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Photovoltaic Energy System Code Requirements

The Code requirements for PV systems are in the following codes, which are in effect
statewide.

The National Electrical Code NFPA 70- 2020

The NFPA 1 Fire Code NFPA 1 —2018

The International Residential Code - 2015

The International Building Code -2015

The NFPA codes can be seen on the NFPA website (www nfpa org).

The International codes can be seen on The International Code Council website
(www iccsafe or

Excerpts from the applicable code are attached.

Some PV systems have storage batteries associated with them. See Article 706 of The
Electrical Code and Chapter 52 of NFPA 1 for the code requirements for storage
batteries, associated with PV systems, or otherwise.

All PV systems and battery storage systems must be designed and installed per the
applicable codes and equipment manufacturer’s instructions.

If you have questions or need further information let us know.

Scott Davis Shane Kindlimann
Codes Enforcement Officer Assistant Codes Enforcement Officer
sdav s~cityofbath com skandlimann~cityofbath com

SHIPS HERITAGE PROGRESS



Photovoltaic Building Code Requirements; Note all references to the
International Fire Code (IFC) mean NFPA-1 ~ersio,i 2018

IRC 2015
R324.3 Photovoltaic systems.

Photovoltaic systems shall be designed and installed in accordance with Sectioi s
R324.3.l through R324 6 I and \l’PA 70. ln~erters shall he 1/sled and labeled in accordance
with UL 1741. Systems connected to the utilit~ grid shall use inverters listed for utility
interaction.

+ Section R324.3 requires that solar photo’.oltaic energy s~sterns comply with Sections

R324.3.l through R3’4.6.l and NI PA 71) NI PA 70 is the I lectrital Code

Section R3243 also requires that inserters br photo~oItaic solar energy systems be listed and
labeled in accordance with U L 1741 and that. ~ here systems are connected to the utility grid, the
inverters be listed for that purpose.

The ever-increasing demand for alternative po~er sources brings with it new hazards to confront
emergency responders. Among the most popular of these alternative energy sources are solar
photovoltaic (PV) power systems. A number ol nited Slates electric utility power suppliers
oiler incentives for the installation oIPV s~stems on buildings because such systems offer the
property owners the ability to gencrate their o~n electricity and. in many cases, sell excess
electricity back to the utility provider. Such an arrangement is a benefit to the utility provider
because it reduces their power generation demand, which in turn can control the rates that
commercial and residential customers pay. Demand 11w PV po~ser systems has increased by
several orders of magnitude in the past decade According to the U.S. Energy Information
Administration, approximately 21.200 F~V cells and modules were shipped domestically in 1999;
by 2008. the number shipped was over 524.200. As the number of PV power systems increases.
economy of scale will continue to reduce the s~steni~s costs, making them more common on
commercial and residential buildings.

PV systems are designed to convert light energy into direct current (DC) electricity. They have
no moving parts and do not contain Iluids. 1 he light-to-electricity conversion begins at the PV
cell, which is commonly a semiconductor de~ ice that generates electricity when exposed to light.
To be effective, PV cells are assembled into PV modules, which are then assembled into PV
panels. The panels are assembled onto a Irame or a flexible substrate, which then can be affixed
to the roof of buildings to create a PV array. lhe PV arrays and its modules are wired together
and generally operate as a series electrical circuit. PV arrays are required by to have a
fuse or other means of branch circuit p~ tection to pre’.ent them from being overloaded. While
not required. a PV array is commonly equipped ~ith a blocking diode. A blocking diode is
analogous to a check valve in a piping system because it limits the direction the electrons can
tra~el. The blocking diode presents electrical current from one power supply from finding entry



into another. In PV systems. the blocking diode protects each individual 1W panel if other panels
fail and prevents the withdrawal of electricity from the s~stem during the nighttime.

The greatest danger facing emergency responders operating in proximity to solar energy
collection systems is the lack of know ledge needed to operate safely around these systems. Some
of the potential hazards associated with PV systems are tripping hazards and/or falls for fire
fighters operating on the roof and the potential thr earlier roof collapse due to the added dead
load and electric shock. The provisions of Seeth is R3~4 i through were based on
similar provisions in the and were developed to provide for the proper installation of PV
systems and to address the potential ha,ards to lire lighters.

R324.3.1 Equipment listings.

Photovoltaic panels and modules shall he listed and labeled in accordance with U 1703.

+ Photovoltaic panels and modules must he listed and labeled by an approved agency to show
that they comply with applicable national standards I he label is the primary, if not the only.
assurance to the installer, the inspector and the end user thai a similar appliance has been tested
and evaluated by an approved agency and pertormed saId> and efficiently when installed and
operated in accordance with its listing. Photovoltaic panels and modules must be listed and
labeled to U 70~. which is a referenced standard Ilir hat plate photo~oltaic modules and panels
with a system voltage of 1.000 or less

R324.4 Rooftop-mounted photovoltaic systems.
Rooftop-mounted photovoltaic panel s>stems installed on or above the roof covering shall be
designed and installed in accordance with Section R909.

+ For photovoltaic panel systems that are mounted directl> to rooftops. Section
1U24.i.l requires compliance with the structural and installation requirements ofScction
90). Section 909 applies specifically to roof-top-mounted photovoltaic panel systems.
Photovoltaic panel systems are defined in Seclion R202.

R324.4.1 Roof live load.

Roof structures that provide support thr photo~oltaic panel systems shall be designed for
applicable roof live load. The design of roof structures need not include roof live load in the
areas covered by photovoltaic panel systems. Portions oh root structures not covered by
photovoltaic panels shall be designed hir roof li’.e load. Roof structures that provide support for
photovoltaic panel systems shall be designed Ihr Ike load. I i<. for the load case where the
photovoltaic panel system is not present.

+ This section addresses live loads thr photovoltaic (PV) panel systems (see the definition of
“Photovoltaic panel system”) and indicates where and ho~ such loads must be considered. Note



that the loads imposed by PV panel systems are dead loads, not live loads. This section does not
address dead loads. This section addresses roof li’.e loads in two cases as follows:

Case I - areas of roofs that are covered h~ PV panels: Roof live load is not required to be
considered or modeled in these areas because the assumption is that no one will be walking on
top of the panels or on the roof area co~ered h> the panels.

Case 2. areas of roofs that are not co~ered b~ PV panels: I he code-prescribed roof live load is
required to be considered in the same manner that they typically would in conditions where
photovoltaic panels are not present.

R324.5 Building-integrated photovoltaic systems.

Building-integrated photovoltaic systems that ser~e as roof coverings shall be designed and
installed in accordance with Section R905.

c• Building-integrated photovoltaic product is defined in Sectu. n 2 2 as a building product that
is part of the building envelope and incorporates photovokaic modules. Building integrated
photovoltaic systems must be designed and installed in accordance with Sect on 905 S ~ction
R202 also defines “Photovoltaic module.”

R324.5.1 Photovoltaic shingles.

Photovoltaic shingles shall comply ssith Settion R9(h 16.

+ Where photovoltaic collectors also Ilinction as shingle roof coverings. they must comply
with Section R905 16, which specificall~ addresses photovoltaic shingles. and its
subsections. Section R202 defines “Photo~oltaic shingles” and “Photovoltaic module.”
Photovoltaic shingles are roof coverings that include photovoltaic modules and resemble
conventional shingles. Photovoltaic modules are environmentally protected units that include
solar cells, optics and components. other than a tracker. that generate electrical power from
sunlight.

R324.6 Ground-mounted photovoltaic systems.

Ground-mounted photovoltaic systems shall he designed and installed in accordance
with Section R301.

+ Photovoltaic systems that are mounted on the ground must meet the structural design
provisions of Section RiOl.

R324.6.I Fire separation distances.

Ground-mounted photovoltaic systems shall be subject to the fire separation
distance requirements determined b~ the local ,unsdici ion.



+ The code does not contain specific requirements far ground-mounted photovoltaic systems
based on fire separation distance. Instead, the code defaults to the local jurisdiction for guidance
on this subject.

R909.1 General.

The installation of photovoltaic panel s’.stems that are mounted on or above the roof covering
shall comply with this section. ‘ 01 3 and NI PA 70.

+ Rooftop-mounted photovoltaic (PV) panel s~stems can he mounted on or above the roof
covering. The PV panel system must compI~ with Section R909. the applicable portions
of S ~. on R324 and NI PA 70 and the manufacturer’s installation instructions. PV panel systems
installed on or above the roof covering must he secureR titstened to the roof/rafter system. Often.
solar collector systems are installed ~ith manuthetured metal mounting brackets that can be
attached to the roofing system or wood blocking, or with sleepers using lag bolts or other secure
mounting systems. The manufacturer’s mounting specifications must be followed so that the
panels are properly mounted. This is especially important in areas with high wind loads. Also.
the weight of the collector system must be checked to conlirm that the roof structure is designed
to meet the increased load. Roof penetrations must he sealed during and after installation of the
PV panel systems. At a minimum, there t~ ill be root penetrations for the electrical conduits
connecting to the panels. PV panel systems mounted aho~e the roof covering will require
penetrations into the rafter system or blocking to attach the collectors to the roof. and care must
be taken to seal the penetrations

R909.2 Structural requirements.

Rooftop-mounted photovoltaic panel systems shall he designed to structurally support the system
and withstand applicable gravity loads in accordance with Chapter 3. The roof upon which these
systems are installed shall be designed and constructed to support the loads imposed by such
systems in accordance with Chapter 8.

+ See the commentary to Section R909 I

R909.3 Installation.

Rooftop-mounted photovoltaic systems shall be installed in accordance with the manufacturer’s
instructions. Roof penetrations shall be flashed and sealed in accordance with this chapter.

+ See the commentary to Scct 1 1<909

IBC 2015



LBFI 1505.8 Building-integrated photosoltaic products.

Building—iniegraiedphotovoliaic products installed as the roof covering shall be
tested, listed and labeled for fire classification in accordance with Section 1505.1.

+ This section requires photovoltaic products integrated into the envelope as a roof covering to
comply with UL 790 or ASTM H08.

JBFIISO5.9 Photovoltaic panels and modules.

Rooftop-mounted photovoltaic panel si’s/ems shall be tested, listed and identified with a fire
classification in accordance with Ut. 1703. Fhe tire classification shall comply with Table
1505.1 based on the type of construction of the building.

+ This section recognizes that stand-oft’ rack-mounted photovoltaic panels and modules are
better tested in accordance with UL 1703 rather than I. 790 or ASTM E108. It also clarifies
that the tire classification listed for the photosoltaic panels and modules must be consistent with
the fire classification requirement for the roof covering.

IBSI1SIO.7Photovoltaic panels and modules.

Rooftop-mounted phorovolnuc panels and modules shall he designed in accordance with this
section.

+ Rooftop-mounted photovoltaic panels and modules need to comply with building code
requirements similar to other rooftop structures.

(BSJI5IO.7.1 Wind resistance.

Rooftop-mounted photovoliceic panels and ,n~ulules shall he designed for component and
cladding wind loads in accordance ~~ith ( hapter 16 using an effective wind area based on the
dimensions of a single unit frame.

+ This section clarifies that rooftop-mounted photo~oltaic panels and modules need to resist
component and cladding wind loads and specifies that a single unit must be used to establish the
effective wind area.

18S11510.7.2 Fire classification.

Rooftop-mounted photovoltaic paneLs and modules shall have the fire classification in
accordance with Section 1505,9,

+ The minimum requirements set forth herc are intended for the rooftop-mounted photovoltaic
panels and modules to comply with the same minimum requirements as the underlying roof
assem b I>’.

18511510.7.3 Installation.

Rooftop-mounted photovol/aic panels and ,nodulev shall he installed in accordance with the
manufacturer’s instructions.



4• Rooftop-mounted photovoltaic panels and modules need to be installed in accordance with the
manufacturers instructions.

[BSJ1SIO.7.4 Photovoltaic panels and modules.

Rooftop-mounted photovoltaic panels and modules shall he listed and labeled in accordance
with IJL 1703 and shall be installed in accordance s~ith the manufacturer’s instructions.

+ This section addresses the safety of photovoltaic panels and modules by requiring these
products to comply with UL 1703 and to he installed in accordance with the manufacturers
instructions. UL 1703 is a standard used to investigate photovoltaic modules and panels and
includes construction and performance requirements that address potential safety hazards.

1607.12.5 Photovoltaic panel systems.

Roof structures that provide support for pho!ovoltoic’ ,;anel .si;swms shall be designed in
accordance with Sections 1607.12.5.1 through 1607.12.5.4. as applicable.

+ Photovoltaic (PV) panel systems. also known as “solar panels.” are required to be designed to
resist the live loads in this section.

1607.12.5.1 Roof live load.

Roof surfaces to be covered by solar photosoltaic panels or modules shall be designed for the
roof live load, L,, assuming that the photosoltaic panels or modules are not present. The roof
photovoltaic live load in areas covered En solar photosoltaic panels or modules shall be in
addition to the panel loading unless the area co~ered Ii> each solar photovoltaic panel or module
is inaccessible. Areas where the clear space between the panels and the rooftop is not more than
24 inches (610 mm) shall be considered inaccessible. Roof surfaces not covered by photovoltaic
panels shall be designed for the roof Ike load.

+ PV panels can affect where live loads occur or are placed on the rool The intent is for two
design conditions to be checked: I. Assuming that the panels are not present; and 2. Assuming
that the panels are present. The first analysis addresses cases where panels are anticipated to be
installed but for some reason end up being omitted, or where the panels are initially installed but
are removed at some point in the building’s life. In the second analysis. live load may be omitted
in areas where the clear space under the panels is 24 inches 710 mm) or less, which is
considered inaccessible. Live load should he applied to all accessible areas, including roof
surfaces not covered by panels.

1607.12.5.2 Photovoltaic panels or modules.

The structure of a roof that supports solar photos oltaic panels or modules shall be designed to
accommodate the full solar photos oltaic panels or modules and ballast dead load, including
concentrated loads from support frames in combination with the loads from Section
1607.12.5.1 and other applicable loads. Where applicable, snow drift loads created by the
photovoltaic panels or modules shall he included.



6. The effects of concentrated loads from the supporl frames, including ballast. must be
considered. If the panels will tend to cause sno~~ drifts, these loads shall be considered as well.

1607.12.5.3 Photovoltaic panels or modules installed as an independent structure.

Solar photovoltaic panels or modules that are independent structures and do not have
accessible/occupied space underneath are not required to accommodate a roof photovoltaic live
load, provided the area under the structure is restricted to keep the public away. All other loads
and combinations in accordance with Section 1605 shall he accommodated.

Solar photovoltaic panels or modules that are designed to he the rooE span to structural supports
and have accessible/occupied space underneath shall have the panels or modules and all
supporting structures designed to support a roof photovoltaic live load, as defined in Section
1607.12.5.1 in combination with other applicable loads. Solar photovoltaic panels or modules in
this application are not permitted to he classified as “not accessible” in accordance with Section
1607.12.5.1.

6• PV panels that are designed as part ol an independent ground-supported structure are not
required to be designed for roof live loads if the space under them is inaccessible. PV panels that
are designed to act as a roofing over an occupied space (e.g.. panels that form a carport roof)
must be designed for roof live loads.

1607.12.5.4 Ballasted photovoltaic panel systems.

Roof structures that provide support tbr hallasted photovoiwic ,Rlfl&l systems shall be designed.
or analyzed. in accordance with Section 1604.4:ehecked in accordance with Section 1604.3.6 for
deflections: and checked in accordance ~s ith Section 1611 for ponding.

6• Although the design of all roof members is required to consider deflection and ponding, as are
all roof members that support unballasted PV panels. gi~en the weight of typical ballasted PV
systems it was believed appropriate to reinfhrce the fact that roof members supporting such
systems must be analyzed for deflection and ponding as ~eIl as meet minimum capacity
requirements.

3111.1 General.

Photovoltaic panels and modules shall compl~ s~ith the requirements of this code and
the Inlernationcil Fire Code.

