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In a first, the most recent fire code editions include requirements specific to PV systems. Meeting these
requirements provides fire service personnel with access to the roof and room to conduct emergency
fire suppression activities.
The rooftops of commercial buildings provide some of the best locations for PV systems. Picture the roof of a
commercial building that does not require climate control systems or HVAC equipment, such as a distribution
warehouse. This expansive, relatively flat roof with few obstructions is an ideal open space for a PV installation.
However, to comply with current fire code requirements, PV system designers still need to ensure that the layout
of the array provides fire service personnel with perimeter roof access, pathways within the array and smoke
ventilation opportunities.
In this article, we review the evolution of fire code requirements related to PV systems. We then focus on those
requirements that pertain to access, pathways and smoke ventilation for PV systems on commercial buildings and
explain the rationale behind these regulations. We also review the process of complying with these fire code
requirements and suggest useful design strategies to avoid permitting and inspection problems.

Evolution of Fire Code Requirements
The current fire code requirements for PV systems began as a set of recommendations known as the Solar
Photovoltaic Installation Guideline, which CAL FIRE—the California Department of Forestry and Protection—
developed in partnership with “interested local fire officials, building officials and [solar] industry representatives”
(see Resources). CAL FIRE’s Office of the State Fire Marshal initiated the development of these guidelines in
August 2007 “with safety as the primary objective.”
Unlike ac electrical systems, conventional PV systems include dc circuits that remain energized even when the PV
inverter is disconnected from the utility grid. Recognizing the unique nature of these hazards and the burgeoning
growth of PV installations, CAL FIRE determined that regulations were needed to guarantee that the design of
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rooftop PV installations would facilitate fire suppression operations and ensure firefighter safety while still meeting
the needs of the solar industry.
The final draft of the Solar Photovoltaic Installation Guideline, published in April 2008, is known informally as the
CAL FIRE Guideline. In the 2011 Solar America Board for Codes and Standards (Solar ABCs) report,
“Understanding the CAL FIRE Solar Photovoltaic Installation Guideline,” Bill Brooks summarizes the intent and
scope of the CAL FIRE recommendations: “The purpose of the Guideline is to help firefighters identify PV
systems, protect electrical wiring and safely access roofs for vertical ventilation operations during fire suppression
activities. The Guideline includes guidance about clearly marking conduit and equipment; access, pathways and
ventilation; and the location of dc conductors in both residential and commercial buildings” (see Resources).
The CAL FIRE Guideline does not have the force of law. Rather, it is a “suggested means of writing a local
ordinance.” As such, the Guideline describes the process whereby an individual governing body in California—
such as a city or county—could convert the wording in the Guideline into a legally enforceable code. However, the
Guideline also recognizes that AHJs have broad powers to amend the language. On one hand, AHJs are
empowered to “establish more restrictive” provisions based on “climatic, topographic, or geological conditions.”
On the other hand, AHJs “may approve alternative means of compliance based on their authority.” This provision
allows individual AHJs to adapt to and permit evolving products, designs, technologies and installation methods
while still implementing necessary safety considerations.
From guideline to code. While CAL FIRE originally wrote the Guideline as a recommendation for local
ordinances, other agencies have since codified the design and installation practices it describes. In his Solar
ABCs report, Brooks explains: “In May 2010, the International Code Council (ICC) approved a revised version of
the Guideline for inclusion in the 2012 version of the International Fire Code (IFC). 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.”
The ICC’s International Fire Code is one of two primary fire codes used in the US. The other is the Uniform Fire
Code, or NFPA 1, published by the National Fire Protection Association (NFPA). Both the IFC and the NFPA 1 are
revised every 3 years. The 2012 version of both fire codes includes new language related to PV power systems
(see Resources). In IFC 2012, the requirements for solar photovoltaic power systems appear in Section 605.11;
in the 2012 edition of NFPA 1, the requirements for photovoltaic systems are found in Section 11.12. In both
cases, these fire code requirements are based largely on the CAL FIRE Guideline.
Matt Paiss is a fire captain with the San Jose Fire Department in California. He points out that while the language
pertaining to PV systems in each of the fire codes is very similar, there is still a fair amount of variation across the
country in terms of which code or code edition local authorities enforce: “Each state or jurisdiction adopts the fire
code of choice according to its own procedures and updates code editions according to its own calendar.
According to a database maintained by the ICC, as of March 2014, approximately 23 states have adopted the IFC
at the state level. Ten of these states—including California—have already adopted IFC 2012, which includes the
new requirements for PV systems; seven states are still enforcing the 2009 edition; four states have yet to update
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from IFC 2006; and two states are still enforcing the 2003 edition. Meanwhile, another 19 states have adopted
some edition of NFPA 1.”

