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18 Pitched-Roof Array Layout for  
  Fire Code Compliance 

The latest fire code editions include requirements 
pertaining to array layout on single- and two-unit 
residential dwellings that could have far-reaching 
implications for pitched-roof PV installations. This 
article provides background on the IFC and NFPA 1, 
the process that added PV system requirements to 
these codes, and how proactive engagement with 
AHJs can help minimize the disruptive 
potential of these new requirements.
BY FORTUNAT MUELLER, PE 

34  Quantifying  
  Shading’s  
  Economic Impact 

Project developers and 
engineering firms typically 
approach array shading accord-
ing to rules of thumb that are 
based on low tolerance for shade or 
that seek to avoid it altogether. While 
it seems prudent to avoid array shading, an 
overconservative design approach may cost system 
owners and developers money. So how much shad-
ing can designers tolerate before the energy losses 
become a problem? The answer may surprise you.
BY PAUL GRANA AND PAUL GIBBS 

50  Code Considerations for  
  Solar Water Heating Systems 

Installation of solar water heating systems requires 
significant expertise in a number of trades. Each of 
these trades has a set of requirements that install-
ers must follow to ensure code compliance. In many 
jurisdictions, this requires installers to be knowl-
edgeable about specific portions of the local build-
ing, plumbing, mechanical, energy conservation 
and electrical codes, which sometimes seem to be at 
odds with each other.
BY VAUGHAN WOODRUFF 
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• Minimal tools required for installation

• Ground up to 300 contiguous modules with a single 
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Sell More Solar!
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• Clean, distinctive look generates more referrals
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f  O N  T H E  C O V E R  O F  T H E  S O L A R P R O 
ReVision Energy’s Cal Trumann (foreground) and 

Chris Pamboukes (background) install a fire  

code–compliant roof-mounted PV array at Taylor 

River Farm in Hampton Falls, New Hampshire.  

The 76.5 kW system includes 300 Canadian 

Solar modules on IronRidge racking, with power 

conditioning provided by six Fronius IG Plus 

Advanced 11.4 kW inverters. We are honored to 

mention that our colleagues at ReVision Energy 

are pros in the recording studio as well as on the 

roof. Make sure to check out their music video  

“The Cover of the SolarPro” at bit.ly/1oS6FXo.

Photo: John Capron, ReVision Energy
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WITH THE SUNNY TRIPOWER TL-US
With SMA’s proprietary OptiTrac Global Peak MPP tracking, partial 
shade and challenging rooftops are no longer a concern. Combine 
that with the Sunny Tripower’s class-leading efficiency and proven 
reliability, and maximize your system’s energy production.

Learn more at SMA-America.com

MORE POWER...

SUNNY TRIPOWER 12000TL-US / 
15000TL-US / 20000TL-US / 24000TL-US

http://www.sma-america.com
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the Wire

Quick Mount PV  
Announces WArrAnty extensions 
[Walnut Creek, CA]    High-performance PV mount manufacturer  
Quick Mount PV has announced a warranty term extension for its  
family of weatherproof array mounting products. Prior to the announce- 
ment, only Quick Mount’s Classic Comp Mount carried a 20-year  
warranty. Effective September 1, 2014, a 20-year limited warranty covers  
all the manufacturer’s mounts that incorporate its QBlock, QBase or  
QHook technology, including the E-Mount Lag, which the company  
developed for fast installation in price-sensitive projects. 

Quick Mount PV / 925.478.8269 / quickmountpv.com 

Industry Currents

SMA Launches  
Integrated Utility 
Power System
[Rocklin, CA]   SMA America has announced  
the addition of the new Utility Power System  
to its existing portfolio of PV plant power- 
conditioning equipment. Available in ANSI and 
IEC versions, the Utility Power System includes  
the recently introduced 1,000 Vdc 2,000 kVA 
Sunny Central 
2000-US 
inverter (shown 
here), a medium- 
voltage trans-
former, dc 
combiners, 
high-speed plant 
control and 
O&M services. 
The Sunny 
Central 2000-US 
inverter allows for dc-to-ac ratios of up to 160%. 
The Utility Power System provides space for 
customer SCADA equipment, an integrated 
power supply for customer loads and a  
medium-voltage transformer that is suitable  
for medium-voltage grids from 6.6 kV to 35 kV. 
Its plant controller ensures feed-in compliance 
and provides flexible communication protocols 
for regulating active and reactive power.

SMA America / 916.625.0870 / sma-america.com

APS Releases 3-Phase  
Microinverter 
[Poulsbo, WA]    APS America 
announced the availability 
of its 3-phase YC1000-3 
microinverter. On the dc 
side, the YC1000-3 con-
nects four modules with 
recommended STC power 
ratings of 180 W–310 W. 
The microinverter’s MPPT 
voltage range is 16–55 Vdc, with 
an absolute maximum input volt-
age rating of 60 Vdc. On the ac side, 
the microinverter connects to 277/480 Vac grid types. The YC1000-3 has a 
maximum output power rating of 900 Wac and a weighted CEC efficiency 
of 94.5%. Housed in a NEMA 4X enclosure, the microinverter weighs 8.4 
pounds and measures 10.2 by 9.5 by 1.4 inches. Integrators can install up 
to 11 YC1000-3 micros (forty-four 60- or 72-cell modules) on a single  
15 A 3-phase ac branch circuit. Additional features include wireless  
ZigBee communications and an integrated ground. 

APS America / 844.666.7035 / apsamerica.com

http://www.quickmountpv.com
http://www.apsamerica.com
http://www.sma-america.com


WITH SMA’S COMMERCIAL O&M
Commercial projects aren’t complete when you turn the power on. 
SMA protects against lost profit through a host of essential O&M 
services. You’ve already chosen the world’s best three-phase inverter – 
the Sunny Tripower TL-US. Now choose the industry’s #1 service team 
to realize the full potential of your PV investment. 

Learn more at SMA-America.com

MORE PROFIT...
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the Wire

TMEIC Begins  
US-Based  
Manufacturing 
[Tokyo and Houston]    Central inverter manufacturer 
Toshiba Mitsubishi-Electric Industrial Systems Cor-
poration (TMEIC) has formed a new North American 
subsidiary to manufacture its PV inverters and MV 
variable-frequency drives. Starting in the fall of 2014, 
TMEIC will be fabricating its Solar Ware inverters at 
a new Houston, Texas–based facility. The Solar Ware 
central inverter family includes UL-listed models that 
range from 100 kWac to the 1.667 MWac 1,000 Vdc 
Samurai utility-scale power conditioning system.

TMEIC / 832.659.0505 / tmeic.com

ironridge exPAnds  
And uPdAtes  
roof-Mount systeM 
[Hayward, CA]    IronRidge has redesigned, updated and 
expanded its PV Roof Mount system. The update includes the 
replacement of IronRidge’s XRS and XRL Rail models with 
three new XR Rail products. The current XR line includes the 
XR10, XR100 and XR1000. All three models feature a curved 
profile to increase the rail’s resistance to the vertical and lat-
eral forces that roof-mounted arrays are exposed to. Depend-
ing on a site’s snow and wind loading characteristics, the XR 
Rails have spanning capabilities of up to 6 feet for the XR10,  
8 feet for the XR100 and 12 feet for the XR1000. IronRidge has 
also updated its Roof Mount system’s peripherals, including its 
Slotted L-Feet and UL 2307–certified T-Bolt Grounding Lug, as 
well as its web-based Design Assistant software.  

IronRidge / 800.227.9523 / ironridge.com

Sungrow Launches New  
US Inverter Models 
[Fremont, CA]    Sungrow has introduced three new inverter models for the 
US market. The non-isolated 1,000 Vdc SG56KU string inverter is optimized 
for commercial applications. The 56 kWac nominal inverter has dual power 
stages, four MPPTs and 16 fused dc input circuits with string-level monitoring. 
It connects to 480 Vac services and weighs 154 pounds. Sungrow developed 
a second string inverter, the 1,000 Vdc SG60KU, for utility-scale projects. The 
inverter’s lower ac voltage (400/380 Vac) allows for direct-to-medium–voltage 
transformer connection. The SG60KU weighs 121 pounds. Both the SG56KU 
and SG60KU models are listed to UL 1741 and include local and remote volt-
age and frequency ride through, power curtailment and power factor control via 
Modbus and Ethernet. The inverters have a CEC-weighted efficiency of 98.5%. 
Sungrow also announced that its SG1000MX 1 MW central inverter is now 
available for North American PV plants.

     Sungrow / 510.656.1259 / sungrow.ca

http://www.sungrow.ca
http://www.tmeic.com
http://www.ironridge.com
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WITH SMA TECHNOLOGY
The Sunny Tripower TL-US makes design simple and repeatable – 
even for challenging rooftops. Two MPP trackers, 600 or 1000 V DC 
operation, and a variety of powerful monitoring options make it ideal 
for any application. And, when integrated into the SMA ReadyRack™ 
rooftop kit, commercial projects get done faster than ever before. It 
simply doesn’t get easier.

Learn more at SMA-America.com
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Until recently, the National 
Electrical Code was the only widely 

enforced code in North America with 
specific requirements for PV systems. 
This changed when  the 2012 editions 
of several international codes incor-
porated PV-specific content. In addi-
tion to the new International Fire Code 
requirements for PV systems—some 
of which Fortunat Mueller discusses in 
detail in “Pitched-Roof Array Layout 
for Fire Code Compliance,” p. 18—the 
International Building Code (IBC) intro-
duced fire classification requirements 
for roof-mounted PV systems. 

The 2013 California Building Code 
(CBC) and the California Residential 
Code (CRC) subsequently incorporated 
the new fire classification require-
ments. Since no available products 
met the requirements, the California 
state fire marshal issued an adden-
dum to Information Bulletin 14-002 
on April 29, 2014, advising local code 
enforcement agencies to temporarily 
delay enforcement of fire classification 

requirements for roof-mounted PV 
systems until January 1, 2015. This 
delay allowed UL and industry stake-
holders time to develop new standards 
and enabled module and mounting 
system manufacturers to test products 
to these new standards. 

New Building Code Requirements 
The new fire classification require-
ments for roof-mounted PV systems 
originate in Section 1509 of the 2012 
IBC, “Rooftop Structures.” Subsection 
1509.7.2 addresses fire classification: 
“Rooftop mounted photovoltaic sys-
tems shall have the same fire classifica-
tion as the roof assembly required by 
Section 1505” [emphasis added].

Fire classification is a fire-resistance 
rating system for building materials. 
In some locations, such as California’s 
wildland urban interface (WUI) areas, 
building codes require the use of  
roof assemblies with enhanced fire-
resistance ratings. Where this is the case, 
Subsection 1509.7.2 ensures that install-

ing a roof-mounted 
PV system does  
not adversely affect 
the fire resistance  
of the roof.

Fire-resistance 
ratings for roofs. 
Per IBC Section 
1505, roof assem-
blies are either 
nonclassified or 
fire classified. 
Nonclassified roof 
assemblies remain 
untested for fire 
resistance. Roof 
fire performance 
is classified by 
means of burning 
brand and spread 
of flame tests. 
Burning brand 

tests simulate what happens when 
burning embers fall on a roof surface. 
Spread of flame tests simulate how 
fire propagates across the roof. Fire-
classified roofs are rated—in decreasing 
order of fire resistance—as Class A, B 
or C, based on their ability to withstand 
severe, moderate or light fire exposure.

Since Class A and Class B roofs 
provide higher fire resistance than 
nonclassified or Class C roofs, AHJs 
may require Class A– or Class B–rated 
roofs in areas with high wildfire 
vulnerability. For example, the City of 
Oakland implemented a mandatory 
Class A fire rating for all new residen-
tial roofs after the devastating 1991 
firestorm. When California adopted 
the 2013 CBC and CRC on January 1, 
2014, the number of jurisdictions with 
Class A and Class B roof requirements 
increased significantly. 

Noted code expert Bill Brooks 
expects this trend to continue: “While 
current Class A and B fire rating 
requirements impact only about 20% of 
California, and only a few percent of the 
rest of the United States, it is likely that 
these percentages will rise dramati-
cally over the next few years. The solar 
industry must be prepared to update 
its products to meet the demand for 
higher fire-rated roof systems.”

PV System Fire Classification 
A key word in IBC Subsection 1509.7.2 
is systems: PV systems—not mod-
ules—must carry a fire classification 
rating. Whereas legacy fire perfor-
mance tests evaluated PV modules 
on their own, the new tests evaluate 
modules in concert with mounting 
system components. This represents a 
significant departure in how the indus-
try evaluates PV system component 
fire performance.

Legacy approach. For nearly two 
decades, the industry  

QA Quality Assurance

Fire Classification for Roof-Mounted PV Systems

C O N T I N U E D  O N  PA G E  1 4

Enhanced Fire Classification 
Checklist
If you work in jurisdictions with requirements for Class A or 
Class B fire-rated PV systems, consider these action items:

•  Verify roof fire rating requirements for every structure   
 with the AHJ before you design the PV system.
•  Make sure your PV system's fire classification matches  
 or exceeds the roof fire classification.
•  If the mounting system is fire classified using specific  
 module types, then verify that the module you are using  
 is type tested accordingly.
•  Follow the manufacturer’s installation manual carefully  
 to preserve the fire classification listing, with particular  
 attention to any requirements related to mounting  
 hardware or leading-edge deflectors.
•  Help educate permitting officials and inspectors on the  
 new UL 1703 PV system fire classification requirements. {



MICRO. Save money on the inverter that saves you time. 
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QA
evaluated and classified PV mod-
ules according to fire exposure tests 
outlined in UL 1703, “Flat-Plate PV 
Modules and Panels.” While the legacy 
fire performance tests for PV modules 
borrowed elements from fire exposure 
tests for roof assemblies, evaluators 
applied burning brand and spread of 
flame tests to PV modules in isolation 
rather than within the built environ-
ment. This approach ignores the rack-
ing assembly’s impact on the spread 
of flame. For example, the legacy fire 
exposure tests do not consider the 
potential chimney effect where PV 
modules are flush mounted above a 
steep-slope roof.

System-level approach. Current 
building codes require the classi- 
fication of PV systems using fire- 
resistance test methods that include 
both the module and the mounting 
system assembly. Per CBC Section 
1505.9, “Effective January 1, 2015, 
rooftop mounted photovoltaic 

systems shall be tested, listed and 
identified with a fire classification in 
accordance with UL 1703.” Similar  
language appears in CRC Section 
R902.4, except that it replaces “sys-
tems” with “panels and modules.” While 
California is the first state to enforce 
these requirements, other jurisdictions 
will eventually follow suit.

Revised Product Safety Standards 
Because fire exposure tests now must 
account for the performance impacts 
of PV mounting and racking systems, 
industry stakeholders needed to revise 
the fire classification requirements in the 
product safety standards for PV modules 
and mounting systems. This required 
new fire-resistance test protocols for PV 

36" minimum setback

Test flame

5" default air gap

Shingle roof test deck

PV module

Figure 1  This diagram shows a  representative spread of flame test setup for 
steep-slope roof-mounted PV systems. The module is attached to the racking 
assembly on a roof with Class A shingles over 15-pound underlayment on  
a wood deck. The spacing off the roof is typically 5 inches and the module is posi-
tioned with a minimum 36-inch setback from the leading edge of the test deck.

OutBack Power | Masters of the Off-Grid™, First Choice for the New Grid. | 1 (360) 435.6030 | www.outbackpower.com
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On selected battery models, shipping is always half price with OnSite Direct. With fresh 
batteries guaranteed to ship within  fi ve business days of your order’s con fi rmation and credit 
approval—or the shipping cost is on OutBack. Contact your local distributor or OutBack Power 
for more information and pricing.
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EnergyCell GH

 � Front Terminal Design
 � Grid/Hybrid and Backup Applications

EnergyCell RE

 � Front Terminal Design
 � 2V High Capacity Deep Cycle

*OutBack EnergyCell GH batteries have up to twice the capacity of traditional 12V Group 31 VRLA batteries in PV applications.

Up to Twice the Performance for Half the Shipping Cost.*

Outback Batts half.indd   1 10/13/14   11:56 AM

http://www.outbackpower.com
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systems. It also gave rise to a system for 
categorizing different module types.

