
NFPA Logo 
Removed

NEC Logo Removed



Copyrigh t © 2013 
National Fire Protection AssociationCD 

One Batterymarch Park 
Quincy, Massachusetts 02] 69-7471 

NFPA, NFPA 70, National Fire Protection A..<"sociation, Nalionallilectrical Code, and NEe 
are tegistered trademarks of the National Fire Protection Association. 

IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA® DOCUMENTS 

Notice and Disclaimer of Liability Concerning the Use of NFPA Documents 

NFPA ® codes, standards, recommended practices, and guides ("NFPA Documents"), of which the document 
contained herein is one, are developed through a consensus standards development process approved by the American 
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to 
achieve consensus on fire and other safety issues. While the NFPA administers the process and establishes rules to 
promote fairness in the development of consensus, it does not independently test, evaluate, or verify the accuracy of any 
information or the soundness of any judgments contained in NFPA Documents. 

The NFPA disclaims liability for any personal injury, property or other damages of any nature whatsoever, whether 
special, indirect, consequential or compensatory, directly or indirectly resulting from the pUblication, use of, or reliance 
on NFPA Documents. The NFPA also makes no guaranty or warranty as to the accuracy or completeness of any 
information published herein. 

In issuing and making NFPA Documents available, the NFPA is not undertaking to render professional or other 
services for or on behalf of any person or entity. Nor is the NFPA undertaking to perform any duty owed by any person 

or entity to someone else. Anyone using this document should rely on his or her own independent judgment or, as 
appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any given 
circumstances. 

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA 
Documents. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with 
this document. Any certification or other statement of compliance with the requirements of this document shall not be 
attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement. 

Important Notices and Disclaimers continued on inside back cover. 

REMINDER: UPDATING OF NFPA DOCUMENTS 

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Documents") should be 

aware that NFPA Documents may be amended from time to time through the issuance of Tentative Interi m 

Amendments or corrected by Errata. An official NFPA Document at any point in time consists of the current 

edition of the document together with any Tentative Interim Amendment and any Errata then in effect. 
In order to determine whether an NFPA Document has been amended through the issuance of Tentative 

Interim Amendments or corrected by Errata, visit the Document Information Pages on NFPA's website. The 
Document Information Pages provide up-to-date, document specific information including any issued Tentative 
Interim Amendments and Errata. 

To access the Document Information Page for a specific NFPA Document go to http://www.nfpa.org/document 

for a list of NFPA Documents, and click on the appropriate Document number (e.g., NFPA 101). In addition to 

posting all existing Tentative Interim Amendments and Errata, the Document Information Page also includes the 

option to sign-up for an "Alert" feature to receive an email notification when new updates and other information 

are posted regarding the document. 

ISBN: 978-145590672-7 (SB Print) 
ISBN: 978-145590671-0 (LL Print) 
ISBN: 978-145590673-4 (Spiral Print) 
ISBN: 978-145590680-2 (PDF) 

17 16 15 14 13 10 9 8 7 6 5 4 3 2 1 

NFPA Logo 
Removed

eflynn
Highlight



Copyright © 2013, National Fire Protection Association®. All Rights Reserved 

NFPA 70® 

National Electrical Code® 

2014 Edition 

This edition of NFPA 70, National Electrical Code, was prepared by the National Electrical Code 
Committee and acted on by NFPA at its June Association Technical Meeting held June 10-13,2013, in 
Chicago, IL. It was issued by the Standards Council on August 1,2013, with an effective date of August 
21, 2013, and supersedes all previous editions. 

A tentative interim amendment (TIA) to Sections 516.3 and 516.10 was issued on August 1,2013. 
For further information on tentative interim amendments, see Section 5 of the NFPA Regulations 
Governing Committee Projects available at: httpllwww.nfpa.org/assets/files/PDF/CodesStandards/ 
TIAErrataFI/TIARegs. pdf. 

This edition of NFPA 70 was approved as an American National Standard on August 21, 2013. 

History and Development of the National Electrical Code® 

The National Fire Protection Association has acted as sponsor of the National Electrical Code since 
1911. The original Code document was developed in 1897 as a result of the united efforts of various 
insurance, electrical, architectural, and allied interests. 

