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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 I, 2013.
For further information on tentative interim amendments, see Section 5 of the NFPA Regulations
Governing Committee Projects available at: http//www.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 2010 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 2010 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 are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts, 02169,



CONTENTS

90

100

110

215
220

230

240

70-2

Contents
Introduction .......ovviviviiiiiie e 70— 23
Chapter 1 General
Definitions ..o 70- 27
L General ..., 70— 27
1. Over 600 Volts, Nominal ...........cocevenins 70- 35 250
Requirements for Electrical Installations ..... 70— 36
IoGeneral ..o, 70- 36
1. 600 Volts, Nominal, or Less ..........c....... 70- 40
I, Over 600 Volts, Nominal ..................... 70— 42
IV. Tunnel Installations over 600 Volts,
NOMINAL .ouiviiie e, 70— 46
V. Manholes and Other Electrical
Enclosures Intended for Personnel
Entry, All VOltages .......c..ovveveiieviniinnn.n. 70~ 47
Chapter 2 Wiring and Protection
Use and Identification of Grounded
CONAUCEOTS wovveviriieeee e aenas 70— 49
Branch Circuits ......ocovevvineineniineineineans.. 70~ 51 280
1. General Provisions .........ccoeivvivinininnen. 70- 51
1. Branch-Circuit Ratings ............cocceevnenn. 70— 57
1. Required OULIEtS ..vvveveiinviiieieeniiiinees 70- 60
Feeders oo 70— 64 285
Branch-Circuit, Feeder, and Service
Calculations ...vivveinerieviiinieieiieeeaeaas 70- 66
I General ..o 70— 66
II. Branch-Circuit Load Calculations ........... 70- 67
II. Feeder and Service Load Calculations ...... 70— 69
IV. Optional Feeder and Service Load
Calculations ....oovvvvvriririieiiinirinieninn 70— 73 300
V. Farm Load Calculations ...............ce.venes 70— 76
Outside Branch Circuits and Feeders ......... 70- 76
I General ..o 70— 76
Il. Buildings or Other Structures Supplied
by a Feeder(s) or Branch Circuit(s) .......... 70— 79 310
M. Over 1000 VOIS ...oivivnieiiiiiiiiine, 70- 81 i
SEIVICES  1uiviviiiiteei e 70- 83
L General ..oovvvirviiieiiiiii e, 70- 83
II. Overhead Service Conductors ................ 70— 84 312
II. Underground Service Conductors ........... 70- 86 .
IV. Service-Entrance Conductors ................. 70- 86
V. Service Equipment — General ............... 76— 89
VI. Service Equipment — Disconnecting
MEANS ©.voinireieiei e e 70- 89 314
VII. Service Equipment — Overcurrent
PrOtECHION .vovieitinii e 70- 91
VIL. Services Exceeding 1000 Volts, 7
NOMINal ..o, 70- 93
Overcurrent Protection ..........cococvievininnn. 70— 94
LoGeneral ..ooevviniiiieiieeieieiceeee 70— 94
TL LOCALON ivvninieieieeineeeieeeeeeneaeeaes 70- 98
ITI. ENClOSUES ..vviviviiiieiiieieiiieeiiaeaeans 70-101
IV. Disconnecting and Guarding ................. 70-101

V. Plug Fuses, Fuseholders, and Adapters ..... 70-101
VI. Cartridge Fuses and Fuseholders ............ 70-102
VIL. Circuit BreaKers ........coevvveiiveiineninnn... 70-102
VIII. Supervised Industrial Installations ........... 70-104
IX. Overcurrent Protection over 1000 Volts,
Nominal ...ovvneeiiiiiiiiiiieiie e 70-105
Grounding and Bonding ............ccco.onil. 70-106
I General .......ccociiiiiiiiiiii 70-106
II.  System Grounding .............cocvevvnennnis 70-109
1. Grounding Electrode System and
Grounding Electrode Conductor .............. 70-117
IV. Enclosure, Raceway, and Service Cable
CONNECLONS +.\vveiiinriiee e ie e eeieiaes 70-122
V. Bonding coeeniiiiiii 70-122
V1. Equipment Grounding and Equipment
Grounding Conductors ......................... 70-126
VII. Methods of Equipment Grounding .......... 70-131
VI Direct-Current SyStems ..........ccoeeeveenenns 70-134
IX. Instruments, Meters, and Relays ............. 70-135
X. Grounding of Systems and Circuits of
over 1000 VOIES ...covvvviiiiiiiieieeenniennis 70-136
Surge Arresters, Over 1000 Volts .............. 70-139
I General ......cooooiiiiiiiiiii 70-139
IL Installation ...........ooevevveviierinnerinnninnnnn. 76-139
1. Connecting Surge AITESIEIS .\ovvvevnerrnrnn.n. 70-140
Surge-Protective Devices (SPDs), 1000
VOIES OF LSS woneviiiiieiie e 70-140
IoGeneral ..oviviiiiiie e 70-140
1L Installation .......oeeeveiiiniiniiiiinieinne, 70-141
III. Connecting SPDS ......ovviiviiiiiiniiennn. 70-141

Chapter 3 Wiring Methods and Materials

General Requirements for Wiring
Methods and Materials ........cooveeevviiniinni. 70-142
. General Requirements ............c..c.ocoenee. 70-142
I1. Requirements for over 1000 Volts,
Nominal «..oovivviiiii e 70-152
Conductors for General Wiring ................ 70-154
I General ...ovviviiiiiiiiiiie e 70-154
IL Installation ........cceeeiviieeieiieneiieeiinnsn, 70155
III. Construction Specifications ................... 70-175
Cabinets, Cutout Boxes, and Meter Socket
Enclosures .......ooeeveeiiiiieiiniinienniiiiinnenn, 70-180
. Scope and Installation ................ooeen. 70-180
1. Construction Specifications ................... 70-182
Outlet, Device, Pull, and Junction Boxes;
Conduit Bodies; Fittings; and Handhole
ENClOSUIES woonvineiiiricieii e 70-184
. Scope and General .....................oo. 70-184
IL Installation .......c.ocieiiiiiiiiiiiiane, 70-185
NI, Construction Specifications ................... 70-191

IV. Pull and Junction Boxes, Conduit
Bodies, and Handhole Enclosures for
Use on Systems over 1000 Volts,
Nominal ..o 70-192

NATIONAL ELECTRICAL CODE 2014 Edition



CONTENTS

320

324

326

332

334

336

338

340

342

2014 Edition

Armored Cable: Type AC

I. General
II. Installation
III. Construction Specifications

Flat Cable Assemblies: Type FC

I. General
II. Installation
II1. Construction

Flat Conductor Cable: Type FCC

I. General
II. Installation
HI. Construction

Type MI oo

Nonmetallic-Sheathed Cable: Types NM,
NMC, and NMS

Service-Entrance Cable: Types SE and

USE e,

I. General
II. Installation
HI. Construction

Underground Feeder and Branch-Circuit

Cable: Type UF ...,

NATIONAL ELECTRICAL CODE

70-193

70-193
70-193
70-194

70-195

70-195
70-195
70-195

70-196

70-196
70-196
70-197

70-198

70-198
70-198
70-198

70-199

70-199
70-199
70-199

70-200

70-200
76-200
70-201

70-202

70-202
70-202
70-203

70-203

70-203
70-203
70-205

. 70-206

70-206
70-206
70-206

70-207
70-207

344

348

(98]
w
o]

[O8]
j9,1
n

356

360

362

Rigid Metal Conduit: Type RMC .............. 70-210
I General ....ooooiiiiiiiiiiiii 70-210
IL Installation .......oocoeivieniinieninanen... 70-211
III. Construction Specifications ................... 70-212
Flexible Metal Conduit: Type FMC ........... 70-212
LoGeneral ....oooviviiiiiiieiie e 70-212
IL Installation ...oo.vveeiviieeeiiceiniiaeiaeeanens T0-213

Liquidtight Flexible Metal Conduit: Type

LEMOC oot 70-214
I General ....ocoviiiiiiiiiiiini, 70-214
I Installation .......coeeeveiiiiiiiieiiiaiiniins 70-214
NI. Construction Specifications ................... 70-215
Rigid Polyvinyl Chloride Conduit: Type
PVC i 70-215
Lo General ..o.ooveviviiiiiiiineeiiieeeeiee e 70-215
I TnStallation ......eeeeveveneriinneeeiieeceinnnns, 70-216
1. Construction Specifications ................... 70-217
High Density Polyethylene Conduit: Type
HDPE Conduit «..oovvveeriiniiiiiiiiiieieiaeneen 70-218
L General .....ooccoviiiiiiiiiiiiiiiiii 70-218
I Installation ....oooiiiiiiiniiiie e, 70-218
TIL. Construction Specifications ................... 70-219
Nonmetallic Underground Conduit with
Conductors: Type NUCC ...oovvivvinnieniinnnn, 70-219
I General ...
II. Installation
IIL. Construction Specifications ................... 70-220
Reinforced Thermosetting Resin Conduit:
Type RTRC ..vvviiiiiiiiiieicciceeee i, 70-221
LoGeneral .oooiiiiiiiiiii e 70-221
T Installation ........oooviiiiiiiiiiiin. 70-221
III. Construction Specifications ................... 70-222
Liquidtight Flexible Nonmetallic Conduit:
Type LENC .ooviiiiiniiieieie e, 70-223
L General ..., 70-223
1L Installation ..., 70-224
II. Construction Specifications ..........c........ 70-225
Electrical Metallic Tubing: Type EMT ........ 70-225
L General ...o..oooviiiiiiiiiiii e 70-225
1L Installation .......o.oevveivneiniiieinieinannens. 70-225
[II. Construction Specifications ................... 70-22
Flexible Metallic Tubing: Type FMT ......... 70-226
L General ......c..cooveviiiiiiiiiiiii 70-226
I Tnstallation ......cocveeviriiviieininineieanes. 70-226
IHL. Construction Specifications ................... 70-227
Electrical Nonmetallic Tubing: Type ENT ... 70-227
I General ......cooiiiiiiiiiiiii 70-227
L Installation ....ooovvviiiiiiiiiiiieiieeen, 70-228
HI. Construction Specifications ................... 70-229
Auxiliary GUtters  ....oovvvviiviieiiiiiieiieenee. 70-229
I General ..oooiiviiiiiii 70-229
I, Installation ........ccccooeiiiiiiiiiniiinnnn... 70-230
1. Construction Specifications ................... 70-231
70-3



CONTENTS

368

370

372
374

376

378

380

382

384

386

390
392

70-4

Busways ..o

I. General Requirements .....................
I Installation .............cooociiiiiiiiinin,
IIL. Construction ........ocevevevinininiinininnn.

IV. Requirements for Over 600 Volts,

Nominal ....oooviiiiiii

Cablebus

L General ........oovviiii
IL Installation ...
HI: Construction Specifications ...............

Cellular Concrete Floor Raceways

Cellular Metal Floor Raceways

L Installation ........ccoovvviiviiiin,
II. Construction Specifications ................

Metal WIireways .....coevveeieinineviinneanennns

I. General ............ocoiiiiii
IL Installation .........coovciiiiiiiiiniini...
III. Construction Specifications ................

Nonmetallic Wireways ............ocoovvnnns

I General .....oociiiiiiiiiiiiea
I1. Installation .........cooiiiiiiiiiiiiiinnnnns
ITI. Construction Specifications ................

Multioutlet Assembly

I General ..oovvierviiiiiiii s
IL Installation ........coceviieiiiioiiieininnnen.

Nonmetallic EXtensions ............cceeeevenns

[. General ...t
II. Installation ..........cccciiviiiiiinieiiininan,

L. Construction Specifications
(Concealable Nonmetallic Extensions

ONlY) crri
Strut-Type Channel Raceway ................

I General .......ooiiiiiiiiii
IL Installation ........cocoiiiiiiiiiiiiinennnen.
III. Construction Specifications ................

Surface Metal Raceways

[ General .........c.ooii
IL Installation ...,
ITI. Construction Specifications ................

Surface Nonmetallic Raceways

I General .........coviiiiiiiiiii
II. Installation ...........ccooviviviiiiiiiin,
1. Construction Specifications ................

Underfloor Raceways

Cable Trays .....ccocooiviiiiiiiiiiiinn,

[ General ....cocvvveveinininiiiiiiii
II. Installation ...............c
II. Construction Specifications ................

Low-Voltage Suspended Ceiling Power

Distribution Systems ..............oooeveinin.

[ General .......coceiiiviiiiiiiiiiii
II. Installation ..........coovvviiniiininn.n.
III. Construction Specifications ................

70-240

394

396

398

399

400

402
404

406

408

409

410

Concealed Knob-and-Tube Wiring ............. 70-257
I General ..oooviviiiiiiiiiiii 70-257
I Installation ....o.vvvevivvinineniriiiininenininns, 70-257
1L Construction Specifications ................... 70-258
Messenger-Supported Wiring ................... 70-258
I General ....ooooooviiiiiiiiiiiiiiiiiiiia 706258
11 Installation .....ocovevivinieiivininiieiienenans 70-258
Open Wiring on Insulators ...................... 70-259
I General .......ocooiiiiiiii 70-259
IL. Installation ...........cccooveiiiinininiinininnnns 70-259
1. Construction Specifications ................... 70-260
Outdoor Overhead Conductors over 1000
VOIS oo 70-260
Chapter 4 Equipment for General Use
Flexible Cords and Cables ...................... T0-262
I General .....ooooviiiiiii e 70-262
II. Construction Specifications ................... 70-272
III. Portable Cables Over 600 Volts,

Nominal ......oovvvviiiiiiiiiciieeieeeeen 70-273
Fixture WIres ...oovevvvvvnirinriienirenniennanennns 70-273
SWILCHES ©.vviviiiie s 70-277

I Installation .......oooviiiiiiiiiiiiiiiiien, 70-277
II. Construction Specifications ................... 70-281
Receptacles, Cord Connectors, and
Attachment Plugs (Caps) .....oeevvvvvverinnnnn. 70-281
Switchboards, Switchgear, and
Panelboards .......o.vvviiiiiiiiiieeeeae 70-285
I General ...ooveiviiiiiiiiiii, 70-285
IL. Switchboards and Switchgear ................ 70-287
I Panelboards ........cocoeevvveininieieienennnnn. 70-288
IV. Construction Specifications ................... 70-289
Industrial Control Panels ........................ 70-290
LoGeneral ..ooooiiiiiiiiiiieiiiieeea 70-290
IL Installation ......c.ocveverievninieiinenenennnnen, 70-290
[1. Construction Specifications ................... 70-291
Luminaires, Lampholders, and Lamps ........ 70-292
I General ...vviviriiiiiiiii s 76-292
II. Luminaire Locations ............c.cevevnennnnn. 70-292
III. Provisions at Luminaire Outlet Boxes,
Canopies, and Pans ...........c..c.cocoenni, 70-294
IV. Luminaire SUppOrts .........cceeoeeereenneenn. 70-294
V. Grounding  ...ceeeiiiiieee e 70-295
VI. Wiring of Luminaires ............cc..coeoeenn.. 70-295
VII. Construction of Luminaires ................... 70-297
VI Installation of Lampholders .................. 70-297
[X. Lamps and Auxiliary Equipment ............ 70-297
X. Special Provisions for Flush and
Recessed Luminaires ............c.cceevennen.. 70-298
XI. Construction of Flush and Recessed
LUMINAIIES oveninieeririnenineeeeeeeneaerenenens 70-298

XII. Special Provisions for
Electric-Discharge Lighting Systems of
1000 VOIts OF LesS wvuvvvnivnerneiearineniannnn 70-298

NATIONAL ELECTRICAL CODE 2014 Edition



CONTENTS

XIII. Special Provisions for
Electric-Discharge Lighting Systems of
More Than 1000 Volts
XIV. Lighting Track
XV. Decorative Lighting and Similar
Accessories

411 Lighting Systems Operating at 30 Volts or
Less and Lighting Equipment Connected

t0 Class-2 POWER SOUCES .....ooeeviinnnnnnns

422 Appliances

1. General
II. Installation
III. Disconnecting Means
IV. Construction
V. Marking

Fixed Electric Space-Heating Equipment

424

I. General
II. Installation
III. Control and Protection of Fixed Electric
Space-Heating Equipment
IV. Marking of Heating Equipment
V. Electric Space-Heating Cables
VI Duct Heaters ..........c.cocoevvviininininennne
VII. Resistance-Type Boilers
VIII. Electrode-Type Boilers
IX. Electric Radiant Heating Panels and
Heating Panel Sets ............ccccovvviininienn.

426 Fixed Outdoor Electric Deicing and

Snow-Melting Equipment

L General ......oooooviiiiiiiiii
II. Installation .........cococivviiiiiiiiiiieninnns
III. Resistance Heating Elements
IV. Impedance Heating
V. Skin-Effect Heating
VI.

Control and Protection

427 Fixed Electric Heating Equipment for

Pipelines and Vessels .........c.cccoeeiiiinnnn,

L General ......coooviiviiiiiiiiii
IL Installation .........occovcoiiviniiiinininnennen.
III. Resistance Heating Elements
IV. Impedance Heating

V. Induction Heating
VI. Skin-Effect Heating
VIL

Motors, Motor Circuits, and Controllers

Control and Protection

430

I General ..o
1I. Motor Circuit Conductors ............c.ovvens.
1. Motor and Branch-Circuit Overload
Protection .......ooooviiiiiiiiiiaeaa
Motor Branch-Circuit Short-Circuit and
Ground-Fault Protection

V. Motor Feeder Short-Circuit and
Ground-Fault Protection

VI. Motor Control Circuits
VII. Motor Controllers ................coiiivinan.
VIII. Motor Control Centers

IX. Disconnecting Means

X. Adjustable-Speed Drive Systems

XI. Over 1000 Volts, Nominal

XII.

1v.

Protection of Live Parts — All Voltages ...

2014 Edition NATIONAL ELECTRICAL CODE

70-300
70-301

70-301

70-301
70-302

70-302
70-303
70-305
70-306
70-307

70-308

70-308
70-308

70-309
70-310
70-311
70-312
70-313
70-314

70-315

70-317

70-317
70-317
70-318
70-319
70-319
70-319

70-320

70-320
70-320
70-321
70-321
70-322
70-322
70-322

70-323

70-323
70-328

70-331
70-335

70-338
70-338
70-340
70-342
70-342
70-345
70-347
70-348

440

445
450

455

460

470

480
490

500

501

L
o]
[SS]

504

XII. Grounding — All Voltages .........c......... 70-348
XIV. Tables .oouiiiiiiiiiiiiiiii i 70-349
Air-Conditioning and Refrigerating
EqQUipment .......veeiieinieiceiiie e 70-351
IoGeneral .....o.oovviviiiiiiiiiiiieiieieeaenn 70-351
II. Disconnecting Means ..........ccocoereerunees 70-354
III. Branch-Circuit Short-Circuit and
Ground-Fault Protection ....................... 70-355
IV. Branch-Circuit Conductors ................... 70-356
V. Controllers for Motor-Compressors —......... 70-357
VI. Motor-Compressor and Branch-Circuit
Overload Protection ............oeevveerennennn. 70-357
VII. Provisions for Room Air Conditioners ..... 70-358
GENEIAOTS  +evveeiiiieeetiee e eeinieeeaen 70-359
Transformers and Transformer Vaults
(Including Secondary Ties) .........cccoeeveenne. 70-360
I. General Provisions ............ccccvevviennnen. 70-361
II. Specific Provisions Applicable to
Different Types of Transformers .............. 70-365
I Transformer Vaults .............cooeevenevennnns 70-367
Phase CONVEIErs .......cevveeeivienernenannnnsns 70-368
I General ..ooooviveviiiiiiiiiiiiiiieiee, 70-368
1. Specific Provisions Applicable to
Different Types of Phase Converters ........ 70-369
CAPACIEOTS  1uvvnvreineieeieieeieeeaereaeeaereans 70-370
L. 1000 Volts, Nominal, and Under ............ 70-370
1. Over 1000 Volts, Nominal .................... 70-370
Resistors and Reactors ..................ocoeveens 70-371
1. 1000 Volts, Nominal, and Under ............ 70-371
II. Over 1000 Volts, Nominal .................... 70-372
Storage Batteries ...........cccoocoiiiiiiiiiinnen, 70-372
Equipment Over 1000 Volts, Nominal ........ 70-374
L General .....cocooveiiiiiiiiiiiiiieeieans 70-374
II. Equipment — Specific Provisions ........... 70-375
III. Equipment <= Switchgear and Industrial
Control Assemblies ........ccevvvvivnernennnnn. 70-377
IV. Mobile and Portable Equipment ............. 70-380
V. Electrode-Type Boilers ..............cocevneee. 70-381
Chapter 5 Special Occupancies
Hazardous (Classified) Locations, Classes
I, I, and III, Divisions | and 2 ......cceeenen... 70-382
Class 1 Locations  .....ccuvevvvirnvineiinennnnnnnns 70-391
I General .....ccoviiiiiiiiiiin 70-391
IL Wiring ..o 70-391
OL EqUipment .......cccoeevivieiineineeiennnnnnnns 70-397
Class I Locations ..........coeeveuveneineinnnnn. 70-401
I General .....ccccoviiviiviiieiiiiiiniieai, 70-401
IL Wiring ... 70-402
I Equipment .......coooeviveiiineiiineiieeiin, 70-403
Class I Locations .........cc.coceveviinninennn., 70407
I General ......ooooiviiiiiiiiiiii 70407
T WITING i 70-407
HI. EQUIPMENt .vvvvinvieniiniernininirrinerinenens 70408
Intrinsically Safe Systems .............cceevneen. 70410
70-5



CONTENTS

518
520

wn
3]
o)

530

70-6

L.
I1L.
IV.

VL

VIIL

I
I11.

IV.

VL
VIL

I. General
II. Control Circuits

11

1
11
1

IV. Grounding and Bonding

L
IL.
111
V.
V.
VI

Zone 0, 1, and 2 Locations

Zone 20, 21, and 22 Locations for
Combustible Dusts or Ignitible
Fibers/Flyings

Hazardous (Classified) Locations —
Specific

Commercial Garages, Repair and Storage ....

Aircraft Hangars

Motor Fuel Dispensing Facilities

Bulk Storage Plants

Spray Application, Dipping, Coating, and
Printing Processes Using Flammable
Combustible Materials .......................

Health Care Facilities

. General ..o
Wiring and Protection
Essential Electrical System
Inhalation Anesthetizing Locations
X-Ray Installations ......................
Communications, Signaling Systems,

Data Systems, Fire Alarm Systems, and
Systems Less Than 120 Volts, Nominal
Isolated Power Systems

Assembly Occupancies

Theaters, Audience Areas of Motion
Picture and Television Studios,

Performance Areas, and Similar Locations ...

General
Fixed Stage Switchboards
Fixed Stage Equipment Other Than
Switchboards ..............oool
Portable Switchboards on Stage
Portable Stage Equipment Other Than
Switchboards ............ooo
Dressing Rooms
Grounding

Control Systems for Permanent
Amusement Attractions ......................

. Control Circuit Wiring Methods

Carnivals, Circuses, Fairs, and Similar
Events .oovieiiii e

. General Requirements
. Power Sources
. Wiring Methods

Motion Picture and Television Studios
and Similar Locations

General
Stage or Set
Dressing Rooms
Viewing, Cutting, and Patching Tables

Cellulose Nitrate Film Storage Vaults .
Substations

70413

70429

70-437
70437
70440
70443
70448

70-453
70462

70-462
70465
70-468
70-475
70-478

70479
70-480

70481

70-482

70-482
70-484

70-485
70-487

70-489
70-491
70-491

70-491

70491
70-492
70-492

70493

70493
70494
70494
70495

70-495

70-495
70-496
70-498
70-499
70-499
70499

w
n
—_

552

553

555
590

600

604
605
610

620

Motion Picture Projection Rooms ............. 70-499
I General ..o 70499
II. Equipment and Projectors of the
Protessional TYPe .....oooevevniviineininainn.. 70-499
HI. Nonprofessional Projectors ................... 70-500
IV. Audio Signal Processing, Amplification,
and Reproduction Equipment ................. 70-500
Manufactured Buildings .........cccoeevneennin. 70-501
Agricultural Buildings .......cc.ovieieinieinnn. 70-502
Mobile Homes, Manufactured Homes, and
Mobile Home Parks .........cccocovvvvneninennnn.. 70-504
I General ....oooviviviiiiiiie e 70-504
1. Mobile and Manufactured Homes ........... 70-505
III. Services and Feeders ...............ccoeuit. 70-512
Recreational Vehicles and Recreational
Vehicle Parks ...ocovvvviiiiiiiiiis 70-514
I General ..o 70-514
II. Combination Electrical Systems ............. 70-515
I Other POWEr SOUICES  ...vvvviniviriininininins 70-515
IV. Nominal 120-Volt or 120/240-Volt
SYSIEMS vvneeirrenereeeieineiaeineaierneenens 70-516
V. Factory TESES ..vvvvivirniineirieinarieinnernnns 70-524
V1. Recreational Vehicle Parks ................... 70-524
Park Trailers ....ooovoviiiiiiiiiiiinieeenns 70-526
[ General ........oocooiiiiiiiiiiiiii 70-526
II. Low-Voltage Systems .........cccoeevvevenens. 70-527
1. Combination Electrical Systems ............. 70-528
IV. Nominal 120-Volt or 120/240-Volt
SYSEEIMS +.iveiiteireeineiieiiieieeeeeeeieenen, 70-528
V. Factory TestS ..ovevevveneiiiiiieeiaeiane. 70-535
Floating Buildings .............ccoocviiiiiiinins. 70-535
LoGeneral ...ooooviiiiiiiii 70-535
IT. Services and Feeders .........cccoovvviiinnns 70-536
I Grounding .....ccovvverneriiiriiiieeieriiernnens 70-536
Marinas and Boatyards ..........c..ooooieninen. 70-536
Temporary Installations ..............ccceeenenn. 70-540
Chapter 6 Special Equipment
Electric Signs and Outline Lighting ........... 70-543
I General .oovvviviviiiiii 70-543
II. Field-Installed Skeleton Tubing, Outline
Lighting, and Secondary Wiring .............. 70--547
Manufactured Wiring Systems  ................. 70-549
Office Furnishings .........cccoovvveeiinerennnnn. 70-550
Cranes and HOIStS  .....o.ovvvniviniiininiiennnns 70-551
L General .....ooovvviiiiiiiiiiiiiiiiiein 70-551
I WIINZ oo e 70-552
III. Contact Conductors ..........ccecvevvenvenene.. 70-554
IV. Disconnecting Means .................c.ovveenn 70-555
V. Overcurrent Protection ...........cccoevvennnns 70-555
VI CONrol ..oovivveviniiiiiiiiieieieieeeinns 70-556
VIL Grounding ......oovvvriineiiinieieiieiiieeaenns 70-557
Elevators, Dumbwaiters, Escalators,
Moving Walks, Platform Lifts, and
Stairway Chairlifts .........cooooviiiiiiininn, 70-557
I General .....ccccoovvivviniriieiiiieiaieen 70-557

NATIONAL ELECTRICAL CODE 2014 Edition



CONTENTS

625

626

630

640

645
646

647
650
660

665

668
669
670
675

2014 Edition

II. Conductors
III. Wiring
IV. Installation of Conductors
V. Traveling Cables
VI. Disconnecting Means and Control
VIL. Overcurrent Protection
VIII. Machine Rooms, Control Rooms,
Machinery Spaces, and Control Spaces
IX. Grounding
X. Emergency and Standby Power Systems ...

Electric Vehicle Charging System

1. General
1. Equipment Construction
[II. Installation

Electrified Truck Parking Spaces

1. General
IL. Electrified Truck Parking Space
Electrical Wiring Systems

[I. Electrified Truck Parking Space Supply
Equipment ...........coooiii
IV. Transport Refrigerated Units (TRUs)

Electric Welders

L General ..........ococoiiiiiii
II. Arc Welders
ITl. Resistance Welders
IV. Welding Cable

Audio Signal Processing, Amplification,
and Reproduction Equipment ....................