6. Photovoltaic arrays are increasing in popularity as an alternative energy source. These arrays.
which cannot be shut down and retain electrical charges. pose unique hazards to fire fighters
operating on roofs with arrays or nearh~ circuits. I his section references the IFC, which provides
general requirements to allow for increased satëty ollire fighters working near the arrays.

3111.1.1 Rooftop-mounted photovoltaic panels and modules.

Photos oltaic panels and modules installed on a roof or as an integral part of a roof assembly shal
comply ~ ith the requirements of Chapter IS and the ituernanoncil Fire L’ode.



+ This section notes that the requirements lhr rooliop mounted solar photovoltaic panels are
found in Chapter 15. More specifically. Section I S0S.8. Building integrated photovoltaic
products, Section 1509.9. Photovoltaic panels and modules. Section 1507.17. Photovoltaic
shingles and Section 1512. Photovoltaic panels and modules. must be addressed.
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11.9.2 Ihe emergent) command center shall be sepatateti
from the remainder of the building b~ a fire harrier lla~riig
fire resistance rating of not less than 1 hour.

11.9.3 New emergency command center rooms shall he .i

urininium of 200 ft~ (19 m2) with a minimum diniensiori of
lOft (3050 mm).

N 11.9.3.1 Existing emergency command center rooms shall hr
maintained with the minimum square footage and dirnetisioris
previously approved by the A1-IJ.

11.9.4 The following shall be provided in the entergenn
command center:

(1) The fire department communication unit
(2) A telephone for fire department use with controlled

access to the public telephone system
(3) Schematic building plans indicating the tvptcal floor plan

and detaiiing the building core means of egress fire
protection systems, fire-fighting equipment, arid fire
department access

(4) t%’ork table
(5) If applicable, hazardous material management plans for

the building

11.93 Where otherwise required, the following devices or
functions shall be provided within the einergenn totninand
center:

(I) The emergency voice/alarm communication nstrm unit
(2) Fire detection and alarm system annunciator unit
(3) Annunciator visually indicating the location of the ele~a

tors and whether they are operational
(4) Status indicators and controls for air-handling systems
(5) Controls for unlocking stairway doors simultaneotisli
(6) Sprinkler valve and waterf low detector display part-Is
(7) Emergency and standby power status indicators
(8) Fire pump status indicators
(9) Generator supervision devices and manual .51411 intl

transfer features
(10) Public address system, where specifically required In

other sections of this code
(11) Controls required for smoke control

11.9.6 Emergency Command Center Acceptance Testing.
Devices, equipment, components, and sequences shall he iridi
vidually tested in accordance with appropriate standards arid
manufacrurers’ documented instructions,

I1.10~ Two-Way Radio Communication Enhancement Systems.

11.10.1 In all new and existing buildings. minhlirurt, radio
signal strength for fire department cprnmunicarioris shall he
maintained at a level determined by tJ~e AHJ.

11.10.2 Where required by the AHJ, twO-wa~ radio comm tnt i—

catioti enhancement systems shall comply with NEPA 1221 ~

11.10.3 Where a two-way radio co,n,Inunicatioii enhancertieni
systeini is reqturcd and such system, components, or erluiprneni
has a negative impact on the normal operations of the fan lily
at which it is installed, the AHJ shall have the an tutu it’ to
accept an automatically activated responder system

4 11.11 Medical Gas and Vacuum Systems. Medical ga.s ..tid
vacuum systems shall comply with NFP,\ 99.

11.12 Photovoltajc Systems.

11.12.1 Photovoltair nstems shall be in accordance with
Section 1112 and sVFRI 70.

11.12.2 Building-Mounted Photovoltaic Installations,

I l.l2.2.I~ Marking. Photovoltaic systems shall be pernia
nentlv marked as specified in this subsection.

N 11.12.2.1.1’ Rapid Shutdown Marking. Buildings with a 1W
system shall be provided with permanent labels as described in
11.12.2.1.1.1 through 11.12.2.1.1.7.

N 11.12.2.1.1.1 Rapid Shutdown l~pe. The E)ve of 1W system
rapid shutdown shall be labeled as described in 11.12.2.1.1.1.1
ot 1112.2.1.1.1.2,

W 11.12.2.1.1.1.1 For PV systems that shut down the array and
coddortors leaving the array:

EMERGENCY RESPONDER:
I’HIS SOlAR PV SYSTEM IS EQUIPPED

WITH RAPID SHL7DOWThJ

TURN RAPID SHUtDOWN SWITCH TO THE “OFT”
POSEr ION TO SHUT DOWN ENTIRE PV SYSTEM

N 11.12.2.1.1.1-2 For PV systems that only shut down conductors
leaving the array:

EMERGENCY RESPONDER:
THIS SOLAR I’V SYSTEM IS EQUIPPED

WITH RAPID SHUTDOWN

rURN RAPID SHUTDOWN SWITCH l’O
THE ‘OFF” POSITION.

ONLY CONDUGIORS INSIDE BUILDING OR OFF THE
ROOF WILL SHUT DOWN

N 11.12.2.1.1.2 The label shall be reflective, with all letters capi
talized and having a minimum height of ~ in. (9.5 mm). in
white on a red background.

N 11.12.2.1.1.5 ‘the label shall include a simple diagram of a
building with a roof. Diagram sections in red shall signify
sections of the PV system that are not shut down when the
rapid shutdown switch is operated. Sections of the diagram in
green shall signi~’ sections of the PV system that are shut down
“hen the rapid shLrtdown switch is operated.

N l1J2.2.1.l.4 The rapid shutdown label shall be located on or
rio more than 3 ft (1 m) from the service disconnecting means
10 which the PV systems are connected, and the label shall indi
cate the location of the rapid shutdown switch if it is not at the
satu,e location.

N 11.12.2,1.1.5 BuildIngs with More Than One Rapid Shutdown
Type. For buildings that have PV systems with both rapid
shutdown, types, or a rapid shutdown type and a PV system with
no rapid shutdown, a detailed plan view diagranu of he roof
shall he provided showing each PV system and a dotted line
around areas that remain energized after the rapid shutdown
switch is t p~ ated

N 11.12.2.1.1.6 Rapid Shutdown Switch, 1 he rapid shutdown
sssitch shall have a label located on ot no more than Sf1 (1 m)
from the switch that includes ‘lie following words:

R\Pll) SI I L”rnowrc SWiTCH FOR SOlAR PV SYSTEM

2018 Etiltion Shaded text Resisions. A .~ Texi n r en’,ir~ jusci ligure U e revisions. • Section deledons N New i,,arern



BLILDING SERVICES 1~79

N 11.12.2.1.1.7 The label required by 11.12.2.1.1.6 shall be
reflective, with all letters capitalized and having a minimum
height of % in. (9.5 mm), in white on red background.
[70:690.56(C)]

N 11.12.2.1.2 Each IV system disconnecting meal’s shall be
permanently marked to identify it as a PV system disconnect
and shall indicate whether in the open or closed posi~ioi~
[70690.l3(B) I

N 11.12.2.1,3 Markings for Direct-Current Photovoltaic Source
and Direct-Current Output Circuits on or Inside a Building.
The following wiring methods and enclosures that contain PV
power source conductors shall be marked with the words
WARNING: PHOTOVOLT.41C POWER SOURCE by means of
permanently affixed labels or other approved permanent mark
ing:

(I) Exposed raceway!, cable trays, and other wiring methods
(2) Covers or enclosures of pull boxes and junction boxes
(3) Conduit bodies in which any of the available conduit

openings are unused
[7th690.31(G)(3)j

N l1.122.1.3.l Marking Locations and Methods. The labels or
markings shall be visible after installation. The labels shall be
reflective and shall have all letters capitalized with a minimum
height of ‘/~ in. (9.5 mm) white on red background. Pt’ power
circuit labels shall appear on every section of the wiring system
that is separated by enclosures, walls, partitions, ceilings, or
floors. Spacing between labels or markings, or between a label
and a marking, shall not he more than 10 ft (3 m) 1.abels
required by this section shall be suitable for the environment
where they are installed. [70690.31(G)(4)l

N 11,12.2.1.4 Secondary Power Source Majitings. A permanent
plaque or directory, denoting all electric power sources on or
in the premises, shall be installed at each service equipment
location and at locations of all electric power production sour
ces capable of being interconnected. [7th705.10]

N 11.12.2.1.5 Installer Information. A label shall be installed
adjacent to the main disconnect indicating the name and
emergency telephone number of the company currently servic
ing the PV system.

N 11.12.2.2 Roof Access.

N 11.12.2.2.1 General, 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 venti
lation opportunity areas, and to provide emergency egress
frotn the roof The AHJ shall be permitted to reduce or modify
roof access based ttpon fire department ventilation procedures
or alternative methods that ensure adequate fire department
access, pathways, and smoke ventilation.

N 11.12.2.2.2 One- and Two-Family Dwellings and Townhouses.
Photovoltaic systems installed in one- and two-family dwellings
and townhouses shall provide roof access in accordance with
11.12.2.2.2. Designation of ridges shall not apply to roofs with 2
iii 12 or less pitch.

NI [.12.2.2.2.1 Pathways. Not less than two 36 in- (914 Film)
wide pathways on separate roof planes, from gutter to ridge,
shall be provided on all buildings. One pathway shall lx’ provi
ded on the street or driveway side of the roof- For each roof
plane with a PV array, a 36 itt. (914 mm) wide pathway lion,
gutter to ridge shall be provided on the same roof plane ac rhc

1W array on an adjacent roof platte or straddling the same and
adjacent roof planes. Pathways shall be located in areas with
titininial obstructions such as vent pipes, conduit, or mechani
cal equipment.

N 11.12.2.2.2.2 For PV arrays occupying up toSS percent of the
plan siew roof area, a minimum 18 in. (457 mm) pathway shall
Lx’ provided on either side of a horizontal ridge. For PV arrays
occupying more than 33 percent of the plan view roof area, a
rntninlum of 36 in. (914 mm) pathway shall be provided on
either side of a horizontal ridge.

N 11.12.2.2.2.3 Buildings Other Than One- and Tho-Family
Dwellings and Townhouses. Photovoltaic systems installed on
any building other than one- and two-family dwellings and
townhouses shall provide roof access in accordance with
II - 12,2,2.23. Where the A.HJ determines that the roof configu
ration is similar to a one- and two-family dwelling or town
house, the A1{J shall allow the roof access requirements of
11.12.22.2 Detached, nonhabitable structures including, but
not limited to, parking shade structures, carports, solar trelli
ses, and similar strucmres shall not be required to provide roof
access

N 11.12.2.2,2.3.1 Perimeter Pathways. A minimum 4 ft
(1219 mm) wide perimeter pathway shall he provided around
the edges of the roof for buildings with a length or width of
250 ft (76.2 m) or less along either axis. A minimum 6 ft
(1829 nun) wide perimeter pathway shall, be provided around
the edges of the roof for buildings having length or width
greater than 250 ft (76.2 m) along either axis.

N 11.12.2.2.2.3.2 Other Pathways. Pathways shall be over areas
capable of supporting fire fighters accessing the roof and shall
be provided between array sections as follows:

(I) Pathways shall be provided in a straight line 48 in,
t12l9 mm) or greater in width to all ventilation hatches,
and roof standpipes.

2) Pathways shalt be provided 48 in. (1219 mm) or greater
In width around roof access hatches with at least one
48 In. (1219 mm) or greater in width pathway to the para
pet or roof edge.

(3) Pathways shall be provided at intervals no greater than
150 ft (46 m) throughout the length and width of the
root.

N 11.12.2.2.2.3.3 Smoke Ventilation. A pathway shall be provi
tIed 48 in. (1219 mm) or greater in width bordering all sides of
iaongravwv-operated smoke and heat vents. Ventilation options
between array sections shall be one of the following:

I) %pathway 96 in. (2438 Tam) or greater in width
t2) A pathway 48 in. (1219 mm) or greater in width and

bordering on existing roof skylights or gr.tvity.operated
drnpout smoke and heat vents on not less than one side

tfl) A pathway 48 in. ([219 aim) or greater in width and
bordering 48 in- (1219 mm) by 96 in- (2438 mm) tenting
nitotits options every 20 ft (6096 mm)

N 11.12.2.2.2.3.4 Minimizing Obstnzcdons in Pathways. Path
~an shall he located iii areas with minimal obstructions such as
4cnt pipes. conduit, or Ineclialucal equipment to reduce trip
h-.izar,ls and maximize ventilation opportunities.

11.12.3 Ground-Mounted Photovoltaic System Installations.
(,round-mounred pitotovoltaic systems shall be installed in
at cordauce with 11.12.3,1 through 11.12.3.3.

Shaded text = Revisions A Text deletions a,id figis, r ‘tabtr rrv,siuns secuon tItle ‘ions N New matei I 2018 Edison



1-80 I-IRE CODE

11.12.3.1* Clearances. A clear area of 10 ft (3048 inni)
around ground-mounted photovoltaic installations shall 1w-
provided.

11.12.3.2* Vegetation Management Plan. A vegetation
management plan or noncombustible base acceptable to tIn’
Al-fl shall be approved and maintained under and around he
installation where required by the AI4J.

11.12.3.3* Security Barriers. Fencing, skirting, or othet suita
ble security barriers shall bc installed when requited b~ he
Mfl

Chapter 12 Features of Fire Protection

12.1 General. This chapter shall apply’ to new, existtitg,
permanent or temporary buildings.

12.2* Construction.

A 122.1 Where required by this Code, a type of hinlding
construction shall comply with NFPA 220.
12.2.2 Fire safety construction features for new and existing
occupancies shall comply with this Code and the referenced
edition of NFPA 101.

12.3 Fire-Resistive Materials and Construction.

A 12.3.1 ihe design and construction of fire walls arid lire
harrier walls that are required to separate buildings or subdi
vide a building to prevent the spread of fire shall comply wub
Section 12i and NFPA 221.

12.3.2* Quality Assurance for Penetrations and Joints. In new
buildings three stories or greater in height, a quality assurance
program for the installation of devices and systems installed to
protect penetration and joints shall be prepared and moor
tored by the RDP responsible for design. Inspections of fit estop
systems and fire-resistive joint systems shall be iii accordance
with 12.3.2.1 and 12,3.2.2.

12.3.2.1 Inspection of lirestop systems of the types testi d in
accordance with ASTM £814, Standard Test Method for Fire rests of
Thrvugh-Penetration Fire Stops, or /UL 1479. Standard for Fire lk.Uc
of Thrvttgh-Penetration Firestops, shall be conducted in accord
ance with ASTM £2174, Standard &actrce for On-Site inspection o)
insta!ied ~ Stops. [5000.9.11

12.3.2.2 Inspection of fire-resistive joint systems of the types
tested in accordance with ASTM £1966, Standard Test Methnd for
Fire-Bes,stwe Joint Systems, or CL 2079, Standard for Tests; if Fire
Resistance of But ldtngs Joint Systems, shall be conducted iii act ord
ance with ASTM £2393, Standard Practice for On-Site lnsprttwn oJ
installed Fire Resistive Joint Systems and Pe,imeter Fbi Ba,nen.
15OO()~40.9.2]

12.3.3* Maintenance of Fire-Resistive Construction, Draft-Stop
Partitions, and Roof Coverings.

12.3.3.1 Reqttired fire-resistive construction, inclLtdilrg time
barriers, fire walls, exterior walls due to location on propert’.
fire-resistive requirements based on type of constntcciomi. dial:
SLOp partitions, and roof coverings, shall be maintained arid
shall be properly repaired, restored, or replaced s~hit-re
damaged, altered, breached. penen-ated, removed, or inijsro1,-
erl~’ installed.

12.3.12 Where required. fire-rated gypsum wallboard walls or
ceilings that are damaged to the extent that through openings
exist, the damaged gypsum wallboard shall be replaced or
returned to the required level of fire resistance using a listed
repair s~sieitm or using materials and methods equivalent to the
original construction.

12.3.3.3 ~%‘here readily accessible, required fire-resistance
rated assemblies in high-rise buildings shall be visually inspec
ted for tntegrrt~ at least once every 3 years.