Access, Pathways and Smoke Ventilation
The primary fire code requirements that influence array layout on commercial rooftops are intended to provide
fire service personnel access to the roof and room to move about in the event of an emergency. These
requirements originate in Section 2 of the CAL FIRE Guidelines and are codified in Section 605.11.3 of IFC 2012
and Section 11.12.2.2 of the 2012 edition of NFPA 1. NFPA 1 summarizes the general requirements as follows:
“Access and spacing requirements shall be required to provide emergency access to the roof, provide pathways
to specific areas of the roof, provide for smoke ventilation opportunities, and provide emergency egress from the
roof.”
Access. In the event of a structure fire, firefighters need to access a roof using ladders or other means.
Therefore, the fire codes require “a minimum 6footwide clear perimeter around the edges” of commercial roofs
larger than 250 by 250 feet. However, if either axis of the roof is 250 feet or less, then the system designer can
reduce the width of the clear perimeter to a minimum of 4 feet.
Brooks explains the commonsense rationale for having wider access areas on larger buildings: “One [reason] is
that firefighters must carry more gear and equipment for some roof operations on larger buildings. Another
[reason] is that more firefighters are generally dispatched for larger buildings, and they require extra space to
maneuver around one another, particularly in the vicinity of access ladders.”
Pathways. Once on the roof, firefighters need to be able to move about efficiently. Therefore, fire codes require
“centerline axis pathways” and “straightline pathways” from the perimeter access area to skylights, ventilation
hatches and roof standpipes. These clear pathways must be at least 4 feet wide. Further, the codes require a 4
foot clear area on all sides of a roof access hatch, and at least one pathway between the access hatch and the
perimeter access area. Finally, the roof pathway areas must be structurally “capable of supporting the live load”
associated with firefighters and their equipment. (While the CAL FIRE Guideline states that pathways must be
located over structural members, the language adopted in the fire codes is notably less specific.)
The pathway requirements allow firefighters access to roof areas that may need inspection or that can be used to
vent smoke from the building. The pathways also allow firefighters to get off a roof quickly. Brooks elaborates:
“Typically, firefighters prefer to identify multiple pathways for egress so that if the fire cuts off one egress pathway,
an alternative is available. The alternative pathways may not need to be as big as the primary access and egress
pathways.”
Smoke ventilation. Firefighters use vertical ventilation to remove smoke from the inside of a burning building. To
facilitate these operations on commercial rooftops, the fire codes limit the physical size of the array sections to
“no greater than 150 feet by 150 feet in distance in either axis.” The fire codes require smoke ventilation
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opportunities between these array sections and detail three possible design options: pathways that are at least 8
feet wide, pathways that are 4 feet wide and border skylights or smoke and heat vents, or pathways that are 4
feet wide with 4by8foot “venting cutouts” located every 20 feet “on alternating sides of the pathway.” Both the
CAL FIRE Guideline and Brooks’ Solar ABCs report provide example array layouts for each of these options.
In some types of construction, such as wood framing, firefighters may ventilate a building by cutting holes in the
roof deck. However, this approach may be impractical with other construction types more commonly found in
commercial buildings. Brooks points out: “Although a few fire departments may engage in vertical ventilation
operations on metal and concrete decked roofs, they are the exception rather than the rule.” He continues:
“Some [commercial] buildings make ample use of skylights, which can greatly facilitate venting opportunities
during a fire. Of course, these skylights and ventilation hatches need to be accessible.”

Designing for Fire Code Compliance
In general, it is good practice to contact the AHJ early in the project design process. You may need to determine
which code editions it is enforcing and its plansubmittal requirements. Also inquire about any special design
considerations that may apply to your project. The latter is an especially important discussion to have with the
AHJ, as local fire departments may have design requirements above and beyond those found in the fire codes.
Paiss explains: “California adopts the most recent edition of the IFC as the state fire code, but this process takes
a year. The 2013 edition of the California Building Standards Code includes IFC 2012, which AHJs are now
enforcing. However, any individual AHJ in California may make amendments to the state fire code, as long as
these do not decrease the basic requirements. In other words, the California Fire Code only describes the
minimum standard that system designers and installers need to meet.”
That being the case, you do not want to start on a detailed system design until you have established whether the
AHJ has special design requirements. Accommodating unexpected requirements after the fact requires additional
design iterations and design time, and could negatively impact project size, schedule, procurement and budget.
