into better pricing, firmer
shipping dates and more favorable
terms. Second, using the same brands
over and over can facilitate greater
efficiencies during installation. This has
been especially true with racking systems, which can vary greatly in complexity. We don’t want the crews to have to
learn a new system every time they are
up on a new roof.
GG: That said, we have been through
some supply-constrained periods and
like to have plenty of flexibility to help
us keep projects on schedule. There are
also special solutions for special projects, and we are happy to have plenty of
technologies in our quiver to be able to
best meet a customer’s requirements.
I hate seeing unhappy customers who
were sold something based on what best
served the installer instead of what they
truly needed.
SP: What successful approaches has
Third Sun developed to differentiate its
services from other integrators?

MG: We often point to the fact that we
have installed nearly 300 systems over
the last 13 years. We have been around
for a long time, have c o n t i n u ed o n pa g e 9 2

DO YOU REALLY UNDERSTAND
THE NEC’s PV REQUIREMENTS?
With over 35 years dedicated to NEC education and publishing, veteran trainer Mike Holt
now focuses his expertise on the needs of PV system designers, installers, and engineers.
Introducing Understanding NEC Requirements for Solar Photovoltaic Systems, the solar
industry’s first training text entirely devoted to code compliance.

For electricians nationwide, the name Mike Holt has
long been synonmyous with top-notch, Code-focused
electrical training and publishing. Both he and this new
book are exceptional resources upon which the solar
technology workforce can now rely to improve the
code compliance, safety and performance
of PV systems.
Bill Brooks, Principal
Brooks Engineering
SolarPro is proud to get behind this
exceptional new technical training guide,
published to the same high standards of
quality and accuracy our readers have
come to expect.
Joe Schwartz, Publisher
SolarPro Magazine

Get 25% off when you
order in the next 30 days!
Book Only • $36 (with discount code PRO11)
Book & DVD Set • $148.50 (with discount code PRO11)
User-Friendly Layouts & Features
• Detailed instructional illustrations supplement
plainly-written text.
• Colored frames identify special sections that
expand on important concepts.
• Examples and practical application questions
and answers are highlighted with a colored
background.
• Illustrations that include 2011 Code changes are
called out with a green border and special icon.

MIKE HOLT
TM

Enterprises, Inc.

1.888.NEC.CODE • www.MikeHolt.com

“...as for me and my house, we will serve the Lord.” [Joshua 24:15]

For more information or to order, visit
mikeholt.com/solar
or call 1.888.NEC.CODE

Interview

Co ur te sy T hi rd Sun So l a r

solar?” instead of “Why use
Third Sun?”).
SP: How does Third Sun balance efforts to sell large commercial versus residential or
small commercial systems?

MG: The Ohio state rebate
program has largely driven
this. The basis of our business for many years was
residential. But over the last
Growing success Actively and intentionally working 2 years, the business and
institutional grant program,
through other people has enabled the Greenfields
the federal tax credit and the
to expand their team to 28 full-time employees,
SREC market have made the
operating in four distinct service territories.
financials more favorable
experimented with various types of
for nonresidential projects.
equipment and really know what
The residential grant program changed
works and what doesn’t. We point out
structure in 2009 and the process slowed
to customers that they are making a
considerably. In 2010, we saw huge
30–40 year investment. Do they want a
growth in the institutional customer
company that is a start-up and workbase due to federal stimulus projects.
We have gotten really good at deploying
ing on maybe their tenth or twentieth
system, or do they want a company that much larger projects around the state.
We still love doing residential systems,
has a long history, that will be around
though. It’s so satisfying for our crews to
for many years to come and that can
be working with great homeowners who
deliver a well-designed system?
are really excited to go solar.
GG: I would add only that the key
GG: Diversity is a good thing, and while
word is differentiation. Leave the
it is tempting to shift focus toward
marketing clichés at home and think
larger systems, residential and smaller
hard about what truly makes your
systems help with cash flow, schedulbusiness different.
ing and marketing via word of mouth.
Some other integrators divide the sales
SP: Do you advertise your services or rely
primarily on word-of-mouth referrals?
function by customer class, perhaps to
MG: Our marketing has long been word
make sure smaller projects aren’t lost in
of mouth, with limited and very targeted the shadows of big ones, but we aren’t at
advertising in addition. We have adverthat point yet.
tised in the publication of Green Energy
Ohio, our statewide ASES chapter. We
SP: Does Third Sun offer training for
facility operators or standard maintenance
also participate in conferences and eduservices?
cational opportunities. In addition, we
have done a lot of public relations work
GG: We think this is a growing opporand have been very successful at getting
tunity as more and more systems come
press attention for our projects.
online. While we provide occasional serGG: No amount of paid advertising is as
vice as needed, we have only done a limeffective as a referral from a pleased and
ited amount of maintenance contracts
enthusiastic customer. I think we are
and are looking hard at how this might
still in an emerging market where much
serve the customer. We are planning
of our activity is educational (“Why go
to roll out a suite of service packages.
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Clearly, the HVAC and electrical contractors have come up with profitable
approaches to maintenance plans. With
an emphasis on uptime and reliability
driven by performance-based incentives
and RECs, this will be more important to
the PV industry.
SP: On large projects, do you subcontract
installation services, or does your in-house
team have a deep enough bench?