UL 1703 and UL 2703 revisions.  In 
December 2010, the UL 1703 Standards 
Technical Panel (STP) initiated the 
review process by establishing a 
fire performance subcommittee. UL 
published its revised 1703 standard 
in October 2013 and ANSI formally 

adopted it as an ANSI standard in May 
2014. While the updated UL 1703 has 
an effective date of October 25, 2016, 
California has already adopted the new 
testing and classification approach. 

UL 2703, “Rack Mounting Systems 
and Clamping Devices for Flat-Plate 
Photovoltaic Modules and Panels,” 
is nearing ANSI accreditation. This 

standard references the fire-testing pro-
tocol in UL 1703 and further addresses 
the mechanical strength and suitability of 
racking and mounting system materials, 
as well as bonding/grounding assemblies.

Revised fire tests. The UL 1703 STP 
developed new fire classification test 
protocols in collaboration with the Solar 
America Board for Codes and Standards 
(Solar ABCs) and UL staff. These 
stakeholders developed interface test 
methods to evaluate how fire spreads 
on steep- and low-slope roofs with PV 
systems in place. Figure 1 illustrates 
performance of the spread of flame 
test for steep-slope mounting systems. 
Figure 2 shows a similar spread of flame 
test performed for low-slope mounting 
systems. These new tests evaluate what 
happens at the shared boundary or 
interface between the PV system and the 
roofing assembly.

Nationally Recognized Testing 
Laboratories (NRTLs) such as CSA, 

Tes
t fl

am
e

North
edge

South
edge

East
edge

Test flame

Test flame

Figure 2  The spread of 
flame test for low-slope 
roof-mounted PV systems 
takes place on a roof  
constructed using a 
single-ply membrane 
installed over 4 inches 
of insulation on a wood 
deck. In this scenario, 
the NRTLs initiate the fire 
from the front, back and 
side(s) of the module to 
test the spread of flame 
from multiple directions. 

Competition is Healthy… So We Invented Some.
When OutBack developed the fi rst multi-voltage MPPT charge controllers, they 
became the de facto industry standard for performance and reliability. So much 
so that NASA turned to the FLEXmax Series when it needed an onboard solar 
charge controller for their ANITA near space antenna array.

Now the industry standard adds a new member to the family: OutBack’s 
groundbreaking FLEXmax Extreme, the fi rst outdoor rated, high performance, 
fan-less charge controller. Packing all the performance of the FLEXmax 60 
and 80 into a sealed design, the FLEXmax Extreme means you can enjoy OutBack 
reliability in virtually any environment.

FLEXmax Extreme Features:
� Sealed housing keeps dust, moisture and insects away from sensitive 
 internal components

� Fan-less design provides long-term reliability and quiet operation

� NEMA 3R outdoor rated for use in almost any environment

NASA’s Antarctic Impulse Transient Antenna Array (ANITA) uses a 
modifi ed OutBack FLEXmax charge controller to optimize the solar 
array on near-space research missions.
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OutBack Power | Masters of the Off-Grid™, First Choice for the New Grid. | 1 (360) 435.6030 | www.outbackpower.com
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ETL, UL or TÜV perform these new fire 
classification tests. Per the revised UL 
1703 and UL 2703 standards, fire clas-
sification applies to PV systems, not to 
modules by themselves. 

Module type testing. There is some 
continuity between the legacy fire classi-
fication tests in UL 1703 and the revised 
requirements. For example, NRTLs still 
conduct spread of flame and burning 
brand tests on the top surface of mod-
ules. However, these fire performance 
test results are now part of a process 
used to categorize modules according 
to different types. NRTLs addition-
ally categorize modules according to 
construction, which includes super-
strate material, encapsulant material, 
substrate material, and frame type and 
geometry. UL 1703 currently recognizes 
15 module types based on different 
combinations of fire performance and 
construction characteristics. 

Module type testing is a very 
important part of the revised fire clas-
sification methodology. A PV system 
may undergo up to six tests to receive 
a fire rating. Classifying modules 
according to type makes it unneces-
sary to test each mounting system 
with every module. Once an NRTL fire 
classifies a mounting system with a 
particular module type, you can sub-
stitute any other module of the same 
type—as long as it fits the mounting 
assembly—and retain the system's fire-
resistance rating.

Installing Fire-Classified Systems 
Like any other major change to codes 
and standards, the new fire classifica-
tion approach requires some attention 
to detail. To meet requirements for 
enhanced fire-resistance ratings, you 
need to specify a tested, listed and 
identified fire-classified mounting 
system. If the mounting system’s fire 
classification meets or exceeds that of 
the roof, then the installed PV system 
will maintain the roof ’s fire-resistance 
rating—provided that you install the 
mounting system according to the 
manufacturer’s instructions. 

Some installation details—such 
as the use of deflectors or type-tested 
modules—can be essential to maintain-
ing a PV system’s fire classification. 
Other details—such as mounting hard-
ware selection or air gap height—may 
not matter. When in doubt, consult 
the product installation manual or an 
applications engineer.

Deflectors. Some mounting sys-
tems use a leading-edge deflector, also 
referred to as a shield or a skirt, to help 
slow the spread of flame. Deflectors 
can reduce the perimeter air gap and 
thereby mitigate the chimney effect 
that a roof-mounted PV system pro-
duces. To maintain an enhanced fire 
rating, you must install deflectors if 
they are part of a listed Class A or Class 
B assembly. 

Type-tested modules. While most 
mounting system manufacturers per-
form fire classification tests with type-
tested PV modules, some may opt to 
test their products with specific mod-
ules. Where the product listing refers to 
a specific module make or model, you 
cannot substitute different modules 
and maintain the fire-resistance rating.

Steep-slope air gap. Industry stud-
ies found that a 5-inch air gap is the 
worst-case scenario for a spread of flame 
on a steep-slope roof due to the chim-
ney effect. The default air gap for the 
steep-slope roof spread of flame test is 

therefore 5 inches. If you are 
using a mounting system 
evaluated with this default 
5-inch air gap, then you 
should be able to install the 
system at any distance off 
the roof deck and maintain 
its fire-resistance rating. 
However, if this is not the 
case, you need to install the 
PV system with the air gap 
distance used for the fire 
classification tests, which 
the manufacturer’s instruc-
tions should specify. 

Roof mounting hardware.  
The UL fire test protocols  
do not specifically address 

attachments, feet, standoffs and so 
forth unless the manufacturer requires 
spacing at a distance of less than 40 
inches. On the one hand, if a manu-
facturer requires specific mounting 
hardware that was part of the fire clas-
sification test, then you need to use 
the hardware specified. On the other, 
if a manufacturer does not call out the 
mounting hardware make or model, 
then you may use any hardware and 
maintain the mounting system's fire-
resistance rating.

While system integrators and build-
ing officials will encounter a learning 
curve, the new UL 1703 PV system fire 
classification requirements should 
provide a higher level of confidence 
for building departments, inspectors 
and PV system owners. You will need 
to consider which fire-rated mounting 
systems and module types best meet 
your needs, particularly when evaluat-
ing pricing and inventory issues. Some 
integrators may choose to standard-
ize on Class A–rated systems that are 
acceptable in all jurisdictions. Others 
may opt to purchase Class B– or C–
rated systems where a Class A rating is 
not required, especially if those systems 
are less expensive. 

—Jeff Spies / Quick Mount PV / 
Walnut Creek, CA / quickmountpv.com

—Mark Gies / PanelClaw / North 
Andover, MA / panelclaw.com  
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Leading-edge deflector  If manufacturers use 
leading-edge deflectors to achieve a Class A fire  
rating, integrators must install them to maintain  
the enhanced fire classification. In this case, the 
rail-free Quick Rack mounting system is Class A fire 
rated, with or without the deflector.

http://www.quickmountpv.com
http://www.panelclaw.com
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IN this article, I provide background on the two 
primary fire codes enforced in the US and the process 
that added PV system requirements to these codes. I 
focus specifically on fire code requirements that per-
tain to array layout on single- and two-unit residential 
dwellings. I discuss why these particular requirements, 
which may be new to you and your system designers, 
could have a negative impact on solar markets around 
the country. I then summarize some possible com-
pliance strategies for companies that sell and install 
residential PV installations. Finally, I illustrate how 
proactive engagement with AHJs can help minimize 
the disruptive potential of these new requirements.

PV Systems in the Fire Codes
In July 2007, the California Department of Forestry and 
Fire Protection (CAL FIRE) established a task force 
consisting of fire service and solar industry stakehold-
ers, as well as building code officials and codes and 
standards experts, to develop a set of PV system instal-
lation guidelines. This collaborative effort culminated 
in the April 2008 release of the Solar Photovoltaic Instal-
lation Guideline. (See Resources.)

While CAL FIRE originally developed the Guideline 
as an optional means of writing a local ordinance, 
its language was subsequently revised and incorpo-
rated into the 2012 editions of the two primary fire  

 
codes adopted and enforced in the US: the International 
Fire Code (IFC), published by the International  
Code Council, and the NFPA 1: Fire Code, published 
by the National Fire Protection Association, which 
also publishes NFPA 70, more commonly known as 
the National Electrical Code. As with the NEC, the issu-
ing organization revises both fire codes every 3 years. 
While local regulatory agencies across the country 
vary in terms of which code or edition they enforce, the 
requirements related to PV systems are very similar in 
both the IFC and the NFPA 1. 

Subsection 11.12 of NFPA 1 follows the format of 
the CAL FIRE Guideline and organizes requirements 
for photovoltaic systems into two main content areas: 
requirements for marking and requirements for access, 
pathways and smoke ventilation. Subsection 605.11 of 
the IFC includes these primary content areas, but also 
adds a third related to locations of dc conductors. The 
fire code content related to marking and wiring meth-
ods for PV power systems is generally harmonized with 
requirements in the 2014 NEC. AHJs and PV installers 
around the country should therefore be familiar with 
these requirements.

The goal of the CAL FIRE Guideline is to “increase 
public safety for all structures equipped with solar pho-
tovoltaic systems.” To achieve this principal objective, 
the Guideline places restrictions on rooftop PV instal-
lations to accommodate emergency response and fire 
suppression activities. The CAL FIRE Guideline is the 
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only precedent for the PV array layout restrictions now found 
in the fire codes. These requirements may therefore be new to 
AHJs and PV system installers outside California and neighbor-
ing states such as Arizona and Oregon.

Bill Brooks is the principal at Brooks Engineering and 
a noted codes and standards expert. He was among the 
solar industry representatives who worked on the CAL 
FIRE Guideline, and he subsequently wrote the 2011 Solar 
America Board for Codes and Standards (Solar ABCs) report, 
“Understanding the CAL FIRE Solar Photovoltaic Installation 
Guideline.” (See Resources.) In this report, Brooks explains 
why revising the CAL FIRE Guideline for inclusion in the fire 
codes is significant: “This elevates the importance of the 
Guideline from a recommendation to a legally binding code, 
and makes a thorough grounding in the reasoning behind the 
Guideline even more important.”

Residential Array Layout Restrictions
The fire code requirements for PV arrays on steep-slope resi-
dential rooftops are in some ways more challenging to meet 
than those pertaining to low-slope commercial roofs. (See 
“Designing for Fire Code Compliance: Commercial Rooftop PV 
Arrays,” SolarPro magazine, August/September 2014.) Residen-
tial rooftops tend to be more varied in shape than commercial 
roofs. In addition, residential roofs are generally smaller and 
more space constrained than commercial roofs. 

System designers and owners often aim to fit as many 
modules as possible on a south-facing roof surface; the fire 
codes’ array layout restrictions ensure that every design also 
meets the needs of firefighters. In some ways it is more chal-
lenging to fight fires at one- and two-unit buildings than at 
commercial facilities. This is due in part to the variety and 
complexity of residential roofs. More important, local fire 
departments often have predetermined strategies for fighting 
fires at commercial buildings, whereas at a residence, inci-
dent commanders must make strategic and tactical decisions 
about how to fight a fire on the fly. 

The code-making panels intend the codes’ roof layout 
restrictions to minimize the impact that roof-mounted PV 
arrays have on firefighter operations and safety. Specifically, the 
requirements ensure that firefighters can access the roof, that 
they have pathways to move about, that they have room to con-
duct smoke ventilation operations and that they have egress 
pathways in the event of an emergency.

Subsections 605.11.3.2 of the IFC and 11.12.2.2.2 of NFPA 1 
establish array layout restrictions for one- and two-unit dwell-
ings—specifically, those with a roof pitch greater than 2:12 
units. These subsections detail array layout setback require-
ments for hip roofs, single-ridge roofs, roofs with hips and val-
leys, and roof ridges. Further, both fire codes require suitable 

roof access points, which are defined as structurally strong 
areas of the building that do not require firefighters to place 
ground ladders over openings, such as windows or doors, and 
that do not conflict with overhead obstructions, such as power 
lines or tree limbs. Note that AHJs can also apply these require-
ments to other types of buildings where they have determined 
that the roof configuration is similar to that of a one- or two-
unit dwelling. 

Hip roofs. The fire code requirements for access pathways 
on hip roofs are fairly simple. As shown in Figure 1, subsec-
tion 605.11.3.2.1 of the IFC requires a 3-foot-wide “clear access 
pathway from the eave to the ridge” on any roof slope with PV 
modules. Further, it must be located “at a structurally strong 
location on the building capable of supporting the live load of 
firefighters accessing the roof.” 

While subsection 11.12.2.2.1.1 of NFPA 1 includes the same 
general requirements, it provides an exception that allows AHJs 
to relax these requirements “where adjoining roof planes pro-
vide a 3-foot-wide clear access pathway.” Per this exception, in 
scenarios where the roof slopes adjacent to the array area pro-
vide a 3-foot-wide clear access pathway to the ridge, AHJs may 
not require the side access pathway shown in Figure 1. 

Single-ridge roofs. While a hip roof provides at least four 
roof planes for firefighter access, a single-ridge roof—like 
those typically found on Cape Cod or Colonial-style homes—
usually has a relatively long ridge and two roof planes. The 
gable ends of single-ridge roofs provide structurally strong 
access pathways for firefighters because they are located over 
framed end walls.

Because each roof plane requires more available path-
ways, the fire codes call for an additional C O N T I N U E D  O N  PA G E  2 2
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Figure 1 The 2012 editions of the IFC and NFPA 1 generally 
require a 3-foot-wide access pathway from eave to ridge  
on hip roofs, as well as a 3-foot-wide ridge setback for 
smoke ventilation. 
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access pathway for single-ridge roofs. Specifically, subsection 
605.11.3.2.2 in the IFC requires the configuration of arrays on 
single-ridge roofs to provide two 3-foot-wide access pathways 
from the eave to the ridge, as shown in Figure 2. Subsection 
11.12.2.2.2.1.2 of NFPA 1  includes the same basic requirement.

Roofs with hips and valleys. Homes with complex roofs often 
include a combination of ridges, hips and valleys. Subsection 
605.11.3.2.3 of the IFC and subsection 11.12.2.2.2.1.3 in NFPA 1  
address array layouts for roofs with hips and valleys. Where 
the system design positions PV modules on both sides of a hip 

or valley, the fire codes generally require an 18-inch 
setback on either side of the hip or valley, as shown 
in Figure 3. However, in a design with modules on 
one side only, installers can place them directly 
adjacent to the hip or valley, as firefighters should 
be able to use the abutting uncovered roof slope as 
an access pathway. 

Firefighters are trained to identify and prioritize 
the use of structurally strong roof access pathways. 
Since hips and valleys are often not located directly 
over structural framing, they are generally lower- 
priority access pathways compared to a gable located 
over a framed end wall. However, firefighters can use 
pathways at hips or valleys for emergency egress if a 
better option is not available.

Ridge setbacks. The fire codes generally require 
setting back PV arrays at least 3 feet from steep-slope 
roof ridges. In NFPA 1, this unembellished require-
ment appears in subsection 11.12.2.2.2. Meanwhile, 
subsection 605.11.3.2.3 in the IFC clarifies that the 
intent of the 3-foot-wide ridge setback is to “allow for 
fire department smoke ventilation operations.” 