12.3.3.3.1 The person responsible for conducting the visual
inspection shall demonstrate appropriate technical knowledge
and expel ience in lire-resistance-rated design and construction
acceptable to the Al-fl.

I2J.3.3.2 A written report prepared by the person responsi
ble for conducting the visual inspection shall be submitted to
the Al-lj documenting the results of ihc visual inspection.

12.4 Fire Doors and Other Opening Protectives.

A 12.4.P The installation ‘and maintenance of assemblies and
devices used to protect openings in walls, floors, and ceilings
against the spread of fire and smoke within, into, or out of
buildings shall comply with Section 12.4 and NFPA 80. [80:1.1]

12.4.2* With tire exception of fabric fire safety curtain assem
blies, Section 12.4 addresses assemblies that have been subjec
ted to standardized fire tests. (See Chapter 20 of NFPA 80.)
(80:1.1.1!

12.4.3* Incinerator doors, record room doors, and vault doors
are not covered in Section 12.4. [80:1.1.2] -

l2.4.4 Requirements for horizontally sliding, vertically slid
Ing, and swinging doors as used in this ~o& do not apply to
hoisrway doors for elevators and dunibwaiters. [80:1.1.3]

12.4.5* Section 12.4 shall not cover fire resistance glazing
materials and horizontally sliding accordion or folding assent
bItes fabricated for use as walls and tested as wall assemblies in
accordance with ASTM £119, Ste,ndai4 •fls~ Metlwds for Fire Tests
offluilding Constntction and Matedali, or ANSI/UI. 263, &andani
for Fare 71st, ofButWing Construction and Matiiaê [80:1.1.4]

12.4.6 Care and Maintenance of Fire Doors and Other Open
ing Protectives.

12.4.6.1 Subsection 12.4.6 shall cover the inspection, testing,
and maintenance of fire doors, fire shutters, fire windows, and
opening protectives other than fire dampers and fabric tire
safety currants. [$Q:5.Ij.I]

N 12.4.6.2 The requirements of Section 12.4 shall apply to ‘jew
and existing installations. [80:5.1.! .21

a 12.4.6.3 Operability.

12.4.6.3.1 Doors, shutters, and windows shall he operable at
all nmes. 180:3 1.2 1]

12.4,6.3.2 Doors shutters, and windows shall be kept closed
arid Ian bed or arranged for automatic closing. [80:5.1.2.2]

N 12.t6.3.3 Prevention of Door Blockage.

N 12.4.6.3.3.1 Door openings and their surrounding areas shall
be kept cleat of anything that could obstruct or interfere with
the free operation of the door. [80:5.1.2.3.21
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Part II. Orderly Shutdown

685.10 Location of Overcurrent l)e~ices in or or’ Premises.
Location of overcut-rent devices thai are critical to intceratc-cf

electrical systems shall he permitted hcacce~sihle. s~itl.
mounting heights permitted in enstire security Ii In openht Ii’

by tinqual ified personnel

685.12 Direct-Current System Grounding. I
circuits shall be permitted to be ungrounded

685.14 Ungrounded Control Circuits. \k here operational
continuity is required. control circuit of I ~0 di’ or es (11,11)

separately derived systems shall he permitted it ½e bitter tu nde.l

690 Solar Photovofta c PV) Systems

Part 1. General

~ 690.1 Scope. This article applies in solar P\ s~ siciii~ iii wi

than those covered by Article 691. inclutline he ar.,’ irL iii
inverter(s). amid connolleri s I for such sy ‘rents I lit
covered by this article include those interactive with other clectrit
power production sources or stand -alone, or hWtli. l lit’~t- P \
systems may have ac or dc output for utilizaii~ n.

informational Note No I See lnforntaiioital Note I
ure 690 (a and Intornuttona Note Figurc 601). Ii hi
tnftmiat (‘na I Note No 2 \ rite Ic 691 CO ers I lie iii ‘[.111 it
large sca e P\ electric suppl~ stations,

e use of photovoluic PV) systems as intotactive or stand dione
power supply systems has s cad ly Increased as the technoloyy of
PV equipment has evolved and ts availability has improved the
requirennenls a A I te 690 cow the use of stand-atone and intel
actit’e PV system tetactive p OtOvotlaic systenis cite also stibjec i
to the requ rernents or nrc, o nected electric Dowel prcxi.irtron

sources co r ned Ar tIe 705
Exhib t 690 I shows a vpi al instal ation of a PV array iii

eld

690.2 Definitions. The definitions in this set ti in ‘hall ,rvl~
only ss it hi n this article.

,V AC Module System. An assembly of ac mntidulec. wit ins! nctli
ds. materials, and suhasseniblies that arc e’alu.itt’d etriitjnl,

and defined as a system.

~ 4lternating-Current bad Module (Alternating.(’tirreiit Phi,
tosoltaic Modulet Acoinpiete environmentally phiec tec not
consisting of solar cells. inserter, and other comnponetll5 .le,’emtecl

to produce ac posser

An ac PV mod to cons,, sot is nqle integnaterj taut He .iine there

is no access,[, e fiel I inct,i Ott i vi, hog in t hi’ si’iqlt intl the I PV

I These diagrams are intended to be a means or ~anbfcatn, or Pit
power source Components Circuits arid connections that niaSa .ipmq
power source
2 Cusion PV power Source designs occur and Sortie corTiponeit ~t

Qoitonal

\ I \IOk Ill TIONAL NOTE FIGURE’ 690.1(a) Idensificati
Pt P i Cr Source components.

source-circuj requ remenis in the NE~ are not applicable to diC
wiring in an ac PV mod Ia

‘rray. \ mechanically and electrically integrated ~oupirig
nodules ss rh support stnicture, including any attached syccte

~omponents such as inverter(s) or dc-to-dc convener(s)
attached associated wiring.

Ant allay composed of multiple panels Ins a e on a supp
ture is illustrated ri Exhibit 690.2

‘s KilNilar (‘ircuit. 4 dc circuit that is comprised of two man

circuits c-i ‘h has ing an opposite polar-its connected toacotflmOhl
mc cattLe ittil

lIt -io-I)(, (onverter Output Circuit. The dc circuitcontItie

tots ci nncc ted to the output of a dc combiner for dc-to-dc cOn
5 eric t circe circuits

I)C-to-l)C (‘onserter Source Circuit. Circuits betweefl
tic’iit tIc Cclnfl crtcrs and 1mm dc to tic converters to the coUumfl~°

neci ‘In pi’i nt(s) of the dc system.

I)irett (.urren( (tIc) (‘ombiner. An enclostire that induct
deviccs used to connect two or more PV sysiem dc circtti ‘ I

V hls’ctrn,n,ic Power Conierter. A des ice that uses power elec
Wi ticS C I • t (~t C t mi ot electrical pt”5 er into anothetfOmt
if ~‘l~’~ ic_il

PV Or DC-4~a~
co~

output’

Note

2020 Notmono/ EIeu’IcT’JI Cok N
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Inverter output circuit
Electric power production
and distribution networ”

PV system
disconnect

AC module (includes invorto’

“~Array (of AC modules)
*c module system

Energy storage system

Interactive system
disconnect

electric oower
production anti

distribution notwoos
Dodicatec XMIBIT 690 4 P/a av cJurtesv of Sour Design Associ ices, LLC)

Inverter
output
circuits

loads

coupled muitimodo system

Pfpower Interactive
5otli~ inverter Inverter output circuit

connect
system

Multimode
em inverter

Enargy storage
tern disconnect
coupled multirnodo system

PV system Standalone
d sconnect inverter Inverter

DC oads

e system

— output
c rcuit

Energy storag
system disconnect

Energy storage system

ciagrams are inlondea to be a means ci ideniihcation ‘or P~
~O)pOnenis, circuits, and connections.

The PY system disconnect in these diagrams separates the PS’ 5i1’i’
Other systems

tddscorinecting means required by Article 690 Part iii aro shoE
I 815*tt9rounding and equpmeni grounding are not shown. See Article

QOSIOm designs o~ur in each contiguralion and some components ire

~QRMATIONA L VOTE FIGURE 690.1(b)
t4l~fica,,ci,, of P1 Si ct in Coinpon( ;tts in Comm itt

8Uration’~

it thy tvu(~ wu~ (Coortecy ru Solar Design Assoc ares LLL

I ntt’r inato,tial Note Esatnples ot eIecironi~ poii Cr Conveaer~
include. but Ire lilt limited to, tnverlers Ic-Lit de converterS, and
cit’s tonic charec tiuntrollers. These dei ices hase limited torrent

itic~ hisnl ott the device ratings .11 continuous rated power

.\ (;~-~unded. Functionally. A system that has an electrical ground
relerence for operational purposes that is not solidly grounded.

lnt’ortnittional Note: A functionally grounded system is often
ti nccied iii cii nod through an electronic means internal to an

inserter or charge controller that provides ground-fault protec
i,mn Examples of operational pur~ses (hr functionally grounded
~~iems include ground fault detection and performance-related
,s~uc~ for sonic power sources

\ Mixtule. \ Li tnpleie. environmentally protected unit consisting
it solar cells ‘nil uther components designed to produce dc power

\ Uonopi;Ie Circuit. An electrical subset ol a PV system that
is t\s id ui is in the output circuit, one positive ( + I and
IC tie2,ttIVe

PV system disconnectlñteractivO nv

output circuit Electric ~er
production and

distribution
power source network

wractive system

%1

PV system Multimode
~~eo disconnect Invertet

DC toads
Energy storage

system disconnect

Dedicated
toads

Electric power
production and

distribution
network

nteracttve system
disconnect

‘A

/,-o /

—C,

A PS’ array support struc ore that illows for ronrinued usePvpower

syste.t
~s)

Stand-atone
toads
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Ar p690 Solar

LV Output Circuit. The dc circuil conductors Irom 15w or
more connected PV source circuits totheir point of termination

LV Source Circuit. Thedc circuit conductors between inodtiles
and from modules to dc combiners, lectronic’powcr converters
or a dc PV system disconnecting means.

PV System DC Circuit. Any dc conductor in sourte cii

cuits. PV output circuits, dc-to-dc converter sciLircc circuits and
dc-to~dc convener output circuits.

Solar Cell. The basic PV device that geiierate~ dcc Incus ssheit
exposed to light.

690.4 General Requirements.

(A) Photovoltaic Systems. Photosoltaic sysictris shall he pcr
mitted to supply a building or other structure in ,id.litioit ii his

other electncal supply system(s)

(B) Equipment. inserters, motor generators P\ i

modules and ac module systems, dc combiners d - I’
vet-ten, rapid shutdown equipment. dc circuit controllers, ,in~l

charge controllers intended for use in P\ systems sh~ I he listed
or be evaluated for the application and have a field lube applied

The simplified ircuit schematic n Exhibit O90 3 illustrate ompo
nents in a PV system Specifi requirement fo overcu ent protec
non, disconnecting means and g ou ding are covered in otrier
sections of Article 690 a d should not be assumed based on this
drawing Instructions foi or labels on the PV module might require
additional overcurrent devices that are not shown.

Equipment I sted for marine, mobile, telecommunications, or
other applications might not be suitable for i istallation in perma
nent PV power systems

NFPA 790, Standard far Competency of Third Party Field Evalua
tion Bodies, and NFPA 791, Recommended Practice and Proce
dures for Unlabeled Electrical Equipment Evaluatio i for
informatio on field evaluation of eq pment

it i Qualified Personnel. The installation of equipment and all
ss.ic.i,iietl wiring and interconnections shall be performed only

‘5 qua lied persons.

nt rin.itinnal Note: See Article 1(X) for the definition of qua!
I 0 fier.s CM.

1)) ~lultiple PV Systems. Multiple PV sS’stems shall be per
ttHnt-d ii he installed in or on a single building or structure
Whet thc 1W systems are remotely located from each other, a
rlirec cc’ in accordance with 705 10 shall he provided at each
1W ‘ ciii disconnecting means.

~Ej l.iwsjtions Not Permitted, PV system equipment and dis
c’’bnilectinu means shall not be installed in bathrooms,

V II”) l’Jectronic Power Converters Mounted in Not Readily
Accessible Locations. Electronic power converters and their
i~ ci ted devices shall be permitted to be mounted on r fs or
itlier ‘\t nor ireas that are not readily accessible Disconnecting

mcans shall he installed in accordanêe with 690.15.

690.6 .Ulernating.Current (ac) Modules and Systems.

(A I Photovoltaic Source Circuits. The requirements of At-ti
dc 69t) pertaining to pv source circuits shall not apply to ac
tiiisliilc~or.ac.nrndule systems The pv source circuit. conduc
tons, and inserters shall be considered as internal components o
in a~’ module or tic module system.

I Hi Otitput Circuit. The output of an ac module or ac mod
system ‘ball he considered an inverter output circuit.

Pr.” engin.”eied a niudule systems have ‘components specified
their instructions I hat will interconnect mu Itiple ac mod ile nt
system w th a single output circuit [tie output circuit from su
system can tie treated like an inverter Output Cir uit Just a Ci iii

mod ile s output All de and ac wiring up to the system tenninatho I
point as identified in its instructions, can be nsicfered ntern I 0

the sysi in. Considerations for amparity, disconne tiorl. and other
requirements that generally apply to the i terconnection of mu tiple
it: nodules are addressed in the pre engineering oithe sy tern

Part II. Circuit Requirements

\ 6911.7 Maximum ~oltage. The maxtmtitTl voltage ofPV system
circuit% shall be the highest voltage between any two conductors
:1 ciieuit or any conductor and ground. The maximum voltage

shall he used to determine the voltage and voltage to ground of
circuit’ iii he application of this Code. Maximum voltage shall
I.e used ~ii onductors, cables, equipment. working space. and
otltci aiplicanons where voltage limits and ratings are used

EXHI8IT69O.3 rind 0’ :0, .ro:i dl
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PV system dt circuiis on or in buildings shall he pernil ted
to have a max mum soltage no greater than I 000 soIls, I \ •~

tern de circuits n or in uric ,uid tss u—family dwell ngs ;liu hit
permitted to base a maxi mum s-el tage no greater than t,(Wi nI.~
Where not located on or in buildings. listed dc 1W equIpment
ratcd at a maximum olta ‘c no grealer than 50(1 ilis .liall
not be required ti coinpi y w tb Parts IT and Ill of Au cm

1(A) l’hotovoltaic Source and Output Circuits. In i ti~ I’\
source circuit or output circuit, the maximum PV system vi iliace
for that circuit shall be calculated in accordance with one ‘1 the
following methods:

(I) The sum of the P\ nodule rated open-circuit voltage
of the series-connected modules corrected for the I -

est expected ambient lemperature using the open-circuit
voltage temperature coefticients in accordance ~s’iiIt the
instructions included in the listing or labeling of the nit dule

(2) For crystalline and multicrystalimne silicon module the
sum of the PV module rated open-circuit voltage of the
series-connected modules corrected for the lowest expected
ambient temperature using the correction fliti~7~ provided
in Table 690 7(A

(3) For 1W systems ss ith .tn inverler generating ca1i.tt is tO

1(X) k’W or greater. a documented and staniped l’\ -ry”

tern design. ustng an industry standard method maxunuin
voltage calculation provided by a licensed profcssio xal
electrical engineer

Informational Note No.1. One sourve for lowest-expetted anjbi
em temperature design data for venous locations is Lb hapt
titled “Extreme Annual Mean Minimum Dec gn Dry Bulb Ten
perature” found in Lhe AS!!RAE Handbook undur,wnru
2ô17. These temperature data can be used to late maximum
voltage.

24 to 20 .02 76 tooS
t9 to IS 1.04 67 to 59
14 tO 10 1.06 58 to 511
9to5 1,08 49mo4l
‘twO 1.10 40io32

—Ito 5 I 12 31 to23
—óto—lO I t4 22 to 1$
It to [5 I to i3tri5

—lOto—20 I 18 4to—4
—21 to 25 I 20 —5 in —I)
—26 to—JO 121 —14 to—22
3Ito 35 23 —23ii,—$I
36 mc, -40 25 32 to —40

lglOnnLiciialtsote~M~2: One industry ‘tundarti method forcaI~
ciiluiiiig ina.s,iiitimi, ~ili:igeofa P\’ systeni is puhIi~hed hySandia

ii’il~l l.Mioi hunt’s, reFerence SAND 2tXl4- 3 S 3%. i’hon ‘n’/uiiu
4, ~‘J l’s, /O,t~liI H i 1 lode?.