GG: For the Akron project—Ohio’s largest rooftop array—and several others, we
decided to augment our own resources
with local electrical contractors. We
managed the project with an on-site,
NABCEP-certified project manager
and provided the design, procurement,
logistics, training, quality control, commissioning and data system installation. There are pluses and minuses to
this approach, and we gave up some
margin. However, it was a great year, and
working with subs on an expanded basis
allowed us to deliver more solar overall.
SP: What is the single piece of advice
you would offer a small integrator striving
to grow?

MG: You really need to believe in what
you do, that solar power is the way to
go and will make this world a better
place. You need this belief in your product and industry to remain committed and willing to put in long hours to
make your company what it needs to be
to go after larger projects, to grow and
to manage a larger stable of employees.
It’s hard work!
GG: I would say that learning to work
through others has been the single
greatest factor in making the transition.
It begins with admitting that you can’t
do it all and finding people who are
better than you to join the party. It’s a
bit scary to hand over responsibility and
potentially risk your reputation. Sometimes it can be a bumpy ride, but it’s
been worth it. I wish I had learned the
magic of synergy and trust much earlier
in our business.

Educate.
Innovate.
Activate.
The Northeast/Mid-Atlantic region represents one of the
strongest U.S. markets for current PV installations and one
of the most promising for projected growth. PV America
2011 will attract nearly 3,000 buyers, technology experts
and industry leaders. Educate yourself and your team
on the latest PV technologies and public incentives.
Innovate throughout your business by connecting with
exhibitors showcasing the latest products and services.
Then Activate your new knowledge and partnerships
to make the most of solar power.

View Conference Sessions
and Register Today!

An SPI Regional Event
PRESEN T E D

B Y:

April 3 – 5, 2011
Pennsylvania Convention Center
Philadelphia, PA
www.pvamericaexpo.com

Training

Continuing Education for the Pro

For additional training opportunities and course details, visit solarprofessional.com/training.

Arizona
Hands-on Solar
Installation Lab
eRenewable Resource Institute
April 1 – April 3
April 22 – April 24
May 20 – May 22
Phoenix
erenewableresource.com
Advanced PV Design &
Compliance
eRenewable Resource Institute
April 18 – April 22
Phoenix
erenewableresource.com
Grid-Direct PV Design &
Installation
Solar Energy International
April 18 – April 23
Tucson
solarenergy.org
California
SolarEdge KnowlEdge Center
SolarEdge
April 8
San Diego
solaredge.com
AutoCAD for Solar
Solar Living Institute
April 9 – April 10
San Mateo
solarliving.org
PV Design & Installation
Intensive
Solar Living Institute
April 28 – May 1
Ukiah
solarliving.org
Colorado
Grid-Direct PV Lab Week
Solar Energy International
April 25 – April 29
Paonia
solarenergy.org

Solar Hot Water Design &
Installation
Solar Energy International
May 16 – May 20
Carbondale
solarenergy.org
Florida
Intro to Solar Thermal
Solar Source Institute
April 6 – April 8
Winter Haven
solarsource.net
Advanced PV Installation
US Solar Institute
April 18 – April 22
Fort Lauderdale
ussolarinstitute.com
Georgia
PV Design & Installation
Solairgen
April 4 – April 8
Dahlonega
solairgen.com

Pennsylvania

Commercial PV Installer
Training Summit
SunWize Technologies
April 12 – April 14
Atlantic City
sunwize.com

Entry Level PV Design
& Installation
Infinite Solar
April 18 – April 22
Philadelphia
solarschoolpa.com

New York

Solar PV Design &
Installation
Electric Education Center
May 9 – May 13
Bensalem
electriceducationcenter.com

PV Installer’s Course
Ulster BOCES
April 4 – May 9
Port Ewen
ulsterboces.org
Basic PV Design &
Installation
Electrical Training Center of L.I.
April 18 – May 21
Copiague
electricaltrainingcenterli.com
PV & the NEC
Ulster BOCES
May 21
Port Ewen
ulsterboces.org