Firefighters use vertical ventilation to remove 
fire, heat and toxic gases from a burning building, 

thus reducing the immediate danger to victims and to fire-
fighters on the attack crew. When ventilating residential 
structures and similar buildings, firefighters typically cut 
open a 16-square-foot vent hole in the decking and punch 
down through the attic space to drop the sheetrock or plas-
ter ceiling below, thus giving hot gases and flames an exit. 
Alternatively, a 3-foot-wide ridge setback allows firefight-
ers to open up a 2-by-8-foot vent hole. Access pathways 
must extend to ridge setback areas to make these rooftop 
operations possible.

Residential  Fire Code Compliance
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Figure 2  Both fire codes generally require two 3-foot-wide clear  
access pathways for single-ridge roofs, as well as a 3-foot-wide ridge 
setback to allow for roof ventilation.
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Figure 3  Where installers position PV  
modules on both sides of a roof hip or valley, 
the fire codes require an 18-inch setback on 
either side. As shown here, this results in  
an additional 3-foot pathway for emergency 
access or egress. 
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EXCEPTIONS 
Access, pathway and smoke ventilation requirements gener-
ally restrict the total roof area that can accommodate a PV 
array, which potentially puts them at odds with system inte-
grators’ design goals or owners’ energy goals. However, the 
CAL FIRE Guidelines and both fire codes allow AHJs to grant 
exceptions that reduce these requirements. 

In his SolarABCs report, Brooks notes that the revised 
CAL FIRE Guideline language that was codified  “reminds 
local fire jurisdictions of their prerogative to provide alter-
native means and methods of compliance.” He goes on to 
explain the importance of this allowance: “Rigid enforce-
ment creates a process that lacks flexibility, and the com-
plexities of the built environment require flexibility.”

In the IFC, subsection 11.12.2.2.1.1 contains the 
exceptions to the access, pathway and smoke ventila-
tion requirements; in NFPA 1, they appear in subsection 
11.12.2.2.1.1. While exceptions to array residential layout 
restrictions are often specific to a site or a jurisdiction, 
AHJs will relax array setback requirements in two com-
mon scenarios. The first is where open roof faces provide 
adequate access pathways and ventilation opportunities 

for firefighters. The second applies to jurisdictions in 
which fire departments do not deploy vertical ventilation 
for fire suppression.

Open roof areas are adequate. The CAL FIRE Guideline authors 
recognized that residential plan review creates an administra-
tive burden. To minimize this burden, they suggested using the 
ratio of the PV array to total roof area as a plan review trigger. 
This is why the Guideline states: “Plan review is required if a sys-
tem is to be installed that will occupy more than 50% of the roof 
of a residential building.” 

While neither of the fire codes formally adopted lan-
guage related to the plan review trigger, language in NFPA 1  
specifically empowers AHJs to reduce access, pathway or 
ventilation requirements based on “proximity and type of 
adjacent exposures” or “alternative access opportunities, 
as from adjoining roofs.” In other words, if other roof areas 
(especially those adjoining the proposed array area) meet 
firefighters’ needs, AHJs can grant exceptions to the array 
layout restrictions. 

While AHJs can grant these exceptions on a case-by-case 
basis, they can also standardize certain exceptions to stream-
line the permitting process. As an example, the Oregon Solar 

Residential  Fire Code Compliance
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Figures 4a & 4b  Oregon’s Building Codes Division generally requires 3-foot pathways 
along three sides of a solar roof, but provides two exceptions for structures with arrays 
smaller than 1,000 square feet. If the array is less than 25% of the roof area, as shown in 
Figure 4a (left), the code requires only a 1-foot ridge setback. If the array is greater than 
25% of the total roof area, as shown in Figure 4b (right), the code requires a single 3-foot-
wide access pathway in addition to the 1-foot ridge setback.
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Installation Specialty Code (see Resources), which contains 
provisions based on the CAL FIRE Guideline, generally requires 
3-foot pathways along three sides of a solar roof. However, it 
provides two exceptions for structures with PV arrays smaller 
than 1,000 square feet, as shown in Figures 4a and 4b (p. 25). 
Standardizing these exceptions provides installers with spe-
cific design guidelines, expedites the permit review process 
and still accounts for firefighters’ needs.

Roof ventilation is unnecessary. Code-making panels 
write all of the fire codes with the assumption that ver-
tical ventilation is a common fire suppression tactic. In 
a classic residential firefight, the first responding engine 
company stretches a water-charged hose to the build-
ing to support search and rescue and interior fire attack 
operations. Meanwhile, the first responding ladder com-
pany accesses the roof to perform vertical ventilation. 
While this operation improves visibility and survivability 
inside the building, it can also accelerate air-limited fires. 
Therefore, it is critical that ventilation and attack crews 
coordinate their activities. 

Modern fire science, including research on fire flow paths 
conducted at UL and the National Institute of Standards and 
Technology, has increasingly called into question the appro-
priateness of vertical ventilation for some residential fire 
attack scenarios. Because modern homes are relatively air-
tight, fires in these structures are generally underventilated 
or air limited. Once firefighters ventilate the building, the 
fire can burn hotter and faster, which can cause rapid expan-
sion or even flashover. Because of the risk of sudden roof col-
lapse, many fire departments no longer use ground or roof 
ladders to access the roofs of wood-framed buildings con-
structed with lightweight framing techniques, which includes 
buildings constructed using attic trusses rather than rafters. 
Instead, they might ventilate these roofs only where they are 
accessible from an aerial ladder truck. 

In some cases, fire departments simply do not ventilate 
residential roofs, whether due to concerns about roof col-
lapse, insurance liability or equipment or personnel training 
limitations. In these scenarios, Exception 2 under subsection 
605.11.3 of the IFC specifically allows AHJs to waive the 3-foot 
ridge setback requirement “where the fire chief has deter-
mined vertical ventilation techniques will not be deployed.” 
The exception also allows location of arrays “up to the ridge 
line where an alternative ventilation method approved by the 
fire chief has been provided.”

Impact on System Design and Sales
At first glance, system designers and installers may find the 
residential array layout restrictions that fire codes impose 
intimidating. Many of these professionals are used to trying to 
cover as much of the available south-facing roof as is practical. 

Applying access pathway and ridge setbacks to each roof face 
can dramatically reduce the available array area and thus the 
potential system capacity. In some cases, a strict reading and 
enforcement of the fire codes effectively eliminates the possibil-
ity of installing a PV system. 

Dan Yechout is the sales director at Namasté Solar, an 
employee-owned PV systems integrator based in Boulder, 
Colorado. When Boulder’s city council conducted public 
hearings prior to adopting the 2012 editions of the interna-
tional codes, Yechout testified that a strict enforcement of 
the IFC could result in a 50% reduction in PV adoption in the 
city. Case studies conducted by Namasté Solar on behalf of the 
Colorado Solar Energy Industries Association (COSEIA) and 
presented to the Fire Marshal’s Association of Colorado illus-
trated this point. Compared to unrestricted roof layouts, the 
fire code requirements reduced array capacity by anywhere 
from 15% to 37% for typical roof configurations. This not only 
reduced the potential electric bill offset, 
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Nonresidential applications  While the fire code requirements 
for steep-slope roofs nominally apply to one- and two-family 
dwellings, AHJs are allowed to enforce these requirement in 
nonresidential applications, such as the roof of this fire depart-
ment, that have a roof configuration similar to that of a dwelling. 
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but also increased customers’ up-front payments—
in the case of a lease or power purchase agreement, 
by as much as $3,500. Yechout concludes: “In many 
cases, the fire code is so restrictive that it can make 
PV unviable because you can’t use enough of the 
good roof for the system to make financial sense.”

While fire code compliance poses a challenge for 
both residential and commercial projects, it can place 
a disproportionate burden on residential projects. The 
residential sales cycle is relatively short compared to 
that of commercial projects. Further, the residential 
market is extremely competitive. Meeting fire code 
requirements can drive up soft costs associated with 
system design and permitting. While detailed design 
and permit review are a routine part of commer-
cial project deployment, residential sales personnel 
are often expected to complete preliminary system 
designs and close sales at the customer’s kitchen table. 
This obviously makes it difficult to discuss each array 
layout with an AHJ prior to producing a proposal.

COMPLIANCE STRATEGIES 
Residential solar service providers, especially those 
active in multiple markets, should consider strategic 
options for reducing operational inefficiencies and 
mitigating potential risks associated with fire code compli-
ance. On the one hand, system integrators have neither the 
time nor the budget to complete a detailed design or permit 
review for every residential proposal before presenting it to a 
client. On the other, it is not ideal to have system designers and 
sales staff prepare proposals without knowing which fire code 
or fire code edition applies, or how likely a particular AHJ is to 
grant exceptions. 

After speaking to colleagues across the country, I identi-
fied three strategies for fire code compliance. The first option 
is to harmonize your company’s internal design standards 
with the fire code so that your designs are universally com-
pliant with the default requirements. The second option is to 
design systems on a case-by-case basis to the spirit of the fire 
code, taking full advantage of the available exceptions. The 
third option is to proactively engage code enforcement and 
fire department officials and develop jurisdiction-specific 
requirements for compliance.

Design for universal compliance. Perhaps the simplest strat-
egy is to assume universal enforcement of the fire codes’ array 
layout restrictions and to design every system around those 
limitations. This strategy likely makes the most sense for com-
panies operating primarily in jurisdictions that have already 
adopted and are rigidly enforcing the 2012 IFC or NFPA 1.  

Kevin Koch is the president and co-founder of Technicians 
for Sustainability, based in Tucson, Arizona. He explains: “We 
have been designing our permit submittals to the new fire code 

requirements since January 1, 2014. We have just accepted it 
and lived with the limitations. It does not affect the low-slope 
roofs we work on, which is probably 60% of our jobs. However, it 
does restrict, sometimes significantly, the steep-slope roofs we 
work on, including quite a few tile roofs.”

To implement the new design standards internally, Tech-
nicians for Sustainability trained its sales and design teams to 
take the new rules into account. Koch explains: “To help our 
staff understand the new design rules, we posted a drawing on 
the wall at the office that shows various roof conditions and the 
corresponding fire code setbacks. If everyone is not on board, 
you run the risk not only of costly rework and change orders but 
also of disappointing your customers.”

Compared with the other compliance strategies, design-
ing for universal compliance is relatively easy to implement 
and requires minimal investment of resources on the part of 
the solar contractor. However, you always run the risk of los-
ing projects to competitors that do not follow the same design 
standards. Koch acknowledges: “Even in Tucson, where code 
enforcement is pretty consistent, we occasionally encounter 
competitors’ proposals that do not appear to comply with the 
fire code requirements. It is unclear whether permitting and 
inspection officials are bringing these systems into compliance.”

Design to the spirit of the code. Designing for universal com-
pliance may not be an option for companies that work across 
multiple jurisdictions, especially if code adoption and enforce-
ment is patchwork. “There are hundreds of fire jurisdictions in 

Labeling  While the fire codes contain marking requirements for dc 
conduit, conduit bodies, enclosures, junction boxes, combiner boxes, 
disconnecting means and so forth, installers can meet these require-
ments by building PV systems to meet NEC 2014. 
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Colorado,” notes Yechout at Namasté Solar, “and fully a dozen 
fire protection districts in Boulder County. Since these fire 
jurisdictions all operate independently, code adoption and 
enforcement is not uniform across the state.”

James Hasselbeck, the operations manager for ReVision 
Energy in Exeter, New Hampshire, elaborates: “We install solar 
projects in four states and hundreds of jurisdictions. While it 
would be nice to compile a comprehensive database of every 
town in Maine, Massachusetts, New Hampshire and Vermont 
so that we could understand exactly what each code enforce-
ment officer and fire chief expects in terms of roof layout in 
their town, it simply isn’t realistic to do that at this stage of the 
industry’s development.”

If designing for universal compliance is not a good fit for 
your company, consider training your staff to design arrays 
with the intent of the fire code in mind. This requires training 
them to understand the basic fire code rules, as well as how to 
apply the exceptions. To the extent that your sales and design 
teams understand the logic of the fire code, they should be 
able to design systems that are consistent with the spirit of its 
requirements. In other words, they should produce defensible 
array designs that are likely to pass muster if subjected to a 
detailed code review. 

While this strategy can be resource intensive, it has gen-
erally proven successful for ReVision Energy. Hasselbeck 
explains: “If a code official has questions about fire code com-
pliance during their permitting review, I walk them through our 
design logic in detail, including our thoughts about alternative 
viable access pathways and ventilation options. Occasionally, 
an AHJ disagrees with our design logic, and we have to modify 
our design to meet its requirements.” 

In many cases, code officials are not familiar with the fire 
code requirements or their discretion to grant exceptions. 
In addition to providing exceptions that apply specifically to 
PV array layouts, both fire codes broadly provide AHJs with 
enforcement flexibility and latitude—specifically, subsection 
104.9 of the IFC, “Alternative materials and methods,” and 
subsection 1.4 of NFPA 1, “Equivalencies, Alternatives, and 
Modifications.” These subsections permit an AHJ to accept an 
alternative method of compliance as long as the designer can 
show that it provides the same level of protection as the origi-
nal code requirement. 

One potential downside to this strategy is that it can be 
time consuming to bring a rejected design into compliance. 
Further, if designing for compliance requires a change order, 
you will need to have a delicate conversation with your cus-
tomer to explain why the array just got smaller. There may 
also be additional soft costs associated with this approach, 
which companies may want to track and evaluate on a cost-
benefit basis. 

Yechout clarifies: “Submitting a design for approval via 
‘Alternate methods and materials’ takes C O N T I N U E D  O N  PA G E  3 2
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I n 2013, the Colorado solar industry successfully negoti-
ated a compromise with the City of Boulder to relax the PV 
setback restrictions in the 2012 IFC. Both sides had a clear 

motivation to compromise. The Colorado Solar Energy Indus-
tries Association (COSEIA) seeks to expand in-state solar mar-
kets and create jobs and prosperity for the people of Colorado. 
The City of Boulder has aggressive renewable energy goals and 
a strong interest in removing obstacles to solar adoption. 

To get the process started, COSEIA engaged the City of 
Boulder’s chief building official and chief fire marshal to inquire 
whether the city could adopt its own standards for IFC compli-
ance—standards less rigid than those prescribed in subsections 
605.11.1 through 605.11.4. The answer was yes. Subsection 
104.9 of the IFC specifically allows AHJs to approve “alternative 
methods and materials” that comply with the intent of the code. 
Further, both the building and fire departments were willing to 
engage with representatives from the solar industry to craft 
alternate standards that would protect firefighters and provide 
enough usable roof space to make solar an attractive invest-
ment for homeowners. 

COSEIA subsequently submitted a request to the Boulder 
planning board for the city to address the fire code setback for 
PV arrays. Before any public meetings took place, solar industry 
stakeholders carefully defined their concerns and goals.

Solar industry concerns. To demonstrate the threat to 
residential solar adoption that strict enforcement of fire code set-
backs could cause, Boulder-based system integrator Namasté 
Solar performed an audit of 50 residential PV projects installed 
in the city in 2012. Of these, 86% violated the IFC setbacks, and 
designers could not modify 64% to comply without negatively 

affecting system cost or performance. Namasté Solar esti-
mated that strict enforcement of the IFC setbacks would reduce 
residential solar adoption in Boulder by 50%, especially in the 
case of low-income individuals who could not afford an up-front 
payment. (In the case of a lease or power purchase agreement, 
smaller systems usually require a higher kilowatt-hour rate or 
up-front payment than larger systems.) 

Solar industry goals. In lieu of a case-by-case alternative 
compliance review process, representatives from the solar 
industry lobbied for process efficiency, simplicity and transpar-
ency. They hoped that alternative standards would maximize 
the available array area on desirable roof surfaces. Industry 
stakeholders also felt that proof-of-compliance documentation, 
such as a single aerial image or architectural site plan with PV 
modules superimposed on the roof, should be easy to generate. 
Most important, they wanted the city to publish the alterna-
tive compliance standards so that installation contractors and 
homeowners could determine whether a design was compliant 
without needing to consult city departments. 

Outcome. After hearing the solar industry’s concerns, the 
city planning board directed the Boulder Fire-Rescue Depart-
ment to come up with a mutually agreeable compromise with 
COSEIA that would protect firefighter safety while minimizing 
the negative impact of meeting code requirements on rooftop 
PV adoption. As part of this process, the chief fire marshal 
met with city firefighters and chief operations staff. These 
discussions led to key discoveries that would ultimately allow 
relaxation of setback restrictions. 