. General
II. Permanent Audio System Installations
III. Portable and Temporary Audio System

Installations

Information Technology Equipment

Modular Data Centers

L General ......coocoviiiiiiiiiii,
II. Equipment
III. Lighting
IV. Workspace

Sensitive Electronic Equipment

Pipe Organs

X-Ray Equipment

I. General
Il Control .....ccoeiviiiiiiiiniiii
II. Transformers and Capacitors
IV. Guarding and Grounding

Induction and Dielectric Heating
Equipment

Electroplating

Industrial Machinery

Electrically Driven or Controlled
Irrigation Machines

1. General

NATIONAL ELECTRICAL CODE

70-559
70-560
70-563
70-563
70-564
70-566

70-566
70-566
70-567

70-567

70-567
70-568
70-569

70-571
70-571
70-573
70-573
70-576
70-577

70-577
70-577
70-578
70-579

70-579
70-579
70-582
70-583
70-584
70-588

70-588
70-591
70-591
70-591

II. Center Pivot Irrigation Machines ............ 70-604
680 Swimming Pools, Fountains, and Similar
Installations ........c.coveiieiiiiiiiniiiniin, 70-604
I General .......cooooiviiiiiiiiiiii 70-604
II. Permanently Installed Pools .................. 70-607
III. Storable Pools, Storable Spas, and
Storable Hot Tubs ..........covvvvvvieinninnn.n. 70-614
IV. Spas and Hot Tubs .........ccovviiniiinnnnn, 70-615
V. Fountains  .......oooovveiiiiiiiieiieiein 70-617
VI. Pools and Tubs for Therapeutic Use ........ 70-619
VIL. Hydromassage Bathtubs ....................... 70-619
682 Natural and Artificially Made Bodies of
WELET oeeiiiie e 70-620
I General .........ccooeeiiiiiiinii 70-620
I Installation ............oocoooiiiiiiiinn.n, 70-621
III. Grounding and Bonding ....................... 70-621
685 Integrated Electrical Systems ................... 70-622
L General .........cooccoviiiiiiiiiiiiiiiini, 70-622
I1. Orderly Shutdown .................cocoeeeenl. 70-622
690 Solar Photovoltaic (PV) Systems .............. 70-623
L General ..o.ocoooiiiiiiiiiii 70-623
II. Circuit Requirements .......................... 70-625
I Disconnecting Means ................o......... 70-628
IV. Wiring Methods ..........cooviiiiiniiiinnnl, 70-63
V. Grounding ....cvoveviieiiiiii 70-633
VL Marking .......ocoviivviieiiniiiinenn 70-635
VII. Connection to Other Sources ................. 70-636
VIIL. Storage Batteries .............o..ccoeeivneennn.. 70-636
[X. Systems over 1000 Volts ...................... 70-638
X. Electric Vehicle Charging ..................... 70-638
692 Fuel Cell Systems ....cocoeevviiiiiiiiiiiiien... 70-638
I General ......ccoccovviiviiiiniiii 70-638
1. Circuit Requirements .......................... 70-639
III. Disconnecting Means .......................... 70-639
IV. Wiring Methods ...........ccoooiiiiiniiinn.n. 70-639
V. Grounding ...ooecoiiiiiiiiini 70-640
VI Marking ......ooooeiiiiiiiiiii, 70-640
VII. Connection to Other Circuits ................. 70-640
VIIL. Outputs over 1000 Volts ...................... 70-640
694 Wind Electric Systems ........................... 70-640
L General ......cocooveevviieiiiiiiiiiiii . 70-640
Il Circuit Requirements .......................... 70-642
HI. Disconnecting Means .......................... 70-643
IV. Wiring Methods ..............cooi . 70-644
V. Grounding ........coociiiiiii 70-644
VL. Marking ... 70-645
VII. Connection to Other Sources ................. 70-645
VIIL. Systems over 1000 Volts ...................... 70-645
695 Fire Pumps ........cccooeeviiiniiiinniiee, 70-646
Chapter 7 Special Conditions
700 Emergency Systems ..................c.oc.oeee.n. 70-652
L General ......c..ccocoviiiiii 70-652
Il Circuit Wiring ........cccoccoovviniiinnnn, 70-653
I Sources of Power ...............ooooviiiin..o. 76-654
IV. Emergency System Circuits for Lighting
and Power ... 70-656

V.

... 70-657

Control — Emergency Lighting Circuits

70-7



CONTENTS

701

705

708

720

725

770

800

70-8

VI. Overcurrent Protection ............oocovvvinnes 70-657
Legally Required Standby Systems ............ 70-658
Lo General ..oovviiiuiiiieieeeeeeieeie e 70-658
1L Circuit Wiring .oeeeevevieiiiiiniiiieeinnn. 70-659
1L Sources of POWET ....oovvviviniiiiniiniiaanns, 70-659
IV. Overcurrent Protection ............cococeenee. 70-661
Optional Standby Systems ...........c.......... 70-661
IoGeneral ..oooiiveiiieiieiiei e 70-661
T WAHNE v, 70-662
Interconnected Electric Power Production
SOUCES +revneeneeneeineaneeinereieaneeaiaaaanans 70-663
Lo General ......ocovvvieieniieiiineeiiee 70-663
II. Utility-Interactive Inverters ................... 70-666
I GENETALOLS  ovvveveeeeeneerierenecinanineanans 76-667
Critical Operations Power Systems
(COPS) it 70-667
IoGeneral .....ooovvveirverniiniiiiiiiiiieieen 70-667
1. Circuit Wiring and Equipment ............... 70-669
111. Power Sources and Connection .............. 70-670
IV. Overcurrent Protection ..............o.coooene. 70-672
V. System Performance and Analysis .......... 70-672

Circuits and Equipment Operating at Less
Than 50 VOIS ovveiiiiiiieie e, 70-673

Class 1, Class 2, and Class 3
Remote-Control, Signaling, and

Power-Limited Circuits ........covevveiiiiiniinen. 70-673
[ General ...oovvevvneeenneeiieeiee e 70-673
II. Class 1 Circuits .oo.eeveenrinienniiniiinainnnn 70-674
1. Class 2 and Class 3 Circuits ........ovvveenn. 70-677
IV. Listing Requirements ..............ccoooeerenes 70-683
Instrumentation Tray Cable: Type ITC ........ 70-685
Fite-Resistive Cable Systems ...............ooe 70-686
Energy Management Systems .................. 70-687
Fire Alarm SyStems ....coooveeneeiiiiarinerinnnn. 70-688
L General ....ooooiviiiiiiiiiieiiiee 70-688
II. Non-Power-Limited Fire Alarm

(NPLFA) Circuits ..ocovneveniiinniiinininennen 70-689

1. Power-Limited Fire Alarm (PLFA)
CHECUILS 1 evteireeseeeeeeeeerneerie e e niaee e 70-692
IV. Listing Requirements .............ccooeveeennn 70-695
Optical Fiber Cables and Raceways ........... 70-699
L oGeneral oooiieeiiiiiiiiieee e, 70-699
1. Cables Outside and Entering Buildings .... 70-700
L. Protection ......veeeeveeeeeverneiiviniiiainannnss 70-701
1V. Grounding Methods ..........cccoviiiiinnnin. 70-701
V. Installation Methods Within Buildings ... 70-703
VI. Listing Requirements ..........coooveverenneen 70-707

Chapter 8 Communications Systems

Communications Circuits ..........o.coooeevinnns 70-709

LoGeneral .ooovveiiieiiieeeaee e 70-709
1. Wires and Cables Outside and Entering

BUIldINGS ©.ovveeeeeneeeieeiie e 70-711

[, ProteCtion ..eceeeeevvievineieneiiarinnniieniens 70-712

IV. Grounding Methods .........ccooeviiiiinninnn. 70-713

810

820

830

840

wn
>

o o0

10
11(A)

V. Installation Methods Within Buildings 70-715
VI. Listing Requirements ..............ccoeeeennnns 76-719
Radio and Television Equipment ............... 70-725
L oGeneral ..oovvevvvrniiieiiiiiiiiiiiieee 70-725
II. Receiving Equipment — Antenna
SYSEEMS +evvteviteeeeeeeieennnerie e eeieaaass 70-726
1. Amateur and Citizen Band Transmitting
and Receiving Stations — Antenna
SYSIEMS +eveeeiiiiieeneenie e 70-728
IV. Interior Installation — Transmitting
STATIONS  +vvvvnecieeieeirere e e 70-729
Community Antenna Television and Radio
Distribution Systems ..........cccooviiiiiinn 70-729
L oGeneral ..o..oevvvneeeneiieiineieieei 70-729
II. Coaxial Cables Outside and Entering
Buildings ......vioiiiiiii 70-731
L Protection .......co.oeveeeeiiiiiiiniinninnnninn. 70-732
IV. Grounding Methods ...........ocoveeiieinns. 70-732
V. Installation Methods Within Buildings ..... 70-734
VI. Listing ReqUirements ............cccceeeuvinnss 70-738
Network-Powered Broadband
Communications SYStems ........c..ovveveveensnn 70-739
L. General ..covevvreinvirieraeineeircniaaiiaeinns 70--739
II. Cables Qutside and Entering Buildings ... 70-741
HL ProteCtion ......eveeeenereeerneenerneeneinananns 70-743
IV. Grounding Methods .........cccceviuiiiinnninn. 70-745
V. Installation Methods Within Buildings ..... 70-746
VI. Listing Requirements .............coeeeevnenn. 70-749
Premises-Powered Broadband
Communications SYSemMs .......c.ocooeeeneennn.n 70-752

I. General
II. Cables Outside and Entering Buildings ... 70-752

T ProteCtion ........veeeeeeeeeerenereneeeniarinnns 70-753
IV. Grounding Methods ........ccooeevieiiinnnnnn. 70-753
V. Installation Methods Within Buildings ..... 70-754
VI. Listing Requirements ..............c.coeeeennn. 70-754
Chapter 9 Tables
Percent of Cross Section of Conduit and
Tubing for Conductors and Cables ............. 70-756
Radius of Conduit and Tubing Bends ......... 70-756
Dimensions and Percent Area of Conduit
and Tubing (Areas of Conduit or Tubing
for the Combinations of Wires Permitted
in Table 1, Chapter 9) .....coovvvviviiiiniiinn 70-757
Dimensions of Insulated Conductors and
FIXture WIres ......oveeeereeneenernnneniveinnannes 70-761
Compact Copper and Aluminum Building
Wire Nominal Dimensions* and Areas ........ 70-765
Conductor Properties ..........oeovieveeennnnn. 70-766
Alternating-Current Resistance and
Reactance for 600-Volt Cables, 3-Phase,
60 Hz, 75°C (167°F) — Three Single
Conductors in Conduit ........coovvevenerneennen. 70-767
Conductor Stranding ........coeeveveeeneiiinninn. 70-768
Class 2 and Class 3 Alternating-Current
Power Source Limitations ..........cocoeeniennn. 70-769

NATIONAL ELECTRICAL CODE 2014 Edition



CONTENTS

11(B)

12(A)

12(B)

Class 2 and Class 3 Direct-Current Power

Source Limitations .......c.eeeveeivveuneennennnns 70-770
PLFA Alternating-Current Power Source

LIMItations .....vveevuriineenneieininierneeiennnnns 70-771
PLFA Direct-Current Power Source

LAMIATIONS ©evetiiiieiii e e e 70-771
Informative Annex A Product Safety

Standards ... 70-772
Informative Annex BApplication Information

for Ampacity Calculation ...............cc....c. 70-776

Informative Annex C Conduit and Tubing Fill
Tables for Conductors and Fixture Wires of

the Same Size ......ooooveiiii 70-790
Informative Annex D Examples ................ 70-839
Informative Annex E Types of

CONSLIUCtION ..oeevvviinieeereiiii e 70-849

2014 Edition NATIONAL ELECTRICAL CODE

Informative Annex F Availability and Reliability

for Critical Operations Power Systems; and
Development and Implementation of Functional
Performance Tests (FPTs) for Critical

Operations Power Systems ...................... 70-851

Informative Annex G Supervisory Control and
Data Acquisition (SCADA) ..................... 70-854

Informative Annex H Administration and ’
Enforcement .......coooivvviiviiiiiiiiiiennes 70-856

Informative Annex I Recommended Tightening
Torque Tables from UL Standard 486A-B .... 70-863

Informative Annex J ADA Standards for
Accessible Design ......oovvvvvinveiierineiinns 70-865

70-9



NATIONAL ELECTRICAL CODE COMMITTEE

70-10

NATIONAL ELECTRICAL CODE COMMITTEE
These lists represent the membership at the time the Committee was balloted on the final text of this
edition. Since that time, changes in the membership may have occurred. A key to classifications is found
at the back of this document.
Technical Correlating Committee on National Electrical Code®

Michael J. Johnston,

Chair

National Electrical Contractors Association, MD [IM]

Mark W. Earley, Secrerary (Nonvoting)
National Fire Protection Association, MA

Kimberly L. Shea, Recording Secretary (Nonvoting)
National Fire Protection Association, MA

James E. Brunssen, Telcordia, NJ [UT]

Rep. Alliance for Telecommunications Industry Solutions
Merton W. Bunker, Jr., U.S. Department of State, VA [U]
William R. Drake, Actuant Electrical, CA [M]

William T. Fiske, Intertek Testing Services, NY [RT]
Palmer L. Hickman, National Joint Apprentice & Training
Committee, MD [L]

Rep. International Brotherhood of Electrical Workers
David L. Hittinger, Independent Electrical Contractors of
Greater Cincinnati, OH [IM]

Rep. Independent Electrical Contractors, Inc.

Daniel J. Kissane, Legrand/Pass & Seymour. NY [M]

Rep. National Electrical Manufacturers Association
John R. Kovacik, UL LLC, IL [RT]

Neil F. LaBrake, Jr., National Grid, NY [UT]

Rep. Electric Light & Power Group/EEl
Danny Liggett, The DuPont Company, Inc., TX [U]

Rep. American Chemistry Council
Richard P. Owen, Oakdale, MN [E]

Rep. International Association of Electrical Inspectors

Alternates

Thomas L. Adams, Engineering Consultant, IL [UT]
(Alt. to Neil F. LaBrake, Jr.)
Rep. Electric Light & Power Group/EEI

Lawrence S. Ayer, Biz Com Electric, Inc., OH [IM]
(Alt. to David L. Hittinger)
Rep. Independent Electrical Contractors, Inc.

James T. Dollard, Jr., IBEW Local Union 98, PA [L]
(Alt. to Palmer L. Hickman)
Rep. International Brotherhood of Electrical Workers

Stanley J. Folz, Morse Electric Company, NV [IM]
(Alt. to Michael J. Johnston)
Rep. National Electrical Contractors Association
Ernest J. Gallo, Telcordia Technologies, Inc., NI [UT]
(Alt. to James E. Brunssen)
Rep. Alliance for Telecommunications Industry Solutions
Alan Manche, Schneider Electric, KY [M]
(Alt to. William R. Drake)
Robert A. McCullough, Tuckerton, NJ [E}
(Alt. to Richard P. Owen)
Rep. International Association of Electrical Inspectors
Michael E. McNeil, FMC Bio Polymer, ME [U]
(Alt. to Danny Liggett)
Rep. American Chemistry Council
Mark C. Ode, UL LLC. AZ [RT]
(Alt. to John R. Kovacik)
James F. Pierce, Intertek, OR[RT]
(Alt. to William T. Fiske)
Vincent J. Saporita, Cooper Bussmann, MO [M]
(Alt. to Daniel J. Kissane)
Rep. National Electrical Manufacturers Association

Nonvoting

Richard G. Biermann, Biermann Electric Company, Inc.,
IA [IM]
(Member Emeritus)
Timothy J. Pope, Canadian Standards Association, Canada
[SE]
Rep. CSA/Canadian Electrical Code Committee
D. Harold Ware, Libra Electric Company, OK [IM]
(Member Emeritus)
Mark W. Earley, NFPA Staff' Liaison

Committee Scope: This Committee shall have primary responsibility for documents on minimizing the risk of
electricity as a source of electric shock and as a potential ignition source of fires and explosions. It shall also be
responsible for text to minimize the propagation of fire and explosions due to electrical installations.

CODE-MAKING PANEL NO. 1
Articles 90, 100, 110, Chapter 9, Table 10, Annex A, Annex H, Annex I, and Annex J

Gil Moniz,

Chair

National Electrical Manufacturers Association, MA [M]

Michael A. Anthony, University of Michigan, MI [U]
Rep. Association of Higher Education Facilities Officers
Louis A. Barrios, Shell Global Solutions, TX [U]
Rep. American Chemistry Council
Kenneth P. Boyce, UL LLC, IL [RT]
H. Landis Floyd, The DuPont Company, Inc., DE [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.

Palmer L. Hickman, National Joint Apprentice & Training
Committee, MD [L]

Rep. International Brotherhood of Electrical Workers
David L. Hittinger, Independent Electrical Contractors of
Greater Cincinnati, OH [IM]

Rep. Independent Electrical Contractors, Inc.

Neil F. LaBrake, Jr., National Grid, NY [UT]

Rep. Electric Light & Power Group/EEI

NATIONAL ELECTRICAL CODE 2014 Edition



NATIONAL ELECTRICAL CODE COMMITTEE

2014 Edition

Randall R. McCarver, Telcordia Technologies, Inc., NJ [U]
Rep. Alliance for Telecommunications Industry Solutions

James F. Pierce, Intertek Testing Services, OR [RT]

Harry J. Sassaman, Forest Electric Corporation, NJ [IM]
Rep. National Electrical Contractors Association

Susan Newman Scearce, State of Tennessee, TN [E]
Rep. International Association of Electrical Inspectors

Alternates

Thomas L. Adams, Engineering Consultant, IL [UT]

(Alt. to Neil F. LaBrake, Jr.)

Rep. Electric Light & Power Group/EEI
Mark Christian, IBEW Local 175, TN [L]

(Alt. to Palmer L. Hickman)

Rep. International Brotherhood of Electrical Workers
Benjamin F. Dunford, Ben Dunford Electric Company Inc.,
TN [IM]

(Alt. to David L. Hittinger)

Rep. Independent Electrical Contractors, Inc.

William T. Fiske, Intertek Testing Services, NY [RT]
(Alt. to James F. Pierce)
Ernest J. Gallo, Telcordia Technologies, Inc., NJ [U]
(Alt. to Randall R. McCarver)
Rep. Alliance for Telecommunications Industry Solutions

Donald R. Iverson, National Electrical Manufacturers
Association, MI [M]

(Alt. to Gil Moniz)
Michael J. Johnston, National Electrical Contractors
Association, MD [IM]

(Alt. to Harry J. Sassaman)
Joseph Marquardt, ExxonMobil Production Company, AK [U]

(Alt. to Louis A. Barrios)

Rep. American Chemistry Council
Dirk R. F. Muller, UL LLCF, Germany [RT]

(Alt. to Kenneth P. Boyce)
James R. Sanguinetti, University of Nevada, Las Vegas,
NV [U]

(Alt. to Michael A. Anthony)

Rep. Association of Higher Education Facilities Officers
Mohinder P. Sood, City of Alexandria, VA [E]

(Alt. to Susan Newman Scearce)

Rep. International Association of Electrical Inspectors

Nonvoting

Ark Tsisserev, Stantec, Canada [SE]
Rep. CSA/Canadian Electrical Code Committee

CODE-MAKING PANEL NO. 2
Articles 210, 215, 220, Annex D, Examples D1 through D6

Mark R. Hilbert,

Chair

MR Hilbert Electrical Inspections & Training, NH [E]
Rep. International Association of Electrical Inspectors

Charles L. Boynton, The DuPont Company, Inc., TX [U]

Rep. American Chemistry Council
Frank Coluceio, New York City Department of Buildings,
NY [E]

Ronald E. Duren, PacifiCorp, WA [UT]

Rep. Electric Light & Power Group/EEI
Thomas L. Harman, University of Houston-Clear Lake,
TX [SE]

Donald M. King, IBEW Local Union 313, DE [L]

Rep. International Brotherhood of Electrical Workers
Frank Kodzis, Intertek Testing Services, MA [RT]
Robert L. LaRocca, UL LLC, NY [RT]

James E. Mitchem, TIC, The Industrial Company/TIC
Holdings, CO [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Steven Orlowski, National Association of Home Builders.
DC [U]

Rep. National Association of Home Builders
Jim Pauley, Square D Company/Schneider Electric, KY [M]

Rep. National Electrical Manufacturers Association
Robert G. Wilkinson, IEC Texas Gulf Coast, TX [IM]

Rep. Independent Electrical Contractors, Inc.

Thomas H. Wood, Cecil B. Wood, Inc., IL [IM]

Rep. National Electrical Contractors Association

Alternates
Jacob G. Benninger, Cornell University, NY [L]

(Alt. to Donald M. King)

Rep. International Brotherhood of Electrical Workers
Lawrence Brown, National Association of Home Builders,
DC [U]

(Alt. to Steven Orlowski)

Rep. National Association of Home Builders

NATIONAL ELECTRICAL CODE

David A. Dini, UL LLC, IL [RT]

(Alt. to Robert L. LaRocca)

Daniel J. Kissane, Legrand/Pass & Seymour, NY [M]

(Alt. to Jim Pauley)

Rep. National Electrical Manufacturers Association
William Ross McCorcle, American Electric Power, OK
[uT}

(Alt. to Ronald E. Duren)

Rep. Electric Light & Power Group/EEI
William J. McGovern, City of Plano, TX (E]

(Alt. to Mark R. Hilbert)

Rep. International Association of Electrical Inspectors
Fernando E. Pacheco, Methanex Chile SA, TX [U]

(Alt. to Charles L. Boynton)

Rep. American Chemistry Council
Stephen J. Thorwegen, Jr., FSG Electric, TX [IM]

(Alt. to Robert G. Wilkinson)

Rep. Independent Electrical Contractors, Inc.
Charles M. Trout, Maron Electric Company, FL [IM]

(Alt. to Thomas H. Wood)

Rep. National Electrical Contractors Association

Nonvoting

William Burr, Canadian Standards Association, Canada [RT]
Douglas A. Lee, U.S. Consumer Product Safety
Commission, MD [C]
Andrew M. Trotta, U.S. Consumer Product Safety
Commission, MD [C]

(Alt. to Douglas A. Lee)
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CODE-MAKING PANEL NO. 3
Articles 300, 590, 720, 725, 727, 728, 760, Chapter 9, Tables 11(A) and (B), and Tables 12(A) and (B)

Paul J. Casparro, Chair
Scranton Electricians JATC, PA [L]
Rep. International Brotherhood of Electrical Workers

Steven D. Burlison, Progress Energy, FL [UT]
Rep. Electric Light & Power Group/EEI
Shane M. Clary, Bay Alarm Company, CA [M]
Rep. Automatic Fire Alarm Association, Inc.
Adam D. Corbin, Corbin Electrical Services, Inc., NJ [IM]
Rep. Independent Electrical Contractors, Inc.
Les Easter, Atkore International, IL [M]
Rep. Nationat Electrical Manufacturers Association

Stanley D. Kahn, Tri-City Electric Company, Inc., CA [IM]

Rep. National Electrical Contractors Association
Ray R. Keden, ERICO, Inc., CA [M]
Rep. Building Industry Consulting Services International
Steven J. Owen, Steven J. Owen, Inc.. AL [IM]
Rep. Associated Builders & Contractors
David A. Pace, Olin Corporation, AL [U]
Rep. American Chemistry Council
Mark A. Sepulveda, USA Alarm Systems, Inc., CA [IM]
Rep. Electronic Security Association
(VL to 720, 725, 727, 760)
John E. Sleights, Travelers Insurance Company, CT [1]
Susan L. Stene, UL LLC, CA [RT]
Robert J. Walsh, City of Hayward, CA [E]
Rep. International Association of Electrical Inspectors
Wendell R. Whistler, Intertek Testing Services, OR [RT]

Alternates
Richard S. Anderson, RTKL Associates Inc., VA [M]
(Alt. to Ray R. Keden)
Rep. Building Industry Consulting Services International

Sanford E. Egesdal, Egesdal Associates PLC, MN [M]

(Alt. to Shane M. Clary)

Rep. Automatic Fire Alarm Association, Inc.
Michael J. Farrell II, Lucas County Building Regulation,
MI [L]

(Alt. to Paul J. Casparro)

Rep. International Brotherhood of Electrical Workers
Danny Liggett, The DuPont Company, Inc., TX [U]

(Alt. to David A. Pace)

Rep. American Chemistry Council
Mark C. Ode, UL LLC, AZ [RT]

(Alt. to Susan L. Stene)

Roger S. Passmore, [ES Industrial, Inc., SC [IM]

(Alt. to Steven J. Owen)

Rep. Associated Builders & Contractors
Louis P. Petrucci, Jr., Bonner Electric Inc., RI [IM]

(Alt. to Adam D. Corbin)

Rep. Independent Electrical Contractors, Inc.

George A. Straniero, AFC Cable Systems, Inc., NJ [M]

(Alt. to Les Easter)

Rep. National Electrical Manufacturers Association
Joseph [I. Wages, Jr., Springdale, AR [E]

(Alt. to Robert J. Walsh)

Rep. International Association of Electrical Inspectors

Nonvoting

Edward C. Lawry, Oregon, WI [E]
(Member Emeritus)

CODE-MAKING PANEL NO. 4
Articles 225, 230, 690, 692, 694, 705

Ronald J. Toomer,

Chair

Toomer Electrical Company Inc., LA [IM]
Rep. National Electrical Contractors Association

Malcolm Allison, Mersen USA Newburyport-MA, LLC,
NH {M]
Rep. National Electrical Manufacturers Association
Ward L. Bower, Solar Energy Industries Association,
NM (U]
(VL to 690, 692, 705)
Thomas E. Buchal, Intertek Testing Services, NY [RT]
James G. Cialdea, Three-C Electrical Company Inc., MA
[IM]
Rep. InterNational Electrical Testing Association
Ronald Todd Fries, HellermannTyton, WI [M]
Mark D. Gibbs, Babcock & Wilcox Y-12, LLC, TN [U]}
Rep. Institute of Electrical & Electronics Engineers, Inc.
Roger D. McDaniel, Georgia Power Company, GA [UT]
Rep. Electric Light & Power Group/EEL

Alternates

Paul D. Barnhart, UL LLC, NC [RT]
(Alt. to Timothy P. Zgonena)

James J. Rogers, Towns of Oak Bluifs, Tisbury, West
Tisbury, MA |E]

Rep. International Association of Electrical Inspectors
John A. Sigmund, PPG Industries, Inc., LA [U]

Rep. American Chemistry Council
Todd W. Stafford, National Joint Apprentice & Training
Committee, TN [L]

Rep. International Brotherhood of Electrical Workers
Robert H. Wills, Intergrid, LLC, NH [U]

Rep. American Wind Energy Association

(VL to 690, 692, 694, 705)
Timothy P. Zgonena, UL LLC, IL [RT]
Vincent C. Zinnante, Westpoint Electric Inc., TX [IM]

Rep. Independent Electrical Contractors, Inc.

Alex Z. Bradley, The DuPont Company, Inc., DE [U]
(Alt. to John A. Sigmund)
Rep. American Chemistry Council
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William F. Brooks, Brooks Engineering, CA [U]

(Alt. to Ward 1. Bower)

Rep. Solar Energy Industries Association (VL to 690,

692, 705)
Larry D. Cogburn, Cogburn Bros., Inc.. FL [IM]

(Alt. to Ronald I. Toomer)

Rep. National Electrical Contractors Association
Brian L. Crise, NIETC, OR [L]

(Alt. to Todd W. Stafford)

Rep. International Brotherhood of Electrical Workers
Barry N. Hornberger, PECO Energy Company, PA [UT]

(Alt. to Roger D. McDaniel)

Rep. Electric Light & Power Group/EEL
Tim LaLonde, Haskin Electric, Inc., WA [IM]

(Alt. to Vincent C. Zinnante)

Rep. Independent Electrical Contractors, Inc.
Howard Liu, Intertek Testing Services, NY [RT]

(Alt. to Thomas E. Buchal)

Robert W. Preus, Advanced Renewable Technology, LLC,
OR [U]

(Alt. to Robert H. Wills)

Rep. American Wind Energy Association (VL to 690,

692, 694, 705)

Patrick G. Salas, General Electric Company, CT [M]

(Alt. to Malcolm Allison)

Rep. National Electrical Manufacturers Association
Glenn A. Soles, Clark County Department of Development
Services, NV [E]

(Alt. to James J. Rogers)

Rep. International Association of Electrical Inspectors

Nonvoting

Stephen W. Douglas, QPS Evaluation Services Inc., Canada
[SE]
Rep. CSA/Canadian Electrical Code Committee

CODE-MAKING PANEL NO. 5
Articles 200, 250, 280, 285

Nathan Philips, Chair
Integrated Electronic Systems, OR [IM]
Rep. National Electrical Contractors Association

Trevor N. Bowmer, Telcordia Technologies, NJ [U]

Rep. Alliance for Telecommunications Industry Solutions
David Brender, Copper Development Association, Inc.,

NY [M]

Rep. Copper Development Association Inc.

Martin J. Brett, Jr., Wheatland Tube Company, DE [M]

Rep. American Iron and Steel Institute
Paul Dobrowsky, Innovative Technology Services, NY [U]

Rep. American Chemistry Council
G. Scott Harding, F. B. Harding, Inc., MD [IM]

Rep. Independent Electrical Contractors, Inc.