Advanced PV Analysis &
Design
Solairgen
April 18 – April 20
Dahlonega
solairgen.com

BIPV
Ulster BOCES
May 23 – May 25
Port Ewen
ulsterboces.org

Illinois

North Carolina

Basic PV
Midwest Renewable Energy
Association
April 16
Chicago
midwestrenew.org

PV Installation Training
UL University
April 4 – April 8
May 2 – May 6
Research Triangle Park
uluniversity.us

Massachusetts

Ohio

Intermediate PV Design &
Installation
altE University
May 4 – May 6
Hudson
altestore.com/classes

Advanced PV Design &
Installation
Post or view professional
altE University
trainings online at:
May 9 – May 13
solarprofessional.com/training
Hudson
altestore.com/classes
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Solar Domestic Hot Water
for Installers
altE University
April 4 – April 5
Columbus
altestore.com/classes

Texas
Advanced PV System
Installation
ImagineSolar
April 2 – April 3
Austin
imaginesolar.com
PV Installer Training
ONtility—Collin College
April 4 – April 8
Plano
ONtility.com
Utah
Grid-Direct PV Design &
Installation
Solar Energy International
April 4 – April 8
Salt Lake City
solarenergy.org
Advanced PV Systems
Salt Lake Community College
April 5 – May 12
Salt Lake City
slcccontinuinged.com/solar
Grid Direct Design
and the NEC
Solar Energy International
April 11 – April 15
Salt Lake City
solarenergy.org
Washington
Battery-Based PV Design
Solar Energy International
April 4 – April 9
Guemes Island
solarenergy.org

Solar Hot Water Design &
Installation
Solar Energy International
April 11 – April 15
Guemes Island
solarenergy.org
Basic PV
Midwest Renewable Energy
Association
April 8
Custer
midwestrenew.org
Wisconsin
Applying Chilled Beam,
Solar and Radiant Design
Technologies
University of WisconsinMadison
April 12 – April 14
Madison
epd.engr.wisc.edu
Basic PV
Midwest Renewable Energy
Association
April 2
May 20
Milwaukee
midwestrenew.org
Online
Allied American University
allied.edu
Allied Schools
training4green.com
ONtility
ontility.com
Solar Energy International
solarenergy.org
Solar Living Institute
solarliving.org
Solar Training School
solartrainingschool.com
Step Up Education
solarclassesonline.com
Sun Pirate
sunpirate.com

Grab your opportunity. Make plans today.
Act now to participate in SOLAR 2011,
the premier technical conference for
solar energy and energy eﬃciency
professionals in the U.S. There is no
better way to begin or continue your
professional education in solar energy
than the National Solar Conference!

For more information visit
www.nationalsolarconference.org
Presented by American Solar Energy Society
with North Carolina Sustainable Energy Association

May 17 – 21, 2011 • Raleigh, North Carolina

Projects

System Profiles

CUPERTINO ELECTRIC INC.

Southern California Edison
Overview
DESIGNER: Gene Vanderford, PE,

principal, Lewis Ross Associates,
lewisrossassociates.com
PROJECT MANAGER: Meisa Kassis,

LEED AP, construction project manager, Cupertino Electric Inc., cei.com
DATE COMMISSIONED:

December 2010
INSTALLATION TIME FRAME: 50 days
LOCATION: Porterville, CA, 36°N
AVERAGE SOLAR RESOURCE:
Courtesy Michael Crawley (4)

5.65 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per solarabcs.org/permitting/map:
100°F / 28°F
ARRAY CAPACITY: 6.77 MW
AVERAGE ANNUAL AC PRODUCTION:

9,730 MWh

Equipment Specifications
MODULES: 29,428 Trina TSM-

230PA05, 230 W STC, +3%/-3%,
7.66 Imp, 30.0 Vmp, 8.18 Isc, 37.0 Voc
INVERTERS: 3-phase, 208 Vac ser-

vice, 10 Satcon PowerGate Plus 500,
500 kW, 600 Vdc maximum input,
333–600 Vdc max MPPT range