4 PV ~uorce is not a conctant-vottdcJe cQLIiCe and t ~o difference
between lw rated opematint~ voltage dettummined i itider controlled
Ia bat airy conditiOnS and I he open ~circuit vol rage, adjii Hod For
lowest expected ambient temperatumP. undo field-installed condi
tions can be significant Co isequently, the higher-rated open circuit
vcItacie nitist he uspd to cc ect circuit components with prope volt
.190 ratings

rhe voltage (both open circuit and operating) ot a PV power
source ilneases as the tem nature decreases. ftc installer should
rote the temoerature conditions for which the PV device was rated.

If the anticipated lowest temperature at the installation sire is lower
thai, the t ating condition (250, Table 690.71A) must be used to
,)tl1ust the maximum open circuit voltaqe of crystalline systems
before conductors. oveicurrent devices, and switchgear are
selected. For other an crystalline systems, see the manufacturer’s
instructions.

Where a listed PV module includes open•circuit vo tage tern
neraluw~ coefficients In the installation instructions, the tempera
ture coefficients provide a more accurate maximum system voltage
than those from Table 690.7(4) and are required to be used instead

dpplyitig the table
Bipolar PV systems twith positive and ne ative vo iages are

required to be separated into two separate monopolar circuits thu
the r laxirnuni circuit voltage is the maximum voltage of as ig e
rtiotiopole

ApplIcation bampl.

A system with open cririjit voltages of - 480 volts and 480 volts
with respect to ground wotitd have a system open i,ctiit voltage of
IHtI v lit even though the pole to pole maximum is 960 volts. TInts

taqt hould be multiplied by temperature dependent factor
rum T ible a90 7 A yieldinq a system design voltage of tip to

nt)t) - oils since this i the maximum voltage to ground and the ma,
ii voltage between the wo wires eta single m nopoli’ perm I

ted Fr r inc and two Family dweiling The ysrem design voltage
should be usea in the selection of cables and other equipment. Cer
airi bipolar PV arrays meeting the requirements of 690 7(C) might

have ditferen: requirements to, calculating the maximum ysteni
YOlt.19Q.

Hi l)(:-t~,-l)c Conserter Source and Output Circuits. In a
t ~L in’ cuter MiLl i-ce and output c runt, the na x mum ‘.0

I he calculated in uccordatice ss’i th 690 7 8) Ii Or B —

ii) Single DC-to-DC Converter. For circuits connected to the
output oI:i single dc-to—dc converter, the maximum voliage ~haII
‘c detcrritiried in accordance with the instmctions included in the
listing or labeling of the dc-to-dc converter. It the inctnlctions
do not provide a method to determine the maximum ‘.n tage. the

TABLE 690.7(A) Vbltage Co,’recrion Facrr,rc for Cn ci,iil,’
and /pfubh-rys,aflirie Silica,: Alum/u/ca

Correction Factors for Ambient ‘temperatures Beloss 25
(77°F). (Multiply the rated open-circuit voltage by the

appropriate correction factor shown beloss.)

Ambient
Temperature (tmC) Factor

Ambient
Temperature I I-)
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4 I e 690 cmi Photovoinjic tPV

maximum voltage shall be the maximum rated ‘oliag
the dc-to-dc converter

zI (2) Two or More Series-Connected DC~to.lH C.in~er ers
For circuits connected to the output of two ii more series
connected dc to dc c,,nsei-ters, the maxiinutit voltaee shill hL
determined in accordance with the instructions iticItitlerl ii iii
lisLing or labeling of the tic to de conserter It the. insirticil is

do not pros ide a method to determine the maximum voltage ihe
maximum voltage shall be the sum of the niaxinluni ruied soh ice
output of the dc-to-dc converters in series

(C) Bipolar Source and Output Circuits. For itoitopole sub
arrays in bipolar systems, the maximum s trltauic -~h. he the
highest voltage between the monopole subarra~ clic till crindut
tors where one conductor of the monopole suharras t irtu
connected to the functionally grounded reterence i’i prc’ -n
overvoltage iii the event of a ground fault or arc fault, the mu no

pole subarray circuits shall he isolated froni go nind

690.8 Circuit Sizing and Current,

a (A) Calculation of Maximum Circuit C urrent [he niasi
mum current for the specific ctrcuiL shall he ca ~ulated mi ace
dance with otie of the methods in 690 sf4 It or IA t2

N (I) 1W System Circuits. The maxiniuni torrent ~hall he cal
culated in accordance with 690 &A H I )fa ihiotigh (A)’ I tic

tat Pliorou’ulrajcSrncr,re Circuit Curient’, The i as i flu iii

current shall be as calculated in either if the flill,m’i,i,

I ) The max i mu m ctirrenc shall he the sti ‘it I if I he short I Ft tilt

current ratings of the P\ modules connected in pamallel
multiplied In 125 percent

(2) For PV systems with an inverter gdncratiiig ap.k ii>
100 kW or ereater. a documented antI stampcd PV svs

tern design. using an industry standard method ninimittirit
current calculatiu in provided by a licensed p ofes sit otI
electrical engineer, shall be permitted. I’he caL ii hued
inaxi mum current sal ne shall he hasemi ii the hi ghe
3—hour current average resulting from he siniultiicd I ~ il
irradtance on the PV array accounting flu cli,’ alit in ao~t
orientation. The current v:(l ue ti scd by t hi’ it ct h0d sli:i

not he less than 70 percent of the salue calcIilatL’~I u~ni~
690.S(A)(I liagI). S

Inflirmatinnal Note: One intlu~irv standaid netitisi fi ‘atctil.u—
ing maximun, current of’ a PV system is £flLuilahtc it,’, S,itidja
National Laboratories reference SAND 2&W)4 -35 5. PIn r,,t’nii tic

Pr ‘?f(’?’PflaIi( ‘t’ :%irtIei. Ut is nit dcl i ii set ti> it Iii S s’’ tent
Adsisor Model sirtiulation program prividett t’~ ilk- \‘dtioiltit

Renewable Fnieru> I ihiraror>,

Method uses I h - array ,tio t - circuit current wr,ic I, II lows to,
proner sizing o con uUtrs in) iiarjdte the torrent go ‘~r ted diii riG

per oct s of 00cr ition under shin fir, I Ii C a ti it ion
The i Th ;soiet’i~i .3 it) Is reQuired Di ~ ~~•‘ uocitjtts ~,i

deliver outpt I Co emits hiqfior thin the tired shut ci iii (uii~ni5

for more than 3 hours near solar noon. Method (2! permits a licensed
professional electrical engineer to perform simulations to establish
then ghost 3-hour current Iota specific system.

~b) Photovoltaic Output Circuit Currents. The maximum
current shall be the sutn of parallel source circuit tnaximum

irrents as calculated in 690 8(A)( I
fe DC to-DC (‘onve,-terSourc-e Circuit Current The max

t rent shall he the dc-to-dc converter continuous output
iw rren rating.

DC-to-DC Converter Output Circuit Current, The max
mmiii current shall he the sum of parallel connected dc-to-dc
Converter source circuit currents as calculated in 690.S(A)( I )(c).

(C) Inverter Output Circufi Current The maximum current
shill be the inserter continuous output current rating.

Both stand alone and interactive inverters are power-limited
devices, Output circuits connected to these devices are sized on the
continuous rated outputs of the inverter Exhibit 6904 shows an
inverter label displaying the maximum utput circt t orient along
with other necessary ratiq9s

2) Circuits Connected to the Input of Electronic Power Con
serters. Where a circuit is protected with an overcurrent device
not exceeding the conductor ampacity, the maximum urrent
shall he permitted to be the rated input current of the electronic
pos’er .,oriverter input to which it is connected.

t B) Conductor Ampacity. Circuit conductors shall be sized to
an-3 not less than the larger ampacity calculated in accordance

with 690.8(Bu I) or (B)(2).

tIp Without Adjustment and Correction Factors. The ma
nut 1. urients calculated in 690 8(A~ multiplied by 125 peru
wtthout -adltistment or coiiection factors,

Ci r’r’;qu rr C,rcuztc c-ontaimng an assembly together i,’itl
one itt cleric e( c) that is listed for continuous operat

-— Modal Na. Fronlus tO Plus V &0-I Uwi
• PatiNa 4210.113000

vntwirociua ~r, Sac No 22290240
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olar Photc,voliair WV Systi in

at 100 petcenl r~f’ its rating clint! be iier;n;tteil to hi’ a st’d it
100 percent of its rating.

(2) With Adjustment and Correction Factors. The inns iniitiii
currents calculated in 690.8(A) with adjustment and correction

factors

(C) Systems with Multiple Direct-Current Voliage~
a PV power %LIUrCC that has in tilt i pie output c rcu ii tili,i
and employs a comnlnn•return conductor, the ampaeiiy oi’ he
common return conductor shall not be less than the suiti iii he
ampere ratings of the overctirrenl devices of the individual oiii ~,ii I
cilcu its

(0) Sizing of Module Interconnection Conductors. Where a
single overcurrent device is used to protect a set of two or ,ii:ie
parallel-connected module circuits., the ampacity of each iii the
module interconnection conductors shall not be less than the ~iiin
of the rating of the single overcurrent device pIus 125 percent
of the short-circuit current from the other parallel-connected
modules.

Normally, labels or module instructions require reverse overcurreni
protection for each module or string of m dules. In some cases
modules with low-rated short circuit current and high values ot th&
required series protective fuse could all w the use of one over
c rreni devi to provide reverse current protection br mutt p1e
modules or strings of modules and overcurrent protection for he
conductors The P~’ module manufacturer should be ontacred
for speci I nformation regarding allowable source circu
configurations

690.9 Overcurrent Protection.
(A) Circuits and Equipment. PV system <Ic circutl and tin crier
output conductors and equipment shall be protected against
overcurrent. Gircuits sized in accordance wi h are
re~uiied to be protected against overcurrent with overcurrent pro
~Live devices. Each circuit shall be protected from overcurrent
in accordance with 6909(A)U), (A)(2), or (AX3).

(1) Circuits Where Overcurrent Protection Not Required.
Overcurrent protective devices shall not be required where hour
of the fcllowing conditions are met:

(I) The conductors have sufficient -ampacity for the maxirootri

circuit current.
(2) The currents from all sources do not exceed the masi:iitiiil

overcurrent protective des ice rating specified for tlw l’\
module or electronic prnser converter.

(2) Circuits Where Overcurrent Protection is Required
On One End. A circuit conductor connected ‘at one end to a

current-limited supply, where the conductor is rated for [lie ruins
imum circuit current from [hat supply, and alsu coniiecued to

Sources has ing an a’ ailable maximum circuit current greater
than the ampacit> of the conductor, shall be protected from iver
current at the point of conneLtion to the higher current coin cc

liii iuiiational N ic Photosoltaic c~ stein tic circuits and dcc
nn ii; H Wet Li iris ci icr outputs powered hs these circuits arc
urrenut—I vialed and in sonic cases do not iced occrcunent protet

Lion, Where iliese eiictiits are connected to higher ciin~nt sources.
tucli as parallel-cinnetued PV system tic circuits., energ) stor
awe scciciii~, ii iiniliis sets ice, the Os erLu rieni clcvice is often
iiisiiillcti iii iIn~’ tij~ht,r current source end of the circtiit conductor

ii v i e poni , e for othe. PV soo Ce circuits Othei supply SourceS
ii cogh the inver tO , a I n’rgy storaqe system circuit to supply

current to souce Circuits in the event OF a fault, Rn Overcurront
device is requnied for each conductor at each connection point to
unit it’ fauit cu cit ui that conductor unless the conductors are
siec on the masiniuni vailable cur cot Where more than two
Sin. i. sob ‘V irionules ar’ oninected in parallel overcurterli devices
rug it he required iii rhe ci,’ PV source or output cv ct its

V i 3i Other (‘ircuits. Circuits that do not comply ss iih
t,~)t) LilA)1 ~ or ~A Hfl shall he protected ~s ith one of the follow
ing methods

(I) Condtictors not greater than 3m (loft) in length and not
in buildings, protected from overcurrent on one end

‘1) Conductors not greater than 3 m (10 ft) in length and in
buildings. protected from overcurrent on one end and in a
races¼a\ or metal clad cable

3 (.ondtit tors protected from overcurrent on both ends
4) Conductors not installed on or in huildings are permitted

iii he protected from os ercurrent on one end of the cir
cuit where tite circuit complies with all of the following
Li indira ins

a l’he ci inductors are installed in me nil nicets ay s or
metal lad thles, or installed in enclosed tuetal cable
trasc ii underground, or where directly entering pad
mounted enclosures.

h. l’hc conductors for each circuit terminate on one end
a single circuit breaker or a single set of Fuses that

hunt the current to the ampacity of the condticiors.
c. l’lw overcurrent device for the conductors is an integral

pan ul a disconnecting means or shall be located within
iii (Ill of conductor length of the disconnecting

iiiC.U us

~l. The disconnecting means for the conductors is installed
outside cf a building. or at a readily accessible loca
lion nearest the poini of entrance of the conductors
inside of a huilding. including installations complying
sri’ 2 i It,

Sc non o90 9 Att3 addresses ircuuls with s ur Cs of overcurrent on
both ends with three protection option

e Lion 690.9 A permits short r ducror lengths to be
protected from overcurrent on one end Shoit conduirtors are coni
moo wi lenc Lonripirier boxes are installed oc t no ii iverter s and the
ianu~age in this requirement will reduce the need to. fu e on both
enrico: a shorn wire the tap rule’ in 240.21 (~ is an example of
nhere the 0-toot lenoth is used fo, feeder taps with remote over
current urotection

a i
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Sectio 690,9(Aj 3)12) permits conductors of 0 feet or less ii ‘vsicjn in combination with this ground-fault protection provides
buildings if they are in raceways or metal-clad cables, which is sirili

a, to the requ rement in 2*0 21
Sect on 6909 A 3 3 c vets conductors in general with

soc ces of ye rrenl on bath ends Since they would require ove,

Current protection on both ends as required by Article 240.
Section 6909 A (4 oven longer runs with ovei urrc-nt or’

one end w ere the onductor are located outside of building Since
conduc ors in PV systems have very limited short rcui current on
at least one end of the conductor, over urrent protect on is typical
located on one end of the circuit. With th language related to
inputs to electronic conversion dcvi es, ma y dc circuits will he
required to have overcurrent protection on both ends of the circuit
where on buildings and where greater than 10 fee in length, in
accordance with 690 91A1(3) 1

A (B) Device Ratings. Overcurrent devices used in P\ s’~slemn dc
circuits shall be listed for use in PV systems Electronic devices
that are listed to prevent backfeed Current in PV system tic Jr
cults shall be permitted to prevent overcurrent of conductors
on the PV array side of the device. Os ercurrenl des ice’, where
required, shall be rated in accordance with one of the fl,llrnt ne
and permitted to he rounded up to the next hlghërstandard si/c
in accordance with 240.4(B):

Not less than 125 percent of the maximum currents silt ii

lated in 690.8(A),
(2) An assembly, together with its overcurrent des Set’ thai

listed for continuous operation at 00 pert cut ol ii’. ratine
shall be permitted lobe used at 100 percent of ii-. aiin~

Informational Note: Some electronic des ices present hacktced
cltnent, which in some cases is the only source ol flscrcurrent iii
PV system dc curuils

Because these ircuits are subject to onviroiin, tal st esses the
overcurrent devices for the dc Circuits are required to be specifically
listed for use in PV systems The overcurrent devices can be either
supplerfiental or branch circuit devices. Direct-cu rent fault current
are considerably harder to interrupt than ac f~ tilts. Ovt’rrruire t

devices marked or listed only for ac use should no he used i cit

ir uits Automotive and marine type fuses il hot gh used n tl
ysteni might not have the proper rdtinqs for use in PV sv~teins

A (Ct Source and Output Circuits. A single osercurreili pm I.

tectis e des ice, where required, shall be permitied in ~)i I itct I tife
PV modules. dc—to-dc converters, and conductors ol e;icli
circtut or the conductors of each output cii’s nit \\‘hen’ ~iiizlc’
osercurrent protection devices -are used to prows t si’ttrt’c or fliii
put circuits, all nvercurrent des ices shall be placed in lit’ ~anic
polw-its for all t ircuits ss ithi n a PV ss siem ‘rhe es ercurreni
devices shall be accessible hut shall nut be required to he ~.

accessible.