Joseph Harding, Power Tool Institute, OH [M]
William J. Helfrich, U.S. Department of Labor, PA [E]
Paul J. LeVasseur, Bay City JEATC, Ml [L]

Rep. International Brotherhood of Electrical Workers
Charles F. Mello, UL LLC, WA [RT)]

Daleep C. Mohla, DCM Electrical Consulting Services, Inc..
TX U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Christine T. Porter, Intertek Testing Services, WA [RT]
Gregory J. Steinman, Thomas & Betts Corporation, TN [M]

Rep. National Electrical Manufacturers Association
Richard Temblador, Southwire Company, GA [M]

Rep. The Aluminum Association, Inc.

C. Douglas White, CenterPoint Energy, Inc., TX [UT)]

Rep. Electric Light & Power Group/EEI
David A. Williams, Delta Charter Township, MI [E]

Rep. International Association of Electrical Inspectors

Alternates

Gary A. Beckstrand, Utah Electrical JATC, UT [L]

(Alt. to Paul J. LeVasseur)

Rep. International Brotherhood of Electrical Workers
Joseph P. DeGregoria, UL LL.C. NY [RT]

(Alt. to Charles F. Mello)
Jacob M. Howlett, Wilson Construction Company, OR [IM]

(Alt. to Nathan Philips)

Rep. National Electrical Contractors Association

NATIONAL ELECTRICAL CODE

Ronald Lai, Burndy LLC, NH [M]
(Alt. to Gregory J. Steinman)
Rep. National Electrical Manufacturers Association
Richard E. Loyd, R & N Associates, AZ [M]
(Alt. to Martin J. Brett, Jr.)
Rep. American Iron and Steel Institute
Randall R. McCarver, Telcordia Technologies, Inc., NJ [U]
(Alt. to Trevor N. Bowmer)
Rep. Alliance for Telecommunications [ndustry Solutions
Michael E. McNeil, FMC Bio Polymer, ME [U]
(Alt. to Paul Dobrowsky)
Rep. American Chemistry Council
Mike O’Meara, Arizona Public Service Company, AZ [UT]
(Alt. to C. Douglas White)
Rep. Electric Light & Power Group/EEl
William A. Pancake, III, Universal Engineering Sciences,
FL [E]
(Alt. to David A. Williams)
Rep. International Association of Electrical Inspectors
Paul R. Picard, AFC Cable Systems, Inc., MA [M]
(Alt. to Richard Temblador)
Rep. The Aluminum Association, Inc.
Michael Querry, Trinity River Authority, TX [IM]
(Alt. to G. Scott Harding)
Rep. Independent Electrical Contractors, Inc.
Elliot Rappaport, Coconut Creek, FL [U]
(Alt. to Daleep C. Mohla)
Rep. Institute of Electrical & Electronics Engineers, Inc.
Phil Simmons, Simmons Electrical Services, WA [M]
(Alt. to David Brender)
Rep. Copper Development Association Inc.
Thomas R. Siwek, Robert Bosch Tool Corporation, IL [M]
(Alt. to Joseph Harding)
Rep. Power Tool Institute
Fred Song, Intertek Testing Services, China [RT]
(Alt. to Christine T. Porter)

Nonvoting

Robert A. Nelson, Canadian Standards Association, Canada
[RT]
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CODE-MAKING PANEL NO. 6
Articles 310, 400, 402, Chapter 9, Tables 5 through 9, and Annex B

Scott Cline,

Chair

McMurtrey Electric, Inc., CA [IM]
Rep. National Electrical Contractors Association

Samuel B. Friedman, General Cable Corporation, RI [M]
Rep. National Electrical Manufacturers Association
Robert L. Huddleston, Jr., Eastman Chemical Company,

TN [U]
Rep. American Chemistry Council

G. W. Kent, Kent Electric & Plumbing Systems, TX [IM]
Rep. Independent Electrical Contractors, Inc.

William F. Laidler, IBEW Local 223 JATC, MA [L]
Rep. International Brotherhood of Electrical Workers

Paul R. Picard, AFC Cable Systems, Inc., MA [M]
Rep. The Aluminum Association, Inc.

Carl Timothy Wall, Alabama Power Company, AL [UT]
Rep. Electric Light & Power Group/EEI

Mario Xerri, UL LLC, NY [RT]

Joseph S. Zimnoch, The Okonite Company, NJ [M]
Rep. Copper Development Association Inc.

Alternates
Peter E. Bowers, Satellite Electric Company, Inc., MD [IM]
(Alt. to G. W. Kent)
Rep. Independent Electrical Contractors, Inc.
John J. Cangemi, UL LLC, NY {RT]
(Alt. to Mario Xerri)

Todd Crisman, K-Electric Company/NJATC, NE [L]
(Alt. to William F. Laidler)
Rep. International Brotherhood of Electrical Workers
Richard A, Holub, The DuPont Company, Inc., DE [U]
(Alt. to Robert L. Huddleston, Jr.)
Rep. American Chemistry Council
Christel K. Hunter, Alcan Cable, NV [M]
(Alt. to Samuel B. Friedman)
Rep. National Electrical Manufacturers Association
Lowell Lisker, AFC Cable Systems, Inc., MA [M]
(Alt. to Paul R. Picard)
Rep. The Aluminum Association, Inc.
Charles David Mercier, Southwire Company, GA [(M]
(Alt. to Joseph S. Zimnoch)
Rep. Copper Development Association Inc.
Michael W. Smith, Schaeffer Electric Company, Inc., MO [IM]
(Alt. to Scott Cline)
Rep. National Electrical Contractors Association
John Stacey, City of St. Louis, MO [E}
(Alt. to Richard A. Maddox)
Rep. International Association of Electrical Inspectors

CODE-MAKING PANEL NO. 7
Articles 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 382, 394, 396, 398, 399

Michael W. Smith, Chair
Schaeffer Electric Company, Inc., MO [IM]
Rep. National Electrical Contractors Association

Thomas H. Cybula, UL LLC, NY [RT]
Chris J. Fahrenthold, Facility Solutions Group, TX [IM]
Rep. Independent Electrical Contractors, Inc.
Herman J. Hall, Austin, TX [M]
Rep. The Vinyl Institute
Christel K. Hunter, Alcan Cable, NV [M]
Rep. The Aluminum Association, Inc.
Samuel R. La Dart, City of Memphis, TN [L]
Rep. International Brotherhood of Electrical Workers
Charles David Mercier, Southwire Company, GA [M]
Rep. National Electrical Manufacturers Association
Ronald G. Nickson, National Multi Housing Council, DC [U]
Dennis A. Nielsen, Lawrence Berkeley National Laboratory,
CA {U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
Charles J. Palmieri, Town of Norwell, MA [E]
Rep. International Association of Electrical Inspectors
John W. Ray, Duke Energy Corporation, NC [UT]
Rep. Electric Light & Power Group/EEI
Gregory L. Runyon, Eli Lilly and Company, IN [U]
Rep. American Chemistry Council
David E. Schumacher, Associated Builders and Contractors,
1A [IM]
Rep. Associated Builders & Contractors
George A. Straniero, AFC Cable Systems, Inc., NJ [M]
Rep. Copper Development Association Inc.

Alternates

J. Richard Barker, General Cable Corporation, CA [M]

(Alt. to Charles David Mercier)

Rep. National Electrical Manufacturers Association
William B. Crist, Houston Stafford Electric Company, TX [IM]

(Alt. to Chris J. Fahrenthold)

Rep. Independent Electrical Contractors, Inc.

Donald G. Dunn, Aramco Services Company, TX [U]

(Alt. to Dennis A. Nielsen)

Rep. Institute of Electrical & Electronics Engineers, Inc.
Rachel E. Krepps, Baltimore Gas & Electric Company,
MD [UT]

(Alt. to John W. Ray)

Rep. Electric Light & Power Group/EEI]

Keith Owensby, Chattanooga Electrical JATC, TN [L]

(Alt. to Samuel R. La Dart)

Rep. International Brotherhood of Electrical Workers
Kevin T. Porter, Encore Wire Corporation, TX [M]

(Alt. to George A. Straniero)

Rep. Copper Development Association Inc.

Irozenell Pruitt, E. I. DuPont de Nemours & Company,
TX [U]

(Alt. to Gregory L. Runyon)

Rep. American Chemistry Council
Susan L. Stene, UL LLC, CA [RT]

(Alt. to Thomas H. Cybula)
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Allen R. Turner, James City County, Virginia, VA [E]
(Alt. to Charles J. Palmieri)
Rep. International Association of Electrical Inspectors

Wesley L. Wheeler, Cogburn Bros., Inc., FL [IM]

(Alt. to Michael W. Smith)
Rep. National Electrical Contractors Association

CODE-MAKING PANEL NO. 8

Articles 342, 344, 348, 350, 352, 353, 354, 355, 356, 358, 360, 362, 366, 368, 370, 372, 374, 376, 378, 380,
384, 386, 388, 390, 392, Chapter 9, Tables 1 through 4, Exampie D13, and Annex C

Larry D. Cogburn,

Chair

Cogburn Bros., Inc., FL [IM]
Rep. National Electrical Contractors Association

Richard J. Berman, UL LLC, IL [RT]
David M. Campbell, AFC Cable Systems, Inc., MA [M]

Rep. The Aluminum Association, Inc.

Kenneth W, Hengst, EAS Contracting, LP, TX [IM]

Rep. Independent Electrical Contractors, Inc.

James M. Imlah, City of Hillsboro, OR [E]

Rep. International Association of Electrical Inspectors
David H. Kendall, Thomas & Betts Corporation, TN [M]

Rep. The Vinyl Institute
Richard E. Loyd, R & N Associates, AZ [M]

Rep. American Iron and Steel Institute
Michael C. Martin, Lyondellbasell Industries, TX [U]

Rep. American Chemistry Council
Paul W. Myers, PCS Nitrogen, OH [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Gary W. Pemble, Montana Electrical JATC, MT[L]

Rep. International Brotherhood of Electrical Workers
Rodney J. West, Square D Company/Schneider Electric,
OH [M]

Rep. National Electrical Manufacturers Association
Leslie R. Zielke, South Carolina Electric & Gas Company.,
SC [UT]

Rep. Electric Light & Power Group/EEI

Alternates

Timothy M. Andrea, Southwire Company, GA [M]
(Alt. to David M. Campbell)
Rep. The Aluminum Association, Inc.

George R. Dauberger, Thomas & Betts Corporation, TN [M]

(Alt. to David H. Kendall)

Rep. The Vinyl Institute
David A. Gerstetter, UL LLC, IL [RT]

(Alt. to Richard J. Berman)

Pete Jackson, City of Bakersfield Development Services,
CA [E]

(Alt. to James M. Imlah)

Rep. International Association of Electrical Inspectors
Gregory L. Maurer, Wheatland Tube Company, PA [M]

(Alt. to Richard E. Loyd)

Rep. American Iron and Steel Institute
Stephen P. Poholski, Newkirk Electric Associates, Inc.,
MI [IM]

(Alt. to Larry D. Cogburn)

Rep. National Electrical Contractors Association
Dan Rodriguez, IBEW Local Union 332, CA [L]

(Alt. to Gary W. Pemble)

Rep. International Brotherhood of Electrical Workers
Frederic F. Small, Hubbell Incorporated, CT [M]

(Alt. to Rodney J. West)

Rep. National Electrical Manufacturers Association
Michael K. Weitzel, Central Washington Electrical
Education, WA [IM]

(Alt. to Kenneth W. Hengst)

Rep. Independent Electrical Contractors, Inc.

CODE-MAKING PANEL NO. 9
Articles 312, 314, 404, 408, 450, 490

David G. Humphrey, Chair
County of Henrico, Virginia, VA [E]
Rep. International Association of Electrical Inspectors

Rodney D. Belisle, NECA-IBEW Electrical Training Trust,
OR [L]
Rep. International Brotherhood of Electrical Workers
Kevin J. Breen, Breen Electrical Contractors Inc., NY [IM]
Rep. Independent Electrical Contractors, Inc.
Billy Breitkreutz, Fluor Corporation, TX [U]
Rep. Associated Builders & Contractors
Wayne Brinkmeyer, Britain Electric Company, TX [IM]
Rep. National Electrical Contractors Association
Paul D. Coghill, Intertek Testing Services, OH [RT]
Frederic P. Hartwell, Hartwell Electrical Services, Inc., MA [SE]
Robert D. Osborne, UL LLC, NC [RT]
Bradford D. Rupp, Allied Moulded Products, Inc., OH [M]
Rep. National Electrical Manufacturers Association
Sukanta Sengupta, FMC Corporation, NJ [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
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Ralph H. Young, Eastman Chemical Company, TN [U]
Rep. American Chemistry Council

Alternates

Gregory A. Bowman, NABCO Electric, TN [IM]
(Alt. to Wayne Brinkmeyer)
Rep. National Electrical Contractors Association
Kenneth S. Crawford, DuPont, WV [U]
(Alt. to Ralph H. Young)
Rep. American Chemistry Council
Jerry M. Ferraro, Northeast Utilities, CT [UT]
(Voting Alt. to ELPG/EEI Rep.)
Rep. Electric Light & Power Group/EEI]
L. Keith Lofland, International Association of Electrical
Inspectors (JAEL), TX [E]
(Alt. to David G. Humphrey)
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Kenneth L. McKinney, Jr., UL LLC, NC [RT]
(Alt. to Robert D. Osborne)
Ronnie H. Ridgeway, Siemens Industry, Inc., TX [M]
(Alt. to Bradford D. Rupp)
Rep. National Electrical Manufacturers Association
Edward Rodriguez, [EC Texas Gulf Coast, TX [IM]
(Alt. to Kevin J. Breen)
Rep. Independent Electrical Contractors, Inc.

Rhett A. Roe, IBEW Local Union 26 JATC, MD [L]
(Alt. to Rodney D. Belisle)
Rep. International Brotherhood of Electrical Workers

CODE-MAKING PANEL NO. 10

Julian R. Burns,

Chair

Quality Power Solutions, Inc., NC [IM]
Rep. Independent Electrical Contractors, Inc.

Scott A. Blizard, American Electrical Testing Company,
Inc., MA [IM]

Rep. InterNational Electrical Testing Association
Dennis M. Darling, Stantec, Canada [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
James T. Dollard, Jr., IBEW Local Union 98, PA |L]

Rep. International Brotherhood of Electrical Workers
Carl Fredericks, The Dow Chemical Company, TX [U]

Rep. American Chemistry Council
Jeffrey H. Hidaka, UL LLC, IL [RT}

Robert J. Kauver, Building Inspection Underwriters, Inc.,
PA [E]

Rep. International Association of Electrical Inspectors
Alan Manche, Square D Company/Schneider Electric, KY
M]

Rep. National Electrical Manufacturers Association
Robert W. Mount, Jr., Hussman Corporation, MO [M]

Rep. Air-Conditioning, Heating, & Refrigeration Institute
George J. Ockuly, Technical Marketing Consultants, MO [M]
Richard Sobel, Quantum Electric Corporation, NY [IM]

Rep. National Electrical Contractors Association
John F. Vartanian, National Grid, MA [UT]

Rep. Electric Light & Power Group/EET

Alternates

Christopher M. Jensen, North Logan City, UT [E]

(Alt. to Robert J. Kauer)

Rep. International Association of Electrical Inspectors
Frank G. Ladonne, UL LLC, IL [RT)

(Alt. to Jeffrey H. Hidaka)

Kevin J. Lippert, Eaton Corporation, PA [M]

(Alt. to Alan Manche)

Rep. National Electrical Manufacturers Association
Richard E. Lofton, II, IBEW Local Union 280, OR [L]

(Alt. to James T. Dollard, Jr.)

Rep. International Brotherhood of Electrical Workers
Bruce M. Rockwell, American Electrical Testing Company,
Inc., NJ [IM]

(Alt. to Scott A. Blizard)

Rep. InterNational Electrical Testing Association
Vincent J. Saporita, Cooper Bussmann, MO [M]

(Alt. to George J. Ockuly)

Roy K. Sparks, I1I, Elanco Animal Health, IN [U]

(Alt. to Carl Fredericks)

Rep. American Chemistry Council
Steve A. Struble, Freeman’s Electric Service, Inc., SD [IM]

(Alt. to Julian R. Burns)

Rep. Independent Electrical Contractors, Inc.

Steven E. Townsend, General Motors Corporation, MI [U]

(Alt. to Dennis M. Darling)

Rep. Institute of Electrical & Electronics Engineers, Inc.

CODE-MAKING PANEL NO. 11
Articles 409, 430, 440, 460, 470, Annex D, Example D8

John M. Thompson, Chair
UL LLC, NC [RT]

Luis M. Bas, Intertek Testing Services, FL [RT]
Terry D. Cole, Hamer Electric, Inc., WA [IM]
Rep. Independent Electrical Contractors, Inc.
James M. Fahey, IBEW Local Union 103/MBTA, MA [L]
Rep. International Brotherhood of Electrical Workers
Robert G. Fahey, City of Janesville, WI [E]
Rep. International Association of Electrical Inspectors
Stanley J. Folz, Morse Electric Company, NV [IM]
Rep. National Electrical Contractors Association
Pau! E. Guidry, Fluor Enterprises, Inc., TX [U]
Rep. Associated Builders & Contractors

James C. Missildine, Jr., Southern Company Services, Inc.,

AL [UT]
Rep. Electric Light & Power Group/EEI

Arthur S. Neubauer, Arseal Technologies, GA [U]
Rep. American Petroleum Institute

Charles L. Powell, Eastman Chemical Company, TN [U]
Rep. American Chemistry Council

Vincent J. Saporita, Cooper Bussmann, MO [M]
Arthur J. Smith, ITI, Waldemar S. Nelson & Company,
Inc.. LA [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Ron Widup, Shermco Industries, TX [IM]

Rep. InterNational Electrical Testing Association
James R. Wright, Siemens Industry, Inc., IL [M]

Rep. National Electrical Manufacturers Association

Alternates

Gregory J. Clement, Fluor Enterprises. Inc., TX[U]
(Alt. to Paul E. Guidry)
Rep. Associated Builders & Contractors
Terry W. Cromer, NC Association of Electrical Contractors,
NC [IM]
(Alt. to Terry D. Cole)
Rep. Independent Electrical Contractors, Inc.
Jeffrey A. DesJarlais, UL LLC, IL [RT)
(Alt. to John M. Thompson)
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Eric Gesualdi, Shell Oil Company, TX [U]
(Alt. to Arthur S. Neubauer)
Rep. American Petroleum Institute
Rodney B. Jones, Clackamas County, Oregon, OR [E]
(Alt. to Robert G. Fahey)
Rep. International Association of Electrical Inspectors
Ed Larsen, Schneider Electric USA, TIA [M]
(Alt. to James R. Wright)
Rep. National Electrical Manufacturers Association

Jebediah J. Novak, Cedar Rapids Electrical JATC, [A [L]
(Alt. to James M. Fahey)
Rep. International Brotherhood of Electrical Workers
George J. Ockuly, Technical Marketing Consultants, MO [M]
(Alt. to Vincent J. Saporita)
Bobby A. Walten, Intertek, TX [RT]
(Alt. to Luis M. Bas)

CODE-MAKING PANEL NO. 12
Articles 610, 620, 625, 626, 630, 640, 645, 647, 650, 660, 665, 668, 669, 670, 685, and Annex D, Examples

D9 and D10

Timothy M. Croushore, Chair
FirstEnergy Technologies, PA [UT]
Rep. Electric Light & Power Group/EEI

Thomas R. Brown, Intertek Testing Services, NY [RT]
Philip Clark, City of Detroit, MI [E]

Rep. International Association of Electrical Inspectors
Karl M. Cunningham, Alcoa, Inc., PA [M]

Rep. The Aluminum Association, Inc.

(VL to 610, 625, 630, 645, 660, 665, 668, 669, 685)
Thomas L. Hedges, Hedges Electric & Construction, Inc.,
CA [IM]

Rep. National Electrical Contractors Association
Jeffery L. Holmes, [BEW Local Union | JATC, MO [L]

Rep. International Brotherhood of Electrical Workers
Angelo G. Horiates, Navy Crane Center, VA [U]

(VL to 610)

Robert E. Johnson, ITE Safety, MA [U]

Rep. Information Technology Industry Council

(VL to 640, 645, 647, 685)

Andy Juhasz, Kone, Inc., [L [M]

Rep. National Elevator Industry Inc.

(VL to 610, 620, 630)

Stanley Kaufman, CableSafe, Inc./OFS, GA [M]
Rep. Society of the Plastics Industry, Inc.
(VL to 640, 645)

John R. Kovacik, UL LLC, IL [RT]

Todd Lottmann, Cooper Bussmann, MO [M]

Rep. National Electrical Manufacturers Association
Jeffrey S. Menig, General Motors Company, MI [U]

Rep. Society ot Automotive Engineers-Hybrid Committee
Duke W. Schamel, Electrical Service Solutions, Inc., CA [IM]

Rep. Independent Electrical Contractors, Inc.

Arthur E. Schlueter, Jr., A. E. Schlueter Pipe Organ

Company, GA [M]

Rep. American Institute of Organ Builders

(VL to 640, 650)

Robert C. Turner, Inductotherm Corporation, MD |M]

(VL to 610, 630, 665, 668, 669)

Ryan Gregory Ward, IdleAire, Inc., TN [U]
Rep. Transportation Electrification Committee
(VL to 625, 626)

Kenneth White, Olin Corporation, NY [U]

Rep. American Chemistry Council

Alternates
Timothy M. Andrea, Southwire Company, GA [M]
(VL to 610, 625, 630, 645, 660, 665, 668, 669, 6385)
(Alt. to Karl M. Cunningham)
Rep. The Aluminum Association, Inc.
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Joseph M. Bablo, UL LLC, IL [RT]
(Alt. to John R. Kovacik)
Jeffrey W. Blain, Schindler Elevator Corporation, NY [M]
(VL to0 610, 620, 630)
(Alt. to Andy Juhasz)
Rep. National Elevator Industry Inc.
William A. Brunner, Main Electric Construction Inc., ND [IM]
(Alt. to Thomas L. Hedges)
Rep. National Electrical Contractors Association
William B. Crist, Jr.,, [ES Residential Inc., TX [[M]
(Alt. to Duke W. Schamel)
Rep. Independent Electrical Contractors, Inc. Inspectors
Jedy B. Greenwood, Navy Crane Center, VA [U]
(VL to 610)
(Alt. to Angelo G. Horiates)
Gery J. Kissel, General Motors Corporation, MI [U]
(Alt. to Jeffrey S. Menig)
Rep. Society of Automotive Engineers-Hybrid Committee
Todd R. Konieczny, Intertek Testing Services, MA [RT]
(Alt. to Thomas R. Brown)
Joseph F. Prisco, IBM Corporation, MN {U]
(VL to 640, 643, 647, 685)
(Alt. to Robert E. Johnson)
Rep. Information Technology Industry Council
Jose A. Salazar, Southern California Edison Company,
CA [UT]
(Alt. to Timothy M. Croushore)
Rep. Electric Light & Power Group/EE]
Emad Tabatabaei, Inductotherm Corporation, NJ [M]
(VL to 610, 630. 665, 668, 669)
(Alt. to Robert C. Turner)
Frank Tse, Leviton Manufacturing Company, Inc., NY [M]
(Alt. to Todd Lottmann)
Rep. National Electrical Manufacturers Association
Dale Wion, Iowa Electrical Apprenticeship, IA {L]
(Alt to. Jeffrey L. Holmes)
Rep. International Brotherhood of Electrical Workers
Philip J. Yehl, City of Peoria, IL [E]
(Alt. to Philip Clark)
Rep. International Association of Electrical Inspectors

Nonvoting

Andre R. Cartal, Yardley, PA (E]
(Member Emeritus)
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CODE-MAKING PANEL NO. 13
Articles 445, 455, 480, 695, 700, 701, 702, 708, 750, Annex F, and Annex G

Donald P. Bliss,

Chair

NI2 Center for Infrastructure Expertise, NH [U]

Martin D. Adams, Adams Electric, Inc., CO [IM]

Rep. National Electrical Contractors Association
Kenneth L. Box, Cummins Power Generation, GA [M]
James L. Brown, Detroit Edison, DTE Energy, MI [UT]

Rep. Electric Light & Power Group/EEI
Daniel J. Caron, Bard, Rao + Athanas Consulting
Engineers, LLC, MA [SE]

Walter F. Constantine, Draka Cableteq USA, MA [M]

Rep. Copper Development Association Inc.

Richard D. Currin, Jr., North Carolina State University, NC
(U

Rep. American Society of Agricultural & Biological

Engineers
Neil A. Czarnecki, Reliance Controls Corporation, WI [M]

Rep. National Electrical Manufacturers Association
Herbert H. Daugherty, Electric Generating Systems
Association, FL [M]

James E. Degnan, Sparling, WA [U]

Rep. American Society for Healthcare Engineering
Ronald A. Keenan, M. C. Dean, Inc., VA [IM]

Rep. Independent Electrical Contractors, Inc.

Linda J. Little, IBEW Local 1 Electricians JATC, MO [L]

Rep. International Brotherhood of Electrical Workers
Daniel R. Nesser, Cooper Bussmann, MO [M]

Mark C. Ode, UL LLC, AZ [RT]
Peter M. Olney, Vermont Department of Public Safety,
VT [E]

Rep. International Association of Electrical Inspectors
Shawn Paulsen, CSA International, Canada [RT]

Arnoldo L. Rodriguez, LyondellBasell Industries, TX [U]

Rep. American Chemistry Council
Michael L. Savage, Sr., Middle Department Inspection
Agency, Inc., MD [E]

Mario C. Spina, Verizon Wireless, OH [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
David Tobias, Jr., Intertek Testing Services, OH [RT]
James R. White, Shermco Industries, Inc., TX [IM]

Rep. InterNational Electrical Testing Association

Alternates
Lawrence S. Ayer, Biz Com Electric, Inc., OH [IM]

(Alt. to Ronald A. Keenan)

Rep. Independent Electrical Contractors, Inc.
Barry S. Bauman, Alliant Energy, W1 [U]

(Alt. to Richard D. Currin, Jr.)

Rep. American Society of Agricultural & Biological

Engineers
Krista McDonald Biason, HGA Architects and Engineers,
MN [U]

(Alt. to James E. Degnan)

Rep. American Society for Healthcare Engineering
James S. Conrad, RSCC Wire & Cable, CT [M]

(Alt. to Walter F. Constantine)

Rep. Copper Development Association [nc.

Timothy Crnko, Cooper Bussmann, MO [M]

(Alt. to Daniel R. Neeser)

Alfonso J. Dazio, Consolidated Edison Company of New
York, NY [UT](Alt. to James L. Brown)

Rep. Electric Light & Power Group/EEI
James T. Dollard, Jr., IBEW Local Union 98, PA [L]

(Alt. to Linda J. Little)

Rep. International Brotherhood of Electrical Workers
Lawrence W. Forshner, Bard, Rao + Athanas Consulting
Engineers LL.C, MA [SE]

(Alt. to Daniel I. Caron)

Steven F. Froemming, City of Franklin, WI [E]

(Alt. to Peter M. Olney)

Rep. International Association of Electrical Inspectors
Chad Kennedy, Square D Company/Schneider Electric,
SC [M]

(Alt. to Neil A. Czarnecki)

Rep. National Electrical Manufacturers Association
John R. Kovacik, UL LLC, IL [RT]

(Alt. to Mark C. Ode)

Herbert V. Whittall, Electrical Generating Systems
Association, FL [M]
(Alt. to Herbert H. Daugherty)

CODE-MAKING PANEL NO. 14
Articles 500, 501, 502, 503, 504, 505, 506, 510, 511, 513, 514, 515, and 516

Robert A. Jones,

Chair

Independent Electrical Contractors, Inc., TX [IM]

Harold G. Alexander, American Electric Power Company,
OH [UT]
Rep. Electric Light & Power Group/EEIl
Edward M. Briesch, UL LLC, IL [RT]
William T. Fiske, Intertek Testing Services, NY [RT]
Mark Goodman, Hydrogen Energy California LLC, CA [U]
Rep. American Petroleum Institute
Joseph H. Kuczka, Killark Electric Manufacturing
Company, MO [M]
Rep. National Electrical Manufacturers Association
William G. Lawrence, Jr.,, FM Global, MA [[]
L. Evans Massey, Baldor Electric Company, SC [M]
Rep. Instrumentation. Systems, & Automation Society
William E. McBride, Northern Electric Company. AK [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.