In accordance with the provisions of the NFPA Regulations Governing Committee Projects, a 
National Electrical Code Committee Report on Proposals containing proposed amendments to the 2008 
National Electrical Code was published by NFPA in July 2009. This report recorded the actions of the 
various Code-Making Panels and the Correlating Committee of the National Electrical Code Committee 
on each proposal that had been made to revise the 2008 Code. The report was circulated to all members 
of the National Electrical Code Committee and was made available to other interested NFPA members 
and to the public for review and comment. Following the close of the public comment period, the 
Code-Making Panels met, acted on each comment, and reported their action to the Correlating Com­
mittee. NFPA published the National Electrical Code Committee Report on Comments in March 2010, 
which recorded the actions of the Code-Making Panels and the Correlating Committee on each public 
comment to the National Electrical Code Committee Report on Proposals. The National Electrical Code 
Committee Report on Proposals and the National Electrical Code Committee Report on Comments were 
presented to the 20 10 June Association Technical Meeting for adoption. 

NFPA has an Electrical Section that provides particular opportunity for NFPA members interested in 
electrical safety to become better informed and to contribute to the development of the National 
Electrical Code and other NFPA electrical standards. At the Electrical Section Codes and Standards 
Review Session held at the 201 0 NFPA Conference and Expo, Section members had opportunity to 
discuss and review the report of the National Electrical Code Committee prior to the adoption of this 
edition of the Code by the Association at its 2010 June Technical Session. 

This 53rd edition supersedes all other previous editions, supplements, and printings dated 1897, 
1899,1901,1903, 1904, 1905, 1907, 1909, 1911,1913, 1915, 1918,1920,1923,1925,1926,1928, 
1930,1931, 1933, 1935,1937,1940, 1942, 1943, 1947, 1949, 1951, 1953, 1954, 1955, 1956, 1957, 
1958, 1959, 1962, 1965, 1968, 1971, 1975, 1978, 1981,1984, 1987, 1990, 1993, 1996, 1999,2002, 
2005, 2008, and 2011. 

This Code is purely advisory as far as NFPA is concerned. It is made available for a wide variety of 
both public and private uses in the interest of life and property protection. These include both use in law 
and for regulatory purposes, and use in private self-regulation and standardization activities such as 
insurance underwriting, building and facilities construction and management, and product testing and 
certification. 

NFPA 70. National Electrical Code, NFPA. and National Fire Protection Association arc registered trademarks of the National Fire Protection Association. Quincy. Massachusetts. 02169. 
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690.18 ARTfCLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

Exception No.2: A disconnecting switch shall be permit­
ted in a grounded conductor if all (~f the following condi­
tions are rnet: 

(1) The slevitch is used only for PV array maintenance. 

(2) The switch is accessible only by qualified persons. 

(3) The switch is rated for the maximum de voltage and 
current that could be present during any operation, 
including groluul~fault conditions. 

(E) Interrupting Rating. The building or structure dis­
conneCting means shall have an interrupting rating suffi­
cient for the maximum circuit voltage and current that is 
availabJe at the line terminals of the equipment. Where all 
terminals of the disconnecting means may be energized in 
the open position, a warning sign shall be mounted on or 
adjacent to the disconnecting means. The sign shall be 
clearly legible and have the following words or equivalent: 

WARNING 
ELECTRIC SHOCK HAZARD 

DO NOT TOUCH TERMINALS. 
TERMINALS ON BOTH THE LINE 

AND LOAD SIDES MAY BE ENERGIZED IN THE 
OPEN POSITION. 

The warni.ng sign(s) or label(s) shall comply with 
110.21 (B). 

Exception: A connector shall be permitted to be llsed as 
an ac or a dc disconnecting means, prm'ided that it com­
plies with the requirements (d 690.33 and is listed and 
ident~fied for use with spec~fic equipment. 

690.18 Installation and Service of an Array. Open cir­
cuiting, short circuiting, or opaque covering shall be used 
to disable an array or portions of an array for installation 
and service. 