Ideally, get any special requirements in writing. To the extent that you can eliminate opportunities for confusion or
miscommunication, you are less likely to have permitting or inspection problems later.
Surveying the roof. When designing a PV array for a commercial rooftop, the first step is to perform or obtain a
highquality roof survey. A complete, detailed, accurate and current roof survey is the foundation of a good
rooftop PV system design and an efficient installation. The survey should be a dimensionally accurate 3D model
of the roof that includes all roof aspects and locates all objects. The final survey should be formatted for use in
CAD software.
System designers generally need to evaluate each project and make a sitespecific decision about the
appropriate roof survey methods. For large and complex rooftops, it may be beneficial to contract a licensed
surveyor, who can produce the survey using methods and equipment that have a high degree of accuracy. The
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surveyor might accomplish this with a total station, a modern surveying instrument that integrates an electronic
transit with an electronic distance meter, or with a 3D laser scanner. Simpler survey methods and equipment—
such as using steel tape or a measuring wheel and drawing the roof model—may suffice for smaller, less complex
rooftops. Satellite imagery of the structure is a poor choice for obtaining rooftop model information, as the images
may be distorted. Original construction documents are not a good option either, as the information may be out of
date. Construction documents are not guaranteed to represent the asbuilt condition of the structure or account
for postconstruction modifications.
Once the designer has loaded the roof survey into a CAD software program, the next step is to define areas
where the roof can accommodate the PV array. One effective approach is to define the PV array exclusion areas
with boundaries and hatching. The exclusion areas should include all those the fire codes require, such as access
pathways and equipment offsets, as well as any additional areas the client or building owner requires.
Perimeter exclusion areas. Perimeter exclusion areas meet the roof access requirements in the fire codes. The
clear perimeter requirements for commercial buildings originate in Section 2.2.1 of the CAL FIRE Guideline and
are found in Section 605.11.3.3.1 in IFC 2012 or Section 11.12.2.2.3.1 in the 2012 edition of NFPA 1. Typically,
the requirements specify a 6foot clear perimeter.
Start to define the available roof area for the PV array by adding the required offset boundary around the
perimeter. To route or place electrical equipment—such as cable trays, conduit, combiner boxes or disconnects—
alongside the offset boundary, increase the width of the exclusion area accordingly.
Generally speaking, it is not difficult to meet the roof access requirements. Several factors encourage system
designers to set the PV array back from the roof edges. If there is a parapet wall, you need to set the array back
to avoid shading. In addition, roof edges are subject to higher wind speeds, which may make the perimeter
unsuitable for an array. (See “Wind Load Analysis for Commercial RoofMounted Arrays

(https://solarprofessional.com/articles/designinstallation/windloadanalysisforcommercialroofmounted
arrays),” SolarPro magazine, June/July 2012.) You may also find that roof crickets (water drainage features) at
the roof perimeter create undulating slopes that exceed the limits allowed by the mounting system manufacturer.
Brooks points out that perimeter exclusion areas also have a safety benefit: “[The] further the PV array is from the
edge of the roof, the less likely construction workers will be exposed to the hazard of falling from the edge of the
roof.”
Pathway exclusion areas. Pathway exclusion areas meet the pathway and smoke ventilation requirements in
the fire codes. The pathway requirements on commercial roofs originate in Section 2.2.2 of the CAL FIRE
Guideline and are codified in Section 605.11.3.3.2 of the IFC 2012 and Section 11.12.2.2.3.2 of NFPA 1.
It is generally a good idea to start the design by placing the centerline pathways across both roof axes. If
obstructions prohibit placing these pathways exactly along the centerlines of the structure, shift these pathways to
the locations nearest the centerlines that allow for a clear, straight roof crossing. Once the centerline pathways
are set, place successive pathways. Ideally, create a grid of partitioned 150by150foot roof areas, since this is
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the maximum array block size that the fire codes allow. In practice, you may have to adjust the pathway locations
—perhaps to account for obstructions or to provide clear, straight access to skylights—which may reduce the
dimensions of the array blocks.
Keep in mind that many of the roof features that trigger pathway requirements—such as roof hatches, skylights
and standpipes—also require offset boundaries. The client or building owner may require additional exclusion
areas. For example, you may need to provide an access pathway to rooftop HVAC equipment and clearance
around each unit to accommodate maintenance personnel and their equipment carts. After you have accounted
for access and pathways, you can add offsets around rooftop obstructions that could shade the PV array. As with
perimeter exclusion areas, you must keep the PV array and BOS components out of the pathway exclusion areas.