Jeremy Neagle, U.S. Bureau of Alcohol, Tobacco, Firearms
& Explosives, MD [U]
John L. Simmons, Florida East Coast JATC, FL [L]
Rep. International Brotherhood of Electrical Workers
David B. Wechsler, The Dow Chemical Company, TX [U]
Rep. American Chemistry Council
Mark C. Wirfs, R & W Engineering, Inc., OR [U]
Rep. Grain Elevator and Processing Society

Alternates
Donald W. Ankele, UL LLC, IL [RT]
(Alt. to Edward M. Briesch)
Steven J . Blais, EGS Electrical Group, IL [M]
(Alt. to Joseph H. Kuczka)
Rep. National Electrical Manufacturers Association
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Mark W. Bonk, Cargill Incorporated, MN [U]

(Alt. to Mark C. Wirfs)

Rep. Grain Elevator and Processing Society
Dave Burns, Shell P&T: Innovation /R&D. TX [U]

(Alt. to Mark Goodman)

Rep. American Petroleum Institute
Larry W. Burns, Burns Electric, Inc., TX [IM]

(Alt. to Robert A. Jones)

Rep. Independent Electrical Contractors, Inc.
Thomas E. Dunne, Long Island Joint Apprenticeship
& Training Committee, NY [L]

(Alt. to John L. Simmons)

Rep. International Brotherhood of Electrical Workers
Richard A. Holub, The DuPont Company. Inc., DE [U]

(Voting Alt. to ACC Rep.)

(Alt. to David B. Wechsler)

Rep. American Chemistry Council
Jack E. Jamison, Jr., Miller Engineering, Inc., WV [E]

(Alt. to Jonathan L. Cadd)

Rep. International Association of Electrical Inspectors
Arkady Levi, Constellation Energy, MD [UT]
(Alt. to Harold G. Alexander)
Rep. Electric Light & Power Group/EEL
Ryan Parks, Intertek, TX [RT]
(Alt. to William T. Fiske)
Eddie Ramirez, FM Global, MA [I]
(Alt. to William G. Lawrence, Jr.)
Ted H. Schnaare, Rosemount Incorporated, MN [M]
(Alt. to L. Evans Massey)
Rep. Instrumentation, Systems, & Automation Society

Nonvoting

Timothy J. Pope, Canadian Standards Association, Canada

[RT]

Eduardo N. Solano, Estudio Ingeniero Solano S.A.,

Argentina [SE]

Fred K. Walker, U.S. Department of the Air Force, FL [U]
Rep. TC on Airport Facilities

CODE-MAKING PANEL NO. 15
Articles 517, 518, 520, 522, 525, 530, 540

Lawrence E. Todd, Chair
Intertek Testing Services, KY [RT]

James R. Duncan, Sparling Electrical Engineering
& Technology Consulting, WA [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Douglas S. Erickson, Northstar Management Company,
MO [U]

Rep. American Society for Healthcare Engineering
Kenneth J. Gilbert, Florida Power & Light Company, FL [UT]

Rep. Electric Light & Power Group/EEL
Mitchell K. Hefter, Philips Controls, TX [IM]

Rep. Illuminating Engineering Society of North America

(VL 1o 518, 520, 525, 530, 540)

Kim Jones, Funtastic Shows, OR [U]

Rep. Outdoor Amusement Business Association, Inc.

(VL to 525)

Edwin S. Kramer, Radio City Music Hall, NY [L]

Rep. International Alliance of Theatrical Stage Employees

(VL to 518, 520, 525, 530, 540)

Gary J. Krupa, U.S. Department of Veterans Affairs, NE [U]
Stephen M. Lipster, The Electrical Trades Center, OH [L]
Rep. International Brotherhood of Electrical Workers

Hugh O. Nash, Jr., Nash-Consult, TN [SE]

Rep. TC on Electrical Systems
Kevin T. Porter, Encore Wire Corporation, TX [M]

Rep. The Aluminum Association, Inc.

Brian E. Rock, Hubbell Incorporated, CT [M]

Rep. National Electrical Manutacturers Association
Marcus R. Sampson, Minnesota Department of Labor
& Industry, MN [E]

Rep. International Association of Electrical Inspectors
James C. Seabury 1II, Enterprise Electric, LLC, TN {IM]

Rep. Independent Electrical Contractors, Inc.

Bruce D. Shelly, Shelly Electric Company, Inc., PA [IM]

Rep. National Electrical Contractors Association
Michael D. Skinner, CBS Studio Center, CA [U]

Rep. Alliance of Motion Picture and Television Producers

(VL to 518, 520, 525, 530, 540)
Donald J. Talka, UL LLC, NY [RT]
Kenneth E. Vannice, Leviton Manufacturing Company Inc.,
OR [M]

Rep. U.S. Institute for Theatre Technology

(VL to 518, 520, 525, 530, 540)

NATIONAL ELECTRICAL CODE

Michael Velvikis, High Voltage Maintenance Corporation,
WI [IM]
Rep. InterNational Electrical Testing Association

Alternates

Gary A. Beckstrand, Utah Electrical JATC, UT [L]
(Alt. to Stephen M. Lipster)
Rep. International Brotherhood of Electrical Workers
Chad E. Beebe, ASHE - AHA, WA [U]
(Alt. to Douglas S. Erickson)
James L. Brown, Detroit Edison. DTE Energy, Ml [UT]
(Alt. to Kenneth J. Gilbert)
Rep. Electric Light & Power Group/EEI
Carmon A. Colvin, Bright Future Electric. LLC, AL [IM]
(Alt. to James C. Seabury I1I)
Rep. Independent Electrical Contractors, Inc.
Matthew B. Dozier, IDesign Services, TN [U]
(Alt. to James R. Duncan)
Rep. Institute of Electrical & Electronics Engineers, Inc.
Joe L. DuPriest, Orange County Public Schools, FL. [E]
(Alt. to Marcus R. Sampson)
Rep. International Association of Electrical Inspectors
Samuel B. Friedman, General Cable Corporation, Rl {M}
(Alt. to Brian E. Rock)
Rep. National Electrical Manufacturers Association
Don W. Jhonson, Interior Electric, Inc., FL [IM]
(Alt. to Bruce D. Shelly)
Rep. National Electrical Contractors Association
Jay Y. Kogoma, Intertek Testing Services, CA [RT]
(Alt. to Lawrence E. Todd)
Joseph P. Murnane, Jr., UL LLC, NY [RT]
(Alt. to Donald J. Talka)
Steven R. Terry, Electronic Theatre Controls Inc., NY [M]
(VL to 518, 520, 525, 530, 540)
(Alt. to Kenneth E. Vannice)
Rep. U.S. Institute for Theatre Technology
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CODE-MAKING PANEL NO. 16
Articles 770, 800, 810, 820, 830, 840

Thomas E. Moore,

Chair

City of Beachwood, OH [E]
Rep. International Association of Electrical [nspectors

Donna Ballast, dbi, TX [M]

Rep. Telecommunications Industry Association
George Bish, Secure Watch Security, NC [IM]

Rep. Satellite Broadcasting & Communications

Association
J. Robert Boyer, UTC/Edwards Company, NI [M]

Rep. National Electrical Manufacturers Association
James E. Brunssen, Telcordia, NJ [U]

Rep. Alliance for Telecommunications Industry Solutions
Fred C. Dawsen, E. I. Du Pont Canada Company, Canada [U]

Rep. American Chemistry Council
Roland E. Deike, Jr., CenterPoint Energy, Inc., TX [UT]

Rep. Electric Light & Power Group/EEI
Gerald Lee Dorna, Belden Wire & Cable Co., IN [M]

Rep. Insulated Cable Engineers Association Inc
Randolph J. Ivans, UL LLC, NY [RT]

Robert W. Jensen, dbi-Telecommunication Infrastructure
Design, TX [M]

Rep. Building Industry Consulting Services International
Steven C. Johnson, Johnson Telecom, LLC, CA [UT]

Rep. National Cable & Telecommunications Association
William J. McCoy, Telco Sales, Inc., TX [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.
Michael F. Murphy, Intertek Testing Services, MA [RT]
Harold C. Ohde, IBEW-NECA Technical Institute, IL [L]

Rep. International Brotherhood of Electrical Workers
Thomas J. Parrish, Telgian Corporation, MI [M]

Rep. Automatic Fire Alarm Association, Inc.

W. Douglas Pirkle, Pirkle Electric Company, Inc., GA [IM]

Rep. National Electrical Contractors Association
Luigi G. Prezioso, M. C. Dean, Inc., VA [IM]

Rep. Independent Electrical Contractors, Inc.

Alternates

Trevor N. Bowmer, Telcordia Technologies, NJ [U]

(Alt. to James E. Brunssen)

Rep. Alliance for Telecommunications Industry Solutions
Larry Chan, City of New Orleans, LA [E]

(Voting Alt. to IAEI Rep.)

(Alt. to Thomas E. Moore)

Rep. International Association of Electrical Inspectors
Terry C. Coleman, National Joint Apprentice & Training
Committee, TN [L]

(Alt. to Harold C. Ohde)

Rep. International Brotherhood of Electrical Workers
Timothy D. Cooke, Times Fiber Communications, Inc.,

VA [UT]

(Alt. to Steven C. Johnson)

Rep. National Cable & Telecommunications Association
John A. Kacperski, Tele Design Services, CA [M]

(Alt. to Robert W. Jensen)

Rep. Building Industry Consulting Services International
Stanley Kaufman, CableSafe, Inc./OFS, GA [M]

(Alt. to Gerald Lee Dorna)

Rep. Insulated Cable Engineers Association Inc
David M. Lettkeman, Dish Network Service, LLC, CO [IM]

(Alt. to George Bish)

Rep. Satellite Broadcasting & Communications

Association
Jack McNamara, Bosch Security Systems, NY [M]

(Alt. to J. Robert Boyer)

Rep. National Electrical Manufacturers Association
David B. Schrembeck, DBS Communications, Inc., OH [IM]

(Alt. to Luigi G. Prezioso)

Rep. Independent Electrical Contractors, Inc.

Anthony Tassone, UL LLC, NY [RT]

(Alt. to Randolph J. Tvans)

CODE-MAKING PANEL NO. 17
Articles 422, 424, 426, 427, 680, 682

Donald R. Cook, Chair
Shelby County, AL Dept of Development Services, AL {E]
Rep. International Association of Electrical Inspectors

Thomas V. Blewitt, UL LLC, NY [RT]
Randal Hunter, Cooper Bussmann, NV [M]
Rep. National Electrical Manufacturers Association
Don W. Jhonson, Interior Electric, Inc., FL [IM]
Rep. National Electrical Contractors Association
Wayne E. Morris, Association of Home Appliance
Manufacturers, DC [M]
(VL to 422, 424)
Jurgen Pannock, Whirlpool Corporation, TN [M]
Rep. Air-Conditioning, Heating, & Refrigeration Institute
(VL to 422, 424)
Marcos Ramirez, Hatfield-Reynolds Electric Company, AZ
{M]
Rep. Independent Electrical Contractors, Inc.
Chester L. Sandberg, Shell Exploration & Production Inc.,
CA [U]

Rep. Institute of Electrical & Electronics Engineers, Inc.

Ronald F. Schapp, Intertek Testing Services, OH [RT)
Kenneth M. Shell, Tyco Thermal Controls, CA [M]
Rep. Copper Development Association Inc.
(VL to 426, 427)
Ronald Sweigart, E.I. duPont de Nemours & Company, Inc.,
DE [U]
Rep. American Chemistry Council
(VL to 422, 424, 426, 427, 682)
Lee L. West, Newport Controls, LLC, CA [M]
Rep. Association of Pool & Spa Professionals
(VL to 680)
Randy J. Yasenchak, IBEW Local Union 607, PA [L]
Rep. International Brotherhood of Electrical Workers
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Alternates

Dennis L. Baker, Springs & Sons Electrical Contractors
Inc., AZ [IM]

(Alt. to Marcos Ramirez)

Rep. Independent Electrical Contractors, Inc.
Ira “Lee” Douglas, Murfreesboro, TN [E]

(Alt. to Donald R. Cook)

Rep. International Association of Electrical Inspectors
E. P. Hamilton, III, E. P. Hamilton & Associates, Inc.,
X (M]

(VL to 680)

(Alt. to Lee L. West)

Rep. Association of Pool & Spa Professionals
Brian Myers, IBEW Local Union 98, PA [L]

(Alt. to Randy J. Yasenchak)

Rep. International Brotherhood of Electrical Workers
Stephen C. Richbourg, Gulf Power Company, FL [UT]

(Alt. to Bruce R. Hirsch)

Rep. Electric Light & Power Group/EEI
Gary L. Siggins, UL LLC, CA [RT]

(Alt. to Thomas V. Blewitt)

Kam Fai Siu, Intertek Testing Services, China [RT]

(Alt. to Ronald F. Schapp)

Marcelo E. Valdes, GE Energy Industrial Solutions, CT [M]

(Alt. to Randal Hunter)

Rep. National Electrical Manufacturers Association
Matt B. Williams, Association of Home Appliance
Manufacturers, DC [M]

(VL to 422, 424)

(Alt. to Wayne E. Morris)

Nonvoting

Douglas A. Lee, U.S. Consumer Product Safety
Commission, MD [C]

Andrew M. Trotta, U.S. Consumer Product Safety
Commission, MD [C]

CODE-MAKING PANEL NO. 18
Articles 393, 406, 411, 600, 605

Bobby J. Gray, Chair
Hoydar/Buck, Inc., WA [IM]
Rep. National Electrical Contractors Association

Ron D. Alley, Northern New Mexico IEC, NM [IM]

Rep. Independent Electrical Contractors, Inc.
Frederick L. Carpenter, Acuity Brands Lighting, GA [M]
Rep. National Electrical Manufacturers Association

Kurt J. Clemente, Clark Nexsen Architecture
& Engineering, VA [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.
Paul Costello, NECA and IBEW Local 90 JATC, CT [L]
Rep. International Brotherhood of Electrical Workers
Hakim Hasan, Intertek Testing Services, GA [RT]
Lee C. Hewitt, UL LLC, IL [RT]
Melvyn J. Kochan, Young Electric Sign Company, NV [M]
Rep. International Sign Association
(VL to 600)
Amos D. Lowrance, Jr., City of Chattanooga, Tennessee,
TN [E]
Rep. International Association of Electrical Inspectors
Michael S. O’Boyle, Philips-Lightolier, MA [M]
Rep. American Lighting Association
(VL to 410, 411)
Sondra K. Todd, Westar Energy, Inc., KS [UT]
Rep. Electric Light & Power Group/EEL
Randall K. Wright, RKW Consulting, PA [SE]

NATIONAL ELECTRICAL CODE

Alternates

Donald Berlin, Intermatic Inc., IL [M]

(Alt. to Michael S. O’Boyle)

Rep. American Lighting Association

(VL to 410, 411)
Steve Campolo, Leviton Manufacturing Company, Inc.,
NY [M]

(Alt. to Frederick L. Carpenter)

Rep. National Electrical Manufacturers Association
Robert T. Carlock, R. T. Carlock Company, TN [IM]

(Alt. to Michael N. Ber)

Rep. Independent Electrical Contractors, Inc.
William S. Dundas, International Sign Association, VA [M]

(Alt. to Melvyn J. Kochan)

Rep. International Sign Association

(VL to 600)
Richard Hollander, City of Tucson, AZ [E]

(Alt. to Amos D. Lowrance, Jr.)

Rep. International Association of Electrical Inspectors
Charles S. Kurten, UL LLC, NY [RT]

(Alt. to Lee C. Hewitt)
Jesse Sprinkle, IBEW Local 461, IL [L]

(Alt. to Paul Costello)

Rep. International Brotherhood of Electrical Workers
Charles M. Trout, Maron Electric Company, FL [IM]

(Alt. to Bobby J. Gray)

Rep. National Electrical Contractors Association
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CODE-MAKING PANEL NO. 19
Articles 545, 547, 550, 551, 552, 553, 555, 604, 675, and Annex D, Examples D11 and D12

Leslie Sabin-Mercado,

Chair

San Diego Gas & Electric Company, CA [UT]
Rep. Electric Light & Power Group/EEI

Barry S. Bauman, Alliant Energy, WI [U]
Rep. American Society of Agricultural & Biological
Engineers
Ron B. Chilton, North Carolina Department of Insurance,
NC {E]
Rep. International Association of Flectrical Inspectors
Timothy Edwards, General Cable/Alcan Cable, GA [M]
Rep. The Aluminum Association, Inc.
Wade Elliott, Utility Services Group, Inc., WA [U]
Rep. National Association of RV Parks & Campgrounds
(VL to 550, 551, 552)
Bruce A. Hopkins, Recreation Vehicle Industry Association,
VA [M]
(VL to 550, 551, 552)
David W. Johnson, CenTex 1EC, TX [IM]
Rep. Independent Electrical Contractors, Inc.
Thomas R. Lichtenstein, UL LLC, IL [RT]
Timothy P. McNeive, Thomas & Betts Corporation, TN [M]
Rep. National Electrical Manufacturers Association
Ronald Michaelis, South Bend & Vicinity Electrical JATC,
IN [L]
Rep. International Brotherhood of Electrical Workers
Doug Mulvaney, Kampgrounds of America, Inc., MT [U]
(VL 10 530, 551, 552, 555)
Thomas F. Thierheimer, Britain Electric Company, TX [IM]
Rep. National Electrical Contractors Association
Michael L. Zieman, RADCO, CA [RT]
(VL to 545, 550, 551, 552)
Donald W. Zipse, Zipse Electrical Forensics, LLC, PA [U]
Rep. Institute of Electrical & Electronics Engineers, Inc.

Alternates

Glenn H. Ankenbrand, Delmarva Power, MD [UT)

(Alt. to Leslie Sabin-Mercado)

Rep. Electric Light & Power Group/EEI
Aisha Bajwa, Alcan Cable, a General Cable Company. CA
[M]

(Alt. to Timothy Edwards)

Rep. The Aluminum Association, Inc.

William Bruce Bowman, Fox Systems, Inc., GA [IM]

(Alt. to David W. Johnson)

Rep. Independent Electrical Contractors, Inc.

Garry D. Cole, Shelby/Mansfield KOA, OH [U]

(Alt. to Wade Elliott)

Rep. National Association of RV Parks & Campgrounds

(VL to 550, 551, 552)

Chris Fairlee, Kampgrounds of America, Inc.., MT [U]

(Alt. to Doug Mulvaney)

(VL to 550. 551, 552, 555)

Robert J. Fick, Alliant Energy, W1 [U]

(Alt. to Barry S. Bauman)

Rep. American Society of Agricultural & Biological

Engineers
John P. Goodsell, Hubbell Incorporated, CT [M]

(Alt. to Timothy P. McNeive)

Rep. National Electrical Manufacturers Association
Dean C. Hunter, Minnesota Department of Labor
& Industry, MN [E]

(Alt. to Ron B. Chilton)

Rep. International Association of Electrical Inspectors
Kent Perkins, Recreation Vehicle Industry Association,
VA [M]

(VL to 550, 551, 552)

(Alt. to Bruce A. Hopkins)

Raymond F. Tucker, Consulting Professional
Engineer/RADCO, CA [RT]

(VL to 545, 550, 551, 552)

(Alt. to Michael L. Zieman)

Ronald D. Weaver, Jr., North Alabama Electrical JATC,
AL [L]

(Alt. to Ronald Michaelis)

Rep. International Brotherhood of Electrical Workers
Eugene W. Wirth, UL LLC, WA [RT]

(Alt. to Thomas R. Lichtenstein)

NFPA Electrical Engineering Division Technical Staff

William Burke, Division Manager

Mark W. Earley, Chief Electrical Engineer
Mark Cloutier, Senior Electrical Engineer
Christopher Coache, Senior Electrical Engineer
Michael Fontaine, Senior Electrical Engineer

Kimberly L. Shea, Technical Projects Administrator
Lee F. Richardson, Senior Electrical Engineer
Richard J. Roux, Senior Electrical Specialist

Jean Blane, Associate Electrical Engineer

These lists represent the membership at the time the Committee was balloted on the text of this edition. Since that
time, changes in the membership may have occurred. A key to classifications is found at the front of this book.

Committee Scope: This Committee shall have primary responsibility for documents on minimizing the risk of
electricity as a source of electric shock and as a potential ignition source of fires and explosions. It shall also be
responsible for text to minimize the propagation of fire and explosions due to electrical installations.

The National Electrical Code Committee proposes for adoption its Report on Proposals to NFPA 70, National
Elecirical Code. NFPA 70-2014 is published in Volume 4 of the 2013 National Fire Codes and is in separate
pamphlet form.

This Report has been submitted to letter ballot of the Code-Making Panels of the National Electric Code Committee
and the results of the ballot can be found in the Report.

This Report has also been submitted to letter ballot of the Technical Correlating Committee which consists of 12
voting members. It was voted unanimously affirmative to release this Report.
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230.209

ARTICLE 240 — OVERCURRENT PROTECTION

(A) Equipment Type. Equipment used to protect service-
entrance conductors shall meet the requirements of Article
490, Part 11.

(B) Enclosed Overcurrent Devices. The restriction to
80 percent of the rating for an enclosed overcurrent device
for continuous loads shall not apply to overcurrent devices
installed in systems operating at over 1000 volts.

230.209 Surge Arresters (Lightning Arresters). Surge
arresters installed in accordance with the requirements of
Article 280 shall be permitted on each ungrounded over-
head service conductor.

230.210 Service Equipment — General Provisions. Ser-
vice equipment, including instrument transformers, shall
conform to Article 490, Part 1.

230.211 Switchgear. Switchgear shall consist of a substan-
tial metal structure and a sheet metal enclosure. Where
installed over a combustible floor, suitable protection
thereto shall be provided.

230.212 Over 35,000 Volts. Where the voltage exceeds
35,000 volts between conductors that enter a building, they
shall terminate in a switchgear compartment or a vault con-
forming to the requirements of 450.41 through 450.48.

ARTICLE 240
Overcurrent Protection

1. General

240.1 Scope. Parts I through VII of this article provide the
general requirements for overcurrent protection and over-
current protective devices not more than 1000 volts, nomi-
nal. Part VIII covers overcurrent protection for those por-
tions of supervised industrial installations operating at
voltages of not more than 1000 volts, nominal. Part IX
covers overcurrent protection over 1000 volts, nominal.

Informational Note: Overcurrent protection for conductors
and equipment is provided to open the circuit if the current
reaches a value that will cause an excessive or dangerous
temperature in conductors or conductor insulation. See also
110.9 for requirements for interrupting ratings and 110.10
for requirements for protection against fault currents.

240.2 Definitions.

Current-Limiting Overcurrent Protective Device. A de-
vice that, when interrupting currents in its current-limiting
range, reduces the current flowing in the faulted circuit to a
magnitude substantially less than that obtainable in the
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same circuit if the device were replaced with a solid con-
ductor having comparable impedance.

Supervised Industrial Installation. For the purposes of

Part VIII, the industrial portions of a facility where all of

the following conditions are met:

(1) Conditions of maintenance and engineering supervision
ensure that only qualified persons monitor and service
the system.

(2) The premises wiring system has 2500 kVA or greater of
load uvsed in industrial process(es), manufacturing ac-
tivities, or both, as calculated in accordance with Ar-
ticle 220.

(3) The premises has at least one service or feeder that is
more than 150 volts to ground and more than 300 volts
phase-to-phase.

This definition excludes installations in buildings used
by the industrial facility for offices, warehouses, garages,
machine shops, and recreational facilities that are not an
integral part of the industrial plant, substation, or control
center.

Tap Conductors. As used in this article, a tap conductor is
defined as a conductor, other than a service conductor, that
has overcurrent protection ahead of its point of supply that
exceeds the value permitted for similar conductors that are
protected as described elsewhere in 240.4.

240.3 Other Articles. Equipment shall be protected against
overcurrent in accordance with the article in this Code that
covers the type of equipment specified in Table 240.3.

240.4 Protection of Conductors. Conductors, other than
flexible cords, flexible cables, and fixture wires, shall be
protected against overcurrent in accordance with their am-
pacities specified in 310.15, unless otherwise permitted or
required in 240.4(A) through (G).

Informational Note: See ICEA P-32-382-2007 for infor-
mation on allowable short-circuit currents for insulated
copper and aluminum conductors.

(A) Power Loss Hazard. Conductor overload protection
shall not be required where the interruption of the circuit
would create a hazard, such as in a material-handling mag-
net circuit or fire pump circuit. Short-circuit protection
shall be provided.

Informational Note: See NFPA 20-2013, Standard for the
Installation of Stationary Pumps for Fire Protection.

(B) Overcurrent Devices Rated 800 Amperes or Less.
The next higher standard overcurrent device rating (above
the ampacity of the conductors being protected) shall be
permitted to be used, provided all of the following condi-
tions are met:
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Table 240.3 Other Articles

Equipment Article
Air-conditioning and refrigerating 440
equipment
Appliances 422
Assembly occupancies 518
Audio signal processing, 640
amplification, and reproduction
equipment
Branch circuits 210
Busways 368
Capacitors 460
Class 1, Class 2, and Class 3 725
remote-control, signaling, and
power-limited circuits
Cranes and hoists 610
Electric signs and outline lighting 600
Electric welders 630
Electrolytic cells 668
Elevators, dumbwaiters, escalators, 620
moving walks, wheelchair lifts, and
stairway chairlifts
Emergency systems 700
Fire alarm systems 760
Fire pumps 695
Fixed electric heating equipment for 427
pipelines and vessels
Fixed electric space-heating 424
equipment
Fixed outdoor electric deicing and 426
snow-melting equipment
Generators 445
Health care facilities 517
Induction and dielectric heating 665
equipment
Industrial machinery 670
Luminaires, lampholders, and lamps 410
Motion picture and television studios 530
and similar locations
Motors, motor circuits, and 430
controllers
Phase converters 455
Pipe organs 650
Receptacles 406
Services 230
Solar photovoltaic systems 690
Switchboards and panelboards 408
Theaters, audience areas of motion 520
picture and television studios, and
similar locations
Transformers and transformer vaults 450
X-ray equipment 660

(1) The conductors being protected are not part of a branch
circuit supplying more than one receptacle for cord-
and-plug-connected portable loads.

(2) The ampacity of the conductors does not correspond
with the standard ampere rating of a fuse or a circuit
breaker without overload trip adjustments above its rat-
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ing (but that shall be permitted to have other trip or
rating adjustments).

(3) The next higher standard rating selected does not ex-
ceed 800 amperes.

(C) Overcurrent Devices Rated over 800 Amperes.
Where the overcurrent device is rated over 800 amperes,
the ampacity of the conductors it protects shall be equal to
or greater than the rating of the overcurrent device defined
in 240.6.

(D) Small Conductors. Unless specifically permitted in
240.4(E) or (G), the overcurrent protection shall not exceed
that required by (D)(1) through (D)(7) after any correction
factors for ambient temperature and number of conductors
have been applied.

(1) 18 AWG Copper. 7 amperes, provided all the follow-
ing conditions are met:
(1) Continuous loads do not exceed 5.6 amperes.
(2) Overcurrent protection is provided by one of the fol-
lowing:
a. Branch-circuit-rated circuit breakers listed and
marked for use with 18 AWG copper wire
b. Branch-circuit-rated fuses listed and marked for use
with 18 AWG copper wire
c. Class CC, Class J, or Class T fuses

(2) 16 AWG Copper. 10 amperes, provided all the follow-
ing conditions are met:
(1) Continuous loads do not exceed 8 amperes.
(2) Overcurrent protection is provided by one of the fol-
lowing:
a. Branch-circuit-rated circuit breakers listed and
marked for use with 16 AWG copper wire
b. Branch-circuit-rated fuses listed and marked for use

with 16 AWG copper wire
c. Class CC, Class I, or Class T fuses

(3) 14 AWG Copper. 15 amperes

(4) 12 AWG Aluminum and Copper-Clad Aluminum.
15 amperes

(5) 12 AWG Copper. 20 amperes

(6) 10 AWG Aluminum and Copper-Clad Aluminum.
25 amperes

(7) 10 AWG Copper. 30 amperes

(E) Tap Conductors. Tap conductors shall be permitted to

be protected against overcurrent in accordance with the fol-

lowing:

(1) 210.19(A)(3) and (A)(4), Household Ranges and Cook-
ing Appliances and Other Loads

(2) 240.5(B)(2), Fixture Wire
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(3) 240.21, Location in Circuit

(4) 368.17(B). Reduction in Ampacity Size of Busway
(5) 368.17(C), Feeder or Branch Circuits (busway taps)
(6) 430.53(D), Single Motor Taps

(F) Transformer Secondary Conductors. Single-phase
(other than 2-wire) and multiphase (other than delta-delta,
3-wire) transformer secondary conductors shall not be con-
sidered to be protected by the primary overcurrent protec-
tive device. Conductors supplied by the secondary side of a
single-phase transformer having a 2-wire (single-voltage)
secondary, or a three-phase, delta-delta connected trans-
former having a 3-wire (single-voltage) secondary, shall be
permitted to be protected by overcurrent protection pro-
vided on the primary (supply) side of the transformer, pro-
vided this protection is in accordance with 450.3 and does
not exceed the value determined by multiplying the second-
ary conductor ampacity by the secondary-to-primary trans-
former voltage ratio.