Informational Note: Photovoltaic modules are energized 
while exposed to light. Installation, replacement, or servic­
ing of array components while a module(s) is energized 
may expose persons to electric shock. 

IV. Wiring Methods 

690.31 Methods Permitted. 

(A) Wiring Systems. All raceway and cable wiring meth­
ods included in this Code, other wiring systems and fittings 
specifically listed for use on PV arrays, and wiring as part 
of a listed system shall be permitted. Where wiring devices 
with integral enclosures are used, sufficient length of cable 
shall be provided to facilitate replacement. 

Where PV source and output circuits operating at maxi­
mum system voltages greater than 30 volts are installed in 

70-630 

readily accessible locations, circuit conductors shall be 
guarded or installed in a raceway. 

Informational Note: Photovoltaic modules operate at el­
evated temperatures when exposed to high ambient tem­
peratures and to bright sunlight. These temperatures rou­
tinely exceed 70°C (l58°P) in many locations. Module 
interconnection conductors are available with insulation 
rated for wet locations and a temperature rating of 90°C 
( 194°F) or greater. 

(B) Identification and Grouping. PY source circuits and 
PY output circuits shall not be contained in the same race­
way, cable tray,· cable, outlet box, junction box, or similar 
fitting as conductors, feeders, branch circuits of other 
non-PV systems, or inverter output circuits, un1ess the con­
ductors of the different systems are separated by a partition. 
PV system conductors shall be identified and grouped as 
required by 690.31(B)(1) through (4). The means of iden­
tification shall be permitted by separate color coding, mark­
ing tape, tagging, or other approved means. 

(1) PV Source Circuits. PV source circuits shall be iden­
tified at all points of termination, connection, and splices. 

(2) PV Output and Inverter Circuits. The conductors of 
PV output circuits and inverter input and output circuits 
shall be identified at all points of termination, connection, 
and splices. 

(3) Conductors of Multiple Systems. Where the conduc­
tors of more than one PV system occupy the same junction 
box, raceway, or equipment, the conductors of each system 
shaH be identified at all termination, connection, and splice 
points. 

Exception: Where the identification (~f' the conductors is 
evident by spacing or arrangement, further identification 
shall not be required. 

(4) Grouping. Where the conductors of more than one PV 
system occupy the same junction box or raceway with a 
removable cover(s), the ac and dc conductors of each sys­
tem shall be grouped separately by cable ties or similar 
means at least once and shall then be grouped at intervals 
not to exceedL8 m (6 ft). 

Exception: The requirement for grouping shall not apply (1' 
the circuit enters from a cable or raceway unique to the 
circuit that makes the grouping obvious. 

(C) Single-Conductor Cable. 

(1) General. Single-conductor cable Type USE-2, and 
single-conductor cable listed and labeled as photovol­
taic (PV) wire shall be permitted in exposed outdoor 
locations in PV source circuits for PV module intercon­
nections within the PV array. 
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ARTICLE 690 - SOLAR PHOTOVOLT AIC (PV) SYSTEMS 690.31 

Exception: Raceways shall be used when required by 
690.31 (A). 

(2) Cable Tray. PV source circuits and PV output circuits 
using single-conductor cable listed and labeled as pho­
tovoltaic (PV) wire of all sizes, with or without a cable 
tray marking/rating, shall be permitted in cable trays 
installed in outdoor locations, provided that the cables 
are supported at intervals not to exceed 300 mm 
(12 in.) and secured at intervals not to exceed 1.4 m 
(4.5ft). 

Informational Note: Photovoltaic wire and PY cable have 
a nonstandard outer diameter. See Table 1 of Chapter 9 for 
conduit fill calculations. 

(D) Multiconductor Cable. Multiconductor cable Type 
TC-ER or Type USE-2 shall be permitted in outdoor loca­
tions in PV inverter output circuits where used with utility­
interactive inverters mounted in locations that are not 
readily accessible. The cable shall be secured at intervals 
not exceeding 1.8 m (6 ft). Equipment grounding for the 
utilization equipment shall be provided by an equipment 
grounding conductor within the cable. 