In format tonal Note; Due to mproved ~ ron rid— l~iti Ii pri c~ Inn
required in PV svsierns by 690.4 (B i a ‘inc e ~cr5 i tic iii
tctiise di-’ ice in tither the positive ir net ilise cinJtrctgs..~

.idi’quate overcurrent protection.

(I)) Power Tramisfonners, Overcurrent protection for a trans.
lortncr stith a source(s) on each side shall be provided in accor.
dance with 451) 3 by considering first one side of the transformer
then the other side of the transformer, as the primary,

Lseept,o,, ~4 power transformer with a current rating auth
cute i:on,iected towa,’d the interactive inverrer output not Ic
that, the rated conuriuous output current of the inverter slit,!
be perrrutted is it/rout overcurrent protection from the ins er-tar

690.1(1 Stand-Alone Systems. The wiring system connected to
is ,ind a one system shall be installed in accordance with 710 15

h bit 6905 shows e controller and energy storage compo
0 a stand alone sys em

s~n.
Artide 706 for permanently installed energy storage syste
ArticI. 710 for stand alone systems

r\ 6941.11 Arc’l-’ault Circuit Protection (Direct Current).
Mis’iiivoltaic ‘“stems with PV system dc circuits operating ‘cit

Mi si-Irs d5 ir greater between any two conductors shall be
liii ‘tecied t’s i listed PV arc-fault circuit interrupter or other
system uiiipi.rierits listed to provide equm’ alent protection The
system ‘hall detect and interrtipt arcing faults resulting tr 1

l:u lure ru die intended continuity of a conductor. cominecti ii

miltidule, or othersyste~ cnmponent in the PV system dccircuiis.

liii, ‘:niaiiiiia~ .\‘nte \nnex A intludes the reference for the
‘s quo’ DC A ii’- Fan t Can,,, Protection product standard.

/ 5€’.’; ‘/i, or Thu P V cvvtenzs riot installed Dim or ill building
I’ t (~‘rt/’~~ i • i-ritf~ uriS Si .u,- 5c con i’e ,‘ier OUQIUI ~‘ir’Ci? it S tutu

C.

I I’ ¼

I

4
4;

EXW8lr6ga5 Srond 01cm’ system components. Courtesy of Solar
Ot’~,Q’ Ass I mies L
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are installed in metallic racewavs or metal-clad cables, ii’

installed in enclosed metallic cable trays, r areun&rgmund
shall be pennitted without arc fault circuit protection l)eun h~’d
structures whose svle purpose trio house PV s vstem equqmi ‘it

shall not he considered buildings according to i/nc ni tj’t i n

The aIL fault prot’ctlve devict sed to n eet t iS 10(101 PinPi I lutist
be listed fo, tic ust. a listed or Oct’ in PV systems listed toinpo
nents that provide protection equivalent to arc fault protection al
are permitted by this requirement The exception allows PV no sit
circuits on qrou d mounted F’V systems, meeting the requoc neiits
tsr d those nstalled in metal raceway and metal clad cables t be
Installed without arc fault plotection

690.12 RapId Shutdown of PV Systems on BuIldings. I’S
system circuits installed on or in buildings shall include ii .ipud
shutdown function to reduce shock hazard br firefigh ers ii

accordance with 690.12(A) through (D).

Exception: Ground-mounted PV system circuits that inn C
buildings, of which the vole purpose is to house PV cvsiem
equipment, shall not be required to comply with 690.12

Fire fighters must contend w th elements of a PV systerit
remain energized afte the service disconnect is opened. This ranid
shutdown requirement reduces t e potential for chock within
30 seconds of activation of shutdown Methods and designs for
achieving proper rapid shutdown are not addressed by the NFC but
Instead are addressed in the product standards for this type of
equipment

(A) Controlled Conductors. Requirements for controlled con
ductors shall apply to the following:

(1) PV system dc circuits
(2) Inverter tput circuits originating f invert I

within the array ndary

Informational Note: The rapid shutdown flinq~on reduces the
nsk ole ‘ I shoctthat dc circqits in a PV system cool
pose for firefighters. The ac output conductorsfmm PV syilems
that include invejter~ will either be de-e zed alicrshut4wn
initiation or will remain energized by other sources sash as
utility serv To prevent PV arrays with attached invetters from
haying energized ac C tiductors wulhinlhe PV array(s), those
circll~ts nit also specifically controlled after shutdown initiation

(B) Controlled Limits, The use of the term array bourudars
in this section is defined as 305mm (I ft) from the arm> in Sill
directions. Controlled conductors outside the array boundary
shall comply with 690.12(8)0) and inside the array boundars
shall comply with 690. l2(B)(2).

(1) Outside the Array Boundary. Controlled conslucisirs
located outside the boundary or more than I m (3 It) Cmiii the
point of entry inside a building shall be limited to not more thin
30 volts within 30 seconds of rapid shuLdown initiation Vi ‘ltage
shall be measured between any two conductors and het’seen ans
conductor and ground

a t2 Inside the Array Boundary. The PV system shall comply
~ tilt tine sit the following.

I A 1W Ii 0 control s stern listed for the purpose shall
hi- insialletl in accordance with the instructions included
with the listing or field labeling. Where n.hazw&oritro
system uiresinittation!to tninsibontoa contsdlled state,
tI~e rapi shutdown initiation device required in 90.1 2(C
shall i rform thisinitiution

Inlonnutional Note A listed or field-labeled hazard PV control
cy~tem i ij~Thed of ci(htr an individual piece of~cquipment
that fulfill the netiessary functiPins or multiple pieces of equip
ment coonlinatecl o norm the functions as described In the
nsi ill,itton instnJctions to reduce the risk of electric shock hai
ir s.iihiii a daniuged PV array for fire fighters Sec lii. 3741,
Phg,u,vhbo, flown? Control

2 Controlled ct.snductors located inside the boundary shall
1w limited to not more than 80 volts within 30 seconds
ot rapid shutdown initiation. Voltage shall be measured
between any two conductors and between any conductor
and ground

1) lW arrays shall have no exposed wiring methods & con
dudise parts and be nstalled more than 2 5 m (8 ft) from
espined grounded conductive parts or ground

Exhibit 690.6 ml ustrates the array boundary and the controlled con
ductors and limits

~ (U) Initiation I)evice. l’he initiation device(s) shall initiate
the r ipud shutdown function of the PV system. The evice’
till position shall indicate that the rapid shutdown function has

bten initiated for all PV systems connected to that device For
slut family and tws tarnily dwellings an initiation device(s) shall
he located at a rtadily accessible location outside the building.

F r a sin PV ystein, di rapid shutdown initiation shall
ur b the rati n of any single init?ation device. Devices

shall consist o at least one or m of the following

Ii Scnmtc disconnecting means
I P’S ss stens disconnecting means

i ke,idils it essihie switch that plainly indicates whether it
is in h1 siti tsr ‘on’’ position

Iii Ii innat ii ‘nat Nc ic 6~rnp1esofwhere an i niiiuti on device that
complies with o5N).l 2(C)(3) would be used is where a PV system
is oniicctcd i.i in optional standby or stand-alone sy~ttm.

Whew multiple PV systems are installed with rapid shutdown
tuiiciions on a single sersice, the initiation device(s) shall consisrof
ni it mire than six switches orsix sets of circuit breakers. ora com
bination 4 not mnsire than tx switches and sets of circuit breakers,
rniiiinted na sinelc enclosure, or in a group of separate enclosures.
Ihese inittaitoit de’ se(s) shall initiate the rapid shutdown of all
P’S s~ struts ~s ith rapid shutdown functions on that service

Multiple rapid shutdown in tiating device are permitted, as tong as
~ath in idting device is capable of initiating hutdown
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List
comb.
with rap
shutdown
device

dc output
conductors
(controlled
30 V 30
seconds

dc conductors
30 V 30 seconds

dc cuitductors
80 V 30 seconds

EXHIBIT 690.7 Rapid shutdown device

4

ê~ (D) Equipment. Equipment that per orms the t ~ipt~l hu td~
functions, other than initiation des ices such as Itsied (I ,cOilnet

switches. circuit breakers, or control switches, shall h stc4 tin

providing rapid shutdow n protection

Exhibtt 690 shows a typical ripid hutdowr (levis

Part III. Disconnecting Means

690.13 Photovoltaic System Disconnecting Means Mean
shall be provided to disconnect the PV system tn tim .ill s~ ri it~
s~s(ems incitiding power systems. energy storage svstetti~ iii
utilization equipment and its associated premise’ ‘s rtn~

(~) Location. l’he PV svstemtt discimnnccti,ig tilt’ ii’ ‘jut lv

n’tailed at a readily :,cces~ihle location. Whine tlts..’iinne~ time

ttteans of ssstems above 30 V are readily accessible to unqua
lied persons, any enclosure door or hinged cover that expose

use parts when open shall be locked or require a tool to opet

nt. r..iittonal Note: P~’ systems installed in accordance with
690 12 address the concerns related to energized conductors
entermn.z building.

The read accessible disconnect is permitted to be instde or out’

de the buil ng See Figure 690.1(b) for PV disconnect locations
w thin the system The PV system disconnect in these diagrams sep
ar It’s the PV system from all other systems Locating the disconnect
in a readily accessible location is still required where the installation
wou d requ tea ock or tool to prevent access to the interio, of the
ii sconne( tiny ileans

B i ~larking. Each PV system disconnecting means shall
mIamI’ i ditate whether in the open (off) or closed (on) position

I hi. Pt rnmanently marked “PV SYSTEM DISCONNECT” or
cii ~dditmonal markings shall be permitted based upon

the ‘pet Ii stSPm configuration. For PV system disconnecting
lican’ where the line and load terminals may be energized in

pelt position. the device shall be marked with the followtng
I I t’quis alent

WARNING
ELECTRIC SHOCK HAZARD

‘lERMINALS ON THE LINE AND LOAD SIDES
MAY BE ENERGIZED IN THE OPEN POSITION

I he warning sign(s) or label(s) shall comply with 110.21(8)

i Ct \la~iniuni Number offlisconnects. Each PV system dis
it netting imicans ‘hail consist of not more than clx switches or

~i’ ~ci, 1 ~iicuit breakers, or a combination of not more th~ n
• ‘hut l.t’~ :uid ‘ets of citcuit breakers. mounted in a sit Ce

:1k ‘lii C. ii in .i group of separate mc Insures A single PV

EXHIBIT 690.6 o,.rrnlled
conductors and limits

Flay bcunOaFv
(1 ft from arra~

2’

PV module
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system cliscoiinecting means shall he permitted for the conihi ed
ac output of (inc or more inverters or tic modules in an ifliti ti c
syste ni

EXHIBIT 6908
d,scon,iecr

Informat otia I Noi e .1 Inc req u ire nient dOc~ not Ii ml i the nit’ ‘ci
of PV sysieni’~ connected to a service as permItted In 6O{~ .l(I)i
This requirement allows up to cix disconnecting Dean’ in
connect a single PV system For PV systems where all p,wri
is convened through interactive inverters, a dedicated ~ir u
breaker, in 705 I 2tB~ I i. is an example of a single P\
disconnecting means

a building has multip e sources of power su as the ily a Pv
system a backup generatom. and i wind system ito in than ~i’

disconnects for each source of power t the build rig i pi’rmriitt.’ci
However this does not require the disco ects for all the sources to

be grouped together.
Interactive ac PV modules are designed to produce pow~m only

(they are nnected to an external power so cc at the Lorrect

voltage and frequency A single disconnecting means removes the
external source and turns off the output of all ac PV modules con
nected to that disconnecting device

(D) Ratings. The PV system disconnecting means chall hase
rating sufficient for the maximum circuit current, available fliult
current, and soltage that is asailahie at the terminals of the I’V
system disconnect.

Therequredratingo ePVs s i conne ie ncisdtfer

ent depending on whether t is connected to the line side or the
load side of the service

(E) Type of Disconnect. The PV system di~opnecting rn~’s
shall simultanecusly disconnect the PV system cq~ ors that
arenot solidly grounded from all conductoi~io otherwtnqg$ys
tems. The PV system disconnecting means or.its rem i o tin
device or the enclosure providing access Ic the disco nectin
means shall be capable of being locked in accordant ‘I 025.
The PV system disconnecting means shall-be one of the following

(1) A manually operable switch or circuit breaker
(2) A connector meeting the requirements of 690 33(DXI I

or (D)(3)
(3) A pull-out switch with the required interruptins rating
(4) A remote-controlled switch or circuit breaker that is oper

able locally and opens automatically when control power
is interrupted

(5) A device listed or approved for the intended application

Informational Note Circuit breakers marked ‘line’ and
may not be suitable for baclSeed or reverse current

con c

690.15 Disconnecting Means ror isolating Photovoltaic
Equipment. Disconnecting means of the type required in
690.15(D) shall be provided to disconnect ac PV module’. tu’e.~.
dc-to.dc converters., inveriers, and charge controllers Iroin all
conductors that are not solidly grounded.

lÀ) Location. Isolating devices or equipment disconnecting
means shall he installed in circuits connected to equipment at a
location within iht qtiipmcnt. or within sight and within 3 mu
lii iii ol the equ pment An equipment disconnecting means

~hall he permitted be remote from the equipment where thc
equipment disconnecting means can be remotely operated from
ss thin imi(1O ftj ot thc equipment Where disconnecting means
‘Thquipn t’opcruting above 30 volts are readily accessible to
unqualifle person , wiy enclosure door or hinged cover that
e poses li,m~~fls when open shall be locked or require a tool
to~

B~ Isolating De~ ice. An tsolating device shall not be required
to iP1~e tilt tnteçruptlng rating. Where an isolating device is not
rated C r t tem~upting the circuit current, it shall be marked “Do
Nqi~qj~,niieet ader Load’ or “Not for Current Interrupting.”
An isolating device shall not be required to simultaneously dis
criminet tall torrent tarrying conductors ofa circuit. The isolating
In cc’ shall be one of the following’

I \ mating connector meeting the requirements of 690.33
it d I stcd and identified for use with specific equipment
\ lins&er safe tuse holder

i isc.laiin~! device that requires a tool in place the device
in the open (off) position

ti \t isolating de’ ice listed for the intended application

i Ci Equipment l)isconnecting Means. Equipment disconnect
i~z inean~ ‘dull ha’e ratings sufficient for the maximum circuit

turrent, available, fault current, and voltage that is available at
he ternunals. bquipment disconnecting means shall simulta

net .uslv disc, inneet all current-carrying conductors that are not
~olidl” go ‘untied to the circuit to which it is connected. Equip
mnent disconnecting means shall be externally operable without
esp)simw the operator to contact with energized parts and shall
indicate whether in the open (oil) or closed (on) position. Where
not within sight or not within 3 mu (It) it) of the equipment.
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the disconnecting means or it~itmoteopii~tihgtde~ice or the
enclosure providing access toOl .di~cbnnectingiineans,sh~ilI be
capable of being locked in accordance with 11025 Equipment
disconnecting means, where used, shall be tine of the types in
690.ll(E)(l) through (EX5).

Equipment disconnecLing means, other than those comply inc
with 690.33. shall be marked in,accordance withthe warning iii
690.13(B) if the line and load terminals can be energized in the

open position.

tnformational Note: A common installation practice is to ter
inmate pv source side dc conductoq)n the 116 manner thai
utility source side ac conductorsare generally connecié~i on the
line side of a disconnecting means Thi practice is n re likely
to dc-energize load side temiin s, blades, and fuses When the
disconnect is in the open position and no energized sources are
connected to the load side of the disconnect.