For example, since Boulder’s fire department recognizes 
that there are alternatives to vertical ventilation, the chief fire 

The Boulder Compromise
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Less restrictive layouts  The Boulder city council adopted a less restrictive amendment to the 2012 IFC. For example, 
both of these design options meet Boulder’s fire code requirement, but they are less restrictive than the default fire code 
requirements shown in Figure 3 (p. 22). If the PV array covers less than 33% of the total roof area, the Boulder code  
requires only a 1-foot ridge setback.
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marshal, with staff input, determined that a 3-foot ridge set- 
back was not necessary; however, firefighters need a 1-foot  
setback to hang roof ladders. Further, he deemed a 30-inch 
(rather than a 36-inch) eave to ridge pathway adequate for 
roof access and egress pathways. Lastly, the chief fire marshal 
determined that the array did not need any pathways other than 
the 1-foot ridge setback if it covered less than 33% of the total 
roof surface, since the open roof areas would generally provide 
adequate access. 

In the summer of 2013, the chief fire marshal and a COSEIA 
representative crafted a compromise amendment to the 2012 IFC.
The City of Boulder’s attorney reviewed this language and submit-
ted it to the city council. At the same time, COSEIA submitted a 
letter to the city council endorsing the proposed amendment prior 
to voting on whether to adopt the 2012 IFC. A COSEIA represen-
tative commented at the public hearing related to IFC adoption, 
and Boulder’s city council wound up adopting the IFC along with 
the compromise amendment.

Solar Friendly Communities, a COSEIA-led team, has pub-
lished the compromise language in its entirety in “Boulder Com-
promise on PV Setbacks in 2012 International Fire Code.” (See 
Resources.) COSEIA hopes that the Boulder compromise can 
serve as a blueprint for others.

Key takeaways. As PV system integrators and solar trade 
associations in other jurisdictions grapple with the adoption and 
enforcement of fire code provisions related to roof setbacks, they 
should consider these takeaways from the Boulder compromise:

•  Learn the local process for code adoption and enforcement  
 so that you can engage with the decision makers.
•  Focus on the potential negative effects the default fire code  
 restrictions can have on homeowners, residents and the  
 environment.
•  Negotiate on behalf of as large a group as possible.
•  To make the process efficient, appoint a single person to do  
 the negotiating and make sure that person understands PV  
 array design and the economics of residential PV systems.
•  Be willing to learn about local firefighting practices and to  
 educate fire departments about PV power systems.

The last is perhaps the most important point. All stakeholders 
in the Boulder compromise had a clear commitment to ensuring 
firefighter safety around PV systems. After learning more about 
one another’s needs, we collectively determined that firefighters 
could work safely using less restrictive PV implementation stan-
dards than those contained in the 2012 IFC.

—Dan Yechout, sales director, Namasté Solar  
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additional effort compared to simply designing for compli-
ance. It can also delay the permitting process while you wait 
for approval. In the worst-case scenario, the design is rejected 
and the project becomes unviable.”

Engage proactively with jurisdictions. While a case-by-case 
fire code review process can improve enforcement flexibility, 
it also increases administrative burdens for AHJs and solar 
contractors. This is why Namasté Solar and COSEIA proac-
tively engaged the City of Boulder to amend its local fire code 
requirements for residential PV arrays. While this type of effort 
requires a significant up-front investment, it has the potential 
to improve operational efficiency in the long term compared 
to a case-by-case review process. The Boulder compromise, for 
example, resulted in clearly defined alternative design stan-
dards that installers and designers can easily follow and apply. 

Yechout explains: “Because the City of Boulder has a 
stated goal of reducing carbon emissions, its planning board 
directed the fire department to work with COSEIA on a com-
promise that would protect firefighters without substan-
tially reducing PV adoption.” This collaboration resulted in 
a proposed amendment to the 2012 IFC, relaxing some of its 
residential array layout restrictions. As both the fire service 
and the solar industry supported these alternative stan-
dards, the Boulder city council voted to approve them. (See 
“The Boulder Compromise,” p. 30.)

This compliance strategy likely makes the most sense for 
companies that work in just a few jurisdictions and have cul-
tivated good working relationships with code enforcement 
entities. Even if the process of proactive engagement does not 
result in a blanket modification of enforcement policies, it can 
still serve an important purpose in terms of educating firefight-
ers about PV systems and educating solar contractors about 
fire suppression tactics. Ultimately, solar contractors, firefight-
ers and code enforcement officers all benefit from rational and 
consistently enforced code requirements.

Design Responses for Space-Constrained Roofs 
As more AHJs adopt and enforce the 2012 fire codes, applica-
tion of those codes will reduce the size of optimal array areas on 
residential rooftops, except where solar contractors can nego-
tiate alternatives on a case-by-case basis or via blanket code 
amendments. The most obvious design response to these array 
layout restrictions is to reduce PV system capacity. However, 
this is not the only strategy available. Other options include 
increasing module efficiency, installing modules on secondary 
roof surfaces or moving the array off the roof altogether.

Upgrading to higher-efficiency modules may enable design-
ers to reduce the physical footprint of a PV array for fire code 
compliance without reducing overall system capacity or 
annual energy production. According to Koch, Technicians for 

Sustainability regularly employs this approach on residential 
projects, using either Sunpower E-Series or LG Mono X NeON 
modules. While higher-efficiency modules command a pre-
mium price, the client’s total cost increase is generally modest 
compared to the overall system cost. Further, this approach 
gives solar contractors a competitive advantage when custom-
ers are shopping based on PV system capacity.

Alternately, system designers may be able to install modules 
on secondary roof surfaces. While the solar orientation or expo-
sure of these other roof surfaces may be less attractive than that 
of the primary roof, designers can use these additional array 
areas to increase capacity and production in compensation for 
fire code setbacks. In some cases, this design approach requires 
the use of module-level power electronics, such as ac modules, 
microinverters or dc-to-dc converters. However, manufactur-
ers increasingly offer residential string inverters with multiple 
MPPT inputs, which can independently optimize PV source 
circuits with different operating characteristics.

Where meeting rooftop code requirements is especially 
onerous, system designers may wish to consider options for 
ground- or pole-mounted PV arrays. In addition to outlining 
the fire code restrictions for rooftop PV arrays, the 2014 code 
cycle includes rapid shutdown requirements for PV systems 
installed on buildings. These and other new code require-
ments increase the cost and complexity of deploying roof-
mounted PV systems, which decreases the cost premium 
for ground- or pole-mounted designs. If your customer has 
a good site at ground level—one with good solar exposure 
and easy access to the electrical interconnection point—a 
ground- or pole-mounted PV array may be a viable alterna-
tive to one that is roof mounted.

g C O N T A C T

Fortunat Mueller / ReVision Energy / Portland, ME /  

 fortunat@revisionenergy.com / revisionenergy.com
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P
roject developers and engineering firms typically 
approach array shading according to rules of 
thumb that are based on low tolerance for shade 
or that seek to avoid it altogether. For example, 
the system designer might eliminate modules if 

they are shaded during a specific window of time, or if they  
are located within a certain proximity to an obstruction. 
These conservative design approaches are largely based on 
assumptions that have lost their relevance. 

First, traditional design approaches for dealing 
with shading developed at a time when modules 
were the most expensive components of a PV sys-
tem. Therefore, it made sense for system design-
ers to prioritize production efficiency. Second, for 
many years no software tools on the market were 
capable of calculating the actual energy produc-
tion and mismatch effects of shaded modules. As a 
result, designers could not determine which mod-
ules to include or exclude based on an evaluation of 
economic performance at the system level. 

Today, module prices make up a smaller per-
centage of total project costs, having fallen by 
approximately 60% over the last 4 years, and sys-
tem designers have access to new software tools 
that can calculate the production of shaded mod-
ules. In light of these changes, it is worth reeval-
uating traditional design approaches to array 
shading, and considering instead a cost-benefit 
approach that looks at component costs in rela-
tion to potential revenue. 

Here we explore the system-level effects of shade 
to better understand optimal design approaches to 
array shading. We first consider common shade 

types and traditional design approaches for dealing with the 
system-level effects of shade. We then discuss energy losses 
associated with shading and consider the results of detailed 
shading analyses performed using simulation software tools. 
Finally, we present the results of a cost-benefit case study, 
identifying the optimal amount of shade tolerance for a space- 
constrained PV system based on specific shade profiles.

Shade Types and Frequency 
Shade impacts PV systems of all sizes, and a wide variety of 
obstructions can create shade. While many system designers 
think of shading as a problem confined to residential systems, 
obstructions are often present on and around commercial 
rooftops, as well as within and around ground-mounted C
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to avoid array shading, an 
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may surprise you. 
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arrays. To understand shading losses, we can classify shade 
into three categories: self-shading, near-object shading and 
far-horizon shading.

Self-shading. The most common example of self-shading 
is row-to-row shading, which results when a tilted row of 
modules shades an adjacent row of modules. Because adja-
cent rows of tilted modules are typically located close to one 
another, row-to-row shading can affect the system through-
out the entire year. If the system designer does not anticipate 
and account for self-shading, it can have a large impact on 
system production.

Near-object shading. This type of shading results when objects 
directly shade the array, causing shadows to move across it. 
In some cases, the obstructions responsible for near-object 
shading, such as rooftop units, vents or parapet walls, are rela-
tively close to the array (within 10 feet). However, obstructions 
located in the middle distance (up to 100 feet), such as trees, 
utility poles, water towers or nearby buildings, can also cause 
near-object shading. Obstructions that are farther away typi-
cally affect the array only during certain times of day, whereas 
shade from nearby objects is more persistent. 

Far-horizon shading. This type of shading results from 
obstructions on the far-horizon line and impacts the entire 
array. Mountain ranges or city skylines are typical examples 
of far-horizon shading. Because these obstructions are so far 
away, they are generally assumed to shade all modules at once 
whenever the sun is below the horizon line. As a result, there is 
no specific design or engineering response to far-horizon shad-
ing. However, designers do need to calculate its impact on total 
system performance.

TRADITIONAL DESIGN RESPONSES
PV system designers and developers typically take a minimum-
tolerance approach to array shading. One of the most common 

design standards is to remove any modules that are shaded 
between 10am and 2pm on the winter solstice. Alternately, 
designers might adhere to setback rules based on a distance 
multiple. For example, depending on the site latitude, they 
might set modules back from an obstruction at a distance of 
two or three times the object’s height. 

System designers specifically apply these design standards 
in response to self-shading and near-object shading. In the case 
of row-to-row shading, designers typically calculate the precise 
minimum interrow spacing based on the module size, tilt angle 
and site latitude. For near-object shading, designers usually 
translate objects into an array exclusion area based on object 
size and site latitude. 

Except where fire or building codes require array exclu-
sion areas that are deeper than shading setbacks, as might be 
the case with skylights on a commercial rooftop, traditional 
design responses to near-object shading mean that each object 
reduces the system’s peak power capacity. These design stan-
dards do not necessarily result in optimal system design in 
terms of economic performance.

System-Level Effects of Shade
To optimize PV system designs in terms of shade tolerance, it 
is important to understand the effects of shade at the system 
level. System design factors, such as module construction and 
PV source-circuit performance characteristics, determine 
these effects, as do the specific components of sunlight. 

System design factors. Crystalline silicon (c-Si) modules 
are typically composed of 60 or 72 series-connected solar 
cells, and six to 20 c-Si PV modules are generally connected in 
series to form a PV source circuit. If a single cell is shaded so 
that its maximum current is less than the C O N T I N U E D  O N  PA G E  3 8
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Figures 1a and 1b  Figure 1a (left) illustrates how the I-V curve for a single PV source circuit is a composite of individual 
module I-V curves. In Figure 1b (right), two of these modules are shaded and receive diffuse irradiance only, which causes 
their current to drop proportionally. This results in two possible operating points that are locally optimal: At Point A, the sys-
tem bypasses the shaded modules to keep the unshaded ones operating at full current; at Point B, the system reduces the 
source-circuit current to match that of the shaded modules.
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maximum current of the PV source circuit, that solar cell con-
sumes power. To prevent this, modules contain bypass diodes 
that remove shaded cells from the source circuit under specific 
conditions. While bypass diodes primarily serve to improve 
product safety, they also mitigate shade impacts. 

In the National Renewable Energy Laboratory (NREL) con-
ference paper “Partially Shaded Operation of a Grid-Tied PV 
System” (see Resources), Chris Deline explains how bypass 
diodes improve module performance under shaded condi-
tions: “The bypass diode allows current from non-shaded parts 
of the module to pass by the shaded part.” He continues: “When 
a bypass diode begins conducting, the module voltage will drop 
by an amount corresponding to the sum of cell voltages pro-
tected by the bypass diode plus the diode forward voltage, but 
current from surrounding unshaded groups of cells continues 
around the group of shaded cells.”

Today, most modules have three bypass diodes. When one 
bypass diode activates, that effectively removes one-third of 
the cells from the circuit. This explains why a small amount of 
shading can have a disproportionate impact on module perfor-
mance. According to Deline: “Shading half of one cell negates 
all the power produced by the 18 cells in that bypass diode 
group. Therefore, the reduction in power from shading half of 
one cell is equivalent to removing a cell active area 36 times the 
shadow’s actual size.” 

Of course, reducing the voltage of a single module by one-
third is preferable by far to restricting the current of an entire 
PV source circuit. Recall that series-connected solar cells  
and PV modules must all operate at the same current. On one 
hand, without any bypass diodes in the modules, hard shade 
on a single PV cell could shut down an entire PV source cir-
cuit. On the other, with three bypass diodes per module, hard 
shade on a single cell of a 12-module source circuit reduces 
the string voltage by less than 3%. 

Components of sunlight. Sunlight is primarily composed of 
direct and diffuse irradiance. Direct irradiance is the beam of 

sunlight that comes directly from the sun, in a straight line. 
Diffuse irradiance is the scattered sunlight that arrives equally 
from all directions.

When a module is shaded, it primarily loses direct irradi-
ance. Depending on how much of the sunlight is obstructed, 
the module still absorbs most, if not all, of the diffuse irradiance. 
Generally speaking, the effective diffuse irradiance accounts for 
10%–40% of the total incident radiation. A shaded module does 
not produce zero energy because some amount of diffuse irra-
diance always strikes its surface.

SHADE EFFECTS
When an obstruction shades an array, a shadow moves 
across the array, based on the sun’s angle in the sky and the 
obstruction’s size. When this shadow hits modules in the 
array, it results in both irradiance and mismatch losses at 
the system level. 

Irradiance. The irradiance effect of shade is the sunlight lost 
before it hits the module surface, compared to the irradiance 
that would have reached the modules without the obstruction. 
Since current and power in a PV source are directly propor-
tional to irradiance, reduced irradiance due to shade results in 
direct energy losses. 

Mismatch. The mismatch effect of shade is the difference 
between how each module could have performed at its indi-
vidual maximum power point and its actual performance 
based on system constraints. Module-to-module mismatch 
due to shade results in indirect energy losses. Mismatch losses 
from shade are highly nonlinear and system dependent, based 
on component selection and system design specifics. 

A PV source circuit impacted by shade has two potential 
operating points, as shown in Figures 1a and 1b (p. 36). On 
one hand, the source-circuit current could drop to match the 
restricted current of the shaded cells, as illustrated by Point 
B in Figure 1b. In this case, unshaded modules are running 
below their potential maximum output power and the result-
ing lost energy is counted as mismatch 

Shading’s Economic Impact
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Figure 2  When a system connects multiple PV source circuits 
in parallel, the effects of shading may lead to different potential 
operating points, as represented by Points A1 and B1.

A shaded module does 
not produce zero energy 
because some amount of 
diffuse irradiance always 
strikes its surface. 
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loss. On the other hand, bypass diodes could activate and 
remove the shaded cells from the circuit, as illustrated by 
Point A in Figure 1b (p. 36). In this case, the shaded modules 
are operating at a voltage that is above their unique maxi-
mum power point, which is another source of mismatch loss.

In a larger system with multiple source circuits in par-
allel, the shaded source circuit must produce a voltage  
similar to the other strings. This scenario requires modules 
on a shaded source circuit to run above their maximum 
power point to compensate for the voltage lost from shaded 
modules. This lost energy is again counted as mismatch loss. 
Figure 2 (p. 38) provides an example of mismatch losses in a 
larger system. 