(E) Flexible Cords and Cables. Flexible cords and cables, 
where used to connect the moving parts of tracking PV 
modules, shall comply with Article 400 and shall be of a 
type identified as a hard service cord or portable power 
cable; they shall be suitable for extra-hard usage, listed for 
outdoor use, water resistant, and sunlight resistant. Allowable 
ampacities shall be in accordance with 400.5. For ambient 
temperatures exceeding 30°C (86°F), the ampacities shall be 
derated by the appropriate factors given in Table 690.3] (E). 

(F) Small-Conductor Cables. Single-conductor cables 
listed for outdoor use that are sunlight resistant and moisture 
resistant in sizes 16 AWG and 18 AWG shall be pennitted for 
module interconnections where such cables meet the ampacity 
requirements of 400.5. Section 310.l5 shall be used to deter­
mine the cable ampacity adjustment and correction factors. 

Table 690.31(E) Correction Factors 

(G) Direct-Current Photovoltaic Source and Direct­
Current Output Circuits on or Inside a Building. Where 
dc PV source or dc PV output circuits from building­
integrated systems or other PV systems are run inside a 
building or structure, they shall be contained in metal race­
ways, Type MC metal-clad cable that complies with 
250.118(10), or metal enclosures from the point of penetra­
tion of the surface of the building or structure to the first 
readily accessible disconnecting means. The disconnecting 
means shall comply with 690.13(B) and (C) and 690.15(A) 
and (8). The wiring methods shall comply with the addi­
tional installation requirements in 690.31 (G)( I) through (4). 

(1) Embedded in Building Surfaces. Where circuits are 
embedded in built-up, laminate, or membrane roofing ma­
terials in roof areas not covered by PV modules and asso­
ciated equipment, the location of circuits shall be clearly 
marked using a marking protocol that is approved as being 
suitable for continuous exposure to sunlight and weather. 

(2) Flexible Wiring Methods. Where tlexible metal con­
duit (FMC) smaller than metric designator 21 (trade size 
%) or Type MC cable smaller than 25 mm (1 in.) in diam­
eter containing PY power circuit conductors is installed 
across ceilings or floor joists, the raceway or cable shall be 
protected by substantial guard strips that are at least as high 
as the raceway or cable. Where run exposed, other than 
within 1.8 m (6 ft) of their connection to equipment, these 
wiring methods shall closely follow the building surface or 
be protected from physical damage by an approved means. 

(3) Marking and Labeling Required. The following wir­
ing methods and enclosures that contain PV power source 
conductors shall be marked with the wording WARNING: 
PHOTOVOLTAIC POWER SOURCE by means of perma­
nently affixed labels or other approved permanent marking: 

(1) Exposed raceways, 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 

Ambient Temperature Rating of Conductor Ambient 
Temperature Temperature 

(OC) 600C (1400F) 75°C (167°F) 90°C (194°F) 105°C (221°F) (OF) 

30 1.00 1.00 1.00 1.00 86 
31-35 0.91 0.94 0.96 0.97 87-95 
36-40 0.82 0.88 0.91 0.93 96-104 
41-45 0.71 0.82 0.87 0.89 105-113 
46-50 0.58 0.75 0.82 0.86 114-122 
51-55 0.41 0.67 0.76 0.82 123-131 
56-60 0.58 0.71 0.77 132-140 
61-70 0.33 0.58 0.68 141-158 
71-80 0.41 0.58 159-176 
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690.32 ARTICLE 690 - SOLAR PHOTOVOLTAIC (PV) SYSTEMS 

(4) Marking and Labeling Methods and Locations. The 
labels or markings shall be visible after installation. The 
labels shall be reflective, and all letters shall be capitalized 
and shall be a minimum height of 9.5 mm CY8 in.) in white 
on a red background. PV power circuit labels shall appear 
on every section of the wiring system that is separated by 
enclosures, walls, partitions, ceilings, or floors. Spacing be­
tween labels or markings, or between a label and a mark­
ing, shall not be more than 3 m (lOft). Labels required by 
this section shall be suitable for the environment where 
they are installed. 