(G) Overcurrent Protection for Specific Conductor Ap-
plications. Overcurrent protection for the specific conduc-
tors shall be permitted to be provided as referenced in Table
240.4(G).

Table 240.4(G) Specific Conductor Applications

Conductor Article Section

Air-conditioning and 440, Parts III,
refrigeration VI
equipment circuit
conductors
Capacitor circuit 460 460.8(B) and
conductors 460.25(A)—(D)
Control and 727 727.9
instrumentation
circuit conductors

(Type ITC)

Electric welder 630 630.12 and 630.32
circuit conductors

Fire alarm system 760 760.43, 760.45,

circuit conductors 760.121, and Chapter

9, Tables 12(A) and

12(B)
Motor-operated 422, Part I1
appliance circuit
conductors
Motor and 430, Parts 11, 11I,
motor-control IV, V, VI, VII
circuit conductors
Phase converter 455 455.7
supply conductors
Remote-control, 725 725.43, 725.45,

signaling, and
power-limited

725.121, and Chapter
9, Tables 11(A) and

circuit conductors 11(B)
Secondary tie 450 450.6
conductors
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240.5 Protection of Flexible Cords, Flexible Cables, and
Fixture Wires. Flexible cord and flexible cable, including
tinsel cord and extension cords, and fixture wires shall be
protected against overcurrent by either 240.5(A) or (B).

(A) Ampacities. Flexible cord and flexible cable shall be
protected by an overcurrent device in accordance with their
ampacity as specified in Table 400.5(A)(1) and Table
400.5(A)(2). Fixture wire shall be protected against over-
current in accordance with its ampacity as specified in
Table 402.5. Supplementary overcurrent protection, as cov-
ered in 240.10, shall be permitted to be an acceptable
means for providing this protection.

(B) Branch-Circuit Overcurrent Device. Flexible cord
shall be protected, where supplied by a branch circuit, in
accordance with one of the methods described in
240.5(B)(1), (B)(3), or (B)(4). Fixture wire shall be pro-
tected, where supplied by a branch circuit, in accordance
with 240.5(B)(2).

(1) Supply Cord of Listed Appliance or Luminaire.
Where flexible cord or tinsel cord is approved for and used
with a specific listed appliance or luminaire, it shall be
considered to be protected when applied within the appliance
or luminaire listing requirements. For the purposes of this sec-
tion, a luminaire may be either portable or permanent.

(2) Fixture Wire. Fixture wire shall be permitted to be

tapped to the branch-circuit conductor of a branch circuit in

accordance with the following:

(1) 20-ampere circuits — 18 AWG, up to 15 m (50 ft) of
run length

(2) 20-ampere circuits — 16 AWG, up to 30 m (100 ft) of
run length

(3) 20-ampere circuits — 14 AWG and larger

(4) 30-ampere circuits — 14 AWG and larger

(5) 40-ampere circuits — 12 AWG and larger

(6) 50-ampere circuits — 12 AWG and larger

(3) Extension Cord Sets. Flexible cord used in listed ex-
tension cord sets shall be considered to be protected when
applied within the extension cord listing requirements.

(4) Field Assembled Extension Cord Sets. Flexible cord

used in extension cords made with separately listed and

installed components shall be permitted to be supplied by a

branch circuit in accordance with the following:
20-ampere circuits — 16 AWG and larger

240.6 Standard Ampere Ratings.

(A) Fuses and Fixed-Trip Circuit Breakers. The stan-
dard ampere ratings for fuses and inverse time circuit
breakers shall be considered 15, 20, 25, 30, 35, 40, 45, 50,
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240.15

60, 70, 80, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300,
350, 400, 450, 500, 600, 700, 800, 1000, 1200, 1600, 2000,
2500, 3000, 4000, 5000, and 6000 amperes. Additional
standard ampere ratings for fuses shall be 1, 3, 6, 10, and
601. The use of fuses and inverse time circuit breakers with
nonstandard ampere ratings shall be permitted.

(B) Adjustable-Trip Circuit Breakers. The rating of
adjustable-trip circuit breakers having external means for
adjusting the current setting (long-time pickup setting), not
meeting the requirements of 240.6(C), shall be the maxi-
mum setting possible.

(C) Restricted Access Adjustable-Trip Circuit Break-
ers. A circuit breaker(s) that has restricted access to the
adjusting means shall be permitted to have an ampere rat-
ing(s) that is equal to the adjusted current setting (long-time
pickup setting). Restricted access shall be defined as lo-
cated behind one of the following:

(1) Removable and sealable covers over the adjusting
means

(2) Bolted equipment enclosure doors
(3) Locked doors accessible only to qualified personnel

240.8 Fuses or Circuit Breakers in Parallel. Fuses and
circuit breakers shall be permitted to be connected in par-
allel where they are factory assembled in parallel and listed
as a unit. Individual fuses, circuit breakers, or combinations
thereof shall not otherwise be connected in parallel.

240.9 Thermal Devices. Thermal relays and other devices
not designed to open short circuits or ground faults shall
not be used for the protection of conductors against over-
current due to short circuits or ground faults, but the use of
such devices shall be permitted to protect motor branch-
circuit conductors from overload if protected in accordance
with 430.40.

240.10 Supplementary Overcurrent Protection. Where
supplementary overcurrent protection is used for lumi-
naires, appliances, and other equipment or for internal cir-
cuits and components of equipment, it shall not be used as
a substitute for required branch-circuit overcurrent devices or
in place of the required branch-circuit protection. Supplemen-
tary overcurrent devices shall not be required to be readily
accessible.

240.12 Electrical System Coordination. Where an or-
derly shutdown is required to minimize the hazard(s) to
personnel and equipment, a system of coordination based
on the following two conditions shall be permitted:

(1) Coordinated short-circuit protection

(2) Overload indication based on monitoring systems or
devices
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Informational Note: The monitoring system may cause the
condition to go to alarm, allowing corrective action or an
orderly shutdown, thereby minimizing personnel hazard
and equipment damage.

240.13 Ground-Fault Protection of Equipment. Ground-
fault protection of equipment shall be provided in accor-
dance with the provisions of 230.95 for solidly grounded
wye electrical systems of more than 150 volts to ground but
not exceeding 1000 volts phase-to-phase for each indi-
vidual device used as a building or structure main discon-
necting means rated 1000 amperes or more.
The provisions of this section shall not apply to the
disconnecting means for the following:
(1) Continuous industrial processes where a nonorderly shut-
down will introduce additional or increased hazards
(2) Installations where ground-fault protection is provided
by other requirements for services or feeders
(3) Fire pumps

240.15 Ungrounded Conductors.

(A) Overcurrent Device Required. A fuse or an overcur-
rent trip unit of a circuit breaker shall be connected in
series with each ungrounded conductor. A combination of a
current transformer and overcurrent relay shall be consid-
ered equivalent to an overcurrent trip unit.

Informational Note: For motor circuits, see Parts 11T, TV, V,
and XI of Article 430.

(B) Circuit Breaker as Overcurrent Device. Circuit
breakers shall open all ungrounded conductors of the circuit
both manually and automatically unless otherwise permit-
ted in 240.15(B)(1), (B)(2), (B)(3), and (B)(4).

(1) Multiwire Branch Circuits. Individual single-pole cir-
cuit breakers, with identified handle ties, shall be permitted
as the protection for each ungrounded conductor of multi-
wire branch circuits that serve only single-phase line-to-
neutral loads.

(2) Grounded Single-Phase Alternating-Current Cir-
cuits. In grounded systems, individual single-pole circuit
breakers rated 120/240 volts ac, with identified handle ties,
shall be permitted as the protection for each ungrounded
conductor for line-to-line connected loads for single-phase
circuits.

(3) 3-Phase and 2-Phase Systems. For line-to-line loads
in 4-wire, 3-phase systems or S-wire, 2-phase systems, in-
dividual single-pole circuit breakers rated 120/240 volts ac
with identified handle ties shall be permitted as the protec-
tion for each ungrounded conductor, if the systems have a
grounded neutral point and the voltage to ground does not
exceed 120 volts.

70-97



240.21

ARTICLE 240 — OVERCURRENT PROTECTION

(4) 3-Wire Direct-Current Circuits. Individual single-
pole circuit breakers rated 125/250 volts dc with identified
handle ties shall be permitted as the protection for each
ungrounded conductor for line-to-line connected loads for
3-wire, direct-current circuits supplied from a system with
a grounded neutral where the voltage to ground does not
exceed 125 volts.

II. Location

240.21 Location in Circuit. Overcurrent protection shall be
provided in each ungrounded circuit conductor and shall be
located at the point where the conductors receive their supply
except as specified in 240.21(A) through (H). Conductors sup-
plied under the provisions of 240.21(A) through (H) shall not
supply another conductor except through an overcurrent pro-
tective device meeting the requirements of 240.4.

(A) Branch-Circuit Conductors. Branch-circuit tap con-
ductors meeting the requirements specified in 210.19
shall be permitted to have overcurrent protection as
specified in 210.20.

(B) Feeder Taps. Conductors shall be permitted to be
tapped, without overcurrent protection at the tap, to a feeder as
specified in 240.21(B)(1) through (B)(5). The provisions of
240.4(B) shall not be permitted for tap conductors.

(1) Taps Not over 3 m (10 ft) Long. If the length of the
tap conductors does not exceed 3 m (10 ft) and the tap
conductors comply with all of the following:
(1) The ampacity of the tap conductors is
a. Not less than the combined calculated loads on the
circuits supplied by the tap conductors, and
b. Not less than the rating of the equipment containing
an overcurrent device(s) supplied by the tap conduc-
tors or not less than the rating of the overcurrent
protective device at the termination of the tap con-
ductors.

Exception to b: Where listed equipment, such as a surge
protective device(s) [SPD(s)], is provided with specific in-
structions on minimum. conductor sizing, the ampacity of
the tap conductors supplying that equipment shall be pert-
mitted to be determined based on the manufacturer’s
instructions.

(2) The tap conductors do not extend beyond the switch-
board, switchgear, panelboard, disconnecting means, or
control devices they supply.

(3) Except at the point of connection to the feeder, the tap
conductors are enclosed in a raceway, which extends
from the tap to the enclosure of an enclosed switch-
board, switchgear, a panelboard, or control devices, or
to the back of an open switchboard.

(4) For field installations, if the tap conductors leave the
enclosure or vault in which the tap is made, the ampac-
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ity of the tap conductors is not less than one-tenth of
the rating of the overcurrent device protecting the
feeder conductors.

Informational Note: For overcurrent protection require-
ments for panelboards, see 408.36.

(2) Taps Not over 7.5 m (25 ft) Long. Where the length of
the tap conductors does not exceed 7.5 m (25 ft) and the tap
conductors comply with all the following:

(1) The ampacity of the tap conductors is not less than
one-third of the rating of the overcurrent device pro-
tecting the feeder conductors.

(2) The tap conductors terminate in a single circuit breaker
or a single set of fuses that limit the load to the ampac-
ity of the tap conductors. This device shall be permitted
to supply any number of additional overcurrent devices
on its load side.

(3) The tap conductors are protected from physical damage
by being enclosed in an approved raceway or by other
approved means.

(3) Taps Supplying a Transformer [Primary Plus Sec-
ondary Not over 7.5 m (25 ft) Long]. Where the tap con-
ductors supply a transformer and comply with all the fol-
lowing conditions:

(1) The conductors supplying the primary of a transformer
have an ampacity at least one-third the rating of the
overcurrent device protecting the feeder conductors.

(2) The conductors supplied by the secondary of the trans-
former shall have an ampacity that is not less than the
value of the primary-to-secondary voltage ratio multi-
plied by one-third of the rating of the overcurrent de-
vice protecting the feeder conductors.

(3) The total length of one primary plus one secondary con-
ductor, excluding any portion of the primary conductor
that is protected at its ampacity, is not over 7.5 m (25 ft).

(4) The primary and secondary conductors are protected
from physical damage by being enclosed in an ap-
proved raceway or by other approved means.

(5) The secondary conductors terminate in a single circuit
breaker or set of fuses that limit the load current to not
more than the conductor ampacity that is permitted by
310.15.

(4) Taps over 7.5 m (25 ft) Long. Where the feeder is in a

high bay manufacturing building over 11 m (35 ft) high at

walls and the installation complies with all the following

conditions:

(1) Conditions of maintenance and supervision ensure that
only qualified persons service the systems.

(2) The tap conductors are not over 7.5 m (25 ft) long
horizontally and not over 30 m (100 ft) total length.
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240.21

(3) The ampacity of the tap conductors is not less than
one-third the rating of the overcurrent device protecting
the feeder conductors.

(4) The tap conductors terminate at a single circuit breaker
or a single set of fuses that limit the load to the ampac-
ity of the tap conductors. This single overcurrent de-
vice shall be permitted to supply any number of addi-
tional overcurrent devices on its load side.

(5) The tap conductors are protected from physical damage
by being enclosed in an approved raceway or by other
approved means.

(6) The tap conductors are continuous from end-to-end and
contain no splices.

(7) The tap conductors are sized 6 AWG copper or 4 AWG
aluminum or larger.

(8) The tap conductors do not penetrate walls, floors, or
ceilings.

(9) The tap is made no less than 9 m (30 ft) from the floor.

(5) Outside Taps of Unlimited Length. Where the con-
ductors are located outside of a building or structure, except
at the point of load termination, and comply with all of the
tollowing conditions:

(1) The tap conductors are protected from physical damage
in an approved manner.

(2) The tap conductors terminate at a single circuit breaker
or a single set of fuses that limits the load to the am-
pacity of the tap conductors. This single overcurrent
device shall be permitted to supply any number of ad-
ditional overcurrent devices on its load side.

(3) The overcurrent device for the tap conductors is an
integral part of a disconnecting means or shall be lo-
cated immediately adjacent thereto.

(4) The disconnecting means for the tap conductors is in-
stalled at a readily accessible location complying with
one of the following:

a. Outside of a building or structure

b. Inside, nearest the point of entrance of the tap con-
ductors

¢. Where installed in accordance with 230.6, nearest
the point of entrance of the tap conductors

(C) Transformer Secondary Conductors. A set of con-
ductors feeding a single load, or each set of conductors feed-
ing separate loads, shall be permitted to be connected to a
transformer secondary, without overcurrent protection at the
secondary, as specified in 240.21(C)(1) through (C)(6). The
provisions of 240.4(B) shall not be permitted for transformer
secondary conductors.

Informational Note: For overcurrent protection require-

ments for transformers, see 450.3.

(1) Protection by Primary Overcurrent Device. Conduc-
tors supplied by the secondary side of a single-phase trans-

2014 Edition NATIONAL ELECTRICAL CODE

former having a 2-wire (single-voltage) secondary, or a
three-phase, delta-delta connected transformer having a
3-wire (single-voltage) secondary, shall be permitted to be
protected by overcurrent protection provided on the pri-
mary (supply) side of the transformer, provided this protec-
tion is in accordance with 450.3 and does not exceed the value
determined by multiplying the secondary conductor ampacity
by the secondary-to-primary transtormer voltage ratio.

Single-phase (other than 2-wire) and multiphase (other
than delta-delta, 3-wire) transformer secondary conductors
are not considered to be protected by the primary overcur-
rent protective device.

(2) Transformer Secondary Conductors Not over 3 m
(10 ft) Long. If the length of secondary conductor does not
exceed 3 m (10 ft) and complies with all of the following:
(1) The ampacity of the secondary conductors is
a. Not less than the combined calculated loads on the
circuits supplied by the secondary conductors, and
b. Not less than the rating of the equipment containing
an overcurrent device(s) supplied by the secondary
conductors or not less than the rating of the over-
current protective device at the termination of the
secondary conductors.

Exception: Where listed equipment, such as a surge protec-

tive device(s) [SPD(s)], is provided with specific instruc-

tions on minimum conductor sizing, the ampacity of the tap

conductors supplying that equipment shall be permitted to

be determined based on the manufacturer’s instructions.

(2) The secondary conductors do not extend beyond the
switchboard, switchgear,: panelboard, disconnecting
means, or control devices they supply.

(3) The secondary conductors are enclosed in a raceway,
which shall extend from the transformer to the enclo-
sure of an enclosed switchboard, switchgear, a panel-
board, or control devices or to the back of an open
switchboard.

(4) For field installations where the secondary conductors
leave the enclosure or vault in which the supply con-
nection is made, the rating of the overcurrent device
protecting the primary of the transformer, multiplied by
the primary to secondary transformer voltage ratio,
shall not exceed 10 times the ampacity of the second-
ary conductor.

Informational Note: For overcurrent protection require-
ments for panclboards, see 408.36.

(3) Industrial Installation Secondary Conductors Not
over 7.5 m (25 ft) Long. For the supply of switchgear or
switchboards in industrial installations only, where the
length of the secondary conductors does not exceed 7.5 m
(25 ft) and complies with all of the following:
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(1) Conditions of maintenance and supervision ensure that
only qualified persons service the systems.

(2) The ampacity of the secondary conductors is not less than
the secondary current rating of the transformer, and the
sum of the ratings of the overcurrent devices does not
exceed the ampacity of the secondary conductors.

(3) All overcurrent devices are grouped.

(4) The secondary conductors are protected from physical
damage by being enclosed in an approved raceway or
by other approved means.

(4) Outside Secondary Conductors. Where the conduc-

tors are located outdoors of a building or structure, except

at the point of load termination, and comply with all of the

following conditions:

(1) The conductors are protected from physical damage in
an approved manner.

(2) The conductors terminate at a single circuit breaker or
a single set of fuses that limit the load to the ampacity
of the conductors. This single overcurrent device shall
be permitted to supply any number of additional over-
current devices on its load side.

(3) The overcurrent device for the conductors is an integral
part of a disconnecting means or shall be located im-
mediately adjacent thereto.

(4) The disconnecting means for the conductors is installed
at a readily accessible location complying with one of
the following:

a. Outside of a building or structure

b. Inside, nearest the point of entrance of the conductors

c. Where installed in accordance with 230.6, nearest
the point of entrance of the conductors

(5) Secondary Conductors from a Feeder Tapped Trans-
former. Transformer secondary conductors installed in ac-
cordance with 240.21(B)(3) shall be permitted to have
overcurrent protection as specified in that section.

(6) Secondary Conductors Not over 7.5 m (25 ft) Long.
Where the length of secondary conductor does not exceed
7.5 m (25 ft) and complies with all of the following:

(1) The secondary conductors shall have an ampacity that is
not less than the value of the primary-to-secondary volt-
age ratio multiplied by one-third of the rating of the over-
current device protecting the primary of the transformer.

(2) The secondary conductors terminate in a single circuit
breaker or set of fuses that limit the load current to not
more than the conductor ampacity that is permitted by
310.15.

(3) The secondary conductors are protected from physical
damage by being enclosed in an approved raceway or
by other approved means.
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(D) Service Conductors. Service conductors shall be per-
mitted to be protected by overcurrent devices in accordance
with 230.91.

(E) Busway Taps. Busways and busway taps shall be per-
mitted to be protected against overcurrent in accordance
with 368.17.

(F) Motor Circuit Taps. Motor-feeder and branch-circuit
conductors shall be permitted to be protected against over-
current in accordance with 430.28 and 430.53, respectively.

(G) Conductors from Generator Terminals. Conductors
from generator terminals that meet the size requirement in
445.13 shall be permitted to be protected against overload
by the generator overload protective device(s) required by
445.12.

(H) Battery Conductors. Overcurrent protection shall be
permitted to be installed as close as practicable to the stor-
age battery terminals in an unclassified location. Installa-
tion of the overcurrent protection within a hazardous (clas-
sified) location shall also be permitted.

240.22 Grounded Conductor. No overcurrent device shall

be connected in series with any conductor that is intentionally

grounded, unless one of the following two conditions is met:

(1) The overcurrent device opens all conductors of the cir-
cuit, including the grounded conductor, and is designed
so that no pole can operate independently.

(2) Where required by 430.36 or 430.37 for motor over-
load protection.

240.23 Change in Size of Grounded Conductor. Where a
change occurs in the size of the ungrounded conductor, a
similar change shall be permitted to be made in the size of
the grounded conductor.

240.24 Location in or on Premises.

(A) Accessibility. Overcurrent devices shall be readily ac-

cessible and shall be installed so that the center of the grip

of the operating handle of the switch or circuit breaker,

when in its highest position, is not more than 2.0 m (6 ft

7 in.) above the floor or working platform, unless one of the

following applies:

(1) For busways, as provided in 368.17(C).

(2) For supplementary overcurrent protection, as described
in 240.10.

(3) For overcurrent devices, as described in 225.40 and
230.92.

(4) For overcurrent devices adjacent to utilization equip-
ment that they supply, access shall be permitted to be
by portable means.
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(B) Occupancy. Each occupant shall have ready access to
all overcurrent devices protecting the conductors supplying
that occupancy, unless otherwise permitted in 240.24(B)(1)
and (B)(2).

(1) Service and Feeder Overcurrent Devices. Where
electric service and electrical maintenance are provided by
the building management and where these are under con-
tinuous building management supervision, the service over-
current devices and feeder overcurrent devices supplying
more than one occupancy shall be permitted to be acces-
sible only to authorized management personnel in the fol-
lowing:

(1) Multiple-occupancy buildings

(2) Guest rooms or guest suites

(2) Branch-Circuit Overcurrent Devices. Where electric
service and electrical maintenance are provided by the
building management and where these are under continu-
ous building management supervision, the branch-circuit
overcurrent devices supplying any guest rooms or guest
suites without permanent provisions for cooking shall be
permitted to be accessible only to authorized management
personnel.

(C) Not Exposed to Physical Damage. Overcurrent de-
vices shall be located where they will not be exposed to
physical damage.

Informational Note: See 110.11, Deteriorating Agents.

(D) Not in Vicinity of Easily Ignitible Material. Overcur-
rent devices shall not be located in the vicinity of easily
ignitible material, such as in clothes closets.

(E) Not Located in Bathrooms. In dwelling units, dormi-
tories, and guest rooms or guest suites, overcurrent devices,
other than supplementary overcurrent protection, shall not
be located in bathrooms.

(F) Not Located over Steps. Overcurrent devices shall not
be located over steps of a stairway.

III. Enclosures
240.30 General.

(A) Protection from Physical Damage. Overcurrent de-

vices shall be protected from physical damage by one of the

following:

(1) Installation in enclosures, cabinets, cutout boxes, or
equipment assemblies

(2) Mounting on open-type switchboards, panelboards, or
control boards that are in rooms or enclosures free from
dampness and easily ignitible material and are acces-
sible only to qualified personnel
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(B) Operating Handle. The operating handle of a circuit
breaker shall be permitted to be accessible without opening
a door or cover.

240.32 Damp or Wet Locations. Enclosures for overcur-
rent devices in damp or wet locations shall comply with
312.2.

240.33 Vertical Position. Enclosures for overcurrent de-
vices shall be mounted in a vertical position unless that is
shown to be impracticable. Circuit breaker enclosures shall
be permitted to be installed horizontally where the circuit
breaker is installed in accordance with 240.81. Listed busway
plug-in units shall be permitted to be mounted in orientations
corresponding to the busway mounting position.

IV. Disconnecting and Guarding

240.40 Disconnecting Means for Fuses. Cartridge fuses
in circuits of any voltage where accessible to other than
qualified persons, and all fuses in circuits over 150 volts to
ground, shall be provided with a disconnecting means on
their supply side so that each circuit containing fuses can be
independently disconnected from the source of power. A
current-limiting device without a disconnecting means shall
be permitted on the supply side of the service disconnecting
means as permitted by 230.82. A single disconnecting
means shall be permitted on the supply side of more than
one set of fuses as permitted by 430.112, Exception, for
group operation of motors and 424.22(C) for fixed electric
space-heating equipment.

240.41 Arcing or Suddenly Moving Parts. Arcing or sud-
denly moving parts shall comply with 240.41(A) and (B).

(A) Location. Fuses and circuit breakers shall be located
or shielded so that persons will not be burned or otherwise
injured by their operation.

(B) Suddenly Moving Parts. Handles or levers of circuit
breakers, and similar parts that may move suddenly in such
a way that persons in the vicinity are likely to be injured by
being struck by them, shall be guarded or isolated.

V. Plug Fuses, Fuseholders, and Adapters
240.50 General.

(A) Maximum Voltage. Plug fuses shall be permitted to
be used in the following circuits:

(1) Circuits not exceeding 125 volts between conductors

(2) Circuits supplied by a system having a grounded neu-
tral point where the line-to-neutral voltage does not
exceed 150 volts
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(B) Marking. Each fuse, fuseholder, and adapter shall be
marked with its ampere rating.

(C) Hexagonal Configuration. Plug fuses of 15-ampere
and lower rating shall be identified by a hexagonal configu-
ration of the window, cap, or other prominent part to dis-
tinguish them from fuses of higher ampere ratings.

(D) No Energized Parts. Plug fuses, fuseholders, and
adapters shall have no exposed energized parts after fuses
or fuses and adapters have been installed.

(E) Screw Shell. The screw shell of a plug-type fuseholder
shall be connected to the load side of the circuit.

240.51 Edison-Base Fuses.

(A) Classification. Plug fuses of the Edison-base type
shall be classified at not over 125 volts and 30 amperes and
below.

(B) Replacement Only. Plug fuses of the Edison-base type
shall be used only for replacements in existing installations
where there is no evidence of overfusing or tampering.

240.52 Edison-Base Fusecholders. Fuscholders of the
Edison-base type shall be installed only where they are
made to accept Type S fuses by the use of adapters.

240.53 Type S Fuses. Type S fuses shall be of the plug
type and shall comply with 240.53(A) and (B).

(A) Classification. Type S fuses shall be classified at not
over 125 volts and 0 to 15 amperes, 16 to 20 amperes, and
21 to 30 amperes.

(B) Noninterchangeable. Type S fuses of an ampere clas-
sification as specified in 240.53(A) shall not be inter-
changeable with a lower ampere classification. They shall
be designed so that they cannot be used in any fuseholder
other than a Type S fuseholder or a fuseholder with a Type
S adapter inserted.

240.54 Type S Fuses, Adapters, and Fuseholders.

(A) To Fit Edison-Base Fuseholders. Type S adapters
shall fit Edison-base fuseholders.

(B) To Fit Type S Fuses Only. Type S fuseholders and
adapters shall be designed so that either the fuseholder it-
self or the fuseholder with a Type S adapter inserted cannot
be used for any fuse other than a Type S fuse.

(C) Nonremovable. Type S adapters shall be designed so
that once inserted in a fuseholder, they cannot be removed.

(D) Nontamperable. Type S fuses, fuseholders, and adapt-
ers shall be designed so that tampering or shunting (bridg-
ing) would be difficult.
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(E) Interchangeability. Dimensions of Type S fuses, fuse-
holders, and adapters shall be standardized to permit inter-
changeability regardless of the manufacturer.

VI. Cartridge Fuses and Fuscholders
240.60 General.

(A) Maximum Voltage — 300-Volt Type. Cartridge fuses

and fuseholders of the 300-volt type shall be permitted to

be used in the following circuits:

(1) Circuits not exceeding 300 volts between conductors

(2) Single-phase line-to-neutral circuits supplied from a
3-phase, 4-wire, solidly grounded neutral source where
the line-to-neutral voltage does not exceed 300 volts

(B) Noninterchangeable — 0-6000-Ampere Cartridge
Fuseholders. Fuseholders shall be designed so that it will
be difficult to put a fuse of any given class into a fuseholder
that is designed for a current lower, or voltage higher, than
that of the class to which the fuse belongs. Fuseholders for
current-limiting fuses shall not permit insertion of fuses
that are not current-limiting.

(C) Marking. Fuses shall be plainly marked, either by
printing on the fuse barrel or by a label attached to the
barrel showing the following:

(1) Ampere rating

(2) Voltage rating

(3) Interrupting rating where other than 10,000 amperes
(4) Current limiting where applicable

(5) The name or trademark of the manufacturer

The interrupting rating shall not be required to be
marked on fuses used for supplementary protection.

(D) Renewable Fuses. Class H cartridge fuses of the re-
newable type shall be permitted to be used only for replace-
ment in existing installations where there is no evidence of
overfusing or tampering.

240.61 Classification. Cartridge fuses and fuseholders shall
be classified according to voltage and amperage ranges. Fuses
rated 1000 volts, nominal, or less shall be permitted (o be used
for voltages at or below their ratings.

VII. Circuit Breakers

240.80 Method of Operation. Circuit breakers shall be
trip free and capable of being closed and opened by manual
operation. Their normal method of operation by other than
manual means, such as electrical or pneumatic, shall be
permitted if means for manual operation are also provided.

240.81 Indicating. Circuit breakers shall clearty indicate
whether they are in the open “off” or closed “on” position.
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240.87

Where circuit breaker handles are operated vertically
rather than rotationally or horizontally, the “up” position of
the handle shall be the “on” position.