Calculating Obstruction Shade Losses
To estimate the shaded production of a PV array and deter-
mine the system effects of shading, system designers must use 
software to calculate the operating characteristics of every 
PV module and model performance based on how all of these 
modules are connected in series and parallel. 

For the following analysis, we used HelioScope to cal-
culate the system effects of shade. HelioScope can import 
shade patterns from SketchUp, a free 3D modeling platform, 
and use them to estimate system-level energy production. 
These estimates account for irradiance C O N T I N U E D  O N  PA G E  4 2

Shading’s Economic Impact

Since energy production is site specific and varies 
based on system configuration and rate structure, 

designers need software tools that can model plant 
performance and economic returns. Several products 
available on the market can calculate the energy yield of 
systems related to shading losses. 

HelioScope: Developed by Folsom Labs, HelioScope 
is a cloud-based PV system design and performance-
modeling program. In the software, users lay out a 
system based on the physical location and electri-
cal connections of the PV modules. HelioScope then 
calculates the operating characteristics of each module 
individually and uses that data to calculate system mis-
match effects based on each module’s electrical behav-
ior and circuit connections. This enables the program to 
calculate the irradiance and mismatch effects of shading 
based on 3D modeling of the obstructions in SketchUp. 
For row-to-row shading, HelioScope factors in both 
direct and diffuse effects, with added electrical effects 
for cell string-level performance. (We used HelioScope 
for most of the analyses in this article.)

PV Designer: Solmetric developed PV Designer as a 
companion product to its SunEye site evaluation tool. 
System designers can incorporate SunEye shade mea-
surements taken at specific roof locations. The software 
then creates a map of the average irradiance across the 
array and uses this to model system performance. PV Designer 
does not calculate the mismatch effects of shade. 

PVsyst: The eponymous software developed by PVsyst is 
the industry standard for modeling PV power plant production. 
PVsyst uses an “infinite sheds” approach to calculate row-to-
row shading losses, modeling a generalized distance between 
rows of modules and their corresponding irradiance losses. The 
software can calculate shading effects from obstructions with a 
custom 3D near-object shading design tool. The software also 
approximates the string effects of shade obstructions through 
user-defined electrical effects.

PVWatts: NREL developed PVWatts, which estimates array 
production based on a weather file and a series of user-defined 
deratings. The software does not calculate system effects, 
instead requiring the user to input monthly loss factors due to 
obstruction or horizon shading. 

Simuwatt: Developed by concept3D, Simuwatt is a 3D 
design application available for the Apple iPad. The application 
renders a system in 3D, including modules and obstructions, 
and calculates the shading that will hit each module. For per-
formance calculations, the software utilizes the NREL System 
Advisor Model (SAM). {

Production Modeling Software Tools

Production model  We completed the near-object shading analy-
ses in this article using HelioScope, which allows users to find 
a site on Google Earth and import its 3D layout into SketchUp. 
HelioScope then analyzes annual shade effects—such as the 
impact of a 60-foot pole, shown here—at both the module and 
the system level based on a 3D model. 
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Shading’s Economic Impact

Scenario (net height) Irradiance loss Mismatch loss Total shading loss

Pole (20 feet) 0.4% 1.4% 1.8%

Pole (40 feet) 0.8% 2.2% 3.0%

Pole (60 feet) 1.1% 2.9% 4.0%

Small tree (25 feet) 1.7% 2.8% 4.5%

Large tree (50 feet) 2.7% 4.2% 6.9%

Nearby building (70 feet) 2.4% 2.1% 4.5%

Tree line (40 feet) 3.1% 3.3% 6.4%

Table 1  This table details the irradi-
ance, mismatch and total shading losses 
associated with common obstructions. 
We determined these values using soft-
ware capable of calculating module-level 
operating characteristics in response to 
geolocated 3D shade patterns and model-
ing the resulting performance of the PV 
system as a whole.

Shading Losses Associated with Various Obstructions

and mismatch losses based on module-level irradiance and 
power calculations. 

Our analysis assumes a 300 kW fixed-tilt, ground-
mounted PV system in Southern California. We modeled 
obstruction-shade losses associated with different types of 
objects. To generate conservative results, we modeled near-
object shading associated with obstructions located to the 
south of the array. 

Baseline losses in a shaded array. To start our analysis, we 
set the row-to-row spacing and fully populated the available 
array area with modules. To analyze the full system impacts 

of obstruction shading, we left all of the shaded modules in 
the system. We then imported shade patterns for a variety of 
obstructions: 20-, 40- and 60-foot poles; 25- and 50-foot trees; a 
nearby building; and a 40-foot tree line. We then calculated the 
total system losses associated with each of these obstructions 
compared to an unshaded array. 

Table 1 details the results of these shading loss simulations. 
Note that mismatch losses comprise a larger percentage of the 
total shading losses for skinny objects such as power poles. 
Meanwhile, irradiance losses are more significant for wider 
objects. These effects are intuitive, given that wider objects 
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Figures 3a and 3b  Figure 3a (left) shows the monthly energy losses resulting from a 40-foot pole located directly south of 
a 300 kW PV array in Southern California. Figure 3b (right) shows the 3D obstruction model we used to generate the shade 
pattern for the 40-foot pole.

block more direct sunlight. However, you may find the overall 
results less intuitive, as the system level losses associated with 
near-object shading are relatively modest given that we did not 
attempt to mitigate the shade effects.

To get a better idea of what is going on, we need to drill 
down into the details. For instance, Figure 3a shows the 
monthly energy losses associated with a 40-foot pole located 
directly south of the PV array. The annual system-level losses 
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associated with a 40-foot pole are estimated at 3%, as 
reported in Table 1 (p. 42). However, Figure 3a clarifies that 
these losses vary significantly by season. The energy losses 
approach 2,700 kWh (>7%) in the winter when the sun is low 
on the horizon and drop below 500 kWh (<1%) in the sum-
mer when the sun is directly overhead. 

Figures 3a and 3b help explain why predicted annual 
shading losses are modest. System designers typically evalu-
ate shade patterns by looking specifically at winter months. 
While this is an informative exercise, it is also inherently con-
servative. PV systems in the Northern Hemisphere generate 
the most energy in June and July when the sun is overhead and 
shading losses are lowest. 

We get similar results if we repeat this monthly energy loss 
analysis for other types of obstructions responsible for near-
object shading. However, the system-level effects are generally 

less than expected. This analysis helps us understand the 
losses associated with disregarding shade effects entirely. But 
what if we take a more nuanced approach based on partial 
tolerance to seasonal shading? 

Partial shade tolerance. Designers have a range of options for 
dealing with near-object shading from obstructions. For exam-
ple, rather than simply viewing modules in an array as either 
shaded or unshaded, we could break the array into groups 
based on how often each module is shaded. 

In this scenario, the unshaded modules serve as the refer-
ence group, since they have the highest production efficiency 
or specific yield as measured in kilowatt-hours per kilowatt. 
Using the production efficiency of the unshaded modules 
as the basis of comparison, we can then look at the relative 
specific yield for other groups of modules, such as those that 
are shaded in 1 month (December), 3 months (November–
January), 5 months (October–February) and so on. 

Figure 4 shows an example of this type of production effi-
ciency analysis, detailing the shade effects associated with a 
40-foot pole located directly south of the array. Note that the 
shading losses are once again relatively modest. This is espe-
cially true for modules that are shaded in December only, as the 
production efficiency of the module group shaded in 1 month 
is just 1.3% less than that of the unshaded group. The produc-
tion efficiency losses are 4.2% for the module group shaded in  
3 months and 5.3% for the group shaded in 5 months. 

These data can provide system designers with valuable 
insights and allow them to take a more informed approach to 
shade tolerance. For example, if the designer includes modules 
shaded in 1 month in the final design, the capacity of the PV sys-
tem increases by 6% compared to including unshaded modules 
only. Further, if the designer includes modules that are shaded 
in 3 months, the total system capacity increases another 7%.

When we ran the same analysis for tree shade, we found 
very similar production efficiency values for the groups of 
modules shaded in 1 or 3 months. However, the production 
efficiency curves for tree shade versus pole shade diverge sig-
nificantly for groups of modules shaded in 5 or more months. 
Because tree shading is wider than pole shading, it reduces 
the production efficiency of affected modules more severely. 

These results suggest that the optimal design response to 
near-object shading varies for different shade profiles. But how 
do we determine the best project-specific design approach? 

THE ECONOMICS OF SHADE 
To optimize a design response to near-object shading, it is 
important to look at the relative economic performance of 
various design options. On one hand, the designer could plan a 
system that maximizes the production efficiency of the array by 
eliminating any shaded modules from the design. On the other, 
the designer could increase system capacity based on different 
levels of shade tolerance. 

Shading’s Economic Impact
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Figure 4 This figure details the specific yield associated with 
different groups of modules. We have grouped the modules 
according to the number of months in which each one expe-
riences near-object shading from a 40-foot pole on the south 
edge of the array.
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We conducted a cost-benefit analysis to evaluate the eco-
nomic performance of different design responses to the pole 
and tree shading scenarios. We premised our results on two 
important assumptions. First, we assumed that the available 
array area is space constrained, which limits our design options 
for dealing with shade. We cannot simply move modules that 
we know will be shaded to an unshaded location; we can either 
incorporate the shaded modules into the system or remove 
them. Second, we assumed that the PV-generated energy does 
not exceed the building load or the terms of the off-take agree-
ment. Obviously, there is no need to increase PV array capacity 
by locating modules in partially shaded areas if you do not have 
a good use for that energy. 

Benefits of higher array capacity. A larger PV system has mul-
tiple financial benefits. First, even with a constant profit mar-
gin, a larger system yields more money for the system owner 
and developer because it has more modules and produces 
more energy. More important, a larger system also improves 
the array’s cost structure and profitability by spreading out 
the project’s fixed costs. The overhead to develop and build 
a project includes a lot of scale-independent tasks, such as 
permitting and interconnection agreements, construction 
administration and general overhead. By making a system 
larger—say, by 10%–20%—designers can spread fixed costs 
over the increased system capacity, typically reducing these 
fixed costs by 10%–20% on a per-watt basis. 

To analyze the optimal system capacity for two par-
tially shaded arrays—one shaded by a pole and the other 
by a tree—we used a lifetime system cost model. This 
model incorporates cost assumptions representative of a  
commercial-scale PV system: fixed costs of $0.50 per watt, 
marginal costs of $1.50 per watt and an energy value of $0.15 
per kilowatt-hour. As before, we broke down the arrays into 

module groups according to how often 
the obstruction shades the modules. 
We then treated each group of mod-
ules as an independent design option 
and looked at its cost versus produc-
tion benefits. This approach allowed 
us to analyze the profit contribution 
for each group of modules. Figure 5 
summarizes the results of this profit-
ability analysis. 

The data in Figure 5 provide con-
crete evidence that different shade 
types lead to different design optimi-
zation decisions. It appears to be prof-
itable to add module groups shaded 
by the pole into the final design, even 
those shaded in 5 or 7 months of the 
year. With regard to tree shade, how-
ever, it is clearly not profitable to 

include modules that are shaded in more than 5 months of 
the year. 

Shade Mitigation Design Strategies
Once the designer knows which module groups improve the eco-
nomic performance of a PV system, the designer can use the same 
type of cost-benefit analysis to evaluate other responses to the 
effects of shading. When considering different shade mitigation 

Shading’s Economic Impact

Reliability Implications of Shading 

Shaded modules run at reduced power levels. A shaded module still receives 
sunlight, but because of system mismatch effects it is likely not operating at its 

maximum power point. Further, if the sunlight hitting a module does not convert to 
electricity, the laws of thermodynamics suggest that it converts to heat. This additional 
heating could negatively affect module reliability.

Similarly, module shading can cause bypass diodes to activate. When a bypass 
diode conducts current, its temperature increases. Both of these effects—increased 
temperature and diode activation—could also negatively affect module reliability. 

Even though shading appears to put additional stresses on PV modules, it is 
difficult to assign a precise number to the reliability implications of these effects. If 
you have questions about the viability of a partially shaded design, we recommend 
contacting your module supplier’s product applications engineer. It is also important 
to read and follow the manufacturer’s instructions to ensure that you are using the 
modules in accordance with the warranty terms. { 
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Figure 5  This figure plots the relative profit contribution of 
different module groups based on shade type and frequency. 
While the module groups subject to shading by a pole (the 
red line) generally remain profitable, persistent shading by a 
tree (the blue line) can erode project profitability.
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options, it is helpful to keep the two-part nature of shade 
losses—irradiance and mismatch—in mind. 

Since irradiance losses result from sunlight that 
never reaches the modules, the only possible design 
response is to eliminate the obstruction or move 
the modules. There is really nothing that the system 
designer can do to replace the lost irradiance. 

Mismatch losses vary depending on how you con-
figure the system, which means you can take many 
possible approaches. For example, you could config-
ure the PV source circuits to minimize shade effects. 
You could increase the granularity of the MPPT zone. 
Or you could improve system shade tolerance by using 
thin-film instead of c-Si modules. 

But what shade mitigation options are most cost-
effective? Does it make sense to increase the granularity 
of the MPPT by using module-level power electronics 
or 3-phase string inverters? Is it more cost-effective to 

use a single central inverter and to wire the PV source circuits 
in a way that minimizes shade effects? What happens when the 
system uses thin-film modules?

These are all scenarios that the system designer can model 
and evaluate using software. Performing this type of cost-benefit 
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shape of the obstruction and its shade profile, which drives the 
series and parallel mismatch effects at the system level.
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analysis provides designers with a quantitative means of evalu-
ating shade mitigation design strategies, as shown in the fol-
lowing examples.

Optimal MPPT zone size.  Today, system designers have more 
hardware options than ever for mitigating mismatch losses. 
Rather than specify a single 300 kW central inverter, a designer 
could specify 15 20 kW string inverters or eliminate mismatch 
losses altogether by specifying 1,200 250 W microinverters 
or dc-to-dc converters. Some products in development offer 
bypass-diode–level MPPT, which will optimize the production 
of individual cell strings or groups and allow for tighter module 
spacing and higher ground-cover ratios.

To determine the most profitable design option, the sys-
tem designer needs to quantify the increased energy produc-
tion associated with more-granular MPPT zones, and then 
model financial returns over the life of the project based on 
the cost structure of different design options. As shown in 
Figure 6 (p. 47), the optimal design response to mismatch 
losses depends in part on the source of the shading. For 
example, if a pole is the source of the shade, the designer 
can reduce mismatch losses approximately 50% by specify-
ing 10 kW MPPT zones rather than a 300 kW central inverter. 
However, the only way to meaningfully reduce soiling mis-
match losses is to utilize substring-level MPPT. 

Optimal source-circuit configuration. It often makes sense to 
include partially shaded modules in a final design regardless of 
whether the system includes string inverters or module-level 
power electronics to mitigate mismatch losses. However, if the 
system includes a central inverter, which typically puts many 
source circuits in parallel on a single MPPT input, the designer 
may want to evaluate the potential benefits of different source-
circuit configurations. 

For example, you might be able to mitigate mismatch losses 
by specifying shorter source circuits. Alternately, you could 
wire the source circuits so that they are physically oriented in 
the same direction as the shade, rather than perpendicular to it. 
The designer might also be able to mitigate mismatch losses by 
using cadmium telluride (CdTe) thin-film modules. 

As shown in Figure 7, when we modeled these different 
design options, we found that source-circuit wiring is gen-
erally the most effective of these shade mitigation design 
options, regardless of shade type. To the extent that the PV 
source-circuit wiring groups shaded modules together, 
system-level mismatch losses become less of a problem. 
Changing the module type has a similar effect, in part due to 
the fact that CdTe modules have a lower fill factor than c-Si 
modules. CdTe modules also result in shorter PV source cir-
cuits. However, shorter strings are actually a liability in con-
junction with pole shade.