Pathway width. System designers can use either 4foot or 8foot pathways to meet smoke ventilation
requirements. The basic design options originate in Section 2.2.3 of the CAL FIRE Guideline, and are codified in
Section 605.11.3.3.3 of the IFC 2012 and Section 11.12.2.2.3.3 of NFPA 1.
The ideal pathway width between array sections varies by project, depending on the design of the structure, the
PV system equipment and various other factors. For instance, when designing a PV system for a structure where
many skylights or ventilation hatches are arranged in a grid, it generally works very well to use a 4foot pathway
that borders the roof skylights and ventilation hatches. This option allows you to reduce the width of the pathways
required for smoke ventilation purposes while meeting the requirements to have straightline clear pathways to
skylights or ventilation hatches. In essence, you can use a single 4footwide pathway to meet two distinct fire
code requirements.
While you may also use 4foot pathways in combination with 4by8foot venting cutouts every 20 feet on
alternating sides of the pathway, designers seldom use this option since it disrupts the array layout. If the rooftop
is not space constrained or broken up by skylights, selectively using the 8foot pathway option may offer benefits.
While wide pathways take up more roof area, they can also accommodate more foot traffic or larger equipment.
This can be valuable to facilities personnel and maintenance technicians as well as the fire service.
Design flexibility. When laying out pathways and determining pathway width, account for raceways, cable trays
and other BOS components, like dc combiners, that are often located along these routes. You will likely not
incorporate these components into your plan set until after the array layout is complete. With some foresight, you
can reduce the number of design iterations and minimize design time by including space for this equipment in
your preliminary array exclusion areas.
Whatever the minimum pathway dimensions are according to the fire code, keep this width clear of equipment or
obstructions. If you plan on locating electrical equipment alongside these pathways, then make the pathways
wider to maintain fire code compliance. Even if you do not yet know the exact sourcecircuit combiner model and
dimensions, you can still carve out potential locations for dc combiners and provide allowances for conductor
routing. It is also helpful to consider how and where conductors will exit the rooftop, travel down and connect to
equipment located at ground level, such as inverters or panelboards. Especially on large systems, routing
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conductors off the roof can become a significant design consideration. You may have several large raceways
meeting near the roof exit point, in which case you need additional space between the array and the roof edge or
parapet.
If there is enough space on the roof, you may want to incorporate extra width—perhaps 12 or 16 inches—into
pathway exclusion areas to accommodate unanticipated design changes. For example, imagine that you estimate
the need for a 5foot pathway to accommodate a 1foot cable tray and provide 4 feet of clearance for firefighters.
If you can provide additional space as a buffer, then you have some flexibility to adapt the system design.
Perhaps you decide later to use larger sourcecircuit combiner boxes and need a 2foot cable tray to do so. If you
padded the width of the pathways, then you are free to make this change. Conversely, if you size the pathways at
the minimum width required to meet the fire code, it will be difficult for you or the installer to adjust the system
design later.

Design Strategies
Once you have a general idea of how to partition the roof area into array sections, you need to develop a detailed
system design that is both product and application specific. The mechanical dimensions of the PV module and the
mounting system will heavily influence the roof layout. However, you also need to account for electrical design
requirements. You must select appropriate inverters and identify where these will be located before you can
account for the BOS components required between the PV array and the inverters. All of this equipment has
implications for rooftop design.
Schematic design. Before producing a detailed system design, select your mounting system, PV module and
inverter model(s). You will then use the module and inverter specifications to determine the number of PV
modules per source circuit. (See “Array Voltage Considerations (https://solarprofessional.com/articles/design

installation/arrayvoltageconsiderations),” SolarPro magazine, October/November 2010.) Depending on the
product, PV sourcecircuit size may have a significant impact on how the mounting system or racking is
configured and laid out.
Some mounting system manufacturers produce PV array layouts in CAD format as a free service to customers. If
this service is available, it is generally worth using. It not only saves design time, but should also provide an array
layout with good dimensional accuracy. For best results, provide the vendor with a roof model that includes all of
the required access pathways and equipment offsets, and that accounts for the maximum dimensions per array
section. Clearly defining these boundaries in your model is not only useful during the design process for
maintaining code compliance, but will also assist the reviewing agency during the plan check process.
Selecting the mounting system. The mounting system itself has an impact on system design and installation.