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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S

outhern California Edison (SCE) is
one of the nation’s largest electric
utilities serving nearly 14 million people
in central, coastal and southern California. In 2008, SCE launched a 250 MW
solar initiative. To help achieve some of
SCE’s solar goals, Cupertino Electric Inc.
(CEI) constructed a 6.77 MW solar farm
in Porterville, California.
Given the size and scope of the
project, it would normally have taken
5–6 months to complete. Yet it was completed in an unprecedented 50 days to
allow SCE to meet its renewable portfolio
standard goals associated with its 250
MW initiative. Despite the project’s fasttrack status—requiring around-the-clock
labor—there were no injuries on the job
site that required days away.
The site was already zoned for
industrial use, which eliminated any
land-use issues and significantly helped
to complete the project in a short time

frame. The ground conditions at the site
presented some unique challenges
when it came to implementing the piledriven pole design for the Schletter preengineered and prefabricated racking
system, however. The hard soil was difficult to penetrate. CEI had to increase the
manpower and number of pile-driving
machines at the project to get the poles
driven without pushing back the completion date.
Under SCE’s direction, Lewis Ross
Associates determined the array’s
electrical design. In the array field, SCE
utilized Shoals combiner boxes with 15
strings per combiner. To accommodate
the number of strings and combiner
boxes at the array, CEI installed two
Shoals-fused recombiner cabinets at
each inverter. The cabinets each have
eight 200 A fused disconnects, allowing
the PV output circuits to transition into
two PV input circuits.

The project consists of 10 inverters
with output voltages of 208 Vac each,
which are fed directly into step-up transformers that boost the voltage to 12 kV
for utility interconnection. Each inverter
and step-up transformer is installed on
a 14-by-25-foot pad near the array. The
installation has two circuits for interconnection to help reduce conductor costs
on the high-voltage side. Each circuit
consists of five transformers wired in
an open-loop configuration. The open
loop allows the transformers to share
service conductors, eliminating the need
for homerun feeders from the main

switchgear to individual transformers.
This has the upside of reducing conductor
and associated disconnect requirements.
Due to the open-loop wiring design, all
downstream transformers and inverters
must be disconnected when one inverter
is disconnected for maintenance.

“This large-scale project required an
immense amount of coordination, attention to detail and focus on safety. Our
successful history of first-of-their-kind,
fast-track projects enabled us to approach
this project with innovative solutions to
maximize efficiency and safety in engineering, procurement and construction.”

—Meisa Kassis, CEI

ARRAY: 14 modules per source circuit
(3,220 W, 7.66 Imp, 420 Vmp, 8.18 Isc,
518 Voc), 15 source circuits per
combiner box (48.3 kW, 114.9 Imp,
420 Vmp, 122.7 Isc, 518 Voc); 210
source circuits per inverter typical
(676.2 kW, 1,608.6 Imp, 420 Vmp,
1,717.8 Isc, 518 Voc)
ARRAY COMBINERS: 147 Shoals

combiner boxes, 15 A fuses; 2 Shoals
recombiners per inverter (20 total),
each with 8 fused 200 A disconnects
ARRAY INSTALLATION: Schletter fixed
tilt, ground-mount racking system,
180° azimuth, 25° tilt
SYSTEM MONITORING: Southern

California Edison custom monitoring
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Independently published since 1987, Home Power magazine brings SolarPro’s same high standard of
technically rich coverage to the complete range of residential-scale renewable energy and building technologies. Whether your interests are professional or personal, on-grid or off, Home Power helps you make informed
decisions about home energy use. Every issue features how-to instruction, buyers guide’s, project profiles,
technical diagrams, and detailed illustrations. Print-edition subscriptions include download access to digital
counterparts, an online database of more than 2,000 articles and the most-recent 18 back issues in PDF.
Subscribe, learn more, or download a sample issue at homepower.com

40% Off
for SolarPro
Readers

Bulk
Subscription
Discount

A subscription to Home Power gives you the latest information on the residential PV market and keeps you informed of
other technology innovations that impact your personal energy
decisions. SolarPro readers save $10 on regular subscription
and renewal prices.

Home Power is a well-rounded educational resource for your
customers and your entire staff. Order 10 or more subscriptions for the bulk price of $10 each (U.S. addresses only). A
value-add for clients and a perk for your team. For details,
email anytime or call M–F, 8AM–4PM Pacific.

6 Issues/$14.95 (U.S.) • Code: SPPRNT
homepower.com/subscribe

6 Issues/$10 (U.S.) • Min. order qty: 10
800.707.6585 • subscription@homepower.com
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Allied Moulded Products
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midwest renewable
energy association
Custer Office: 715-592-6595, info@midwestrenew.org
Milwaukee Office: 414-431-0758, mke@midwestrenew.org

www.midwestrenew.org

solarprofessional.com  |  S o l a r P r o                 99

Projects
LIGHTHOUSE SOLAR

Special Transit
Overview
DESIGNER: Geoff Manchester,

VP of operations, Lighthouse Solar,
lighthousesolar.com
LEAD INSTALLER: Brandon Bell, field
supervisor, Lighthouse Solar
DATE COMMISSIONED:

December 2010
Courtesy Lighthouse Solar (2)