Put It in the Shade?
While designers should generally minimize array shading, 
our analysis indicates that a measured shade tolerance can 
optimize a PV system’s profitability. Ultimately, the optimal 
design will vary depending on the obstruction type and its 
unique shade profile. However, traditional design approaches 
to near-object shading, especially those that base decisions on 
the extent of shading on the winter solstice, may be overcon-
servative. Designers should instead evaluate shade tolerance 
and shade mitigation strategies to determine which responses 
improve the economic performance of the PV asset over the life 
of the system.
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Figure 7  This figure details the mismatch losses associ-
ated with different source-circuit configurations based on 
shade type. Note that orienting the PV source circuits in the 
same direction as the shade reduces the mismatch losses by 
about 50% compared to the baseline case.
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I
nstallation of solar water heating (SWH) systems requires 
significant expertise in a number of trades. Installers need 
to know carpentry—critical for mounting solar collec-
tors—as well as electrical systems, necessary for install-
ing system controls. They also need a thorough grounding 

in plumbing and heating systems to properly integrate SWH 
equipment with standard water and space heating systems. 

Each of these trades has a set of requirements that install-
ers must follow to ensure code compliance. In many jurisdic-
tions, this requires SWH installers to be knowledgeable about 
specific portions of the local building, plumbing, mechanical, 
energy conservation and electrical codes. 

Among jurisdictions in the US, some code adoption is 
relatively uniform. The International Residential Code (IRC), 
International Building Code (IBC), International Energy 
Conservation Code (IECC) and National Electrical Code, for 
instance, are dominant. Some variation exists because each 
jurisdiction decides which edition of a code to adopt, but the 
contrast in requirements for these codes is not as stark as it is 
for plumbing and mechanical codes. 

There are two primary plumbing codes in the US: the 
Uniform Plumbing Code (UPC) and the International Plumbing 
Code (IPC). Most jurisdictions have adopted the UPC or IPC. 
Exceptions include states that have adopted unique state 
plumbing codes, including Louisiana and Massachusetts, and 
states that have adopted the National Standard Plumbing Code 
(NSPC), such as Maryland and New Jersey.

While the International Mechanical Code (IMC) and 
the Uniform Mechanical Code (UMC) share some simi-
larities, they differ significantly in their treatment of SWH 
systems. In addition, the national mechanical codes have 
variations that can create confusion and inconsistency in 
local requirements.

In this article, I explore differences among the plumbing 
and mechanical codes, and clarify some of the more con-
fusing code requirements that impact SWH integration 
professionals. I also explore and explain portions of the 

international codes and the Uniform Solar Energy Code 
(USEC) that have posed a challenge for installers, designers 
and building inspectors. 

UNIQUE CHARACTERISTICS OF SOLAR HEATING SYSTEMS 
Plumbing and mechanical codes must be broad enough to 
accommodate all types of heating systems, including gas and 

By Vaughan Woodruff

Code Considerations  for  
Solar Water Heating  Systems
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oil boilers, ground-source heat pumps, radiant heating dis-
tribution, electric water heaters and solar heating systems. 
Sometimes the industry introduces new techniques or tech-
nologies faster than the code organizations can respond. 
For instance, some SWH system installers have begun to use 
corrugated stainless steel tubing (CSST), a material that the 
major mechanical codes have yet to address. 

Committees of volunteers, each with specific expertise, 
create the plumbing and mechanical codes. A plumbing code 
committee must have members who are knowledgeable in 
topics such as water supply, sanitary drainage and plumbing 
fixtures. The code reflects the expertise and foresight of these 
individuals. If committee members have limited experience 
with a particular technology, they may approve requirements 
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The installers of solar water heating 
systems have to navigate a range 
of plumbing and mechanical codes, 
which sometimes seem to be at 
odds with each other. 
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without full consideration of whether 
they apply to all the technologies that 
the specific code governs. The result-
ing code requirements may be too 
restrictive or may be irrelevant for sys-
tems that operate differently from the 
norm. This has been the case in sev-
eral US jurisdictions, where applying 
requirements for standard hydronic 
systems to SWH systems has created 
onerous installation procedures.

There are two significant differ-
ences between antifreeze solar heat-
ing systems and the majority of standard hydronic systems: 
First, most hydronic systems have an automatic fill valve 
that adds water to the system to maintain its pressure, while 
many SWH systems do not. Second, unlike solar heating 
systems, most standard hydronic heating systems automati-
cally shut off the heat sources when temperatures exceed 
design parameters. 

Without an automatic fill valve, antifreeze and drainback 
solar heating systems contain a fixed amount of liquid. If a 
component fails or if an overpressure situation occurs, it is 
a singular occurrence that the introduction of more 
fluid into the system does not exacerbate. This is an 
important difference, as hydronic heating systems with 
make-up water supplied via an automatic fill valve can 
experience numerous overpressure events if they are 
not immediately identified. 

In addition, when gas, oil or electric appliances 
serve as a heat source for a hydronic system, ther-
mostatic controls can regulate fuel or power delivery. 
These controls can turn the energy source off once 
the system reaches the design’s target temperature. 
However, because it is not possible to turn off the 
energy source for antifreeze solar heating systems, 
the design needs to build in measures for alleviating 
overheating. Certain equipment may require higher 
temperature ratings than standard hydronic systems 
would call for. Also, solar heating systems may allow 
for higher operating pressures.

To address these variations, some code organizations 
have developed subcommittees or stand-alone codes for 

solar technologies. For example, the 
International Association of Plumbing 
and Mechanical Officials (IAPMO), 
which issues the UPC and UMC, devel-
oped the USEC to specify require-
ments for SWH system installation.

HEAT EXCHANGERS AND BACKFLOW 
PREVENTION
The most controversial code require-
ments related to solar heating sys-
tems—and those that have had the 
most impact on the industry—concern 
cross connection. Cross connection 
occurs when you connect a potable 
water system to piping containing a 
fluid that is not potable or that may 
contain contaminants. A common 
example of cross connection occurs in 
hydronic heating systems that pipe an 
automatic fill valve into the mechanical 
loop to provide make-up water. In this 

case, code requirements ensure that water from the hydronic 
heating system does not contaminate the potable water supply 
through backsiphonage or backflow. 

Backsiphonage. When the water supply is under negative 
pressure, suction —or backsiphonage —can pull fluid back into 
the water supply. For example, the opening of a fire hydrant 
can cause nearby homes and buildings to experience back- 
siphonage. Installers can prevent backsiphonage by install-
ing a vacuum relief valve or an approved dip tube on the cold 
water supply to the storage tank. These C O N T I N U E D  O N  PA G E  5 4
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Direct and indirect connections  
Standard hydronic systems connect 
directly to a potable water supply 
with a device such as the automatic 
fill assembly shown here. Indirect 
SWH systems do not have a direct 
connection between the mechanical 
piping and the potable water supply.

Code similarities and differences  ICC’s International Mechanical 
Code and IAPMO’s Uniform Solar Energy Code have specific  
requirements for SWH systems. While the codes share some similari-
ties, some significant differences relate to SWH system installation.
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measures provide an air gap that prevents suctioning of the 
tank’s contents into the potable water supply.

Backflow. Differential pressure between the potable water 
system and the water supply causes backflow. It occurs when 
the pressure in the nonpotable system is higher than that of 
the potable system to which it connects. Unless the installer 
takes preventative measures, nonpotable fluid can push into 
the potable water supply. For this reason, standard hydronic 
heating systems in which potable water connects directly 
to a system with nonpotable fluid require backflow preven-
tion devices. Indirect SWH systems, however, do not connect 
directly to the potable water supply. Instead, the interface 
between the mechanical piping and the potable water supply 
occurs at the heat exchanger. 

If the heat exchanger fails in a standard hydronic or SWH 
system, under certain conditions heat transfer fluid could enter 
the potable water system at an indirect water heater. The fluid 
behavior depends upon the operating pressures on either side 
of the heat exchanger. For example, hydronic heating systems 
typically use pressure relief valves that are rated for discharge 
at 30 psi and operate at pressures of 15–20 psi. These pressures 
are commonly below the standard street pressure for a public 

water supply. If a heat exchanger leaks under these circum-
stances, the potable water will push into the hydronic piping 
and likely activate the pressure relief valve. 

In contrast, antifreeze SWH systems typically utilize 
pressure relief valves rated to discharge at 75–150 psi, 
depending upon system design. These higher relief valve 
ratings are due primarily to the possibility of stagnation, 
which can significantly increase system temperature and 
pressure. Stagnation occurs when there is sufficient solar 
radiation and the fluid in the system does not circulate 
due to factors such as a power outage or a pump failure, or 
when the tank has reached the maximum temperature and 
the pump turns off to protect the tank from overheating. 
System designers can use relief valves rated at higher pres-
sures, such as 150 psi, to permit larger pressure fluctua-
tions in the system and reduce the required expansion tank 
volume. For most systems, these high system pressures are 
infrequent or may not occur at all. For a majority of the sys-
tem’s lifespan, the standard operating pressure stays below 
the potable water pressure. 

The differences between SWH systems and standard 
hydronic heating systems make it challenging to develop 
effective code requirements, since codes provide an 

overarching set of requirements for all systems, while the 
pressure conditions that occur during stagnation are unique 
to solar heating technologies. In light of this issue, code 
committees and local jurisdictions should make an effort to 
adapt code requirements in a flexible manner that promotes 
public health without putting an unnecessary burden on a 
particular product or technology, including solar heating. 

Code developments in Louisiana over the last few years 
illustrate this challenge. In 2010, Louisiana’s Department of 
Health and Hospitals issued a letter of intent that required all 
SWH systems in the state to utilize double-wall heat exchang-
ers, nontoxic heat transfer fluid and a reduced-pressure 
backflow preventer that needed at least annual testing. This 
decision increased the cost of systems so significantly that it 
limited the growth of the state’s SWH industry. Recognizing 
that the use of a double-wall heat exchanger and nontoxic 
heat transfer fluid adequately protects the public water sup-
ply, the department issued a revised letter of intent in 2011 
that revoked the backflow preventer requirement. The current 
code requires the use of a double-wall heat exchanger regard-
less of the type of heat transfer fluid used. This requirement 
includes drainback systems, which typically use water as a 

heat transfer fluid and have less risk of 
causing cross contamination than any 
conventional heating system that uti-
lizes an indirect water heater.

US code organizations take varied 
approaches to the cross-contamination 
issue. The major plumbing and mechani-

cal codes include installation requirements related to the type 
of heat transfer fluid, the type of heat exchanger and the operat-
ing pressure of the solar loop to minimize any cross contamina-
tion that might occur if a heat exchanger were to fail. 

IPC 608.16.3 (2015) and USEC 406.1.1 (2012) require the 
use of essentially nontoxic heat transfer fluid with single-wall 
heat exchangers. If a system uses a toxic heat transfer fluid 
such as ethylene glycol, these codes require a double-wall 
heat exchanger with an air gap. The air gap ensures that the 
toxic fluid leaks onto the floor below the heat exchanger 
rather than into the potable water supply. Since a pool of toxic 
fluid in a residential or commercial setting presents another 
health hazard, it is best to avoid the use of toxic heat transfer 
fluids in SWH systems.

The IPC and the UPC define essentially nontoxic dif-
ferently. The 2012 IPC definition refers to “fluids having a 
Gosselin rating of 1,” while the 2012 UPC definition refers to 
“fluid having a toxic rating or Class of 1.” Propylene glycol 
meets both definitions (per 21 CFR 184.1666). The corrosion 
inhibitors commonly used in solar heat transfer fluid also 
meet the definitions of essentially nontoxic. Since mixing 
several nontoxic ingredients does not ensure that the final 
solution will be essentially nontoxic, C O N T I N U E D  O N  PA G E  5 6
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manufacturers, public health officials and code officials are 
developing mechanisms that can better assess the nontoxic-
ity of heat transfer fluids. 

USEC 406.1.1 (2012) allows the use of single-wall heat 
exchangers only if the FDA has recognized the heat transfer 
fluid as safe and the maximum pressure in the solar loop does 
not exceed the maximum pressure of the potable water supply. 
The intent here is to ensure that a heat exchanger leak causes the 
potable water to push into the solar loop rather than vice versa. 
To comply with this requirement, the installer must know the 
potable water pressure, which can vary significantly by juris-
diction and even within the same jurisdiction. For example, a 
facility located near a public water supply pump house may see 
higher pressures than a facility located at the end of a distri-
bution branch. Additionally, homes on a private water supply 
such as a well may have water pressures that would necessitate 
the use of a double-wall heat exchanger. 

Though these requirements have evolved over several 
code cycles, challenges continue to arise when common 
industry practices conflict with existing code requirements. 
For example, in Oregon, code requirements formerly dic-
tated the use of a double-wall heat exchanger when the  

pressure relief valve on a SWH system exceeded 30 psi. In 
2008 the Oregon Building Codes Division issued an alternate 
method ruling that allows installers to use pressure relief valves 
rated up to 150 psi with single-wall heat exchangers as long as 
the operating pressure of the system remains “below the nor-
mal minimum operating pressure of the potable water system 
in the building.” The state made this determination after con-
sidering common industry practices, including the fact that 
standard system operating pressures are below 30 psi. 

The major codes grant local jurisdictions considerable 
responsibility for interpretation, allowing the AHJ (com-
monly represented by the local code official) to accept alter-
nate designs. For example, Appendix C of the 2012 UPC and 
Appendix A of the 2012 USEC detail local control for heat 
exchanger designs.

However, some requirements confuse even code offi-
cials and solar professionals. For example, IMC 1401.2 (2012) 
stated that “potable water supplies to solar systems shall 
be protected against contamination in accordance with the 
International Plumbing Code.” The 2012 IRC had a detailed 
requirement stating that “the potable water supply to a solar 
system shall be equipped with a backflow preventer with 
intermediate atmospheric vent complying with ASSE 1012 or 
a reduced pressure principle backflow preventer complying 
with ASSE 1013” (2012 IRC P2902.5.5). However, this require-
ment was ambiguous because it does not clearly define what 
constitutes the potable water supply to a system.

The IPC definition of cross connection refers to a physi-
cal connection between two piping systems where a pressure 
differential could initiate cross contamination. In addition, 
the devices certified under ASSE 1012 are required when 
you install an automatic fill device in a standard hydronic 
system. This requirement does not distinguish between sys-
tems that utilize single-wall or double-wall heat exchangers, 
nor does it specify the type of heat transfer fluid used in the 
system. It is unclear whether this section applies to stan-
dard SWH installations. 

Requiring an ASSE 1013 device on the potable water sup-
ply to a solar indirect water heater would support public 
health only if you used an essentially toxic heat transfer fluid, 

such as ethylene glycol, with a single-wall heat exchanger. 
Considering that the code already prohibits such an 
installation, this portion is superfluous. Industry 
practice supports that interpretation, and the 2015 
International Codes clarify this issue by specifying 
that “water supplies of any type shall not be con-
nected to the solar heating loop of an indirect solar 
thermal hot water heating system.” As a result, indi-
rect SWH systems do not require backflow preven-
ters, nor do most direct systems. 

With each code adoption cycle, committees 
review the public health risks associated with the 

Double-wall exchangers  
Internal double-wall heat 
exchangers include those 
used in SunEarth’s HE solar 
tanks. External double-wall 
heat exchangers, such as 
Heliodyne’s Helio-Pak,  
are also available.
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use of a single-wall heat exchanger with an antifreeze SWH 
system. For a code-compliant SWH system to contaminate 
the potable water supply, the following combination of 
events would have to occur: the heat exchanger leaks, the 
solar loop stagnates, and the expansion tank(s) cannot pro-
tect the system from exceeding the water supply pressure to 
the building.

Under these conditions, the antifreeze solution could 
potentially push back into the public water supply. The prob-
ability of such an occurrence is low, considering that the 
potable water in the indirect water heater, and any water 
consumed at hot water fixtures in the building located 
after the heat exchanger breach, would dilute the solution. 
Stakeholders are considering proposals for the 2015 code 
cycle that would provide further clarification of this issue 
and of what constitutes an essentially nontoxic fluid. 

ASME CERTIFICATION FOR TANKS 
In many residential SWH systems, designers and install-
ers work with 80–120-gallon tanks. Commercial applica-
tions or residential combination, or “combi,” systems that 
also provide space heating often utilize much larger tanks. 
However, although larger volumes can increase a system’s 
heat storage capacity, they also increase the risks associ-
ated with storing pressurized water. Code requirements are 
much more stringent for pressurized vessels that exceed a 
certain volume threshold. 