On one hand, some lowprofile rooftop mounting systems sit close to the roof surface, which generally means that
you must locate BOS components adjacent to the mounting structure. On the other, some mounting systems are
elevated with some distance between the rackmounted PV modules and the roof surface, which may allow you to
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route wires or install combiner boxes beneath the array. The height of the mounting system also impacts module
shading and influences rowtorow spacing.
Sectioning the array. The ultimate design of the system may benefit if you consider module quantity per array
section while defining the array layout. To the extent that array sections consist of some multiple of the number of
modules per source circuit, you can eliminate the need for installing conduit and jumper wire between array
sections to connect partial source circuits. This will not only reduce installation costs—both time and materials—
but will also eliminate trip hazards associated with routing conduit across pathways.
Be aware that this design approach is not suitable for all projects; you should use it selectively based on an
analysis of the project goals. For instance, the approach is not desirable if you are trying to maximize the PV
generating capacity on a given roof. In that case, you would want to maximize the number of modules per array
section rather than round down to the nearest multiple of the source circuit size.
Conductor material. Cost considerations often govern the selection of conductor material, but it can ultimately
impact the rooftop design as a whole. If you use aluminum conductors to reduce wire costs, you face an
associated tradeoff in terms of increased wire size. Increasing the wire size affects the size of your raceways or
cable trays and may ultimately impact the width of access pathways.
For example, imagine a scenario where you have PV output conductors from several dc combiners routed in a
cable tray. If you specify copper conductors, you can use a 2foot cable tray. However, if you specify aluminum
conductors, you need a 3foot cable tray, which will require a wider pathway. This is a good example of the
balancing act between costs and design impacts that takes place when you optimize PV system designs. (See
“PV Array Electrical Aggregation Strategies (https://solarprofessional.com/articles/designinstallation/pvarray

electricalaggregationstrategies),” SolarPro magazine, April/May 2012.)
Wiring methods. A primary design consideration is whether to use raceways, cable trays or some combination of
the two. The size of the system, the length of the wire runs, and the quantity and size of the conductors largely
influence the decision.
One of the advantages of using cable tray rather than raceways is that installers can simply lay conductors into
the cable tray, rather than having to pull conductors through conduit over long distances. Wire runs of a significant
distance require expansion hardware, but you can eliminate the need for pull boxes by using cable tray. A
downside to using cable tray is that it can get quite wide and may encroach on or obstruct exclusion areas that
fire codes require. You may need to install ramps, bridges or stepover systems at cable tray crossings to mitigate
this issue.
In situations with relatively few conductors, you may find that conduit is optimal, perhaps because it requires less
space. Just be aware that long conduit runs may require pull boxes and expansion fittings. In the right situation, a
combination of cable tray and conduit may prove optimal, with the cable tray serving as the main trunk and
conduits branching off to individual combiner boxes.
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Adapting the design. During construction, issues may arise in the field that require some deviation from the
plans. When these situations come up, installers should document the issue and the proposed change and
submit this information to the system engineer for review. While this process may conflict with field operations or
schedules, the system engineer must verify the code compliance of any deviation from the certified plan set and
consider other design implications. Once the review is complete, the system engineer should document the
recommended and permissible solutions, and submit these options to the installer along with any applicable
drawing revisions.
For instance, consider a combiner box that you need to relocate into an access pathway. The system engineer
must evaluate the new placement for fire code compliance, as well as consider the impact on circuit length,
routing and voltage drop. The same process might apply if the installer discovers roof obstructions that did not
appear on the roof survey and needs to relocate some of the PV modules. Ultimately, you need to submit to the
AHJ any alteration that conflicts with the fire code, and the change may require a variance from the fire
department.

Minimizing Fire Hazards
The access, pathway and ventilation requirements that we have discussed are intended to ensure that firefighters
can safely move about a commercial roof in the event of an emergency. The fire service is also rightfully
concerned about shock hazards associated with rooftop PV systems. Many of the National Electrical Code
requirements related to marking and labeling PV systems, routing and locating PV source and output circuits on
or inside a building, rapid shutdown of PV systems on buildings and so forth aim to mitigate these hazards. If
firefighters know that a PV system is present on a building and can identify the associated equipment, then they
are less likely to inadvertently come into contact with energized circuits or system components. The NEC also
includes important and evolving provisions, such as groundfault and dc arcfault circuitprotection requirements,
designed to minimize the likelihood of a PVinitiated fire.
CONTACT:
Matt Stornetta / Blue Oak Energy / Davis, CA / blueoakenergy.com (http://blueoakenergy.com)
Jayme Garcia / Blue Oak Energy / Davis, CA / blueoakenergy.com (http://blueoakenergy.com)
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