N (9) Type of Disconnecting Means. Where disconnects are
required to isolate equipment, the disconnecting nit- ins shall he
one of the I’ollowing applicable types:

I) An equipment disconnecting means in at or l,iflct’ ts i Ui
690.15(C) shall be required to isolate dt t rtii with a
maximum circuit current 05cr 31) ampere’

(2) An isolating device in accordance with 694) II) sli.ill
he permitted tor circuits other than host red In
690. 1St D)( I)

Part IV. Wiring Methods and Materials

690.31 Wiring Methods.

(A) Wiring Systems. All racewa) and cable inn ‘ tieth, itS

included in this Code, other wiring systems and tillint% specil
ically listed for use in PV arrays, and wiring as parr of a listed
system shall be permitted. Where wiring des ices with iniegial
enclosures are used, sufficient length of cable shall he pro’ ided
10 facilitate replacement,

‘Where PV source and output circuits operaIiii~ at viili:iges
greater thai) 30 volts are installed in readik act es~i He loc.i
tions, circuit conductors shall be guarded or installed in ‘ftpe \l(
cable or in racew’n The ampacity of 105°C (22! F) and 125 (‘

(257°F) conductors shall be peimitted to be deicrunned his
Table 690.31 (A)(b). For ambient temperatures gitater than ‘ii
(86°F). the ampacities of these conductors shall he ci,rrec4ed ii

accordance with Table 690 I (A 1(a).

All cables and conductors installed outdoors and ox iOspcl to dirp
unlighl and wet conditions must be suitable lot such condition

nducto,s inside raceways installed in wet ocalions a e requ red
to he identified or listed as suitable for wet notion

Temperature Rating
~mhient of Conductor Ambient

remperature Temperature
~ 1 105°C (221°F) 125°C (257°F) 4°F)

~i) I I 86
~l ~5 (),97 097 8795
i6~~4ti 0.93 095 96—104
1 0.89 092 105 113
46 ‘0 0.86 089 114—122
‘ 0.82 086 123 131
~o r,ii 0.77 083 132—140
h ôS 0.73 0.79 141—149
66 0 0,68 0.76 150—158

‘ 0.63 073 159—167
h 50 058 0.69 168—176

Si—55 0.52 0.65 177—185
S6•90 0.45 0.61 186—194
01—95 037 0.56 195—203

96—IIX) 0 ‘6 0.51 204—212
1111 105 0.46 213—221
(k, I ii) 0.4 222—230
Ill 115 0.32 231—239
I ti 20 0.21 240—248

Cable” These conduct rs are eval ate for use where exposed to
d,ioct sunhi9hi and wet conditions,

Most PV nodules do not have means a actac 1mg raceways.
These circuits might have to he made ‘nOt readily accessible by use
‘I physical bdrrmers such as wire pla stic or roe al guards

I nh ~rii atmi inal Note: See 110,14(C) for conductor temperature
mm i in ii uris due to terini nation pro” i Sions

TA fiLE 690.3 I(A)(a) (‘orrection Factors

TA Bi.E 690.3 I(A)(b) Ampacities of Insulated Conductors
Rated Up i’ and Including 2~ I’olts. 105°C Through 125°C
221 fr ihmugh 257°F), Vat More Than Three Current-Carrvirig

“ida mm Raceway Cable, or Earth (Directly Buried), flasrd
r ~r, Temperature of 10 C (86°F)

Types

‘an; pvc, CPE, XLPE 105°C XLPE, EPDM 125°C

IS 15 16
It, 19 20
4 29 31

12 36 ‘ 39
46 50

S 64 69
8] 87

.1 109 118
129 139

2 143 154
168 181

Ij’tl 93 208
2/il 229 247
~,ti 263 284
4(1 30! 125

310.10(C) for the qu ren’ner’its on conductors installed 1 wet
I aflons

Ope i ~iiit e romitiuctors are permitied ,sht’re iistuci nil lien’!.

ied a Photovoltaic ‘ire’ Phioiuvoliajc Cab e I’’/’5i~ç.. or P
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(B) IdentIfication and Grouping. 1W ~ysteni do circuit uiid
ass I renmte control, signaling, and po cmlinutcdcncuits

1W ystem shall be permitted to occgpy the sdmCçqtIi’
~3~flj~lng enclosure, cable, or raceway~V\t systern;d ~ir eu~c
shall not occu y the same equipment wit t~g(d~Jffye;ççahIü.

ucoway as other non F’V sy~tetns. or inverlerotitpul cireuii~.
unless the PV sys tnt de cittuits nit sepati%løf~iMOuti~rtflkiih.c
~‘a barrier or partition 1W sy qcni circuit conductors shall he
idenufied and grouped as required by 69031 By I) and (B)(’

Exception: PV system dc circuits utilizing multicanductor
ted cable or metal clad cab e assemblies r listed wiring

messes identified for the application sh Il be pennirted to
occupy the same winng method as inverrer output circuits and
~thernon-PVs~wtems. Al? conductors, i-n ses, orassemblies
lw/i have an insulation mtsirg equal to at least the minimum
ircuir voltage applied w all)’ conductor i¼tldn the enclosure

g~rmcj~gy.

AC branch-circuit conductors that supply an exterior luminaire
Installed near a roof mounted PV array are examples of conductors
that must not share the same raceway or cable with PV source or
output circuit conductors Co ductors of different systems ~re per
mitted In the same cable tray whe e separated from the PV sot r e
output clscult conducto by barrier or a partition of a material
compatible with the cable tray Barrier is a more generic terni than
partition and would allow approved methods to keep these circuits
from direct ontact with each other The exception permits dc multi
conductor jacketed cable or metal-clad cable assemblies. is ted for
the applicat on to be installed with inverter output circuits and

• other non PV system conductois
,, DC condu tors directly related to a specific PV system are per
mitted in the same raceway as PV source and output conductor
provided they are grouped and identified and meet the separation
requirements of 300 (C

1% .•Fte.
(I) Identification. • V system dc circuit conduttor~ shall be

ntitiedtat all tènnination connécfioñ, and s lice pointsiby
color coding. marking tape, tagging, or other approved means

onductors relying oil oth&r than coldfcoding for • larity iden
fication shall be identified by an apjrdved permanentmaV?ng

means such as labe ink, sleeving, or shrink-tubing that is suit
able for the conductor size. Th permanent marking means for
onsolidly groundedpo hive conductors shall include impnnted
lus signs (+ or the word POSITIVE or P05 dumbly marled

insulation of a cotor other than green, white,~ grä - The
anent marking means for nonsdlidly grounbed negatise

conductors shall include imprinted negative signs —) or the won]
NEGATIVE or durably marked on insulation of a color
Wfrr than green, white, gray, or red Only solidly groiliitletl
PV system dc circuit conductors shall be marked in accordance
with 200.6.

Exception: Where (he ideritiJh ntro,i of the c’ondui. trir.~ is ui/i. nr
by spacing or arrangement further mdendfieation s/xis/I nit h.
required.

i2i 4, riiupin~. \% here the conductors tul more than one
ss siCrit Ii ti~5 the same junction box or raceway with a

it iii is hIt c, i~ he (‘V system conductors of each system
~li all h~ ,i ‘in ‘ed -.cpiiratcly by cable ties or ci nti lar means at
c: I ‘ iiiec tid cliii II then he grouped iii tnt bryn Is ni it tO cxi. cccl

S iii Ii It

/ ii (/1111 fl / /i. ,, cpu rem,iemit for gtt9iipin ç shall nut (i~ is if (hi’
I i.e UI? Cii?Pt5 /fl nil iS cit/i/p Or raceway unique to the circuit i/mat

thr i,~iiii ç ,i/,uiouc

A i ( Cables. Type PV wire or cable and Type distributed gen
eration DC) cable shall be listed.

lnii,rm nr’la \rire. See DL 4703, Standard for Photovoltau.
Wan-, or PV wri~rnd IJL 3003. Distributed Generation Cab/er
for DC cable

fl Single-Conductor Cable. Single-conductor cable in
exposed outdoor locations in PV system dc circuits within the
PV array shall be permitted to be one of the following:

PV wire or cable
(2i Single conductor cable marked sunlight resistant and

rs pe t SI- 2 and Type RHW-2

I spi i~etl cables shall he supported and cecured at intervals
ii esteed 600 nm (24 in.) by cable ties straps, hangers, or
titular trttingc I ‘ted and identified for cecurement and support

i tiuidoor locations PV wire or cable shall he permitted in all
IQi. thin when RHW ‘~is permitted

I Li, put a Pt • sinus meniinrt the i-c qisirenients of 691.4
ha I h pt rmnumr S ii lime support and se uremetit intervals

x it liii, i/it r’ i ~ ,ieered Sc rgri.

Most PV module, are designed for a direct series connectio i by
using factory-installed leads a d connectors. To accommodate such
a connection use of a singe conductor PV wire or cable or
type JS[ 2 cable and single conductor cable listed for PV app ca
lions s permitted in PV source circuits type USE 2 cables must be
narked HHW 2 and sunlig t esrstant Cables onnected to PV nod
ules art- exposed to suniigh which a e ul n ul raviolet degrada
lion of the insulation

Extremely long runs of separated conductors (with loop induc
tdrtce driLl distributed capacitance) and the resulting long’time con
ciants in dc circuits can result ri improper operation of overcurrent
devices Running both p isitive and negative conductors of each
iruji ,nid the EGC as iose together as possible also decreases

iiid iLoil currents from nearby lightning strikes Because PV nodules
night operate at high temperatures and are installed In outdoor
exposed locations, the use of high-temperature conductors rated
for wet locations such as USE 2. or RHW 2’s often necessary See

1 15(8)12) for requirements on the ampacities of conductors in
macessays or ables installed on rooftops exposed to sunlight
sir cj e onciuctor cabies listed arid labeled (or lse in PV .ippIi~ar tons
wilt be identified as PVW re PV Cable Photovoltaic Wire or Pho
tovultaw able
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otovoltai PV ys.t,iis

N (2) Cable Tray. Single-conductor PV wire or cable ola si/es

or distributed generation :D0 cable of all sit.e~ ~sitli or s~ ithoiti
a cable tray rating. shall he permitted in cable In installed
in outdoor locations. pros idcd that thc cahle~ ire s p oiled it

intervals not to exceed ~OO mm (12 in.) and secLired a jilter’ us
not to exceed I 4 in (4 ft

Informational Note. P\ ~ re and cable and 1)0 (able base
nonstandard outer diameter Table I of Chaptei 9 10 II S lit’
allowable percent of cross section of cnndtmi I anti tiihine I r on
ductors and cables

(3) Multiconductor Jacketed Cables. Where part of a listed
1W assembly, multiconductorjacketecj cables shall be installed
in accordance with the included instructions. Where not pail ot
a listed assembly, or where not otherwise covered in this Code
multjconduetor jacketed cables, including DG cable, shall he
installed in accordance with the product listing and shall be pci
mated in PV systems. These cables shall be installed i accor
dance with the following:

(I) In raceways, where on or in buildings other than rooftops
2) Where not in raceways, in accordance s~ itli the following

a Marked sunlight resistant in exposed outdoor locations
b. Protected or guarded. where subject to phy ical dani,itt’
c. Closely follow the surface of support a lures
d. Secured at intervals not exceeding 1.8 in ft)
e. Secured within 600mm (24 in.) of mating connectors

or entering enclosures
f. Marked direct burial, where buried in the,earth

(4) Flexible Cords and Cables Connected to (‘racking
PV Arrays. Flexible cords and flexible cables where ~nnne te~
to nlovinuz parts of tracking PV arrays, shall conipls ~it \rt
dc 400 and shall be of a type identified .ts a hard ~er’ it Lord in

portable power cable: they shall be suitable ir extra-hard usage
listed for outdoor use. Water resistant, and stiiilight resistant
Allowable ampacities shall be in accordance with •l(~ Sir,iiidetl
copper PV wire shall be permitied to he ctin,iecied ii 110’ ilie
parts of tracking PV arrays in accordance with he ‘iii mini
number of strands specified in Table 690 Cji4

TA BLE 690.3 l(Cfl’4) tlonniuni P V Li it .Sr, I

P% Vu ire A%%t %Iinimtjn, Strands
a-

S
1(1 19

‘-.4 41)

2
AWO (XXI \ICM 2~9

N (5) Flexible, Fine-Stranded Cables, Flexible, tine ‘siraiitlctl
cables shall be terminated only ss uth erniinals, ltitz~, Llc’vii’es iii

connectors in accordance s~ tb 10.14.

Sect ion 1 0 4 req iiures OnI,CC tori and termi n.j Is to, co ‘doe to
nor e finely stranded th, o lass B and CIa cs C oaodunq shown

hapter 9 Table 10, to be identified for the specific conductor class
or class~s

(6) Sniall.Conductor Cables. Single-conductor cables listed
br outdoor use that are sunlight resistant and moisture resistant
in sizes 16 AWG and 18 AWO shall be permitted for module
Interconnections where such cables meet the ampacity require.
menis ii 4()0.5. Section 310.14 shall be used to determine the
.uhle ainpacity adjust,nent and correction factors.

Because the smaller cables might not be marked with standard
ode reocjn zed markings (such as USE 2) the PV module rnanufac

i ret o installer should verify that these cdbles are listed and
labeled for PV use, which would indicate that they have the neces
ary sunlight and moisture resistance and are suitable icr exposed,
iutdoo, use

ri accordance with 200 6(A) grout ded onductors that are
smaller than S AWG and used in PV source circuits are permitted to
be marked .it the time of nstallatuon with a wh te marking at all ter
nrindtuons Only solidly grounded V systems are allowed to have
white markings

A (1)1 l)irecl.Current Circuits on or in Buildings. Where inside
buildings I’~ ssstem dc circuits that exceed 30 volts or 8 amperes
shall he c nuuned in metal raceways, in Type MC meta clad
cable hat complies with 250,118(10). or in metal enclosures.

Exception: PV4azard control systems installed in.accordance
with’490. 12(8 )(i) s/rail be permitted to be provided with or
itstedfor MS€ with non ,netail ic enclosure(s), nonmetal/ic race-

and cables other than Type MC tnetai.ciad cable(s),
at the point t’ifp nerration of the surface of the building to the
P V hatani control actuator;

W1t’i~ methods on or in buildings shall comply with the
additional installation requirements in 690.3 1(0)0) and (D)(2)

the ow I ineta aceways Jype MC able, or metal enclosures
nsicle a building pr vides add tional physical protection for these
ir uits Metal ra ew ys a so provide additional fire resistance

should taults develop in the able and they provide an additional
)roi.nd fault dete tion path lot t e ground-fault protection device
‘quired by b90 4 I 8

I ~i Flexible 4% iring Methods. V, here flexible metal conduit
IFMU i smaller thin metric designator 21 (trade size 3/4) or
Type MC’ cable smaller than 2S mm I in.) in diameter contain
iii2 PV power circuit conductors is installed across ceilings or
Iloor ists, the racess av or cable shall he protected by substantial
enard strips that are at least as high as the raceway or cable.
\\‘hert- run exposed, other than within 1.8 m (6 It) of their con
iecn.ni to eqtilpment. these wiring methods shall closely follow

I e litimltinie surface or be protected from physical damage by
in ‘P1’’’’ ed nieatls,

2 i Marking and Labeling Required. Unless located and
niariged so the purpose is evident, the following wiring meth
~ds ,uiid en~ I i%nres that contain PV 5y stern dc circuit conductors
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shall he marked with the wording PHOTOVOLTAIC PO’.% I R
SOURCE or SOLAR PV DC CIRCUIT by means of peniianeni Is
affixed TubeR or other approved permanent marking

1) hxpoced raceways. cable trays, and other wiring tilt iii ti
(2) Covers or enclosures oi’ pull boxes and junction bust.
(1) Conduit hod es in which any of the available condoi ii~ien

ings are unused

The labels or markings shall be sisihle ilter in~tallniion
All letters shall be capitalized and shall be a nunimuni height
of 9.5 mm (¾ in.) in while on it red background Labels shall
~ppear on every section of the wiring system that is separated hy
enclosures, walls, partitions, ceilings, or floors. Spacing between
labels or markings, or between a label and a marldng, shall not
be more than 3m (lOft) Labels required by this section shall be
uitable for the environment where they are installed.