Both IMC 1003.1 (2015) and USEC 603.7 (2012) require 
the construction of pressure vessels in accordance with the 
ASME Boiler and Pressure Vessel (B&PV) Code, Section 
VIII. The B&PV Code specifies requirements for the design, 
construction and installation of containers for pressurized 
water. For solar heating systems, this includes water heat-
ers and expansion tanks. ASME must certify pressure vessels 
that fall within the scope of the B&PV Code. That means the 
manufacturer must construct the tank in accordance with 
specifications detailed in the B&PV Code, and an ASME-
recognized inspector must verify the manufacturing of each 
pressure vessel. An ASME certification may double the cost 
of a storage tank and increase the cost of an expansion tank 
by a factor of 20. 

Water heaters that exceed 120 gallons require ASME certi-
fication unless their operating pressure does not exceed 15 psi. 
Since the water pressure from a public water supply and from 
most private water supplies does exceed 15 psi, a pressurized 
water heater that is greater than 120 gallons in volume needs 
an ASME stamp if it contains potable water. 

When a system requires more than 120 gallons of stor-
age, designers can avoid the costs associated with ASME 
certification and remain code compliant by using multiple  
120-gallon tanks or by using an unpressurized storage 
tank, which contains water at atmospheric pressure. Heat 
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exchangers transfer heat to the potable water and heating 
distribution system. According to USEC 302.1 (2012) and IMC 
301.7 (2015), an approved agency must list and label these 
tanks. However, USEC also recognizes third-party certification. 

Thermal accumulators. The introduction of thermal accu-
mulators into the US market provides opportunities and 
challenges for designers, installers and the code enforce-
ment community. Thermal accumulators are buffer tanks 
that contain the nonpotable water used to distribute heat in 
a hydronic heating system. These tanks typically have either 
an immersed heat exchanger at the bottom of the tank or a 
sidearm heat exchanger that transfers heat from the solar col-
lectors to the buffer water. Ports at various heights in the tank 
supply heat to the distribution system and provide auxiliary 
heating from high-efficiency boilers. A large heat exchange 
coil or an immersed tank in the buffer tank transfers heat to 
the potable water. 

Since combi systems need to supplement larger heat-
ing demands than a simple residential SWH system handles, 
they require larger storage capacities. Thermal accumulator 
tanks provide a simple solution for integrating solar with aux-
iliary heating sources for domestic water and space heating. 
One of the thermal accumulators available in the US market, 
Lochinvar’s Strato-Therm+, offers 125–900-gallon capacities. 
Each tank has an ASME Section VIII stamp to comply with the 
B&PV Code. Any application requiring storage tank volumes 
of 125–900 gallons can use these tanks.

Triangle Tube offers storage capacities of greater than 
120 gallons without ASME certification due to the unique 
tank-in-tank design of its Smart Multi Energy line of storage 
tanks. These models meet compliance since neither the stain-
less steel potable water tank nor the surrounding buffer tank 

contains a volume greater than 120 gallons. One of the models 
achieves a total storage volume of 171 gallons by surrounding 
a 105-gallon inner tank with 66 gallons of buffer water in the 
outer tank.

Several other companies offer thermal accumulators that 
exceed 120 gallons but are not ASME certified. ASME B&PV 
Code Section VIII, U-1(C)(2)(h), requires that the “internal 
operating pressure must not exceed 15 psi.” The only way to 
ensure that the operating pressure does not exceed this level 
is to utilize a pressure-relief valve rated at 15 psi, but this may 
cause complications. The modulating, condensing gas-fired 
boilers that are most appropriate for integrating with these 
tanks often require a minimum hydronic system pressure of 
15 psi or higher. As a result, it is critical to confirm that all of 
the equipment operates properly under the design conditions 
that B&PV Code requires when a system installation includes 
large non–ASME-certified tanks. 

Expansion tanks. ASME has separate requirements for 
expansion tanks in solar heating systems. B&PV Code Section 
VIII states that an expansion tank must be ASME certified if 
the design pressure exceeds 300 psi or the design temperature 
exceeds 210°F. Expansion tanks that buffer the system from 
pressure fluctuations are designed to operate below these lim-
its. As a result, the B&PV Code does not require ASME certifi-
cation of thermal expansion tanks. 

The requirements relating to expansion tanks in antifreeze 
SWH systems require further interpretation, however. While 
the B&PV Code does not have an explicit definition for design 
temperature, other codes do. The 2012 C O N T I N U E D  O N  PA G E  6 0
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Certification requirements Pressure vessels that exceed 
120 gallons in volume may require ASME certification. These 
tanks may be factory insulated or shipped unjacketed and 
insulated on site, like this model from A. O. Smith.

High-volume 
storage  Loch-
invar’s Strato-
Therm+ line of 
indirect solar stor-
age tanks includes 
nine models rang-
ing from 125 to 
900 gallons. Due 
to their volume 
and typical work-
ing pressures, 
these storage 
systems are 
ASME certified.
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USEC, for example, defines the design temperature as “the 
maximum allowable continuous or intermittent temperature 
for which a specific part of a solar energy system is designed 
to operate safely and reliably.” Based on this definition and 
considering that collector temperatures in antifreeze systems 
may reach 340°F–420°F during stagnation, a strict interpreta-
tion of the code indicates that you must either use an ASME-
certified solar expansion tank or install the tank in a location 
within the system that ensures antifreeze temperatures do not 
exceed 210°F. During normal operation, the fluid temperature 
in an SWH system does not exceed 210°F. Since designers 
commonly position a solar expansion tank on branch piping 
from the main collector loop, fluid contained in the expansion 
tank generally remains at a much lower temperature than the 
rest of the system fluid. 

Stagnation events, when the fluid in the collector turns to 
steam and forces the liquid contents of the collector array into 
the system piping, pose a design challenge. When stagnation 
occurs, the membrane in the expansion tank stretches to accom-
modate expansion. In a properly designed system, the steam 

should remain in the collector array and adjacent piping. The vol-
ume of fluid between the collector array and the expansion tank 
determines the maximum fluid temperatures in the expansion 
tank. If this volume is less than the volume of the collector array, 
temperatures in the expansion tank may exceed 210°F. To allevi-
ate this situation, designers can use heat dissipation strategies 
on the piping between the primary solar circuit and the expan-
sion tank. For example, they could add heat dissipation fins like 
those used in standard baseboard radiators or install a prevessel 
on the piping that contains enough fluid to maintain tempera-
tures below 210°F in the solar expansion tank.

The ASME requirements for expansion tanks in SWH sys-
tems illustrate how the traditional categories within the codes 
do not reflect the unique nature of solar heating systems. For 
example, the B&PV Code assumes that expansion tanks that 
experience temperatures exceeding 210°F are connected 
to power boilers. ASME defines a power boiler as “a boiler 
in which steam or other vapor is generated at a pressure of 
more than 15 psi (100 kPa) for use external to itself.” A stan-
dard SWH system does not produce steam for the purposes 

Separated storage  The tank-in-tank design of Triangle Tube’s Smart 
Multi Energy tanks allow for storage volumes greater than 120 gallons 
by utilizing separated storage volumes.
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Expansion tanks  Certain applications may require  
an ASME-certified expansion tank, like this one from  
Amtrol. Installers should verify specifications, since  
an ASME-certified tank can be significantly more 
expensive than its noncertified equivalent.
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of providing heat to another source. In fact, when 
a SWH system does produce steam, it is not opera-
tional. This contrast is a significant one.

CORRUGATED STAINLESS STEEL TUBING (CSST)
In recent years, several manufacturers have intro-
duced insulated CSST linesets for use in the col-
lector loop of antifreeze solar heating systems. 
Manufacturers typically sell these products in 
coils that include two lengths of CSST encased  
in pipe insulation, which also contains a two-wire 
sensor cable for connecting the collector sensor  
to the system’s differential controller. The insu-
lation generally has a coating to protect it from 
degradation due to UV radiation when used in 
outdoor applications.

The fittings used to transition from CSST to cop-
per tubing and other components comprise sev-
eral parts: a union nut, a clamping washer installed between 
the CSST corrugations to secure the union nut to the CSST, 
an adapter that links the CSST and the copper tubing, and a 
washer or sealing ring between the union nut and the adapter. 
These fittings, unique to each manufacturer, may target a 

particular application. For example, some 
manufacturers utilize the same CSST product 
for both potable water and solar applications. 
In this case, the fittings for each application 
may differ significantly. Since the temperatures 
in solar heating systems may exceed 400°F, you 
may need to employ a different material for the 
washer or sealing ring.

Though CSST is a well-established product 
in the fuel piping trade, it is fairly uncommon in 
plumbing and hydronic piping applications. As 
a result, the major mechanical codes have yet 

to include CSST as one of the allowable piping materials, and 
neither IMC 1202.4 (2015) nor USEC 407.1 (2012) allows its use.

Since CSST sizes vary by manufacturer, there is no listed 
standard for this type of tubing. As the code organizations incor-
porate CSST for hydronic applications into their mechanical 

Prevessel buffering  Also referred to as an 
additional vessel, a prevessel can reduce the 
maximum operating temperatures in the solar 
expansion tank. Zilmet’s VSG vessel (top) and 
Solar-Plus expansion tank are shown here.
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codes, they will face the challenge of identifying a standard for 
use of these products in solar applications.

The fact that the mechanical codes exclude CSST does 
not necessarily prevent its use in solar heating systems. 
Both the IMC and the USEC include provisions designed 
to address situations in which technology responds more 
quickly to change than the 3-year code cycles do. IMC 105.2 
(2015) and USEC 302.2 (2012) allow the AHJ discretion for 
such cases. A code official can review technical documen-
tation specifying that the particular brand of CSST and its 
fittings are compatible with the fluid in the system and are 
rated for the design temperatures and pressures. If satisfied, 
the official can approve its use.

Many solar CSST manufacturers have chosen to have their 
products tested to ASTM A240, which is useful if a code offi-
cial requires conformance to a recognized standard. ASTM 
A24 specifies the required chemical composition for stainless 
steel in pressure vessels and general applications.

If the code official approves CSST for a project, the installer 
must support the tubing in accordance with the manufactur-
er’s installation instructions, per IMC 304.1 (2015) and USEC 
307.1 (2012). If the instructions do not include the maximum 
support intervals and method of support, it is the installer’s 
responsibility to ask the manufacturer. The manufacturer’s 
instructions may provide guidance on the minimum allow-
able bend radius for its style of CSST. This guidance is impor-
tant because too tight a bend radius could weaken the tubing 
wall, ultimately causing it to fail.

SWH designers and installers who are looking to incorpo-
rate CSST must carefully consider flashing and penetration 

sealing details where the CSST enters a building. Manu- 
facturers design most conventional pipe flashing products for 
use with smooth rather than corrugated tubing. It is important 
to use flashing designed specifically for use with CSST to ensure 
code compliance.

BECOMING PART OF THE PROCESS 
The evolution and clarification of code requirements is impor-
tant to the growth of the solar heating industry. Developing 
clear expectations provides a level of uniformity and predict-
ability that is helpful when training new design, installation 
and inspection professionals and empowers those already 
working in the field.

While it is unlikely that the solar heating industry will 
reach the same level of uniformity in code adoption as the 
PV industry, it is still important for industry professionals to 
engage and educate local building officials and get involved 
with the code-making process. Consistent and standardized 
plumbing and mechanical code requirements make it easier 
for SWH system installers to work in multiple jurisdictions, 
and ultimately drive down the cost of deploying SWH. 

g C O N T A C T

Vaughan Woodruff / Insource Renewables / Pittsfield, ME /  

 vwoodruff@insourcerenewables.com / insourcerenewables.com

Tubing assemblies  Corrugated stainless steel tubing 
(CSST) typically includes two lengths of CSST and a two-
wire sensor cable encased in pipe insulation. Each manufac-
turer has specific fittings for joining its product to copper or 
other tubing and fitting materials.

Flashing requirements  CSST manufacturers may provide 
weatherproofing products specific to their tubing that you must 
install in accordance with the manufacturer’s instructions. 
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pvlabels.com 05-250

NOTICE

CALL TODAY! 760-241-8900 or VISIT:

WARNING

pvlabels.com 05-100

DO NOT TOUCH TERMINALS
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ELECTRIC SHOCK HAZARD

PV LABELS
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pvlabels.com 04-649
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All Products Designed to Handle the Extreme Outdoor Elements  -40 F  to 170 F
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04-681pvlabels.com PER NEC 690.14(C)(2), 690.17(4), 690.54
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AC DISCONNECT
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SWITCHboard From the Forum

Original post from USE_solar:  
I am designing a PV system that has a 
continuous output of 79 A. The ampacity 
of the overcurrent protection is 98.8 A. 
The system taps on the line/supply side of 
the 200 A main breaker of the 120/240 V  
service. If this was a connection on the 
load side of the main breaker, the con-
ductors would be 3 AWG and rated at 
100 A. I need clarification on the conduc-
tor size for a line-side tap. I read that they 
need to be sized as service-entrance con-
ductors, but what would that be? Would 
the ground need to be the same size?

Marvin Hamon, PE: With a supply-
side interconnection, several things 
dictate conductor sizing. Most of 
it comes out of NEC Article 230. I 
assume you are using a 100 A fused 
disconnect between the inverter and 
the tap point. 

The conductors between the dis-
connect and the tap are unprotected 
service-entrance conductors. You size 
them so they will not be overloaded, 
since you can’t size them to be pro-
tected from a fault on the supply side. 
Start with 230.42(A) and (B). The con-
ductors must be sized for the inverter 
output and for the disconnect size. So 
in this case, you size the conductors  
for the 100 A disconnect.

On the load side of the disconnect, 
you size the conductors so the 100 A 
fuses protect them.

Grounding is a little more difficult. 
Since your ac disconnect is a service 
entrance, it has the neutral-to-ground 
bond and has to be connected to the 
grounding-electrode system. You size 
the grounding-electrode conductor 

from Table 250.66 based on the size 
of the conductor from the tap to 
the disconnect. You size the equip-
ment grounding conductor from the 
disconnect to the inverter using Table 
250.122. If there is a ground conductor 
from the utility, you should run it to 
the disconnect.

USE_solar: Marvin, I understand the 
load side of the disconnect sizing, but 
after looking at 230.42(A) and (B), 
I’m confused about how to size the 
conductors. Do I size by 125% of the 
continuous load of the solar? Or since 
this is a 200 A 120/240 Vac residential 
service, do I feed the line side of the ac 
disconnect with 2/0 AWG as stated in 
310.15(B)(6)?

Marvin Hamon: You have to com-
ply with 230.42(B) only. You size the 
conductors to carry 100 A since that’s 
more than 125% of the inverter current 
of 79 A. NEC 310.15(B)(6) says you don’t 
have to count the grounding conduc-
tor when adjusting conductor size  
for conduit fill. I’m not sure how you 

are using it to get a 2/0 AWG conduc-
tor size.

156.25 [third poster]: Where does 
it say in the NEC that supply-side PV 
connections have to follow 230 rules? 
In 230.82(6), it says that PV can con-
nect to the supply side, but I can’t 
see where it says PV is considered a 

service. I see why it 
should be, but help 
me connect the dots.

Marvin Hamon: It 
does not say explic-
itly to follow 230. 
Article 705 says you 
can connect on the 
supply side, but it 
does not say how. 
If we consider it a 
service entrance, all 
the requirements are 

called out in the Code. 
Think of it this way: You need 

to connect a PV system on the sup-
ply side of the existing main-service 
disconnect and you need to connect 
at a dedicated OCPD. Article 690 
covers everything from the inverter 
to the OCPD but not to the service 
entrance conductors. Since a con-
nection between the service entrance 
conductors and the service disconnect 
is considered a service entrance, it is 
covered in 230. Article 230 gets you 
from the service entrance conductors 
to the main disconnect, which is typi-
cally a fused disconnect and therefore 
the inverter point of common cou-
pling, and from there Article 690 gets 
you to the inverter.

Supply-Side Connection and  
Conductor Sizing
The following dialogue is from a recent thread on SolarPro’s technical discussion forum. Visit solarprofessional.com/forum to 
join the conversation, ask questions and share your expertise.

S
Article 690 covers everything from  
the inverter to the OCPD but not to the 
service entrance conductors.

http://solarprofessional.com/forum
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Fairview Farms in Whately, Massa- 
chusetts, is a 100-acre multi- 

generational family farm with large 
greenhouse complexes and planted 
fields. The farm’s owners met a Nexamp 
developer at a solar project ribbon-
cutting at a local farmers’ co-op and 
became interested in leasing a portion 
of their underutilized land to host a 
solar project. Nexamp completed the  
2.4 MW PV installation in June 2014.