(H) Flexible, Fine-Stranded Cables. Flexible, fine­
stranded cables shall be terminated only with terminals, 
lugs, devices, or connectors in accordance with 110.14. 

(I) Bipolar Photovoltaic Systems. Where the sum, with­
out consideration of polarity, of the PV system voltages of 
the two monopole subarrays exceeds the rating of the con­
ductors and connected equipment, monopole subarrays in a 
bipolar PY system shall be physically separated, and the 
electrical output circuits from each monopole subarray 
shall be installed in separate raceways until connected to 
the inverter. The disconnecting means and overcurrent pro­
tective devices for each monopole subarray output shall be 
in separate enclosures. All conductors from each separate 
monopole subarray shall be routed in the same raceway. 
Bipohu' PV systems shall be clearly marked with a perma­
nent, legible warning notice indicating that the disconnec­
tion of the grounded conductor(s) may result in overvoltage 
on the equipment. 

Exception: Listed switchgear rated for the Inaximum volt­
age benveen circllits and containing a physical barrier 
separating the disconnecting rneans for each nUJl1opole 
subarra.v shall be pennitted to be used instead (~f discon­
necting means in separate enclosures. 

(J) Module Connection Arrangement. The connection to 
a module or panel shall be alTanged so that removal of a 
module or panel from a PV source circuit does not interrupt 
a grounded conductor connection to other PV source cir­
cuits. 

690.32 Component Interconnections. Fittings and con­
nectors that are intended to be concealed at the time of 
on-site assembly, where listed for such use, shall be permit­
ted for on-site interconnection of modules or other array 
components. Such fittings and connectors shall be equal to 
the wiring method employed in insulation, temperature rise, 
and fault-current withstand, and shall be capable of resist­
ing the effects of the environment in which they are used. 

690.33 Connectors. The connectors permitted by Article 
690 shall comply with 690.33(A) through (E). 

70-632 

(A) Configuration. The connectors shall be polarized and 
shall have a configuration that is non interchangeable with 
receptacles in other electrical systems on the premises. 

(B) Guarding. The connectors shall be constructed and 
installed so as to guard against inadvertent contact with live 
parts by persons. 

(C) Type. The connectors shall be of the latching or lock­
ing type. Connectors that are readily accessible and that are 
used in circuits operating at over 30 volts, nominaL maxi­
mum system voltage for dc circuits, or 30 volts for ac 
circuits, shall require a tool for opening. 

(D) Grounding Member. The grounding member shall be 
the first to make and the last to break contact with the 
mating connector. 

(E) Interruption of Circuit. Connectors shall be either (1 ) 
or (2): 

(1) Be rated for interrupting current without hazard to the 
operator. 

(2) Be a type that requires the use of a tool to open and 
marked "Do Not Disconnect Under Load" or "Not for 
Current Interrupting." 

690.34 Access to Boxes. Junction, pull, and outlet boxes 
located behind modules or panels shall be so installed that 
the wiring contained in them can be rendered accessible 
directly or by displacement of a module(s) or panel(s) se­
cured by removable fasteners and connected by a flexible 
wiring system. 

690.35 Ungrounded Photovoltaic Power Systems. Pho­
tovoltaic power systems shall be permitted to operate with 
ungrounded PV source and output circuits where the sys­
tem complies with 690.35(A) through (0). 

(A) Disconnects. All PV source and output circuit conduc­
tors shall have disconnects complying with 690, Part ITT. 

(B) Overcurrent Protection. All PV source and output 
circuit conductors shall have overcurrent protection com­
plying with 690.9. 

(C) Ground-Fault Protection. All PV source and output 
circuits shall be provided with a ground-fault protection 
device or system that complies with 690.35( 1) through (4): 

(1) Detects ground fault(s) in the PV array dc current-
carrying conductors and components 

(2) Indicates that a ground fault has occurred 

(3) Automatically disconnects all conductors or causes the 
inverter or charge controller connected to the faulted 
circuit to automatically cease supplying power to out­
put circuits 

(4) Is listed for providing PV ground-fault protection 
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