The objective of t e req a ents contained in 6g0.3 i(0H2) is to
protect persons from inadvertently damaging PV source and output
drcult conductors. Where the location of the PV circuit conductors is
not obvious, fire fig ters. other first responders, and maintenance
personnel could be exposed to shock hazards. Ventilating roofs con
taming Pv source or output circu ts by cutting the meinbiane with
saws could expose personnel o shock sazards and the buildinq to
furthet damage resulting From the ignition of corn usti e mem
hers due to arcing From damaged conductors.

(E) BIpolar Photovoltaic Systems. Where the stim. withotit
consideration of polarity. of the voltages of the two monopi’le
ircuits exceeds the rating of the conduttorc and tonneti tl

equipment. nionopole circuits in a bipolar PV s> stem sli ill
physically separated. and the electrical output ircumis lion tI
monopole circuit shall be installed in separate raceways unti
connected to the inverter. The disconnecting means and over
current protective devices for each monopole circ ‘1 output sli ill
be in separate enclosures All conductors from each separati
monopole circuit shall be routed in the same raceway Soli Is
grounded bipolar PV systems shall he clearly marked with
permanent, legible warning notice indicating that the dis in
nection o th gro inded ‘i) do tor n a> r ult a n r
on the equipment.

Exception. Listed snitchgear rated for the ~naxn,zu,,i I
between circuits and cot training a physical harrier separa lug
the disconnecting paeans J1r each unonopole circuit clicall h~’
permitted to 1w u coil In cteaul of drsi onnecting means itt cc iia
rate enclosures

(F) Wiring Methods and Mounting Systems. Roof-mount d
1W array mounting systems shall be permitted to be held in 1’hit c
with an approved means other than those required by lIt) I and
shall utilize wiring methods that allow any expected mu’ emneni
of the array.

Informational Note: Expected movement of unattatlied F’\
arrays is often included in structural calculations

6!HL32 (:.Iniptinent Interconnections. Fittings and connectors
Fiat ;mre inmemlid to he concealed at the time of on—sitc assembly,

\%Iieir listed I or ~uc h use, shall he permitted for on—site
iiilcftliniit%_titni ‘fi iii~idtiles or other array cotiiponenis. Such
Iitiiiig~ antI & tnnecit,is shall he equal to the wiring method
citiplis cii in iiisul.iticiii. teiTiperature rise, and short—circuit

LaTent rating amid shall he capable of resisting the effects of
die ens rotTiilt’ni in which lhey arc used

6911,33 \lallnu Connectors. Mating connectors, other than
onmiettors ‘tied h’ 69t).32. shal comply with 690 li(

ihiougli I F)

I %) Configuration. The mating connectors shall be polarized
and shall have a conliguration that is noninterchangeable cc ith
ie~epiaclc’ in oilier electrical systems on the premises

(HI Guarding. Ihe mating cotinectors shall he constructed
and installed so as to guard against inadvertent contact with live
parts by persons

(Cl Type. The mating connectors shall be of the latching or
locking i’.pe ~ntin,g connectors that are readily accessible and
th.it are used in waits operating at oser 30 volts dc or 15 volts
it shall require a tool rot opening. Where mating connectors

are not p1 1 tical type and brand, they shall be listed arid
identified f$iri termatabihity. as described in the manufacturer’s
W!tiUCtiOflhf”
The requ ements for intermatability reFer 10 the connection of two
different brands or types of mating connectors that can be installed
toqethe only where they hdvo been I sted and identified For this
use The tern antevmorohthry s used in UL 6703 Connectors for Use in
Ptorovoflatc Systems.

A ID) Interruption of Circuit. Mating connectors shall be one
of th&Tófl6~iii~

i Rated tor nierrupti ng current without hazard to the
pci attir

A is pe that requires the use of a tool Li, open and marked
li \ I )ist onnect nde Load or ~Not for Current

lnterrupnng
3) Supplied as part of listed equipment and used in accor

dance with instructions provided with the listed connected
equipment

irdomutional Note. Some listed equipment. such as microtnvert
cr5 an evaluated to make use of mating connectors as disconnect
devices even though the ni’ating connectors are marked as “Do
‘sot Di onnect Under Load” or “Not for Current Interrupting’

the three options for connectors in this requirement provide for safe
disconnection of circuit connectors eiiher by allowing thorn to be
opened tinder load ot by requiring a warning indicating that load dis
connection is necessary prior to opening the connector Connectors
that are not rated tot disconnection under load annot be opened or
disconnected without the use ohm tool Connectors that ace included
is part of the I sti q of liMed equipmen also are permitted
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e Qt) • soar P oiovolta,c PV Sys;ea,rs

690.34 Access to Boxes. Junction. pull, and ouilei hose.s li,caitd
behind modules or panels shall be so installed that the wiring
contained in them can be rendered accessible direcil’, r in
displacement of a module(s) or panel(s) secured us term sable
fasteners and connected by a flexible wiring systeni

Part V. Grounding and Bonding

690.41 System Grounding.
A (A) PV System Grounding Configurations. One or inane itt

the following system configurations shall be employed

(I) 2-wire PV arrays with one functionally grounded conductor
(2) Bipolar PV arrays according to 690.RC) “ha lunctional

ground reference (center tap)
(3) PV arrays not isolated from the grounded inverter output

circuit
(4) Ungrounded PV arrays
(5) Solidly grounded PV arrays as permitted in 691)41 tIlt
(6) PV systems that use other methods that accomplish ‘qui’~

alent system protection in accordance with 250 4(Awith
equipment listed and identified for the use

A (B) Ground-Fault Protection. PS’ system de cIrcuits that
.--0-,’~~~

ex30.vofts~,8~p~~ shall be provided with d r nd
fault protection meeting the requirements of 69041(13 N ) and
(B)(2) to reduce fire hazards.

Solidly grounded 1W source circuits with not more thant
modules in parallel and not on or in buildings s I be permitt
without ground-fault protection.

lnfonnation& Note: Not all inverters, charge coniras crs
dc-to-dc converters include ground-fault protection mciii
that does not have ground-fault protection oft in ludes th
following statenlent in the manual: “Warning: ‘I1his?umt i~

provided with a 09)1 device.”

(I) Ground-Fault Detection. The ground-faLill protection
device or system shall detect ground fault(s) in the I’~ ~ystern
dc circuit conductors, including any functional groundnl Ciii)

ductors, and be listed tbr providing PV ground-butt prL)let lion
For dc-to-dc converters not listed as providing ground fault pro

tection, where required, listed ground fault protection equip
ment identified for the combination of the dc-to-dc converter
and ground-fault protection device shall be installed to protect
the circuit. K

Infonnational Note: Some &-to-dc converters without irnegrul
ground-fault protection on their input (source) side can prevent
other ground-fault protection equipment from properly function
Ing on portions of PV system dc circuits

Ground-fault detection and interruption for the cft portions ot P~
systems should not be confused with the requirements for ac cit oil

GFCI protection (See the definition of ground fault prone ii a of

equipment in Article 00.) 4 GFCJ s intended (or the protect on of
personnel n single-phase anti some three phaseac systems rhear
GFCl functions to open the ungrounded ~on0tictoi when a

milliampere fault current is detec ed. in contrast, devices meeting
Ibis req rernent are inten ed op event fires in dc ‘V circuits due

qround faults
The add flon of some tic to dc converters into PV Circuits could

defeat or o herwise nega ively affec ground fault protection of the
u t ther grot nd an pro ec •on must be provided by the con

venter or the ego pment p oviding gro nd fault protection must be
identified as being omp ib e o provide ground fault p otection

A (2) Faulted Circuits, The faulted circuits shall be controlled
Iw one ol the following methods:

Ii flit- current-carrying conductors of the faulted circuit shall
he automatically disconnected.

(2) The device providing _ .Jault protection fed by the
thulied circuit shall automatically cease to supply power to
output circuits and j~s~p: the faulted V system dc cir
wits trom the ground reference in a function ly grounded

svsteni

N 131 Indication of Faults. Ground-fault protection equipment
shall provide indication of~ound faults at a readily accessible

it IOu

I tin-rn I nal Note’ Examples of indication include, but are not
tin led Ii’ he following: remote indicator light, display, monitor,

signal 1w a monitored alarm system, or receipt of notification by
web based services

690.42 Point of System Grounding Connection. Systems with
ground l,iult protecttve device in accordance with 690.4 1(B)

shall hase any current-carrying conductor-to-ground connection
made in the ground fault protective device. For solidly grounded

ss stems the dc circuit grounding connection shall be made
at any single point on the PV output circuit.

A 69043 Equipment Grounding and Bonding. Exposed non
current cairvutug metal parts of PV module frames, electrical
etluiplitent, and ‘onductor enclosures of PV systems shall be

-“‘—-nconnected to an equipment unthng’conduc~or in accordance
with 2Si) I t4 or 250.136, regardless of voltage. Equipment
i~ri ainding condu ton and devices hall comply with 690.43(A
I liii mugh I)

1k) Phot(iviIlbic Module Mounting Systems and Devices.
lies ices atit) systems used for mounting PV modules that are
a1so used br bonding module frames shall be listed, labeled, and
idcntiiit’d br bonding PV modules. Devices that mount adjacent
P’s modules shall be permitted to bond adjacent PV modules.

(HI Equipment Secured to Grounded Metal Supports.
lkts ices lisinl labeled, and identified for bonding and grounding
tht metal parIs of PV systems shall be permitted to bond the
t’quipineni to ‘rounded metal supports. Metallic support sinic
tiures shall have identified bonding jumpers connected between
separaie metallic sections or shall be identified for equipment
Imonding and shall he connected to the equipment grounding
Si iiutliicbor

2
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(C) With Circuit Conductors. Equipment grounding ct,nduc
tots for the PV array and support structure where installed sIn~1l
be contained within the same raceway’ö cable or other~ ise ui’
with the PV system conductors wherq those circuit coliLILiCkrs
leave the vicinity of the PV array

(0) Bonding for Over 250 Volts. The bonding ieqliireiiiefli?.
contained in 0 9 shall apply only to solidly grotinilni l’V
.qystem circuits operating over 250 volts to ground

W 69045 Site at Equipment Grounding Conductors. I M°’P’’~°
grounding condut.tors for PV ystern circuits sins I hi d in
accordance with 250 122 When: no overcurrdnt pri’ittiiU

device is used in the circuit, an accunwd jivercurrelil di’ u
rated in accordance with 690 9(B) shall be used when ,ippls ii’
Table 250.122

Increases in equipment groundingconductot size to address
e dro nside’tatio s shall

.

690.47 Grounding Electrode System.

(A) Buildings or Structures Supporting a PV ys . A
building or structure(s) supporting a PV system.
grounding electrode system installed in accordance ~iih I’art Ill
of Article 250.

PV array equipment grounding conductors shall he con

nected to a grounding electrode system in accordance with
Part VII of Article 250- This connection shall be in addition
to any other equipment grounding conductor requireilients in
690.43(C). The PV array equipment grounding conduciors shall
be sized in accordance with 690.45. For pecific st

- nding configurations perm’tted in 6 41 it of the
ollowin cog~j~jons~~9L!WPlY’

I Pc PV systems that are not solallY groan , the equip
mentgrou in uct for e tof e s tern.
where nnccttd to assoc a dis ‘r1 a men con
nected ton nding electrode ttem, shall be permitted
to be die onl9-conflection to for th system

(2) r solidly ~rounded PV s ems. u~ permitted in
9041 (A)(5), the grounded eo~luct ball be hnnccted

to a grounding-el system by ‘ a grounding
tlectr conductor i in ance with I

onnational Notc Most LV sy ins are functionally grounded
sy1temsratherthansobdlYgt0iuT~ y temsasdefinedinthis

For fuiictionally grounded LV systems with annntemcuve
inveiler outpu ac equipment groundin co - t&-ls.’

ted o.associattd ac disg~,bution ~uIjineni •flm~
connection is most often the conntcllon to ground for rillid.
fault protection and equipment grounding of the 1W array

~ (B) Grounding Electrodes and Grounding Electrode Con
ductors. Additional grounding electrodes shall be permuted to
be installed in accordance with 250.52 and 250 34 Grounding
electrodes shall be permitted to be connected directly to the PV
module frame(s) or support structure. A grounding electrode con
ductor shall be sized according to 25066. A support structure for

ground mounted PV array shall be permitted to be considered
a grounding electrode if it meets the requirements of 250.52 PV
,irray% ~&inted to buildings ball be permitted to use the metal
ctnictw~l [none oldie building it the requirements of250;68(q)(2)
,i1t fuel

Part VI. Marking

A 690.51 Modules and C Modul Modules £ri~i tic modules
shall ~ fiaT teLl in accordance wi Ibeir ~sting.

A 690.53 I) 1W CircuIts. A permanent readily visible label
indiculiii$ Ihtliigh st maximum de voltage in a PV ~ystcm
calculated in act rdnnce wIth 6901, shall he provided by the
tu’ia let ii ii e of the ollowing I ations

DC Pfly tern disconnecting means
(21 PV . ystem-electninic r conversi a uipmcnt
1) Dis nbutioii-cq pment ted with the PV’sy~n

690.54 Interactive System Point of Interconnection. All
micra tive system(s) points of interconnection with other sources
hal h~ narked ii an accessible location at the disconnecting

inca is .o a power source and with the rated at output current
and the i ominal operating ac voltage

690.55 Photovoltaic Systems Connected to Energy Storage
Svstenis. fhe 1W system output circuit conductors shall be
marked to indicate the polarity where connected to energy storage
s\ ‘(Cli Is

690.56 Identification of Power Sources.

4) luellitIes with Stand.Mone Systems. Plaques or directo
hkll pist led in accord with 710.10.

III) i’acillties with Utility Services and Photovoltale Sys
tems. Plaques or directories shall be installed in accordance
~siih itS 10 and 712.10. ~ rquired

U Buildings with Rapid Shutdown. Buildings with PV sys~
Ic ns shall have a permanent label lctated at each service equip
ment location to which the 1W systems ait connected or at an
approvedreadily visible location and shall indicate t location
of rapid shutdown initiation devices. The label include a
simple agram of a bull g with a roof and shall inclu e the
lollowang oils:

SOLAR PV SYSTEM IS EQUIPPED
WITH RAPID SHUTDOWN.

•1l RN RAPID SHUTDOWN SWITCH
ro THE VFF” POSITION TO

SHIJT DOWN PV SYSTEM AND
REDUCE SHOCK HAZARD IN ARRAY.

Uhe utle SOLAR PV SYSTEM IS EQUIPPED WITH
R Win ‘Mt TDOWN” shall utilize capitalized characters with
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C Sua;1y Swtions

a minimum height of 9.5 mm (34 in.) in black an vellos~ hack
ground. and the remaining characters shall he capitalized with~i
minimum height of4.8 mm (Y,. in.) in black on white backeround

Informational Noie: See Informational Note Figure 690.5h(L)

SOLAR PV SYSTE EQUIPPED
WI H RAPID SHUTDOWN

TURN RAPID SHUTDOWN
SWITCH TO THE

-OFr POSITION TO
SHUT DOWN PV SYSTEM

AND REDUCE
SHOCK HAZARD

IN THE ARRAY

INFORMATIONAL NOTE FIGURE 690.56(Cj lnh~’ ,,

Roof-Mounted PV Systems with Rapid Shutdown

a (1) Buildings with More Than One Rapid Shutdown l~pe.
For buildings that have PV systems with more than IHIC rapid
shutdown type or PV systems with no rapid shutdown .i deiailcd
plan view diagram of the roof shall be pro’ sled shoss tug cacti
different PV system with a dotted line around .ueas tha retRain
energized after rapid shutdown is initiated.

a (2) Rapid Shutdown Switch. A rapid shutdown s sit h shall
have a label that includes the following wordine be ted on in

no more than I nil 3 ft) from the switch.