Because Massachusetts allows off-
site net metering, the nearby University 
of Massachusetts, Amherst, 
is able to purchase all net 
metering credits that the 
Nexamp installations at 
Fairview Farms and another 
local farm produce. These 
two projects are expected to 
save the university approxi-
mately $1.5 million over the 
first 20 years of operation.

For Fairview Farms, the 
solar land-lease agreement 
was an ideal solution for a 

plot of extremely granular farmland 
that required significant irrigation and 
fertilization for agricultural use, which 
would have been expensive and damag-
ing to the environment. The ground-
mounted PV project brings positive 
environmental impacts and ensures a 
steady income to even out the season-
able variability of farming. 

Nexamp worked with Solectria 
Renewables and RBI Solar to develop 
the project design. RBI Solar assisted 
in the soil analysis to determine the 

Overview
DESIGN & INSTALLATION FIRM: 

Nexamp, nexamp.com

DATE COMMISSIONED: June 2014

INSTALLATION TIME FRAME: 75 days

LOCATION: Whately, MA, 42.5°N

SOLAR RESOURCE: 3.6 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

90°F 2% avg. high, -4°F extreme min.

ARRAY CAPACITY: 2.385 MWdc

ANNUAL AC PRODUCTION:  

3,015 MWh
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Fairview Farms
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specifications for the racking system’s 
driven piles to address the site’s 65 psf 
snow loading and 100 mph wind speed 
characteristics. 

The designers specified Solectria  
500 kW inverters with integrated dc 
breakers to satisfy local code require-
ments for circuit protection and inter-
ruption. Two inverters are located in 
the southeast area of the site on a single 
concrete slab. These inverters feed to the 
north, where two additional inverters 
and new service conductors are located. 
Installers connected all four inverters to 
a 480 V 2,400 A panelboard at the main 
service entrance. A Draker SCADA unit 
communicates with the inverters and a 
switchgear-mounted production meter 
to aggregate site data. 

The main switchgear connects to 
a single 2,000 kVA pad-mounted trans-
former, stepping the voltage up to the 
13.8 kV utility voltage via a grounded 
wye / grounded wye configuration. This 
connects to the 3-phase power lines 
at the street, interrupted by a pole-
mounted Cooper Form 6 self-contained 
recloser for site backup protection and 
a 15 kV gang-operated ac disconnect. 
Nexamp coordinated the specification 

and installation of all medium-voltage 
components with the local utility. 

Although construction began during 
one of the most severe Massachusetts 
winters in recent history, Nexamp, a New 
England–based developer, had the deep 
expertise necessary to apply best prac-
tices for winter installations. In addition 
to performing regular snow removal to 
limit winter safety hazards as well as 
potential hazards resulting from muddy 
thaws, the team ensured that installers 
appropriately distributed materials across 
the 10-acre work area. The project’s site 
supervisor and the project manager pro-
vided close oversight to reinforce safety 
standards, preventing slips and frostbite 
as the construction teams erected much 
of the arrays by hand. 

“What makes this project special is the way 

it offers so many benefits to so many par-

ties. In addition to bringing clean energy to 

the community, it will provide a consistent 

source of supplemental income for the family 

farm that hosts the array, while also offering 

substantial energy savings for the University 

of Massachusetts, Amherst. It’s a great 

example of the multifaceted benefits solar 

has to offer.”

—Zaid Ashai, CEO, Nexamp 

Equipment Specifications
MODULES: 7,821 BYD 305P6C-36, 

305 W STC, +5/-0 W, 8.43 Imp, 36.18 

Vmp, 8.91 Isc, 45.49 Voc

INVERTERS: 3-phase 13.8 kV medium 

voltage interconnection; four Solectria 

SGI 500PE, 500 kW, 600 Vdc maxi-

mum input, 300–500 Vdc MPPT range; 

2,000 kVA 480 Vac–to–13.8 kV pad-

mounted transformer 

ARRAY: Four subarrays, 11 modules 

per source circuit (3,355 W, 8.43 

Imp, 398 Vmp, 8.91 Isc, 500.4 Voc); 

10–14 source circuits per combiner, 

10 typical (33.55 kW, 84.3 Imp, 398 

Vmp, 89.1 Isc, 500.4 Voc); 16 combin-

ers per inverter; 2.385 MWdc array 

capacity total

ARRAY INSTALLATION: Fixed ground 

mount, RBI Solar Ground Mount rack-

ing, 180° azimuth, 20° tilt

SOURCE-CIRCUIT COMBINERS: 64 

TEAL Electronics TEALsolar Configu-

rable Combiner Box, 15 A fuses

SYSTEM MONITORING: Draker Intel-

ligent Array software with a DBS 4X 

central data acquisition unit, cellular 

modem kit, environmental monitoring 

and Shark 100 energy meter

Do you have a recent PV  
or solar heating project  
we should consider for  
publication in SolarPro?

Email details and photos to: 

projects@solarprofessional.com

mailto:projects@solarprofessional.com
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S ierra Nevada Brewing Company 
is well known for its commitment 

to preserving the environment and its 
sustainability initiatives for manufac-
turing its ales and lagers.  Its Chico, 
California, brewery is home to one of 
the largest privately owned PV arrays in 
the country. When it made the decision 
to expand to a new East Coast location 
in Mills River, North Carolina, Sierra 
Nevada intended to make the new 
facility as sustainable as possible, with 
features including a solar component to 
offset a substantial portion of the site’s 
electrical usage.

North Carolina has a 1 MWac cap 
per customer on net-metered systems. 
This limitation dictated the size of the 
systems designed for the brewery.  With 
two planned 200 kW turbine generators, 
fueled with methane produced from spent 
grains and wastewater treatment on-site, 

the total solar inverter capacity had a 
calculated target of 600 kWac.  

The system included nine parking  
lot canopies with a total capacity of  
60 kWdc, custom designed to create 
shaded parking during the day and 
provide lighting at night from fixtures 
integrated on the underside of the 
canopies. Wire management within the 
canopy structures posed an installation 
challenge. Due to aesthetic requirements, 
the design concealed all of the dc source 
circuits and ac lighting circuits within 
the canopies’ structural members, which 
required fabrication of the structures 
with internal wiring partitions to keep 
the ac and dc wires separated through-
out. Additionally, aesthetic elements of 
the canopy design resulted in minimal 
array shading during certain times of the 
day. However, the canopies represent a 
small portion of the total array capacity 

Overview
DESIGNER: Drew Cates, design and 

estimate coordinator, Sundance Power 

Systems, sundancepower.com

PROJECT MANAGER: Grayson Newell, 

director of field development, Sundance 

Power Systems

ENGINEER: Dale Reynolds, PE, senior 

electrical engineer, McKim & Creed, 

mckimcreed.com

DATE COMMISSIONED:  

January 19, 2014

INSTALLATION TIME FRAME: 120 days

LOCATION: Mills River, NC, 35.4°N

SOLAR RESOURCE: 4.3 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

88°F 0.2% avg. high, 5°F extreme min.

ARRAY CAPACITY: 710 kWdc

ANNUAL AC PRODUCTION: 903 MWh

Sundance Power Systems
Sierra Nevada Brewing Co., North Carolina

Projects
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Equipment Specifications
MODULES, ROOFTOP: 2,030 Kyocera 

KD320GX, 320 W STC, +5%/-0%,  

7.99 Imp, 40.1 Vmp, 8.6 Isc, 49.5 Voc

MODULES, CANOPIES: 198 Suniva 

OPT305-72-4-100, 305 W STC, +5/-0 

W, 8.45 Imp, 36.1 Vmp, 9 Isc, 45.6 Voc  

INVERTERS: 3-phase 277/480 Vac 

service, one Solectria PVI 50KW  

(50 kW, 600 Vdc maximum input,  

300–500 Vdc MPPT range), one  

Solectria SGI 250 (250 kW, 600 Vdc 

maximum input, 300–500 Vdc MPPT 

range), one Solectria SGI 300 (300 kW,  

600 Vdc maximum input, 300–500 Vdc 

MPPT range)

ARRAY, ROOFTOP: 10 modules per 

source circuit (3,200 W, 7.99 Imp, 401 

Vmp, 8.6 Isc, 495 Voc), 16–24 source 

circuits per combiner, 4–6 combiners 

per inverter, 649.6 kW array total

ARRAY, CANOPIES:  11 modules per 

source circuit (3,355 W, 8.45 Imp,  

397.1 Vmp, 9 Isc, 501.6 Voc), 18 source 

circuits total (60.39 kW, 152.1 Imp, 

397.1 Vmp, 162 Isc, 501.6 Voc), 60.4 kW 

array total

ARRAY INSTALLATION, ROOFTOP:  

Ballasted low-slope roof mount, mem-

brane roofing, Daetwyler CE Eco-Top 

Gen2 Rooftop Mounting Structures, 

141° azimuth, 10° tilt

ARRAY INSTALLATION, CANOPIES: 

Custom-fabricated canopy structures, 

141° azimuth, 20° tilt

SOURCE-CIRCUIT COMBINERS:  

11 SolarBOS Disconnect Combiners,  

15 A fuses

SYSTEM MONITORING: String-level 

DECK monitoring with weather station

on-site and create a striking effect for the 
brewery’s visitors.

The Sundance Power Systems team 
installed the 650 kWdc rooftop array over 
nearly two acres of the packing ware-
house’s roof. The precast concrete roof 
provided an ideal surface for laying out 
Daetwyler’s Eco-Top Rooftop Mounting 
Structures. Sundance selected the Eco-
Top product in part because Daetwyler 

manufactures it in North 
Carolina, so it qualifies for 
local materials credit in LEED 
certification, an option that 
Sierra Nevada will be pursuing.

The canopy and roof-
top systems interconnect at 
separate locations on-site. 
The rooftop system’s 250 kW 
and 300 kW Solectria invert-
ers are located on the oppo-
site side of the cold storage 
warehouse from the canopy 
arrays. The rooftop system’s 
point of delivery is located at 

the 480 Vac switchgear on the load side 
of the MV transformer that feeds the 
warehouse section of Sierra Nevada’s site 
grid. The canopy array’s 50 kW inverter 
interconnects at a 480 Vac subpanel 
located adjacent to the keg line. 

“Delays challenged this installation, includ-

ing product availability issues, record 

rainfall for the season and working with 

custom canopy structures.  However, Sierra 

Nevada’s familiar-

ity with PV from past 

installations and its 

commitment to quality 

craftsmanship through-

out this project were 

hugely instrumental 

in the success of the 

design and installation.”

—Drew Cates, 
Sundance Power 
Systems 
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$4.50 L-foot and Flashing

$11.40 Tile Hook 
Strongest tile hook
Only 0.25” deflection at 452 lb uplift force

Height adjustable
Optional flashing
Double flashing to meet building code and 
roof manufacturer warranty

$11.40 Tile Hook

Patented unique design
Absolutely waterproofing
Easiest to install
Lowest cost

roof manufacturer warranty

$0.12/w Mounting System 
UL 2703 Listed, PE Certified
Built-in integrated bonding
No WEEB needed

As low as $0.12 per watt 
Including L-foot and flashing

Strong and reliable 
Up to 8 feet rail span

            510-656-6661  info@magerack.com
                                     www.magerack.com MAGERACK

MAGERACK SOLAR MOUNTING SYSTEM

http://www.midnitesolar.com
http://www.solarpathfinder.com/spv
http://www.zomeworks.com
http://www.magerack.com
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When the Meisterlings were con- 
sidering a PV system for their resi-

dence, they were interested in a high- 
performance system that did not 
adversely affect their home’s aesthetics. 
Moxie Solar took into account the build-
ing’s architectural features, including 
the roof system’s multiple surfaces, and 
worked with the clients to 
deliver a system that bal-
anced form and function.

Due to local rebate 
requirements, module-
level dc optimization 
offered a better return on 
investment than microin-
verters for the Meisterling 
project. The final design 
includes frameless Lumos 
LSX 250 Series modules, 
selected for their aesthet-
ics, paired with SolarEdge’s 
module-level dc optimiz-
ers and string inverter  
to maximize the system’s 
production. 

The installation 
required special attention 
to the conduit runs from 

the subarrays to the inverter. Each 
subarray has a junction box installed 
adjacent to the modules with conduit 
penetrating the roof surface to conceal 
the conduit runs. The inverter is located 
in the basement adjacent to the existing 
service entrance, which allows a straight-
forward interconnection and keeps the 

electrical equipment co-
located. This location also 
allows easy integration of the 
inverter’s communications 
with the homeowner’s 
existing router.

“The final piece of the rooftop 

puzzle addressed a concern 

the homeowners and Moxie  

Solar shared. The house is 

located in a heavily wooded 

area with large populations of 

birds, squirrels and other crit-

ters. To protect the array wiring 

from damage, we installed a 

black SnapNrack Edge Screen 

Protector to prevent any issues 

stemming from nesting birds or 

other wildlife activity or debris.”

—Jason Hall, CEO,  
Moxie Solar 

Overview
DESIGNER: Kyle Troutman, Moxie Solar, 

moxiesolar.com

LEAD INSTALLER: Tim Brodersen, 

operations manager, Moxie Solar

DATE COMMISSIONED: July 2014

INSTALLATION TIME FRAME: 6 days

LOCATION: Cedar Rapids, Iowa, 41°N

SOLAR RESOURCE: 4.6 kWh/m2/day

ASHRAE DESIGN TEMPERATURES: 

91°F 2% avg. high, -15°F extreme min.

ARRAY CAPACITY: 6.6 kWdc

ANNUAL AC PRODUCTION: 9,012 kWh

Equipment Specifications
MODULES: 27 Lumos LSX 250 Series 

LSX245-60M-B, 245 W STC, +3/-0%, 

8.17 Imp, 30 Vmp, 8.69 Isc, 37.2 Voc

INVERTER: Single-phase 120/240  

Vac service, SolarEdge SE6000A-US,  

6 kWac, 500 Vdc maximum input,  

350 Vdc nominal input (fixed and 

controlled by inverter); 27 SolarEdge 

P300 power optimizers, 300 W, 48 Vdc 

maximum input, 8–48 Vdc MPPT range

ARRAY: Two source circuits, 13 modules 

(3,185 W) and 14 modules (3,430 W), 

module-level current output controlled 

by power optimizers (15 Imp maximum); 

6.6 kWdc array total at 350 Vdc nominal

ARRAY INSTALLATION: Flush-to-roof 

mount, Lumos LSX mounting system, 

180° azimuth, 28° tilt

SYSTEM MONITORING: SolarEdge 

Module-Level Monitoring, SolarEdge 

Monitoring Portal

Moxie Solar
Meisterling Residence

Projects

C
o

u
rt

e
sy

 K
im

 B
u

n
k

e
r 

(2
)

http://www.moxiesolar.com


JOSHUA MILLER
Sales and Project Manager

WESTERN SOLAR

 In this ever changing solar market, we feel
AEE Solar will be a reliable partner
for many years to come.
 

Delivering Success

 We have been installing solar for over 10 years and have worked with most of the distributors 

out there.  We now work exclusively with AEE Solar because of their outstanding customer 

service, quick response time and selection of top tier solar products at the best prices.  

 For over 30 years AEE Solar has 
delivered the products, training 
and support our customers need 
to succeed. Through market and 
technology changes, AEE Solar 
has been there for our customers, 
every step of the way. Let us help 
you succeed. 

AEESOLAR.COM800 777 6609SALES@AEESOLAR.COM

”

“
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http://www.aeesolar.com


▸  Wholly-Owned Subsidiary 
  of Yaskawa America, Inc.

▸  Broadest Technology 
  Portfolio

▸  High Performance

▸  100 Years of Innovation

▸  Made in the USA

www.solectria.com  |  inverters@solectria.com  |  978-683-9700

product offering: 

▸ 1Ph Transformerless Inverters (3.8-7.6 kW)

▸ 3Ph Transformerless Inverters (14-28 kW)

▸ 3Ph Central Inverters (50-750 kW)

▸ Utility-Scale Inverters (500 Kw-2 MW)

▸ Disconnecting And Arc-Fault Combiners

▸ Web-Based Monitoring

got
 bankability?

we do.

http://www.solectria.com
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