INSTALLATION TIME FRAME: 17 days
LOCATION: Boulder, CO, 40.02°N
SOLAR RESOURCE: 5.04 kWh/m2/day
HIGH/LOW DESIGN TEMPERATURES:

per solarabcs.org/permitting/map:
93.2°F/-13°F
ARRAY CAPACITY: 97.2 kW STC
ANNUAL AC PRODUCTION:

127,971 kWh

Equipment Specifications
MODULES: 341 Lumos LS285, 285 W

STC, +/-3%, 7.99 Imp, 35.7 Vmp, 8.59
Isc, 44.4 Voc
INVERTER: 3-phase, 277/480 Vac

service, one PV Powered PVP100kW,
100 kW, 600 Vdc maximum input,
295-500 Vdc MPPT range
ARRAY: 11 modules per source circuit
(3,135 W, 7.99 Imp, 392.7 Vmp, 8.59
Isc, 488.4 Voc), five combiners with
5 circuits each (15.68 kW, 39.95 Imp,
392.7 Vmp, 42.95 Isc, 488.4 Voc),
one combiner with 6 circuits (18.81
kW, 47.94 Imp, 392.7 Vmp, 51.54 Isc,
488.4 Voc), PV output circuits connected to five 70 A and one 90 A fuses
at inverter’s integrated subcombiner
SOURCE CIRCUIT COMBINERS: Six

OutBack FWPV-8, 15 A fuses
ARRAY INSTALLATION: Flushmounted Lumos PowerMount racking
with S5! clamps, 24-gauge standing
seam roof with 18-inch seam spacing,
180° azimuth, 10° tilt
SYSTEM MONITORING: Lightgauge

energy production and building consumption monitoring
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pecial Transit is a nonprofit organiS
zation in Boulder County, Colorado,
that provides transportation to disabled

individuals and also maintains the
Regional Transit District fleet. During the
planning stages for its new facility, Special
Transit contacted Lighthouse Solar to
discuss a power purchase agreement that
would allow the organization to install a
PV system without paying for it up-front.
The resulting agreement enabled Special
Transit to lock in its electricity rate for a
20-year term and take advantage of tax
benefits that it would have forfeited by
purchasing the system outright.
The array was designed to fit on two
south-facing roofs. The larger of the two
arrays was configured to avoid shading
from the building’s second story to the
east of the array. S5! clamps were used to
secure Lumos PowerMount racking to
the building’s standing seam metal roof.
The racking system features an integrated wireway that keeps array cabling
contained and off the roof. It also saves
installation time, since no cable clamps
or zip ties are required. Both the LS285
module frames and the PowerMount
racking feature black anodized finishes.
The PV Powered PVP100kW inverter is

located inside the building, in a vented
room, to protect it from the elements
and moderate operating temperatures.
The inverter is interconnected via a
150 A backfed breaker in the switchgear.

“Special Transit’s building sets new
standards for energy efficiency for
service facilities. The nonprofit’s forward
thinking will result in significant savings
in operating costs over the 20-year term
of the PPA.”

—Geoff Manchester, Lighthouse Solar

SOLAR DEPOT

TWO SOLAR POWERHOUSES
BECOMING ONE.

I am pleased to announce on February 1, 2011, DC Power Systems and Solar Depot, two strong, trusted names in
renewable energy, completed the first step in our consolidation. The boards of both companies, along with ITOCHU,
our ultimate parent company, agreed to begin our journey toward full integration by placing both companies under
common ownership and management. Our combined companies will be the largest, most diverse renewable energy
distributor in the Americas, carrying more products, more technologies and offering more services than any other
renewable energy distributor operating in this hemisphere.
Throughout the upcoming months, you’ll gradually see changes as we integrate our operations. Until then, it’s business
as usual for you. In some ways we will continue to operate as two separate distributors under one holding company.
You will continue to receive quotes and place your orders as you always have, speaking to the same sales and customer
service people you have always relied upon. Simultaneously, we’ll be working hard behind the scenes to integrate our
policies and practices to create best-in-class warehousing, shipping and back-office operations.
Integrating two established distribution companies will take time. As we complete the process, we will stay true to the
values that have shaped both DC Power and Solar Depot: focusing on the basics of great customer service, quality
products, fair prices, abundant value-added services and a corporate culture built on working together. On behalf of
all of my coworkers, thanks for choosing us today.
Kevin Shimokobe
CEO
DC Power Systems and Solar Depot LLC

www.dcpower-systems.com | 800-967-6417 & www.solardepot.com | 800-822-4041






 
 















   
 








   

 
 

 

 











 






  



 

 

  



 





     
     
  

 