RAPID SH1JT1JO~ \ S~% II C[l FOR SOLAR PV S YSTEM

The label shall be reflectis e. with all letters capitalized and
hav~ng a minimum height of 95 mm ‘4 in I in ‘shitt n red
background

Part VII. Connection to Other Sources

690.59 Connection to Other Sources. PV svste,n~ con
to other sources shall he installed in accordante “ith Part
II of Article 705 and Article 712

The requirements for inverters in 70540 prevent energiz ng I
otherwise de energized system conductors a’ ou Pu tonductors
other off site sources Koch as an elect ca Ut, tyl and a , in ended
to prevent electric shock The abili y to automat,call de energize
output upon loss of voltage is normally a feature of h.~ interactive
inverte,

Part VIII. Energy Storage Systems

690.71 General. An enerin storage sysierti ctiiiiiected ii

PV s4stem shall he in~iallesl n acLordailce sviil, ,\t tick— ~O6

Circuits between a PV system and an energy storage device are bdi
rectional, since a supply sat, ce’s present on both ends of the cir
cuit Many energy storage devices are capable of significant
short circuit currents. Therefore. overcurrent protection is needed
for circuits connected to these devices.

706.15 for disconnecting means requi ements
706.31 for overcurrent prolection requrements

690.72 Self-Regulated PV Charge Control. The PV source
tirciiit shall he considered to comply with the requirements of
Thin 31 if.

The PV source circuit is matched to the voltage rating and
charge curreni requirements of the interconnected battery

eNs and,
2 I he maximum charging cuffent multiplied by 1 hour is

es~ than 3 percent of the rated battery capacity expressed
o tiupere-hours or as recommended by the battery

manufacturer

arge Scale Photova aic (PV) Electric
upply Stations

691.1 Scope. This article covers the installation of larg
scale PV electric supply stations with an inverter generati
capacity of no less than 5000 kW. and not under exciusi
tililiis s ‘‘nirol

Intt’miaiii,na Note No I Facilities covered by this article have
SIICS’iiic design and safety features unique to large-scale PV facil
ities and are perated for the sole purpose of providing electric
supply ions stem operated by a regulated utility for the tiansfer
of electric enerey
lninrmaiirinal \ote No 2. Settiun 90,2(8)15) includes informa
lion ,ihiiut utilit~-owned properties not covered under this Code.
For addi ic’nal information ott electric supply stations, see ANSI/
Ill! C’ 2017, National Electrical Snfen’ Code.

n orinational Note No 3 See Informational Note Figure 691 I

ystems covered by this article are a minimum size of 5 ruega
watts One ldrge solar farm in the United States has an output of

50 megawatts The larger solar (arms can cove, an area of several
quare miles Because they are not installed on buildings, the insta

talion requirements for Article 691 differ front those of Article 690
which is primarily aimed at installation on buildings.

691.2 Definitions. The definitions in this section shall apply
Is ss I tutu this article.

I led rh %upplv Stations. Locations containing the generating
iii iii s id ‘u hctations. including their associated generator.

‘I ‘i.,ec h,it en ii in stormer. and switcligear area’
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L rc e- cole Phnto olta PV Elect,,

Notes
(I) Custom designs occur In each configuration. and some components nrc Ooti000F

(2) The drnwing is for niorniatienal purposes only and is not 100,0 0 iai VU Oi all polontial cooh’uuriilions

INFORMATIONAL NOTE FIGURE 691.1 Identifi a it fIn,ç’e S’v:/e IV Fin so Sivppli
Station Components.

Generating Station. A plant wherein electric energy is pro

duced by con~ersion from some other form of energy (e.g . client
ical. nuclear, solar. wind, mechanical, or hydraulic) by mean’ of

suitable apparatus.

691.4 Special Requirements for Large-Scale P” Electric
Supply Stations. Large-scale PV electric supply stations sluill
be accessible only to authorized personnel and comply with the
following:

(I) Electrical circuits and equipment shall be maintaiuetl and
operated only by qualified personnel.

Inforniutional Note: Refer to ,VFP.4 70E 2018, StandordJrr I
tru at Safety in the Workplace. for electrical safety requirement

(2) Access to PV electric supply stations shall he rest Icil
by fencing or other adequate means in accorclantc s~itli
110.31. Field applied hazard markings shall se’aplili in
accordance with 110.21(8).

(3) The connection between the PV electric supply station .uicI
the system operated by a utility for the transter of electrical
energy shall be through medium- or high-voltage s’s itch
gear. substation, switch yard. or similar methods ‘~ hose
sole purpose shall be to safely and effectively interconnect
the two systems.

(4) The electrical loads within the PV electric suppl~ station
shall only be used to power auxHiary equipment Ii’, lie
generation of the PV power.

(5) Large—scale PV electric supply stations shall tiol he
installed on buildings

Large scale PV systems are required to be accessible to qualified

pe sonnet only Section o91 9 requires an eng’neered design mcml
anon to have documented procedures and i~e ns 0 i cia on Ot

equipment

,~ 691.5 Equipment. All electrical equipment shall be approved
installation In inc of the follo’ving:

i L sting and labeling
2 i Lie evaluated for the application and have a field label

applië
Where products complying with 691.5(1) or (2) are not
available, by engineering review validating that iheelectri
~.l equipment is evaluated and tested to relevant standards
or mndustrs practice

691.6 Engineered Design. Documentation ol the electrical
pimitititi of the engineered design of the electric supply station

Ira he ~iampe~l and provided upon request of the All).
.\dtlmm ona tamitped independent engineering reports detailing
n’tiipht:mi a ‘i the design with applicable electrical standards
an’1 industry pt at tice shall be pros tded upon request of the
Alli. ‘lhc independent engineer shall he a licensed professional
eleetneal engineer retained by the system owner or installer. This

I cu inentata in %hall tnt lude deiai Is ii on ormance of the design
cvi Ii Article 69(1, and any alternative methods to Article 690. or
ii Item articles it’ this CiSc’.

691.7 (:onhirmance of Construction to Engineered l)esign.
I )ot utnentation that the construction of the electric supply station
cm imilortils to the electrical engineered design shall be provided
ii1iiii request it the Al-li. Additional stamped independent
crun leering reports detailing the construction conforms with
lu~ c’trde, applicable standards md industry practice shall be

P Vi led upi n request ut the AHJ The independent engineer
I he a licensed professional electrical engineer retained

by ilie ~ysmerti nc ncr or installer This documentation, where
reqtie ‘ted. c hal I he i’ ai I able prior I, cc immercial operation of
die attin

tnleracti’so
inverters

Pv power
Source

Inverter
output circuit Subsiaicn

(optional)

Transtormor

voltaqe C000

Electrical
nioduction

and
oismribu lion

network

Large-Scale PV Electric Supply Station
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691.8 Direct Current Operating Voltage. I or laruc-scale
PV electric supply stations, calculations shall he nctiiclnl in nit’
documentation required in 691.6.

691.9 Disconnecting Means for Isolating Photo~oltai..
Equipment. Isolating dec ices shall not be requ r d cithiri
sight of equipment and shall be permitted to he located remotelc
from equipment. The engineered design required by 691 6 shall
document disconnection procedures and means of isulatitis!
equipment.

Informational Note: For information on electrical system
maintenance, see NFPA 708-2019, Reconinnendrd Practice for
Electrical Equipment Maintenance. For’infonmatjon on written
procedures and conditions of maintenance, including l’,ckoui,
tagout procedures, see NFPA 70E-20l8.

Buildings whose sole purpose is to house and proit~ct stipplc
station equipment shall not he required to con p1” chit Ii h~)i I I 1
Written standard operating procedures shall he available ii the
site detailing necessary shoidown procedures iii the ccciii tilai
emergency.

691.10 Arc—Fault Mitigation. PV systems that do nit coriiplc
with the requirements of 690.11 shall include details 01 fiR

mitigation plans to address dc arc faults in [he documentation
required in 691.6.

691.11 Fence Bonding and Grounding. Fence groLintlitie
requirements and details shall be included in tlit di~’utiicnn ii iii

required in 691 .6.

Informational Note: See 250.194 for fence bondiiiflrnj~WJ
ing requirements enclosing substation portiohs of an~4ectnc
supply station. Grounding requirements for other room of
electric supply station fencing are assessed based ~ai the
of overhead conductors, proximity to generation and~J,stnbu on
equipment, and a.ssociated step and touch potential

692 Fuel Cell Systems

Part I. General

692.1 Scope. This article applies to the install~ri iii
systems.

In fort ii at ional Note: Some t Lie I cell stem Cal he i flier cc
with other electrical power producti n source’. arc siaod.al nit’
or both. Some fuel cell systems ale connecicd iii elecrnc ciierg~
storage systems such as batteries. Fuel cell sy’leo,~ car, have i.

output(s). dt oLliputi sI. or both for on I izati. in

The rising dem nd for elect, t: power has ccl to the rlevelopment o
power sources that are viable alternatives to or can be nte,cc,ri.

nected with elect cut lity distribution cyst mc 4rticle 59? covers
the installation of an premises electrical supply cs’s ems to which
tl e power is derived Iron an eleti ocher,, cat system that ~onsLimes
fuel to gene aie an elecir ccc ørit

The pun pie of peration is that direct current is generated
I igh , hemical reaction in which hydrogen rich fuel such as
atural gas P Gas or hydrogen is consumed The consumption of

the fuel gas s via an electrochemical pro ess as opposed to internal
ombust oil prime movers which consume fuel using a combustion

process A power nverter onverts the dc to ac. The installation
requirements of Artrc e 692 allow power derived from fuel cells o
be safely del vered into residential and ight commercial occupan
des as € sole source of electric power or as an integrated source
with a utility or othe power source.

692.2 Definitions. The following definition(s) shall apply only
within this article.

Fuel Cell Output Circuit. The conductors used to connect the
fuel Leli s~steni to its electrical point of delivery.

loin niutional Note: In the case of sites that have series- or
p.irillcl connected multiple units, the term output circuit also
I it F ii’ ihe conductors used to electrically interconnect the fuel
ccl ‘‘stern~s)

692.4 Installation.

U Fuel Cell System. A fuel cell system shall be permitted to
suppls a building or other structure in addition to any service(s)
ol another electricity supply system(s).

(B) Identification of Power Sources. Fuel cell systems shall
~è ihentified according to 692.4(B)( I) through (B)(3).

V ii 1 Interconnected AC Systems. Plaques or directories shall
he installed in accordance with 705.10.

~ (2i flu ~licrogrid Systems. Plaques or directories shall be
inst dIed iii accordance with 712.10.

A (3, Stand-Alone Systems. Plaques or directories shall be
iii~tallcd ri accordance with 710.10.

I System Installation. Fuel cell systems including all asso
tied cc vine and interconnections shall be installed by only

qiialil ni pcr~ons.

iii miii. inal Nine: Sec Article I ~) for the definition of qualrn
iJii’. I jit’, tori

692.6 l.isting Requirement. The fuel cell system shall be
approved for the application in accordance with one cii the
follc,~ ing:

(I) Be listed for the application
t2) Be evaluated for the application and have a field label

.ipplied

Part II. (‘ircuit Requirements

nfl.S ( irt nit Sizing and Current.

U \aineplale Rated Circuit Current. The nameplate(s)
clii current shall be the rated current indicated on the

id ccli iwineplatet s)

1.

.3
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(B) Conductor Ampacity and Overcurrent 1)evice Rat
ings. The ampacity of (he feeder circuit conductors from the
fuel cell system(s) to the premises wiring system shall 1101 he le:[
than the greater of( I) nameplate(s) rated circuit current or 2i U
rating of the fuel cell system(s) overcurrent protective devicels

(C) Ampacity of Grounded or Neutral Conductor. If an inter
active single-phase. 2-wire fuel cell output(s) is connecicd to the
grounded or neutral conductor and a single ungrounded ti’ndut
(or of a 3-wire system or of a 3-phase. 4-wire, wye-connectcd
system, the maximum unbalanced neutral load current ph’s the
fuel cell system(s) output rating shall not exceed the ainpatit’
of the grounded or neutral conductor.

692.9 Overcurrent Protection.

(A) Circuits and Equipment. If the fuel cell ‘a sicit is
provided with overcurrent protection sufficient to protect
the circuit conductors that supply the load, additional citcuit
overcurrent devices shall not be required. Equipment and con
ductors connected to more than one electrical source shall be
protected.

(B) Accessibility. Overcurrent devices shall he readil3
accessible

Part III. Disconnecting Means

692.13 All Conductors. Means shall be provided to disconnect
all current-carrying conductors of a fuel cel] system power source
from all other conductors in a building or other struciure

692.17 Switch or Circuit Breaker. The disconncciing means
for ungrounded conductors shall consist of readily ,ict~tssihle
manually operable switch(es) or circuit breaker(s).

Where all termtnals of the disconnecting means inn’
be energized in the open position. a warning sign shall he
mounted on or adjacent to the disconnecting means The sign
shall be clearly legible and shall have the following words ii

equivalent.

DANGER
ELECTRIC SHOCK HAZARD.
DO NOT TOUCH TERMINALS.

TERMINALS ON BOTH ThE LINE AND
LOAD SIDES MAY BE ENERGIZED

IN THE OPEN POSITION.

The danger sign(s) or label(s) shall comply with 110 ‘IlK

Part LV. Wiring Methods

692.31 Wiring Systems. All raceway and cable ~.innu tiieili~i~ls
included in Chapter 3 of this Code and other wirings> stein~ ‘nil
filtings specifically intended and identified for use s%iili titel LeO
systems shall be permitted. Where wiring des ices with inIeoi.
enclosures are used. sufficient length of cable shall he ri’ tIe I
to facilitate replacement

Parts. Grounding

692.41 S~stem Grounding.

(A AC Systems. Grounding of ac systems shall be in accor
d,in~e with ‘SI 21). and with 250.30 for stand-alone systems.

I
Bt l)C Systems. Grounding ot dc systems shall be in accor

tlantt. with 25(1 160

(Ut Systems with Alternating-Current and Direct-Current
Grounding Requirements. When fuel cell power systems have
both alternating-current (ac) and direct-current (dc) grounding
requircnieiii~. the Uc grounding system shall be bonded to the
at urouiiding system The bonding conductor shall be sized
:icciirding to (.92.4~ A single common grounding electrode and
gitundi,ig bar may be used for both systems. in which case the
ciiiiii,n groundine electrode conductor shall be sized to meet
‘he retluirenienis of both 250.66 (act and 250.166 (dc).

692.44 Equipment Grounding Conductor. A separaie
equipment grounding conductor shall be installed.

692.4$ Size or Equipment Grounding Conductor. The
equipmneni groundimig conductor shall he sited in accordance
wnh 250 122

692.47 Grounding Electrode System- Any auxiliary grounding
electrode(s) required by the manufacturer shall be connected to
the equipment grininding conductor specified in 250.118.

Part VI. Marking

692.53 Fuel Cell Power Sources. A marking specifying the fuel
cell systeni. ouipui voltage, output power rating. and continuous
ouiptii cun-etii iaung shall be provided at the dtsconnecting means
I r the fuel i.e11 power source at an accessible location on the site.

692.54 Fuel Shtii-Off. mc location of the manual fuel chtit off
‘abe shall he marked it the location if the primary distonnecting
ilican’ iii he building or circutts supplied

692.56 Stored Energy. A fuel cell system that stores electnca
energy shall require the following warning sign, orequivalent. at
lie location of he service disconnecting means of the premises:

WA RN INC
Ft II CELl. POWER SYSTEM CONTAINS

I LF(TRICAI. ENERGY STORAGE DEVICES.

I he s~.iriiIng sienb) or lahelts) shall comply with 110.21(8)

Part\ II. Connection to Other Circuits

692.59 I’ransIer Switch. A transfer switch shall be required
mm non ciii interactive systems that use utility grid backup. The
ii.iristti sw iii h shall niainiain isolaiion between ihe electrical
ii lot lion intl ~listrihuiion network and the fuel cell system

EMEI
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