240.82 Nontamperable. A circuit breaker shall be of such
design that any alteration of its trip point (calibration) or
the time required for its operation requires dismantling of
the device or breaking of a seal for other than intended
adjustments.

240.83 Marking.

(A) Durable and Visible. Circuit breakers shall be marked
with their ampere rating in a manner that will be durable
and visible after installation. Such marking shall be permit-
ted to be made visible by removal of a trim or cover.

(B) Location. Circuit breakers rated at 100 amperes or less
and 1000 volts or less shall have the ampere rating molded,
stamped, etched, or similarly marked into their handles or
escutcheon areas.

(C) Interrupting Rating. Every circuit breaker having an
interrupting rating other than 5000 amperes shall have its
interrupting rating shown on the circuit breaker. The inter-
rupting rating shall not be required to be marked on circuit
breakers used for supplementary protection.

(D) Used as Switches. Circuit breakers used as switches in
120-volt and 277-volt fluorescent lighting circuits shall be
listed and shall be marked SWD or HID. Circuit breakers
used as switches in high-intensity discharge lighting cir-
cuits shall be listed and shall be marked as HID.

(E) Voltage Marking. Circuit breakers shall be marked
with a voltage rating not less than the nominal system volt-
age that is indicative of their capability to interrupt fault
currents between phases or phase to ground.

240.85 Applications. A circuit breaker with a straight volt-
age rating, such as 240V or 480V, shall be permitted to be
applied in a circuit in which the nominal voltage between
any two conductors does not exceed the circuit breaker’s
voltage rating. A two-pole circuit breaker shall not be used for
protecting a 3-phase, corner-grounded delta circuit unless the
circuit breaker is marked 1¢—3¢ to indicate such suitability.

A circuit breaker with a slash rating, such as 120/240V
or 480Y/277V, shall be permitted to be applied in a solidly
grounded circuit where the nominal voltage of any conduc-
tor to ground does not exceed the lower of the two values
of the circuit breaker’s voltage rating and the nominal volt-
age between any two conductors does not exceed the higher
value of the circuit breaker’s voltage rating.

Informational Note: Proper application of molded case cir-
cuit breakers on 3-phase systems, other than solidly
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grounded wye, particularly on corner grounded delta sys-
tems, considers the circuit breakers’ individual pole-
interrupting capability.

240.86 Series Ratings. Where a circuit breaker is used on
a circuit having an available fault current higher than the
marked interrupting rating by being connected on the load
side of an acceptable overcurrent protective device having a
higher rating, the circuit breaker shall meet the require-
ments specified in (A) or (B), and (C).

(A) Selected Under Engineering Supervision in Existing
Installations. The series rated combination devices shall be
selected by a licensed professional engineer engaged pri-
marily in the design or maintenance of electrical installa-
tions. The selection shall be documented and stamped by
the professional engineer. This documentation shall be
available to those authorized to design, install, inspect,
maintain, and operate the system. This series combination
rating, including identification of the upstream device, shall
be field marked on the end use equipment.

For calculated applications, the engineer shall ensure
that the downstream circuit breaker(s) that are part of the
series combination remain passive during the interruption
period of the line side fully rated, current-limiting device.

(B) Tested Combinations. The combination of line-side
overcurrent device and load-side circuit breaker(s) is tested
and marked on the end use equipment, such as switch-
boards and panelboards.

Informational Note to (A) and (B): See 110.22 for marking of
series combination systems.

(C) Motor Contribution. Series ratings shall not be used

where

(1) Motors are connected on the load side of the higher-
rated overcurrent device and on the line side of the
lower-rated overcurrent device, and

(2) The sum of the motor full-load currents exceeds 1 per-
cent of the interrupting rating of the lower-rated circuit
breaker.

240.87 Arc Energy Reduction. Where the highest continu-
ous current frip setting’ for which the actual overcurrent
dewce installed ‘ina circuit breaker is rated or can be ad-
justed is 1200 A or h]ghel,”240.87(A) and (B) shall apply.

(A) Decumentation. Documentation shall be available to
those authorized to design, install, operate, or inspect the
installation as to the location of the circuit breaker(s).

(B) Method to Reduce Clearing Time. One of the follow-
ing or approved equivalent means shall be provided:

(1) Zone-selective interlocking

(2) Differential relaying
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(3) Energy-reducing maintenance switching with local sta-
tus indicator

(4) Energy-reducing active arc flash mitigation system

(5) ‘An approved equivalent means

Informational Note No. 1: An energy-reducing mainte-
nance switch allows a worker to set a circuit breaker trip
unit to “no intentional delay” to reduce the clearing time
while the worker is working within an arc-flash boundary
as defined in NFPA 70E-2012, Standard for Electrical
Safety in the Workplace, and then to set the trip unit back to
a normal setting after the potentially hazardous work is
complete.

Informational Note No. 2: An energy-reducing active aic
flash mitigation system helps in reducing arcing duration in
the electrical distribution system. No change in the circuit
breaker or the settings of other devices is required during
maintenance when a worker is working within an arc flash
boundary as defined in NFPA 70E-2012, Standard for Elec-
trical Safety in the Workplace.

VIII. Supervised Industrial Installations

240.90 General. Overcurrent protection in areas of super-
vised industrial installations shall comply with all of the
other applicable provisions of this article, except as pro-
vided in Part VIII. The provisions of Part VIII shall be
permitted only to apply to those portions of the electrical
system in the supervised industrial installation used exclu-
sively for manufacturing or process control activities.

240.91 Protection of Conductors. Conductors shall be
protected in accordance with 240.91(A) or (B).

(A) General. Conductors shall be protected in accordance
with 240.4.

(B) Devices Rated Over 800 Amperes. Where the over-

current device is rated over 800 amperes, the ampacity of

the conductors it protects shall be equal to or greater than

95 percent of the rating of the overcurrent device specified

in 240.6 in accordance with (B)(1) and (2).

(1) The conductors are protected within recognized time
vs. current limits for short-circuit currents

(2) All equipment in which the conductors terminate is
listed and marked for the application

240.92 Location in Circuit. An overcurrent device shall
be connected in each ungrounded circuit conductor as re-
quired in 240.92(A) through (E).

(A) Feeder and Branch-Circuit Conductors. Feeder and
branch-circuit conductors shall be protected at the point the
conductors receive their supply as permitted in 240.21 or as
otherwise permitted in 240.92(B), (C), (D), or (E).

(B) Feeder Taps. For feeder taps specified in 240.21(B)(2),
(B)(3), and (B)(4), the tap conductors shall be permitted to be
sized in accordance with Table 240.92(B).
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Table 240.92(B) Tap Conductor Short-Circuit Current
Ratings.

Tap conductors are considered to be protected under
short-circuit conditions when their short-circuit temperature
limit is not exceeded. Conductor heating under short-circuit
conditions is determined by (1) or (2):

(1) Short-Circuit Formula for Copper Conductors

(PIAD = 0.0297 log,, (T + 23T, + 234)]

(2) Short-Circuit Formula for Aluminum Conductors

(PIA%) = 0.0125 log,, (T, + 228)/(T, + 228)]
where:

I = short-circuit current in amperes

A = conductor area in circular mils

t = time of short circuit in seconds (for times less than or equal
to 10 seconds)

T, = initial conductor temperature in degrees Celsius.
T, = final conductor temperature in degrees Celsius.

Copper conductor with paper, rubber, varnished cloth insulation,
T, = 200

Copper conductor with thermoplastic insulation, 7, = 150

Copper conductor with cross-linked polyethylene insulation, 7,
=250

Copper conductor with ethylene propylene rubber insulation, T,
=250

Aluminum conductor with paper, rubber, varnished cloth
insulation, 7, = 200

Aluminum conductor with thermoplastic insulation, 7%, = 150

Aluminum conductor with cross-linked polyethylene insulation,
T, =250

Aluminum conductor with ethylene propylene rubber insulation,
T, =250

(C) Transformer Secondary Conductors of Separately
Derived Systems. Conductors shall be permitted to be con-
nected to a transformer secondary of a separately derived
system, without overcurrent protection at the connection,
where the conditions of 240.92(C)(1), (C)(2), and (C)(3)
are met.

(1) Short-Circuit and Ground-Fault Protection. The
conductors shall be protected from short-circuit and
ground-fault conditions by complying with one of the fol-
lowing conditions:
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240.100

(1) The length of the secondary conductors does not ex-
ceed 30 m (100 ft) and the transformer primary overcur-
rent device has a rating or setting that does not exceed
150 percent of the value determined by multiplying the
secondary conductor ampacity by the secondary-to-
primary transformer voltage ratio.

(2) The conductors are protected by a differential relay
with a trip setting equal to or less than the conductor
ampacity.

Informational Note: A differential relay is connected to be
sensitive only to short-circuit or fault currents within the
protected zone and is normally set much lower than the
conductor ampacity. The differential relay is connected to
trip protective devices that de-energize the protected con-
ductors if a short-circuit condition occurs.

(3) The conductors shall be considered to be protected if
calculations, made under engineering supervision, de-
termine that the system overcurrent devices will protect
the conductors within recognized time vs. current limits
for all short-circuit and ground-fault conditions.

(2) Overload Protection. The conductors shall be pro-
tected against overload conditions by complying with one
of the following:

(1) The conductors terminate in a single overcurrent device
that will limit the load to the conductor ampacity.

(2) The sum of the overcurrent devices at the conductor
termination limits the load to the conductor ampacity.
The overcurrent devices shall consist of not more than
six circuit breakers or sets of fuses mounted in a single
enclosure, in a group of separate enclosures, or in or on a
switchboard or switchgear. There shall be no more than
six overcurrent devices grouped in any one location.

(3) Overcurrent relaying is connected [with a current trans-
former(s), if needed] to sense all of the secondary con-
ductor current and limit the load to the conductor am-
pacity by opening upstream or downstream devices.

(4) Conductors shall be considered to be protected if cal-
culations, made under engineering supervision, deter-
mine that the system overcurrent devices will protect
the conductors from overload conditions.

(3) Physical Protection. The secondary conductors are
protected from physical damage by being enclosed in an
approved raceway or by other approved means.

(D) Outside Feeder Taps. Outside conductors shall be per-

mitted to be tapped to a feeder or to be connected at a trans-

former secondary, without overcurrent protection at the tap or

connection, where all the following conditions are met:

(1) The conductors are protected from physical damage in
an approved manner.

(2) The sum of the overcurrent devices at the conductor
termination limits the load to the conductor ampacity.
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The overcurrent devices shall consist of not more than
six circuit breakers or sets of fuses mounted in a single
enclosure, in a group of separate enclosures, or in or on a
switchboard or switchgear. There shall be no more than
six overcurrent devices grouped in any one location.

(3) The tap conductors are installed outdoors of a building
or structure except at the point of load termination.

(4) The overcurrent device for the conductors is an integral
part of a disconnecting means or shall be located im-
mediately adjacent thereto.

(5) The disconnecting means for the conductors are in-
stalled at a readily accessible location complying with
one of the following:

a. Outside of a building or structure

b. Inside, nearest the point of entrance of the conductors

¢. Where installed in accordance with 230.6, nearest
the point of entrance of the conductors

(E) Protection by Primary Overcurrent Device. Con-
ductors supplied by the secondary side of a transformer
shall be permitted to be protected by overcurrent protection
provided on the primary (supply) side of the transformer,
provided the primary device time—current protection char-
acteristic, multiplied by the maximum effective primary-to-
secondary transformer voltage ratio, effectively protects the
secondary conductors.

IX. Overcurrent Protection over 1000 Volts, Nominal
240.100 Feeders and Branch Circuits.

(A) Location and Type of Protection. Feeder and branch-
circuit conductors shall have overcurrent protection in each
ungrounded conductor located at the point where the con-
ductor receives its supply or at an alternative location in the
circuit when designed under engineering supervision that
includes but is not limited to considering the appropriate
fault studies and time—current coordination analysis of the
protective devices and the conductor damage curves. The
overcurrent protection shall be permitted to be provided by
either 240.100(A)(1) or (A)(2).

(1) Overcurrent Relays and Current Transformers. Cir-
cuit breakers used for overcurrent protection of 3-phase cir-
cuits shall have a minimum of three overcurrent relay ele-
ments operated from three current transformers. The separate
overcurrent relay elements (or protective functions) shall be
permitted to be part of a single electronic protective relay unit.
On 3-phase, 3-wire circuits, an overcurrent relay ele-
ment in the residual circuit of the current transformers shall
be permitted to replace one of the phase relay elements.
An overcurrent relay element, operated from a current
transformer that links all phases of a 3-phase, 3-wire cir-
cuit, shall be permitted to replace the residual relay element
and one of the phase-conductor current transformers.
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Where the neutral conductor is not regrounded on the load
side of the circuit as permitted in 250.184(B), the current
transformer shall be permitted to link all 3-phase conduc-
tors and the grounded circuit conductor (neutral).

(2) Fuses. A fuse shall be connected in series with each
ungrounded conductor.

(B) Protective Devices. The protective device(s) shall be
capable of detecting and interrupting all values of current
that can occur at their location in excess of their trip-setting
or melting point.

(C) Conductor Protection. The operating time of the pro-
tective device, the available short-circuit current, and the
conductor used shall be coordinated to prevent damaging or
dangerous temperatures in conductors or conductor insula-
tion under short-circuit conditions.

240.101 Additional Requirements for Feeders.

(A) Rating or Setting of Overcurrent Protective De-
vices. The continuous ampere rating of a fuse shall not
exceed three times the ampacity of the conductors. The
long-time trip element setting of a breaker or the minimum
trip setting of an electronically actuated fuse shall not ex-
ceed six times the ampacity of the conductor. For fire
pumps, conductors shall be permitted to be protected for
overcurrent in accordance with 695.4(B)(2).

(B) Feeder Taps. Conductors tapped to a feeder shall be
permitted to be protected by the feeder overcurrent device
where that overcurrent device also protects the tap conductor.

Groundmg and Bon

ing

I. General

250.1 Scope. This article covers general requirements for

grounding and bonding of electrical installations, and the

specific requirements in (1) through (6).

(1) Systems, circuits, and equipment required, permitted,
or not permitted to be grounded

(2) Circuit conductor to be grounded on grounded systems

(3) Location of grounding connections

(4) Types and sizes of grounding and bonding conductors
and electrodes

(5) Methods of grounding and bonding

(6) Conditions under which guards, isolation, or insulation
may be substituted for grounding
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Informational Note: See Figure 250.1 for information on
the organization of Article 250 covering grounding and
bonding requirements.

Part | General

Part || System
grounding

Part VI Direct-current
systems

Part X Grounding of
systems and circuits of

over 1000 volts

Part 1ll Grounding electrode
— system and grounding
electrode conductor

Part V Bonding

Part IV Enclosure,
- raceway, and service
cable grounding

Part VI Equipment
— grounding and equipment
grounding conductors

Part VIl Methods of
equipment grounding

Part IX Instruments,
meters, and relays

Figure 250.1 Grounding and Bonding.

250.2 Definition.

Bonding Jumper, Supply-Side. A conductor installed on
the supply side of a service or within a service equipment
enclosure(s), or for a separately derived system, that en-
sures the required electrical conductivity between metal
parts required to be electrically connected.

250.3 Application of Other Articles. For other articles
applying to particular cases of installation of conductors
and equipment, grounding and bonding requirements are
identified in Table 250.3 that are in addition to, or modifi-
cations of, those of this article.

250.4 General Requirements for Grounding and Bond-
ing. The following general requirements identify what
grounding and bonding of electrical systems are required to
accomplish. The prescriptive methods contained in Article
250 shall be followed to comply with the performance re-
quirements of this section.

NATIONAL ELECTRICAL CODE 2014 Edition



ARTICLE 690 — SOLAR PHOTOVOLTAIC (PV) SYSTEMS

690.2

: ARTICLF 690 ,
Solar Photovoltalc (PV) bvstemq

L. General

690.1 Scope. The provisions of this article apply to solar
PV electrical energy systems, including the array circuit(s),
inverter(s), and controller(s) for such systems. |See Figure
690.1(a) and Figure 690.1(b).] Solar PV systems covered
by this article may be interactive with other electrical
power production sources or stand-alone, with or without
electrical energy storage such as batteries. These systems
may have ac or dc output for utilization.

Photovoltaic source circuits

[« )
Photovoltaic
output circuit

. = Fuses

00 o7 Solar cells
000
[oXe)
[oXe)e]
[ | [
L +— Module
1
//,,/* Panel
[ 1 I
L «— Array or photovoltaic
power source

Dedicated branch circuit

> of the electric production
and distribution network
Inverter output circuit
sac module (includes inverter)

Array (of ac modules)

ac module system

Notes:
1. These diagrams are intended to be a means of identification for
photovoltaic system components, circuits, and connections.
2. Disconnecting means required by Article 690, Part IIl, are not shown.
3. System grounding and equipment grounding are not shown.
See Article 690, Part V.

Figure 690.1(a) identification of Solar Photovoltaic System
Components.

690.2 Definitions.

Alternating-Current (ac) Module (Alternating-Current
Photovoltaic Module). A complete, environmentally pro-
tected unit consisting of solar cells, optics, inverter, and
other components, exclusive of tracker, designed to gener-
ate ac power when exposed to sunlight.
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Array. A mechanically integrated assembly of modules or
panels with a support structure and foundation, tracker, and
other components, as required, to form a direct-current
power-producing unit.

Photovoltaic source circuits Inverter input circuit

N\ > / Inverter output circuit
J { ,D i/ » Electric prod_uction
and distribution
network connection

Photovoltaic output circuit
Inverter

Interactive system |

Wind, engine-generator,
micro-hydro-electric, and
other power sources

Energy storage, charge controller,
and system control

Inverter input circuit
Inverter output circuit

/D__/_,

Inverter

—_—

Photovoltaic
output circuit

Hybrid system

dc loads

Charge controller

A4

Photovoltaic output Inverter input circuit

circuit | :l/ :?verteroutputcircuit
Main supply
4 ,| I >
equipment for

X nverter ac loads

7> Main supply equipment
for dc loads

Stand-alone system 1 I—:-l\ Energy storage

Notes:

1. These diagrams are intended to be a means of identification for
photovoltaic system components, circuits, and connections.

2. Disconnecting means and overcurrent protection required by
Article 690, Part [li, are not shown.

3. System grounding and equipment grounding are not shown.
See Article 690, Part V.

4. Custom designs occur in each configuration, and some components
are optional.

Figure 690.1(b) Identification of Solar Photovoltaic System
Components in Common System Configurations.

Bipolar Photovoltaic Array. A PV array that has two out-
puts, each having opposite polarity to a common reference
point or center tap.

Blocking Diode. A diode used to block reverse flow of
current into a PV source circuit.

Building Integrated Photovoltaics. Photovoltaic cells, de-
vices, modules, or modular materials that are integrated
into the outer surface or structure of a building and serve as
the outer protective surface of that building.

DC-to-DC Converter. A device installed in the PV source
circuit or PV output circuit that can provide an output dec
voltage and current at a higher or lower value than the input
de voltage and current.
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Direct-Current (dc) Combiner. A device used in the PV
source and PV output circuits to combine two or more dc
circuit inputs and provide one dc circuit output.

Diversion Charge Controller. Equipment that regulates
the charging process of a battery by diverting power from
energy storage to direct-current or alternating-current loads
or to an interconnected utility service.

Electrical Production and Distribution Network. A
power production, distribution, and utilization system, such
as a utility system and connected loads, that is external to
and not controlled by the PV power system.

Interactive System. A solar PV system that operates in
parallel with and may deliver power to an electrical produc-
tion and distribution network. For the purpose of this defi-
nition, an energy storage subsystem of a solar PV system,
such as a battery, is not another electrical production
source.

Inverter. Equipment that is used to change voltage level or
waveform, or both, of electrical energy. Commonly, an in-
verter [also known as a power conditioning unit (PCU) or
power conversion system (PCS)] is a device that changes dc
input to an ac output. Inverters may also function as battery
chargers that use alternating current from another source and
convert it into direct current for charging batteries.

Inverter Input Circuit. Conductors between the inverter
and the battery in stand-alone systems or the conductors
between the inverter and the PV output circuits for electri-
cal production and distribution network.

Inverter Output Circuit. Conductors between the inverter
and an ac panelboard for stand-alone systems or the con-
ductors between the inverter and the service equipment or
another electric power production source, such as a utility,
for electrical production and distribution network.

Module. A complete, environmentally protected unit con-
sisting of solar cells, optics, and other components, exclu-
sive of tracker, designed to generate dc power when ex-
posed to sunlight.

Monopole Subarray. A PV subarray that has two conduc-
tors in the output circuit, one positive (+) and one nega-
tive(-). Two monopole PV subarrays are used to form a
bipolar PV array.

Multimode Inverter. Equipment having the capabilities of
both the utility-interactive inverter and the stand-alone in-
verter.

Panel. A collection of modules mechanically fastened to-
gether, wired, and designed to provide a field-installable unit.
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Photovoltaic Qutput Circuit. Circuit conductors between
the PV source circuit(s) and the inverter or dc utilization
equipment.

Photovoltaic Power Source. An array or aggregate of ar-
rays that generates dc power at system voltage and current.

Photovoltaic Source Circuit. Circuits between modules
and from modules to the common connection point(s) of
the dc system.

Photovoltaic System Voltage. The direct current (dc) volt-
age of any PV source or PV output circuit. For muitiwire
installations, the PV system voltage is the highest voltage
between any two dc conductors.

Solar Cell. The basic PV device that generates electricity
when exposed to light.

Stand-Alone System. A solar PV system that supplies
power independently of an electrical production and distri-
bution network.

Subarray. An electrical subset of a PV array.

690.3 Other Articles. Wherever the requirements of other
articles of this Code and Article 690 differ, the requirements
of Article 690 shall apply and, if the system is operated in
parallel with a primary source(s) of electricity, the require-
ments in 705.14, 705.16, 705.32, and 705.143 shall apply.

Exception: Solar PV systems, equipment, or wiring in-
stalled in a hazardous (classified) location shall also com-
ply with the applicable portions of Articles 500 through
sle.

690.4 General Requirements.

(A) Photovoltaic Systems. Photovoltaic systems shall be
permitted to supply a building or other structure in addition
to any other electrical supply system(s).

(B) Equipment. Inverters, motor generators, PV modules,
PV panels, ac PV modules, dc combiners, de-to-dc convert-
ers, and charge controllers intended for use in PV power
systems shall be listed for the PV application.

(C) Qualified Personnel. The installation of equipment
and all ‘associated wiring and interconnections shall be per-
formed only by qualified persons.

Informational Note: See Article 100 for the definition of
gitalified person.

(D) Multiple Inverters. A PV system shall be permitted to
have multiple inverters installed in or on a single building
or structure. Where the inverters are remotely located from
each other, a directory in accordance with 705.10 shall be
installed at each dc PV system disconnecting means, at
each ac disconnecting means, and at the main service dis-
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connecting means showing the location of all ac and dc PV
system disconnecting means in the building.

Exception: A directory shall not be required where all
inverters and PV dc disconnecting means are grouped at
the main service disconnecting means.

690.5 Ground-Fault Protection. Grounded dc PV arrays
shall be provided with dc ground-fault protection meeting
the requirements of 690.5(A) through (C) to reduce fire
hazards. Ungrounded dc PV arrays shall comply with
690.35.

Exception:  Ground-mounted or pole-mounted PV arrays
with not more than two paralleled source circuits and with
all dc source and dc output circuits isolated from buildings
shall be permitted without ground-fault protection.

(A) Ground-Fault Detection and Interruption. The

ground fault protection device or system shall;

(1) Be capable of detecting 4 ground fault in the PV array
dc current-carrying conductors and components,  in-
cluding any intentionally grounded conductors,

(2) Interrupt the flow of fault current

(3) Provide an indication of the fault, and

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

Automatically opening the grounded conductor for
measurement purposes or to interrupt the ground-fault cur-
rent path shall be permitted. If a grounded conductor is
opened to interrupt the ground-fault current path, all con-
ductors of the faulted circuit shall be automatically and
simultaneously opened.

Manual operation of the main PV dc disconnect shall
not activate the ground-fault protection device or resuit in
grounded conductors becoming ungrounded.

(B) Isolating Faulted Circuits. The faulted circuits shall
be isolated by one of the two following methods:

(1) The ungrounded conductors of the faulted circuit shall
be automatically disconnected.

(2) The inverter or charge controller fed by the faulted
circuit shall automatically cease to supply power to
output circuits.

(C) Labels and Markings. A warning label shall appear
on the utility-interactive inverter or be applied by the in-
staller near the ground-fault indicator at a visible location,
stating the following:

WARNING
ELECTRIC SHOCK HAZARD
IF A GROUND FAULT IS INDICATED,
NORMALLY GROUNDED CONDUCTORS MAY
BE UNGROUNDED AND ENERGIZED
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When the PV system also has batteries, the same warn-
ing shall also be applied by the installer in a visible location
at the batteries. The warning sign(s) or label(s) shall com-
ply with 110.21(B).

690.6 Alternating-Current (ac) Modules.

(A) Photovoltaic Source Circuits. The requirements of Ar-
ticle 690 pertaining to PV source circuits shall not apply to ac
modules. The PV source circuit, conductors, and inverters
shall be considered as internal wiring of an ac module.

(B) Inverter Qutput Circuit. The output of an ac module
shall be considered an inverter output circuit.

(C) Disconnecting Means. A single disconnecting means,
in accordance with 690.15 and 690.17, shall be permitted
for the combined ac output of one or more ac modules.
Additionally, each ac module in a multiple ac module sys-
tem shall be provided with a connector, bolted, or terminal-
type disconnecting means.

(D) Overcurrent Protection. The output circuits of ac
modules shall be permitted to have overcurrent protection
and conductor sizing in accordance with 240.5(B)(2).

II. Circuit Requirements
690.7 Maximum Voltage.

(A) Maximum Photovoltaic System Voltage. In a dc PV
source circuit or output circuit, the maximum PV system
voltage for that circuit shall be calculated as the sum of the
rated open-circuit voltage of the series-connected PV mod-
ules corrected for the lowest expected ambient temperature.
For crystalline and multicrystalline silicon modules, the
rated open-circuit voltage shall be multiplied by the correc-
tion factor provided in Table 690.7. This voltage shall be
used to determine the voltage rating of cables, disconnects,
overcurrent devices, and other equipment. Where the lowest
expected ambient temperature is below —40°C (—40°F), or
where other than crystalline or multicrystalline silicon PV
modules are used, the system voltage adjustment shall be
made in accordance with the manufacturer’s instructions.

When open-circuit voltage temperature coefficients are
supplied in the instructions for listed PV modules, they
shall be used to calculate the maximum PV system voltage
as required by 110.3(B) instead of using Table 690.7.

Informational Note: One source for statistically valid,
lowest-expected, ambient temperature design data for various
locations is the Extreme Annual Mean Minimum Design Dry
Bulb Temperature found in the ASHRAE Handbook — Fun-
damentals. These temperature data can be used to calculate
maximum voltage using the manufacturer’s temperature coef-
ficients relative to the rating temperature of 25°C.
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Table 690.7 Voltage Correction Factors for Crystalline and
Multicrystalline Silicon Modules

Correction Factors for Ambient Temperatures Below 25°C
(77°F). (Multiply the rated open circuit voltage by the
appropriate correction factor shown below.)

Ambient Ambient
Temperature (°C) Factor Temperature (°F)
24 to 20 1.02 76 to 68
19 to 15 1.04 67 to 59
14 to 10 1.06 58 to 50
9to 5 1.08 49 to 41

4 to 1.10 40 to 32

-1 to =5 1.12 31to23
-6 to —10 1.14 22 to 14

—11 to —15 1.16 13to 5

—16 to —20 1.18 410 -4
=21 to =25 1.20 -5to 13
—26 to =30 1.21 —14 to 22
=31 to =35 1.23 -23 to =31
=36 to —40 1.25 -32 to —40

(B) Direct-Current Utilization Circuits. The voltage of
dc utilization circuits shall conform to 210.6.

(C) Photovoltaic Source and Output Circuits. In one-
and two-family dwellings, PV source circuits and PV out-
put circuits that do not include lampholders, fixtures, or
receptacles shall be permitted to have a maximum PV sys-
tem voltage up to 600 volts. Other installations with a
maximum PV system voltage over 1000 volts shall comply
with Article 690, Part 1X.

(D) Circuits over 150 Volts to Ground. In one- and two-

family dwellings, live parts in PV source circuits and PV

output circuits over 150 volts to ground shall not be acces-

sible to other than qualified persons while energized.
Informational Note: See 110.27 for guarding of live parts,
and 210.6 for voltage to ground and between conductors.

(E) Bipolar Source and Output Circuits. For 2-wire cir-

cuits connected to bipolar systems, the maximum system

voltage shall be the highest voltage between the conductors

of the 2-wire circuit if all of the following conditions apply:

(1) One conductor of each circuit of a bipolar subarray is
solidly grounded.

Exception: The operation of ground-fault or arc-fault de-
vices (abnormal operation) shall be permitted to interrupt
this connection to ground when the entire bipolar array
becomes two distinct arrays isolated from each other and
the utilization equipment.

(2) Each circuit is connected to a separate subarray.

(3) The equipment is clearly marked with a label as

follows:
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WARNING
BIPOLAR PHOTOVOLTAIC ARRAY.

DISCONNECTION OF NEUTRAL

OR GROUNDED CONDUCTORS

MAY RESULT IN OVERVOLTAGE

ON ARRAY OR INVERTER.

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

(F) Disconnects and Overcurrent Protection. Where en-
ergy storage device output conductor length exceeds 1.5 m
(5-ft); or where the circuits pass through a wall or partition,
the installation shall comply with (1) through (5):

(1) A disconnecting means and overcurrent protection shall
be provided at the energy storage device end of the
circuit. Fused disconnecting means or circuit breakers
shall be permitted.

(2) Where fused disconnecting means are used, the line
terminals of the disconnecting means shall be con-
nected toward the energy storage device terminals.

(3): Overcurrent devices or disconnecting means shall not
be installed in energy storage device enclosures where
explosive atmospheres can exist.

(4) A second disconnecting means located at the connected
equipment shall be installed where the disconnecting
means tequired by (1) is not within sight of the con=
nected equipment.

(5) Where the energy storage device disconnecting means
is not within sight of the PV system ac and.dc discon-
necting means, placards or directories shall be installed
at the locations of all disconnecting means indicating
the location of all disconnecting means.

690.8 Circuit Sizing and Current.

(A) Calculation of Maximum Circuit Current. The
maximum current for the specific circuit shall be calculated
in accordance with 690.8(A)(1) through (A)(S).

Informational Note: Where the requirements of 690.8(A)(1)

and (B)(1) are both applied, the resulting multiplication factor

is 156 percent.
(1) Photovoltaic Source Circuit Currents. The maximum
current shall be the sum of parallel module rated short-
circuit currents multiplied by 125 percent.

(2) Photovoltaic Output Circuit Currents. The maxi-
mum current shall be the sum of parallel source circuit
maximum currents as calculated in 690.8(A)(1).

(3) Inverter Output Circuit Current. The maximum cur-
rent shall be the inverter continuous output current rating.

(4) Stand-Alone Inverter Input Circuit Current. The
maximum current shall be the stand-alone continuous in-
verter input current rating when the inverter is producing
rated power at the lowest input voltage.
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(5) DC-to-DC Converter Output Current. The maxi-
mum current shall be the de-to-de converter continuous
output current rating,

(B) Conductor Ampacity. PV system currents shall be
considered to be continuous. Circuit conductors shall be
sized to carry not less than the larger of 690.8(B)(1) or (2).

(1) One hundred and twenty-five percent of the maximum
carrents calculated in 690.8(A) betore the application of
adjustment and correction factors.

Exception: Circuits containing an assembly, together with
its overcurrent device(s), that is listed for continuous op-
eration at 100 percent of its rating shall be permitted to be
used at 100 percent of its rating.

(2) The maximum currents calculated in 690.8(A) after the
application of adjustment and correction factors.

(C) Systems with Multiple Direct-Current Voltages. For
a PV power source that has multiple output circuit voltages
and employs a common-return conductor, the ampacity of
the common-return conductor shall not be less than the sum
of the ampere ratings of the overcurrent devices of the
individual output circuits.

(D) Sizing of Module Interconnection Conductors. Where
a single overcurrent device is used to protect a set of two or
more parallel-connected module circuits, the ampacity of each
of the module interconnection conductors shall not be less
than the sum of the rating of the single overcurrent device plus
125 percent of the short-circuit current from the other parallel-
connected modules.

690.9 Overcurrent Protection.

(A) Circuits and Equipment. PV source circuit, PV out-
put circuit, inverter output circuit, and storage battery cir-
cuit conductors and equipment shall be protected in accor-
dance with the requirements of Article 240. Protection
devices for PV source circuits and PV output circuits shall
be in accordance with the requirements of 690.9(B) through
(E). Circuits, either ac or dc, connected to current-limited
supplies (e.g., PV modules, ac output of utility-interactive
inverters), and also connected to sources having signifi-
cantly higher current availability (e.g.. parallel strings of
modules, utility power), shall be protected at the source
from overcurrent.

Exception: An overcurrent device shall not be required for
PV modules or PV source circuit conductors sized in accor-
dance with 690.8(B) where one of the following applies:

(a) There are no external sources such as parallel-
connected source circuits, batteries, or backfeed from invert-
ers.
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(b) The short-circuit currents from all sources do not
exceed the ampacity of the conductors and the maximum
overcurrent protective device size rating specified on the
PV module nameplate.

(B) Overcurrent Device Ratings. Overcurrent device rat-
ings shall be not less than 125 percent of the maximum
currents calculated in 690.8(A).

Exception: ~ Circuits containing an assembly, together with
its overcurrent device(s), that is listed for continuous op-
eration at 100 percent of its rating shall be permitted 10 be
used at 100 percent of its rating.

(€) Direct-Current Rating. Overcurrent devices, either
fuses or circuit breakers, used in any dc portion of a PV
power system shall be listed and shall have the appropriate
voltage, current, and interrupt ratings.

(D) Photovoltaic Source and Qutput Circuits. Listed PV
overcurrent devices shall be required to provide overcurrent
protection in PV source and output circuits. The overcur-
rent devices shall be aceessible but shall not be required to
be readily accessible.

(E) Series Overcurrent Protection. In grounded PV source
circuits, a single overcurrent protection device, where re-
quired; shall be permitted to protect the PV modules and the
interconnecting conductors. In ungrounded PV source circuits
complying with 690.35; an overcurrent protection . device;
where required, shall be installed in each ungrounded circuit
conductor and shall be permitted to protect the PV modules
and the interconnecting cables.

(F) Power Transformers. Overcurrent protection for a
transformer with a source(s) on each side shall be provided
in accordance with 450.3 by considering first one side of
the transformer, then the other side of the transformer, as
the primary.

Exception: A power transformer with a current rating on
the side connected toward the utility-interactive inverter
output, not less than the rated continuous output current of
the inverter, shall be permitted without overcurrent protec-
tion from the inverter.

690.10 Stand-Alone Systems. The premises wiring sys-
tem shall be adequate to meet the requirements of this Code
for a similar installation connected to a service. The wiring
on the supply side of the building or structure disconnect-
ing means shall comply with the requirements of this Code,
except as modified by 690.10(A) through (E).

(A) Inverter Output. The ac output from a stand-alone
inverter(s) shall be permitted to supply ac power (o the
building or structure disconnecting means at current levels
less than the calculated load connected to that disconnect.
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The inverter output rating or the rating of an alternate en-
ergy source shall be equal to or greater than the load posed
by the largest single utilization equipment connected to the
system, Calculated general lighting loads shall not be con-
sidered as a single load.

(B) Sizing and Protection. The circuit conductors be-
tween the inverter output and the building or structure dis-
connecting means shall be sized based on the output rating
of the inverter. These conductors shall be protected from
overcurrents in accordance with Article 240. The overcur-
rent protection shall be located at the output of the inverter.

(C) Single 120-Volt Supply. The inverter output of a
stand-alone solar PV system shall be permitted to supply
120 volts to single-phase, 3-wire, 120/240-volt service
equipment or distribution panels where there are no
240-volt outlets and where there are no multiwire branch
circuits. In all installations, the rating of the overcurrent
device connected to the output of the inverter shall be less
than the rating of the neutral bus in the service equipment.
This equipment shall be marked with the following words
or equivalent:

WARNING
SINGLE 120-VOLT SUPPLY. DO NOT CONNECT
MULTIWIRE BRANCH CIRCUITS!
The warning sign(s) or label(s) shall comply with
110.21(B).

(D) Energy Storage or Backup Power System Require-
ments. Energy storage or backup power supplies are not
required.

(E) Back-Fed Circuit Breakers. Plug-in type back-fed
circuit breakers connected to a stand-alone or multimode
inverter output in stand-alone systems shall be secured in
accordance with 408.36(D). Circuit breakers marked “line”
and “load” shall not be back-fed.

690.11 Arc-Fault Circuit Protection (Direct Current).

Photovoltaic systems with dc source circuits, dc output cir-

cuits, or both, opéerating at a PV system maximum system

voltage of 80 volts or greater, shall be protected by a listed

(dc) arc-fault circuit interrupter, PV type, or other system

components listed to provide equivalent protection. The PV

arc-fault protection means shall comply with the following
requirements:

(1) The system shall detect and interrupt arcing faults re-
sulting from a failure in the intended continuity of a
conductor, connection, module, or other system compo-
nent in the dc PV source and dc PV output circuits.

(2) The system shall require that the disabled or discon-
nected equipment be manually restarted.

(3) The system shall have an annunciator that provides a
visual indication that the circuit interrupter has oper-
ated. This indication shall not reset automatically.
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690.12 Rapid Shutdown of PV Systems on Buildings.

PV system circuits installed on or in buildings shall include

a rapid shutdown function that controls specific conductors

in accordance with 690.12(1) through (5) as follows.

(1) Requirements for controlled conductors shall apply
only to PV system conductors of more than 1.5 m (5 ft)
in length inside a building, or more than 3 m (10 ft)
from a PV array.

(2) Controlled conductors shall be limited to not more than
30 volts and 240 volt-amperes within 10 seconds of
rapid shutdown initiation.

(3) Voltage and power shall be measured between any two
conductors and between any conductor and ground.

(4) The rapid shutdown initiation methods shall be labeled
in accordanee with 690.56(B).

(5) Equipment that performs the rapid shutdown shall be
listed and identified.

III. Disconnecting Means

690.13 Building or Other Structure Supplied by a Pho-
tovoltaic System. Means shall be provided to disconnect
all ungrounded dc conductors of a PV system from all other
conductors in a building or other structure,

(A) Location. The PV disconnecting means shall be in-
stalled at a readily accessible location either on the outside
of a building or structure or inside nearest the point of
entrance of the system conductors.

Exception: Installations that comply with 690.31(F) shall
be permitted to have the disconnecting means located re-
mote from the point of entry of the system conductors.

The PV system disconnecting means shall not be in-
stalled in bathrooms.

(B) Marking. Each PV system disconnecting means shall
be permanently marked to identify it as a PV system dis-
connect.

(€) Suitable for Use. Each PV system disconnecting
means shall not be required to be suitable as service equip-
ment.

(D) Maximum Number of Disconnects. The PV system
disconnecting means shall consist of not more than six
switches or six circuit breakers mounted in a single enclo-
sure or in a group of separate enclosures.

(E) Grouping. The PV system disconnecting means shall
be grouped with other disconnecting means for the system
in accordance with 690.13(D). A PV disconnecting means
shall not be required at the PV module or array location.

690.15 Disconnection of Photovoltaic Equipment. Means
shall be provided to disconnect equipment, such as invert-
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690.17

ers, batteries, and charge controllers, from all ungrounded
conductors of all sources. If the equipment is energized
from more than one source, the disconnecting means shall
be grouped and identified.

A single disconnecting means in accordance with
690.17 shall be permitted for the combined ac output of one
or more inverters or ac modules in an interactive system.

(A) Utility-Interactive = Inverters Mounted in Not
Readily . Accessnble Locatmns Utility-interactive inverters
shall be pemntted » be mounted on toofs or other exterior

comply 'wnh 90.13(A).
(4) A plaque shall be installed in accordance with 705.10.

(B) Equipment Equipment such a

the PV dmconnectmg rneans

(C) Dlrect Current Combiner Dlsconnectb The d(, (}ut~

remotely controlled hut shall be manually operébie Ioéafly
when control power is not available.

(D) Maximum Number of Dlsconnects The PV syetem
disconnecting means shall consist )
sw1tche§ Or six circuit breakers m unte
sure or in a group of separate enc]osures

690.16 Fuses.

(A) Disconnecting Means. Disconnecting means shall be
provided to disconnect a fuse from all sources of supply if
the fuse is energized from both directions. Such a fuse in a
PV source circuit shall be capable of being disconnected
independently of fuses in other PV source circuits.

(B) Fuse Servicing. Disconnecting means shall be in-
stalled on PV output circuits where overcurrent devices
(fuses) must be serviced that cannot be isolated from ener-
gized circuits. The disconnecting means shall be within
sight of, and accessible to, the location of the fuse or inte-
gral with fuse holder and shall comply with 690.17. Where
the disconnecting means are located more than 1.8 m (6 ft)
from the overcurrent device, a directory showing the loca-
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tion of each disconnect shall be installed at the overcurrent
device location.

Non-load-break-rated disconnecting means shall be
marked “Do not open under load.”

690.17 Disconnect Type.

(A) Manually Operable. The disconnecting means for un-
grounded PV conductors shall consist of a manually oper-
able switch(es) or circuit breaker(s). The: disconnecting
means shall be permitted to be power operable with provi-
sions for manual operation in the event of a power-supply
failure, The disconnecting means shall be one of the fol-
1Ong listed devices:
(1) A PV industrial control switch marked for use in PV
systems
(2) A PV molded-case circuit breaker marked for use in
PV gsystems
(3) A PV molded-case switch marked for use in PV sys-
tems
(4) A PV enclosed switch marked for use in PV systems
(5) APV open-type switch marked for use in PV systems
(6) A de-rated molded-case circuit breaker suitable for
backfeed operation
(7) A dc-rated molded-case switch suitable for backfeed
operation
(8) A de-rated enclosed switch
(9) A dc-rated open-type switch
(10) A dc-rated rated low-voltage power circuit breaker
Informational Note: Devices marked with “line” and
“load’” are not suitable for backfeed or reverse current.

(B) Simultaneous Opening of Poles. The PV disconnect-
ing means shall simultaneously disconnect all ungrounded
supply conductors.

(C) Externally Operable and Indicating. The PV discon-
necting means shall be externally operable without expos-
ing the operator to contact with live parts and shall indicate
w hether in the open or closed position.

(D) Disconnection of Grounded Conductor. A switch,
circuit breaker or other device shall not be installed in a
grounded conductor if operation of that switch, circuit
breaker, or other device leaves the marked, grounded con-
ductor in an ungrounded and energized state.

Exception No. 1: A switch or circuit breaker that is part of
a ground- faulr detectzon system required by 690.5, or that
is part of an arc-fault derectwn/mfeirupnrm system: re-
qmred by 69() 11, Ahall be permitted to open the grounded
conductor when that switch or circuit breaker is automati-
cally opened as a iormal function of the device in respond-
ing to ground faults.
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Exception No. 2: A disconnecting switch shall be permii-
ted.in a grounded conductor if all of the following condi-
tions are met:

(L) The switch is used only for PV array maintenance.

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

(3) The switch is rated for the maximum dc voltage and
current that could be present during any operdtion,
including ground-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
available 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 warning sign(s) or label(s) shall comply with
110.21(B).

Exception: A connector shall be permitted to be used as
an ac or a dc disconnecting means, provided that it com-
plies with the requirements of 690.33 and is listed and
identified for use with specific 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
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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 (158°F) 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. PV source circuits and
PV ‘output cire

§ shall not be contained in the same race-

dqgtqrs iot Vthe ‘d;lff‘erf@:ntﬂ;éystems' are ‘separatéd by a partition.
PV ‘syQtem coﬁduct@r@ @ha‘l be identiﬁed and gro‘uped as

shall be demmed at all pomts of telmmatmn connecuon
and sphcgs‘.

tors of nn
box,

shall be tdentlﬁed at all termmau()n,
points.

Lonnecuon, ,,and splice

e identification of the conductors is
rangement, further identification

shallnot be wquzmd

(4) Grouping. Where the conductors of more than one PV
system oecupy the same junction box or raceway with a
movab ver(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 exceed 1.8 m (6 ft).

Exception:  The requirement for grouping shall not apply if
the clrcuit 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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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 llsted and labeled as pho-
tovoltaic (PV) wire of all sizes, with or w1thout acable
tray. markmv/mtmg shall be permltted 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 notto exceed 1.4 m
4.5 f).

Informational Note: Photovoltaic wire and PV 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 Shdﬂ be penmtted in outdoon 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). Equlpment groundmg for the
utlhzauon 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 690.31(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 permitted for
module interconnections where such cables meet the ampacity
requirements of 400.5. Section 310.15 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 (B). The wiring methods shall comply with the addi-
tional installation requirements in 690.31(G)(1) 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 eqmpment the location of circuits shall be clearly
marked using a markmg plotocol that is approved as being
sultab]e for continuous exposure to sunlight and weather.

(2) Flexible Wiring Methods. Where flexible metal con-
duit (FMC) smaller than metric designator 21 (trade size
¥4) or Type MC cable smaller than 25 mm (1 in.) in diam-
eter containing PV 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-
nemly affixed labels or other dppIOVCd 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
°C) 60°C (140°F) 75°C (167°F) 90°C (194°F) 105°C (221°F) (°F)

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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(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 (3% :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 (10 ft). 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.

(D) 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 PV 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.
Bipolar 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 maximum volt-
age between circuits and containing a_ physical barrier
separating the disconnecting “means for each monopole
subarray shall be permitted to be used instead of discon-
necting means in separate enclosures.

(J) Module Connection Arrangement. The connection to
a module or panel shall be arranged 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).
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(A) Configuration. The connectors shall be polarized and
shall have a configuration that is noninterchangeable 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 (G).

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

(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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(D) Conductors. The PV source conductors shall consist
of the following:

(1) Metallic or nonmetallic jacketed multiconductor cables

(2) Conductors installed in raceways

(3) Conductors listed and identified as PV wire installed as
exposed, single conductors, or

(4) Conductors that are direct-buried and identified for
direct-burial use

(E) Battery Systems. The PV power system direct-current
circuits shall be permitted to be used with ungrounded bat-
tery systems complying with 690.71(G).

(F) Marking. The PV power source shall be labeled with
the following warning at each junction box, combiner box,
disconnect, and device where energized, ungrounded cir-
cuits may be exposed during service:

WARNING
ELECTRIC SHOCK HAZARD. THE DC CON-
DUCTORS OF THIS PHOTOVOLTAIC SYSTEM
ARE UNGROUNDED AND MAY BE ENER-
GIZED.
The warning sign(s) or label(s) shall- comply . with
110.21(B).

(G) Equipment. The inverters or charge controllers used
in systems with ungrounded PV source and output circuits
shall be listed for the purpose.

V. Grounding

690.41 System Grounding. Photoyoltaic systems shall

comply. with one of the following:

(1) Ungrounded systems shall comply with 690.35.

(2) Grounded two-wire systems shall have one conductor
grounded or be impedance grounded, and the system
shall comply with 690.5.

(3) Grounded bipolar systems shall have the reference
(center tap) conductor grounded or be impedance
grounded, and the system shall comply with 690.5.

(4) Other methods that accomplish equivalent system pro-
tection in accordance with 250.4(A) with equipment
listed and identified for the use shall be permitted to-be
used.

690.42 Point of System Grounding Connection. The dc
circuit grounding connection shall be made at any single
point on the PV output circuit.

Informational Note: Locating the grounding connection
point as close as practicable to the PV source better protects
the system from voltage surges due to lightning.

Exception: Systems with a 690.5 ground-fault protection
device shall be permitted to have the required grounded
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conductor-to-ground bond made by the ground-fault pro-
tection device. This bond, where internal to the ground-

Sault equipment, shall not be duplicated with an external

connection.

690.43 Equipment Grounding. Equipment grounding con-
ductors and devices shall comply with 690.43(A) through (F).

(A) Equipment Grounding Required. Exposed non-
current-carrying metal parts of PV module frames, elec-
trical equipment, and conductor enclosures shall be
grounded in accordance with 250.134 or 250.136(A), re-
gardless of voltage.

(B) Equipment Grounding Conductor Required. An
equipment grounding conductor between a PV array and
other equipment shall be required in accordance with
250.110.

(C) Structure as Equipment Grounding Conductor. De-
vices listed and identified for grounding the metallic frames
of PV modules or other equipment shall be permitted to
bond the exposed metal surfaces or other equipment to
mounting structures. Metallic mounting structures, other
than building steel, used for grounding purposes shall be
identified as equipment-grounding conductors or shall have
identified bonding jumpers or devices connected between
the separate metallic sections and shall be bonded to the
grounding system.

(D) Photovoltaic Mounting Systems and Devices. De-
vices and systems used for mounting PV modules that are
also used to provide grounding of the module frames shall
be identified for the purpose of grounding PV modules.

(E) Adjacent Modules. Devices identified and listed for
bonding the metallic frames of PV modules shall be per-
mitted to bond the exposed metallic frames of PV modules
to the metallic frames of adjacent PV modules.

(F) All Conductors Together. Equipment grounding con-
ductors for the PV array and structure (where installed)
shall be contained within the same raceway or cable or
otherwise run with the PV array circuit conductors when
those circuit conductors leave the vicinity of the PV array.

690.45 Size of Equipment Grounding Conductors.
Equipment grounding conductors for PV source and PV
output circuits shall be sized in accordance with 250.122.
Where no overcurrent protective deyice is used in the cir-
cuit, an assumed overcurrent device rated at the PV maxi-
mum circuit current. shall be used when applying Table
250.122. Increases in equipment grounding conductor size
to- address voltage drop considerations shall not be re-
quired. An equipment grounding conductor shall not be
smaller than 14 AWG.
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690.46 Array Equipment Grounding Conductors. For
PV modules, equipment grounding conductors smaller than
6 AWG shall comply with 250.120(C).

Where installed in raceways, equipment grounding con-
ductors and grounding electrode conductors not larger than
6 AWG shall be permitted to be solid.

690.47 Grounding Electrode System.

(A) Alternating-Current Systems. If installing an ac sys-
tem, a grounding electrode system shall be provided in
accordance with 250.50 through 250.60. The grounding
electrode conductor shall be installed in accordance with
250.64.

(B) Direct-Current Systems. If installing a dc system, a
grounding electrode system shall be provided in accordance
with 250.166 for grounded systems or 250.169 for un-
grounded systems. The grounding electrode conductor shall
be installed in accordance with 250.64.

A common dc grounding-electrode conductor shall be
permitted to serve multiple inverters. The size of the com-
mon grounding electrode and the tap conductors shall be in
accordance with 250.166. The tap conductors shall be con-
nected to the common grounding-electrode conductor by
exothermic welding or with connectors listed as grounding
and bonding equipment in such a manner that the common
grounding electrode conductor remains without a splice or
joint.

An ac equipment grounding system shall be permifted
to be used for equipment grounding of inverters and other
equipment and for the ground-fault detection reference for
ungrounded PV systems.

(C) Systems with Alternating-Current and Direct-
Current Grounding Requirements. Photovoltaic systems
having dc circuits and ac circuits with no direct connection
between the dc grounded conductor and ac grounded con-
ductor shall have a dc grounding system. The dc grounding
system shall be bonded to the ac grounding system by one
of the methods in (1), (2), or (3).

This section shall not apply to ac PV modules.

When using the methods of (C)(2) or (C)(3), the exist-
ing ac grounding electrode system shall meet the applicable
requirements of Article 250, Part III.

Informational Note No. 1:  ANSI/UL 1741, Standard for
Inverters, Converters, and Controllers for Use in Indepen-
dent Power Systems, requires that any inverter or charge
controller that has a bonding jumper between the grounded
dc conductor and the grounding system connection point
have that point marked as a grounding electrode conductor
(GEC) connection point. In PV inverters, the terminals for
the dc equipment grounding conductors and the terminals
for ac equipment grounding conductors are generally con-
nected to, or electrically in common with, a grounding bus-
bar that has a marked dc¢ GEC terminal.
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Informational Note No. 2: For utility-interactive systems,
the existing premises grounding system serves as the ac
grounding system.

(1) Separate Direct-Current Grounding Electrode Sys-
tem Bonded to the Alternating-Current Grounding
Electrode System. A separate dc grounding electrode or
system shall be installed, and it shall be bonded directly to
the ac grounding electrode system. The size of any bonding
jumper(s) between the ac and dc systems shall be based on
the larger size of the existing ac grounding electrode con-
ductor or the size of the dc grounding electrode conductor
specified by 250.166. The dc grounding electrode system
conductor(s) or the bonding jumpers to the ac grounding
electrode system shall not be used as a substitute for any
required ac equipment grounding conductors.

(2) Common Direct-Current and Alternating-Current
Grounding Electrode. A dc grounding electrode conductor
of the size specified by 250.166 shall be run from the
marked dc grounding electrode connection point to the ac
grounding electrode. Where an ac grounding electrode is
not accessible, the dc grounding electrode conductor shall
be connected to the ac grounding electrode conductor in
accordance with 250.64(C)(1) or 250.64(C)(C)(2) or by us-
ing a connector listed for grounding and bonding. This dc
grounding electrode conductor shall not be used as a sub-
stitute for any required ac equipment grounding conductors.

(3) Combined Direct-Current Grounding Electrode
Conductor and Alternating-Current Equipment
Grounding Conductor. An unspliced, or irreversibly
spliced, combined grounding conductor shall be run from
the marked dc grounding electrode conductor connection
point along with the ac circuit conductors to the grounding
busbar in the associated ac equipment. This combined
grounding conductor shall be the larger of the sizes speci-
fied by 250.122 or 250.166 and shall be installed in accor-
dance with 250.64(E). For ungrounded systems, this con-
ductor shall be sized in agcordance with 250.122 and shall
not be required to.be larger than the largest ungrounded
phase conductor,

(D) Additional Auxiliary Electrodes for Array Ground-
ing. A groundmg electrode shall be installed in accordance
with 250.52 and 250,54 at the location of all ground- and
pole-mounted PV arrays and as clese as practicable to the
location of roof-mounted PV arrays. The electrodes shall be
connected directly to the array frame(s) or structure. The dc
groundmo electrode conductor shall be sized according to
250.166. Additional electrodes are not permitted to be used
asa substltute for eqmpment bondmg or equipment ground-
ing conductor r lirements. The structure of a ground- or
pole-mounted PV array shall be permitted to be considered
a groynding electrode if it meets the requirements of
250.52. Roof-mounted PV arrays shall be permitted to use
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the metal frame of a building or structure if the require-
ments of 250.52(A)(2) are met.

Exception No. 1: An array grounding electrode(s) shall
not be reqmred where the load served by the array is inte-
gml with the array.

Exception No. 2: An additional array grounding elec-

trode(s) shall not be requzred if located wzthm L8 m (b f)
of the premises wiring electrode.

690.48 Continuity of Equipment Grounding Systems.
Where the removal of equipment disconnects the bonding
connection between the grounding electrode conductor and
exposed conducting surfaces in the PV source or output
circuit equipment, a bonding jumper shall be installed
while the equipment is removed.

690.49 Continuity of Photovoltaic Source and Output
Circuit Grounded Conductors. Where the removal of the
utility-interactive inverter or other equipment disconnects
the bonding connection between the grounding electrode
conductor and the PV source and/or PV output circuit
grounded conductor, a bondmg jumper shall be installed to
maintain the system grounding while the inverter or other
equipment is removed.

690.50 Equipment Bonding Jumpers. Equipment bond-
ing jumpers, if used, shall comply with 250.120(C).

VI. Marking

690.51 Modules. Modules shall be marked with identifica-
tion of terminals or leads as to polarity, maximum overcur-
rent device rating for module protection, and with the fol-
lowing ratings:

(1) Open-circuit voltage

(2) Operating voltage

(3) Maximum permissible system voltage

(4) Operating current

(5) Short-circuit current

(6) Maximum power

690.52 Alternating-Current Photovoltaic Modules.

Alternating-current modules shall be marked with identifi-

cation of terminals or leads and with identification of the

following ratings:

(1) Nominal operating ac voltage

(2) Nominal operating ac frequency

(3) Maximum ac power

(4) Maximum ac current

(5) Maximum overcurrent device rating for ac module
protection
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690.53 Direct-Current Photovoltaic Power Source. A
permanent label for the direct-current PV power source in-
dicating the information specified in (1) through (5) shall
be provided by the installer at the PV disconnecting means:
(1) Rated maximum power-point current.

(2) Rated maximum power-point voltage.

(3) Maximum system voltage.

Informational Note to (3): See 690.7(A) for maximum PV
system voltage.

(4) Maximum circuit current. Where the PV power source
has multiple outputs, 690.53(1) and (4) shall be speci-
fied for each output.

Informational Note to (4): See 690.8(A) for calculation of
maximum circuit current.

(5) Maximum rated output current of the charge controller
(if installed).

Informational Note: Reflecting systems used for irradiance
enhancement may result in increased levels of output cur-
rent and power.

690.54 Interactive System Point of Interconnection. All
interactive system(s) points of interconnection with other
sources shall be marked at an accessible location at the
disconnecting means as a power source and with the rated
ac output current and the nominal operating ac voltage.

690.55 Photovoltaic Power Systems Employing Energy
Storage. Photovoltaic power systems employing energy
storage shall also be marked with the maximum operating
voltage, including any equalization voltage and the polarity
of the grounded circuit conductor.

690.56 Identification of Power Sources.

(A) Facilities with Stand-Alone Systems. Any structure
or building with a PV. power system that is not connected to
a utility service source and is a stand-alone system shall
have a permanent plaque or directory installed on the exte-
rior of the building or structure at a readily visible location
acceptable to the authority having jurisdiction. The plaque
or directory shall indicate the location of system discon-
necting means and that the structure contains a stand-alone
electrical power system. The marking shall be in accor-
dance with 690.31(E).

(B) Facilities with Utility Services and PV Systems.
Buildings or structures with both utility service and a PV
system shall have a permanent plaque or directory provid-
ing the location of the service disconnecting means and the
PV system disconnecting means if not located at the same
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location. The warning sign(s) or label(s) shall comply with
110:21(B).

(C) Facilities with Rapid Shutdown. Buildings or struc-
tures with both utility service and a PV system, complying
with 690.12, shall have a permanent plaque or directory
including the following wording:

PHOTOVOLTAIC -~ SYSTEM EQUIPPED: WITH
RAPID SHUTDOWN

The plaque or directory shall be reflective, with all let-
ters capitalized and having a minimum height 0f9.5 mm
(¥ in.), in-white on red background.

VII. Connection to Other Sources

690.57 Load Disconnect. A load disconnect that has mul-
tiple sources of power shall disconnect all sources when in
the off position.

690.60 Identified Interactive Equipment. Only inverters
and ac modules listed and identified as interactive shall be
permitted in interactive systems.

690.61 Loss of Interactive System Power. An inverter or
an ac module in an wnteractive solar PV system shall automati-
cally de-energize its output to the connected electrical produc-
tion and distribution network upon loss of voltage in that sys-
tem and shall remain in that state until the electrical
production and distribution network voltage has been restored.

A normally interactive solar PV system shall be permit-
ted to operate as a stand-alone system to supply loads that
have been disconnected from electrical production and dis-
tribution network sources.

690.63 Unbalanced Interconnections. Unbalanced con-
nections shall be in accordance with 705.100.

690.64 Point of Connection. Point of connection shall be
in accordance with 705.12.

VIII. Storage Batteries
690.71 Installation.

(A) General. Storage batteries in a solar photovoltaic sys-
tem shall be installed in accordance with the provisions of
Article 480. The interconnected battery cells shall be con-
sidered grounded where the photovoltaic power source is
installed in accordance with 690.41.

(B) Dwellings.
(I) Operating Voltage. Storage batteries for dwellings

shall have the cells connected so as to operate at a voltage
0f:50 volts, nominal; or less.
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Exception:  Where live parts are not accessible during rou-
tine battery maintenance, a battery system voltage in ac-
cordance with 690.7 shall be permitted.

(2) Guarding of Live Parts. Live parts of battery systems
for dwellings shall be guarded to prevent accidental contact
by persons or objects, regardless of voltage or battery type.

Informational Note: Batteries in solar photovoltaic sys-
tems are subject to extensive charge—discharge cycles and
typically require frequent maintenance, such as checking
electrolyte and cleaning connections.

(C) Current Limiting. A listed, current-limiting, overcur-
rent device shall be installed in each circuit adjacent to the
batteries where the available short-circuit current from a
battery or battery bank exceeds the interrupting or with-
stand ratings of other equipment in that circuit. The instal-
lation of current-limiting fuses shall comply with 690.16.

(D) Battery Nonconductive Cases and Conductive Racks.
Flooded, vented, lead-acid batteries with more than twenty-
four 2-volt cells connected in series (48 volts, nominal)
shall not use conductive cases or shall not be installed in
conductive cases. Conductive racks used to support the
nonconductive cases shall be permitted where no rack ma-
terial is located within 150 mm (6 in.) of the tops of the
nonconductive cases.

This requirement shall not apply to any type of valve-
regulated lead-acid (VRLA) battery or any other types of
sealed batteries that may require steel cases for proper op-
eration.

(E) Disconnection of Series Battery Circuits. Battery cir-
cuits subject to field servicing, where more than twenty-
four 2-volt cells are connected in series (48 volts, nominal),
shall have provisions to disconnect the series-connected
strings into segments of 24 cells or less for maintenance by
qualified persons. Non—load-break bolted or plug-in discon-
nects shall be permitted.

(F) Battery Maintenance Disconnecting Means. Battery
installations, where there are more than twenty-four 2-volt
cells connected in series (48 volts, nominal), shall have a
disconnecting means, accessible only to qualified persons,
that disconnects the grounded circuit conductor(s) in the
battery electrical system for maintenance. This disconnect-
ing means shall not disconnect the grounded circuit con-
ductor(s) for the remainder of the photovoltaic electrical
system. A non-load-break-rated switch shall be permitted
to be used as the disconnecting means.

(G) Battery Systems of More Than 48 Volts. On photo-
voltaic systems where the battery system consists of more
than twenty-four 2-volt cells connected in series (more than
48 volts, nominal), the battery system shall be permitted to
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operate with ungrounded conductors, provided the follow-

ing conditions are met:

(1) The photovoltaic array source and output circuits shall
comply with 690.41.

(2) The dc and ac load circuits shall be solidly grounded.

(3) All main ungrounded battery input/output circuit con-
ductors shall be provided with switched disconnects
and overcurrent protection.

(4) A ground-fault detector and indicator shall be installed
to monitor for ground faults in the battery bank.

(H) Disconnects and Overcurrent Protection. Where en-
ergy storage device input and output terminals 10T
than 1.5 m (5 ft) from connected equipment, or ~where the
circuits from these terminals pass through a wall or parti-
tion, tht msta]latlon shall comply with the foli(mmg

(1) A disconnecting means and oyercurrent protection shall
be provided at the energy storage device end of the
circuit. Fused disconnecting means or circuit breakers
shall be permitied to be used.

(2) Where fused disconnecting means are used, the line
termma s jof the ~1sc0nnect1n0 means shall be LOl’l—

(3)' ,

exploqve atmospheres can ;

(4) A second disconnecting means ]L)Ldtcd at the connected
equipment shall be installed wherc 't disconnecung
means requmed by 690. 71(H)( 1) is not Wlthm sight of
the connected equipment.

(5) Where the enerpy- storage device discont

is not w1lhm "sxght of the PV

690.72 Charge Control.

(A) General. Equipment shall be provided to control the
charging process of the battery. Charge control shall not be
required where the design of the photovoltaic source circuit
is matched to the voltage rating and charge current require-
ments of the interconnected battery cells and the maximum
charging current multiplied by 1 hour is less than 3 percent
of the rated battery capacity expressed in ampere-hours or
as recommended by the battery manufacturer.

All adjusting means for control of the charging process
shall be accessible only to qualified persons.

Informational Note: Certain battery types such as valve-

regulated lead acid or nickel cadmium can experience ther-
mal failure when overcharged.

(B) Diversion Charge Controller.
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(1) Sole Means of Regulating Charging. A photovoltaic
power system employing a diversion charge controller as
the sole means of regulating the charging of a battery shall
be equipped with a second independent means to prevent
overcharging of the battery.

(2) Circuits with Direct-Current Diversion Charge

Controller and Diversion Load. Circuits containing a dc

diversion charge controller and a dc diversion load shall

comply with the following:

(1) The current rating of the diversion load shall be less than
or equal to the cwrrent rating of the diversion load charge
controller. The voltage rating of the diversion load shall
be greater than the maximum battery voltage. The power
rating of the diversion load shall be at least 150 percent of
the power rating of the photovoltaic array.

(2) The conductor ampacity and the rating of the overcur-
rent device for this circuit shall be at least 150 percent
of the maximum current rating of the diversion charge
controller.

(3) PV Systems Using Utility-Interactive Inverters. Pho-

tovoltaic power systems using utility-interactive inverters

to control battery state-of-charge by diverting excess power

into the utility system shall comply with (1) and (2):

(1) These systems shall not be required to comply with
690.72(B)(2). The charge regulation circuits used shall
comply with the requirements of 400.5.

(2) These systems shall have a second, independent means
of controlling the battery charging process for use
when the utility is not present or when the primary
charge controller fails or is disabled.

(C) Buck/Boost Direct-Current Converters. When buck/

boost charge controllers and other dc power converters that

increase or decrease the output current or output voltage with
respect to the input current or input voltage are installed, the

requirements shall comply with 690.72(C)(1) and (C)(2).

(1) The ampacity of the conductors in output circuits shall
be based on the maximum rated continuous output cur-
rent of the charge controller or converter for the se-
lected output voltage range.

(2) The voltage rating of the output circuits shall be based
on the maximum voltage output of the charge control-
ler or converter for the selected output voltage range.

690.74 Battery Interconnections.

(A) Flexible Cables. Flexible cables, as identified in Ar-
ticle 400, in sizes 2/0 AWG and larger shall be permitted
within the battery enclosure from battery terminals to a
nearby junction box where they shall be connected to an
approved wiring method. Flexible battery cables shall also
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690.80

ARTICLE 692 — FUEL CELL SYSTEMS

be permitted between batteries and cells within the battery
enclosure. Such cables shall be listed for hard-service use
and identified as moisture resistant.

Flexible, fine-stranded cables shall be terminated only
with terminals, lugs, devices, or connectors in accordance
with 110.14.

IX. Systems over 10060 Volts

690.80 General. Solar PV systems with a maximum sys-
tem voltage over 1000 volts dc shall comply with Article
490 and other requirements applicable to installations rated
over 1000 volts.

690.81 Listing. Products listed for PV systems shall be
permitted to be used and installed in accordance with their
listing. PV wire that is listed for direct burial at voltages
above 600 volts, but not exceeding 2000 volts, shall be
installed in accordance with Table 300.50, column 1.

690.85 Definitions. For the purposes of Part VIII of this
article, the voltages used to determine cable and equipment
ratings are as follows.

Battery Circuits. In battery circuits, the highest voltage
experienced under charging or equalizing conditions.

Photovoltaic Circuits. In dc PV source circuits and PV
output circuits, the maximum system voltage.

X. Electric Vehicle Charging

690.90 General. Photovoltaic systems used directly to
charge electric vehicles shall comply with Article 625 in
addition to the requirements of this article.

690.91 Charging Equipment. Electric vehicle: couplers
shall comply with 625.10. Personnel protection systems in
accordance with 625.22 and automatic de-energization of
cables in accordance with 625.19 are not required for PV
systems with maximum system voltages of less than
80 volts dc.

ARTICLE 692
Fuel Cell Systems

I. General

692.1 Scope. This article identifies the requirements for
the installation of tuel cell power systems, which may be
stand-alone or interactive with other electric power produc-
tion sources and may be with or without electric energy
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storage such as batteries. These systems may have ac or dc
output for utilization.

692.2 Definitions.

Fuel Cell. An electrochemical system that consumes fuel to
produce an electric current. In such cells, the main chemi-
cal reaction used for producing electric power is not com-
bustion. However, there may be sources of combustion
used within the overall cefl system, such as reformers/fuel
processors.

Fuel Cell System. The complete aggregate of equipment
used to convert chemical fuel into usable electricity and
typically consisting of a reformer, stack, power inverter,
and auxiliary equipment.

Interactive System. A fuel cell system that operates in
parallel with and may deliver power to an electrical produc-
tion and distribution network. For the purpose of this defi-
nition, an energy storage subsystem of a fuel cell system,
such as a battery, is not another electrical production
source.

Maximum System Voltage. The highest fuel cell inverter
output voltage between any ungrounded conductors present
at accessible output terminals.

QOutput Circuit. The conductors used to connect the fuel
cell system to its electrical point of delivery.

Informiational Note: In the case of sites that have series- or
parallel-connected multiple units, the term output circuit
also refers to the conductors used to electrically intercon-
nect the fuel cell system(s).

Point of Common Coupling. The point at which the power
production and distribution network and the customer inter-
face occurs in an interactive system. Typically, this is the
load side of the power network meter.

Stand-Alone System. A fuel cell system that supplies
power independently of an electrical production and distri-
bution network.

692.3 Other Articles. Wherever the requirements of other
articles of this Code and Article 692 differ, the requirements
of Article 692 shall apply, and, if the system is operated in
parallel with a primary source(s) of electricity, the require-
ments in 705.14, 705.16, 705.32, and 705.143 shall apply.

692.4 Installation.

(A) Fuel Cell System. A fuel cell system shall be permit-
ted to supply a building or other structure in addition to any
service(s) of another electricity supply system(s).

(B) Identification. A permanent plaque or directory, de-
noting all electric power sources on or in the premises,
shall be installed at each service equipment location.

NATIONAL ELECTRICAL CODE 2014 Edition
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INFORMATIVE ANNEX A

Informative Annex A Product Safety Standards

Informative Annex A is not a part of the requirements of

this NFPA document but is included for informational pur-
poses only.

This informative annex provides a list of product safety
standards used for product listing where that listing is re-
quired by this Code. It is recognized that this list is current
at the time of publication but that new standards or modi-

Product Standard Name

fications to existing standards can occur at any time while
this edition of the Code is in effect.

This informative annex does not form a mandatory part
of the requirements of this Code but is intended only to
provide Code users with informational guidance about the
product characteristics about which Code requirements
have been based.

Product Standard Number

Aboveground Reinforced Thermosetting Resin Conduit (RTRC) and Fittings

Antenna-Discharge Units

Arc-Fault Circuit-Interrupters

Armored Cable

Attachment Plugs and Receptacles

Audio, Video and Similar Electronic Apparatus

Safety Requirements

Audio/Video, Information and Communication Technology Equipment ~— Part 1 Safety

Requirements
Batteries for Use in Electric Vehicles

Batteries for Use in Light Electric Rail (LER) Applications -and Stationary Applications
Belowground Reinforced Thermosetting Resin Conduit (RTRC) and Fittings

Busways

Cables — Thermoplastic-Insulated Underground Feeder and Branch-Circuit Cables

Cables — Thermoplastic-Insulated Wires and Cables

Cables — Thermoset-Insulated Wires and Cables

Cable and Cable Fittings for Use in Hazardous (Classified) Locations
Cables for Non—-Power-Limited Fire-Alarm Circuits

Cables for Power-Limited Fire-Alarm Circuits

Capacitors

Cellular Metal Floor Raceways and Fittings

Circuit Breakers for Use in Communication Equipment

Circuit Integrity (CI) Cable — Fire Tests for Electrical Circuit Protective’ Systeims

Circuit Integrity (CI) Cable — Tests for Fire Resistive Cables
Class 2 Power Units

Communication Circuit Accessories

Communications Cables

Community-Antenna Television Cables

Concentrator Photovoltaic Modules and Assembliés

Conduit, Tubing, and Cable Fittings

Connectors for Use in Photovoltaic Systems

Cord Sets and Power-Supply Cords

Cover Plates for Flush-Mounted Wiring Devices
Data-Processing Cable

Distributed Wiring Harnesses

Electric Generators

Electric Heating Appliances

Electric Sign Components

Electric Signs

Electric Spas, Equipment Assemblies, and Associated Equipment
Electric Vehicle (EV) Charging System Equipment

Electric’' Vehicle Supply Equipment

Electric Water Heaters for Pools and Tubs

Electrical Apparatus for Explosive Gas Atmospheres — Part 15: Type of Protection “n”
Electrical Apparatus for Use in Class I, Zone | Hazardous (Classified) Locations Type of

Protection — Encapsulation “m”

Electrical Apparatus for Use in Zone 20, Zone 21, and Zone 22 Hazardous (Classified) Locations

— Protection by Encapsulation “mD”

Electrical Apparatus for Use in Zone 21 and Zoné 22 Hazardous (Classified) Locations —

Protection by Enclosure “tD”

Electrical Apparatus for Use in Zone 20. Zone 21, and Zone 22 Hazardous (Classified) Locations

— General Requirements

Electrical Apparatus for Use in Zone 20, Zone 21, and Zone 22 Hazardous (Classified) Locations

— Protection by Intrinsic Safety “iD”

Electrical Apparatus for Use in Zone 21 and Zone 22 Hazardous (Classified) Locations —

Protection by Pressurization “pD”
Electrical Intermediate Metal Conduit — Steel
Electrical Metallic Tubing — Aluminum
Electrical Metallic Tubing — Steel
Electrical Nonmetallic Tubing
Electrical Resistance Heat Tracing for Industrial Applications

UL 2515
UL 452

UL 1699
UL 4

UL 498

UL 60065
UL 62368-1

UL 2580
Subject 1973
UL 2420

UL 857

UL 493

UL 83

UL 44

UL 2225

UL 1425
UL 1424

UL 810

UL 209

UL 489A
Subject 1724
UL 2196

UL 1310
UL 1863
UL 444

UL 1655
Subject 8703
UL 514B
Subject 6703
UL 817

UL 514D
UL 1690
Subject 9703
UL 1004-4
UL 499

UL 879

UL 48

UL 1563
UL 2202
UL:2594

UL 1261
ANSV/ISA-60079-15/ANSI/UL 60079-15
ANSI/ISA-60079-18/ANST/UL 60079-18

ANSI/ISA-61241-18
ANSVISA-61241-1
ANSI/ISA-61241-0
ANSI/ISA-61241-11
ANSVISA-61241-2
UL 1242

UL 797A

UL 797

UL 1653
IEEE 515
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Product Standard Name

Product Standard Number

Electrical Rigid Metal Conduit — Steel

Electric-Battery-Powered Industrial Trucks

Electrochemical Capacitors

Emergency Lighting and Power Equipment

Enclosed and Dead-Front Switches

Enclosed ‘and Dead-Front Switches for Use in Photovoltaic Systems

Enclosures for Electrical Equipment

Enclosures for Electrical Equipment. Environmental Considerations

Energy Management Equipment )

Explosionproof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous (Classified)
Locations

Explosive Gas Atmospheres — Part 0: Equipment- General requirements

Explosive Gas Atmospheres — Part 7: Increased safety “e”

Explosive Gas Atmospheres — Part 1: Type of protection — Flameproof “d”

Explosive Gas Atmospheres — Part 5: Type of protection — Powder filling “q”

Explosive Gas Atmospheres — Part 6: Type of protection — Oil immersion “o”

Fire Pump Controllers

Fire Pump Motors

Fire Resistive Cables, Test for

Fixture Wire

Flame Propagation Height of Electrical and Optical-Fiber Cables I[nstalled Vertically in Shafts, Test
for

Flat-Plate Photovoltaic Modules and Panels

Flexible Cords and Cables

Flexible Lighting Products

Flexible Metal Conduit

Fluorescent-Lamp Ballasts

Gas and Vapor Detectors and Sensors

Gas-Burning Heating Appliances for Manufactured Homes and Recreational Vehicles

Gas-Fired Cooking Appliances for Recreational Vehicles

Gas-Tube-Sign Cable

General-Use Snap Switches

Ground-Fault Circuit-Interrupters

Ground-Fault Sensing and Relaying Equipment

Grounding and Bonding Equipment

Hardware for the Support of Conduit, Tubing and Cable

Heating and Cooling Equipment

High-Intensity-Discharge Lamp Ballasts

Household and Similar Electrical Appliances, Part 2: Particular Requirements for Heating and
Cooling

Household and Similar Electrical Appliances, Part 2: Particular Requirements for Refrigerating
Appliances, Ice-Cream Appliances, and Ice-makers

Household Refrigerators and Freezers

Impedance Protected Motors

Industrial Battery Chargers

Industrial Control Equipment

[ndustrial Control Panels

Information Technology Equipment Safety — Part 1: General Requirements

[nformation Technology Equipment Safety — Part 21: Remote Power Feeding

Information Technology Equipment Safety — Part 22: Equipment to be Installed Outdoors

Information Technology Equipment Safety — Part 23: Large Data Storage Equipment

Instrumentation Tray Cable

Insulated Multi-Pole Splicing Wire Connectors

Inverters, Converters, Controllers and Interconnection System Equipment for Use with Distributed
Energy Resources

Isolated Power Systems Equipment

Junction Boxes for Swimming Pool Luminaires

Light Emitting Diode (LED) Equipment for Use in Lighting Products

Liquid Fuel-Burning Heating Appliances for Manufactured Homes and Recreational Vehicles

Liquid-Tight Flexible Nonmetallic Conduit

Liquid-Tight Flexible Steel Conduit

Lithium Batteries

Low-Voltage Fuses — Fuses for Photovoltaic Systems

Low-Voltage Fuses — Part 1: General Requirements

Low-Voltage Fuses — Part 2: Class C Fuses

Low-Voltage Fuses — Part 3: Class CA and CB Fuses

Low-Voltage Fuses — Part 4: Class CC Fuses

Low-Voltage Fuses — Part 5: Class G Fuses

Low-Voltage Fuses — Part 6: Class H Renewable Fuses

Low-Voltage Fuses — Part 7: Class H Renewable Fuses

Low-Voltage Fuses — Part 8: Class J Fuses

Low-Voltage Fuses — Part 9: Class K Fuses

Low-Voltage Fuses — Part 10: Class L Fuses

Low-Voltage Fuses — Part 11: Plug Fuses

Low-Voltage Fuses — Part 12: Class R Fuses

Low-Voltage Fuses — Part 13: Semiconductor Fuses

Low-Voltage Fuses — Part 14: Supplemental Fuses

UL 6

UL 583

UL 810A
UL 924

UL 98
Subject 98B
UL 50

UL SO0E
UL 916

UL 1203

ANSI/ISA-60079-0/ANSI/UL 60079-0
ANSI/ISA-60079-7/ANSI/UL 60079-7
ANSI/ISA-60079-1/ANSI/UL 60079-1
ANSI/ISA-60079-5/ANSI/UL 60079-5
ANSI/ISA-60079-6/ANSI/UL 60079-6
UL 218

UL 1004-5

UL 2196

UL 66

UL 1666

UL 1703
UL 62
UL 2388
UL |

UL 935
UL 2075
UL 307B
UL 1075
UL 814
UL 20
UL 943
UL 1053
UL 467
UL 2239
UL 1995
UL 1029
UL 60335-2-40

UL 60335-2-24

UL 250

UL 1004-2
UL 1564

UL 508

UL 508A

UL 60950-1
UL 60950-21
UL 60950-22
UL 60950-23
UL 2250

UL 2459

UL 1741

UL 1047
UL 1241
UL 8750
UL 307A
UL 1660
UL 360
UL 1642
Subject 2579
UL 248-1
UL 248-2
UL 248-3
UL 248-4
UL 248-5
UL 248-6
UL 248-7
UL 248-8
UL 248-9
UL 249-10
UL 248-11
UL 248-12
UL 248-13
UL 248-14
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Product Standard Name

Product Standard Number

Low-Voltage Fuses — Part 15: Class T Fuses

Low-Voltage Fuses — Part 16: Test Limiters

Low-Voltage Landscape Lighting Systems

Low—Vo]mge Lighting Fixtures for Use in Recreational Vehicles

Low-Voltage Lighting Systems

Low- Voltacvc Switchgear and Controlgear — Part 4-1A: Contactors and Motot- Starters —
Electromcchamml Contactors and Motor-Starters

Low-Voltage Switchgear and Controlgear — Part 5-
Elements == Proximity Switches

Low Voltage Transformers — Part |: General Requirements

Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers

Luminaire Reflector Kits for Installation on Previously Installed Fluorescent Luminaires,
Supplemental Requirements

Luminaires

Machine-Tool Wires and Cables

Manufactured Wiring Systems

Medical Electrical bqtnpmcnl —- Part I: General Requirements for Safety

Medium-Voltage' AC Contactors, Controllers, and Control Centers

Medium- V()ll.léc Power Cables

Metal-Clad Cables

Metallic Outlet Boxes

Mobile Home Pipe Heating Cable

Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures

-2: Control Cireuit Devices and Switching

Molded-Case Circuit Breakers, Molded-Case Switches, and:Circuits Breaker Enclosures for: Use

with. Photovoltaic (PV) Systems
Motor Control Centers
Motor-Operated Appliances
Multi-Pole Connectors for Use in Photovoltaic' Systems
Neon Transtormers and Power Supplies

Nonincendive Electrical Equipment for Use in Class [ and 11, Division 2 and Class III, Divisions 1

and 2 Hazardous (Classified) Locations

Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers

Nonmetallic Surface Rduwavx and Fittings

Nonmetallic Underground Conduit with Conductors

Office Furnishings

Optical Fiber Cable

Optical Fiber and Communication Cable Raceway

Panelboards

Performance Requirements of Detectors for Flammable Gases

Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits tPart:1:

General Requirements
Personnel Protection Systems for Electric Vehicle (EV9) Supply Circuits; Part 2:
Particular Requirements for Protection Devices for Use in Charging Systems

Photovoltaic DC Arc-Fault Circuit Protection

Photovoltaic Junction Boxes

Photovoltaic Wire

Plugs, Receptacles and Couplers for Electrical Vehicles

Portable Electric Luminaires

Portable Power-Distribution Equipment

Poiting Compounds for Swimming Pool, Fountain, and Spa Equipment

Power Conversion Equipment

Power OQutlets

Power Units Other Than Class 2

Power-Limited Circuit Cables

Professional Video and Audio Equipment

Programmable Controllers — Part 2: Equipment Requirements and Tests

Protectors for Coaxial Communications Circuits

Protectors for Data Communication and Fire Alarm Circuits

Protectors for Paired-Conductor Communications Circuits

Reference Standard for Electrical Wires, Cables, and Flexible Cords

Requirements for Process Sealing Between Electrical Systems and Potentially Flammable or
Combustible Process Fluids

Residential Pipe Heating Cable

Roof and Gutter De-Icing Cable Units

Room Air Conditioners

Rotating Electrical Machines — General Requirements

Schedule 40; 80, Type EB and A Rigid PVC Conduit and Fittings

Schedule 40 and 80 High Density- Polyethylene (HDPE) Conduit

Sealed Wire Connector Syslemx

Seasonal and Holiday Decorative Products

Secondary Protectors for Communications Circuits

Self-Ballasted Lamps and Lamp Adapters

Service-Entrance Cables

Smoke Detectors for Fire Alarm Signaling Systems

Solar Trackers

Specialty Translormers

Splicing Wire Connectors

UL 248-15
UL 248-16

UL 1838

UL 234

UL 2108

UL 60947:4-1A

UL 60947-5-2

UL 5085-1
UL 5085-3
UL 1598B

UL 1398
UL 1063
UL 183

UL 60601-1
UL 347

UL 1072
UL 1569
UL 514A
Subject 1462
UL 489
Subject 489B

UL 845

UL 73

Subject 6703A

UL 2161
ANSI/ISA-12.12.01

UL 514C

UL 5A

UL 1990

UL 1286

UL 1651

UL 2024

UL 67
ANSI/ISA-60079-29-1
UL 2231-1

UL 2231-2

Subject 1699B
Subject 3730
Subject 4703
UL 2251

UL 153

UL 1640

UL 676A

UL 508C

UL 231

UL 1012

UL 13

UL 1419

UL 61131-2
UL 497C

UL 497B

UL 497

UL 1581
ANSVISA-12.27.01

Subject 2049
Subject 1588
UL 484

UL 1004-1
UL 651
UL-651A
UL 486D
UL 588

UL 497A
UL 1993
UL 854

UL 268
Subject 3703
UL 506

UL 486C
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Product Standard Name

Product Standard Number

Stage and Studio Luminaires and Connéctor Strips

Standby Batteries

Stationary Engine Generator Assemblies

Strut-Type Channel Raceways and Fittings

Supplemental Requirements for Extra-Heavy Wall Reinforced Thermosetting Resin Conduit
(RTRC) and Fittings

Surface Metal Raceways and Fittings

Surface Raceways and Fittings for Use with Data, Signal and Control Circuits

Surge Arresters — Gapped Silicon-Carbide Surge Arresters for AC Power Circuits

Surge Arresters — Metal-Oxide Surge Arresters for AC Power Circuits

Surge Protective Devices

Swimming Pool Pumps, Filters, and Chlorinators

Switchboards

Thermally Protected Motors

Transfer Switch Equipment

Underfloor Raceways and Fittings

Underwater Luminaires and Submersible Junction Boxes

Uninterruptible Power Systems

Vacuum Cleaners, Blower Cleaners, and Household Floor Finishing Machines

Waste Disposers

Wind Turbine Generaling Systems

Wind Turbine Generating Systems = Sinall

Wire Connectors

Wireways. Auxiliary Gutters, and Associated Fittings

UL 1573
UL 1989
UL 2200
UL 5B
UL 2515A

UL'S

UL 5C

1IEEE C62.1
IEEE C62.11
UL 1449
UL 1081

UL 891

UL 1004-3
UL 1008
UL 884

UL 676

UL 1778

UL 1017
UL 430
Subject 6140
Subject 6142
UL 486A, UL 4868
UL 870
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