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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-1     Log #1170c  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

In articles 90 through 830, if the wording is not already there, then add the words (or other
structure(s)) after the word BUILDING(S) wherever the intent of the requirement is to also include STRUCTURES as
well as buildings.

There is a flaw in the NEC. The term "building" is used over 1000 times in the NEC, and in most of the
cases the words "or other structure" should follow and apply the same requirements to bridges, billboards, towers,
tanks, and other structures that are by definition NOT BUILDINGS. One specific example I can use is section 225.10
Wiring on
Buildings. I believe that this section is also intended to be applied structures, but the wording "or other structures" is not
in the heading or the paragraph. There are literally thousands of other instances throughout the code that this same
problem exists. This can easily be seen by doing an electronic search for the word "building". In some cases the words
"or other structure" (or similar wording) are present, but in the vast majority where the requirements should also be
applied to structures other than buildings, the wording is not there.

The submitter has not presented an actual request for action on a particular NEC section. The
proposal is not in accordance with the Manual of Style or Section 4.3.3 of the Regulations Governing Committee
Projects.

_______________________________________________________________________________________________
4-2     Log #921c  NEC-P04

_______________________________________________________________________________________________
Joe Tedesco, Boston, MA

The term "adequate" and "adequately" and "inadequately" and "inadequate" should be replaced
with terms that can be properly enforced and understood.

Terms are not defined and are considered vague and unenforceable per Table 3.2.1 in the NEC Style
Manaual. They are all "incorrect" 148 times in the NEC.

The panel rejects the submitter's proposal. The submitter has not recommended a word that is
suitable for replacing "adequate", "adequately", "inadequate", and "inadequately" . The submitter did not identify the
sections in the NEC where these changes should be proposed.
The proposal does not meet Section 4.3.3(c), Regulations Governing Committee Projects.

_______________________________________________________________________________________________
4-3     Log #3036  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
A mechanically integrated assembly of modules or panels with a support structure and foundation, tracker, and

other components, as required, to form a one direct-current power producing unit.
Clarification. “a” is not a definitive term. In this definition and throughout Article 690”a”  means is one

and should be stated as one.

The word "a" is understood to be singular and is widely used throughout the NEC.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-4     Log #1583  NEC-P04

_______________________________________________________________________________________________
David Clements, International Association of Electrical Inspectors

Add definition to Article 100 and delete from 690.2 and 694.2.

Equipment that controls dc voltage or dc current, or both, and that is used to charge a battery or
other energy storage device

Equipment that controls dc voltage or dc current, or both, used to charge a battery.
Equipment that controls dc voltage or dc current, or both, and that is used to charge a

battery or other energy storage device.
Define it in one place (article 100) since it is used in several articles (690 & 694).

_______________________________________________________________________________________________
4-5     Log #1725  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
100 I

The highest voltage between any ungrounded conductors

The highest fuel cell inverter output voltage between any ungrounded conductors present
at accessible output terminals.

The defined term is referenced in several articles of the NEC: , , , ,
(3), , , , ,  & <note>

In general, Article 100 shall contain definitions of terms that appear in two or
more other articles of the .

The submitter is not correct in stating that these various sections all reference ungrounded
conductors. Placing this definition in Article 100 would not allow the words "maximum voltage" to be removed from the
various sections that are mentioned in the proposal.  The definition of maximum voltage is significantly different in each
of the sections, in particular in 690.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-6     Log #558  NEC-P04

_______________________________________________________________________________________________
Joseph J. Chickey, Local 375 IBEW

Add new text to read as follows:
A watertight seal to prevent moisture from entering the inside of the service cable.

The current service heads are listed as raintight and for use in wet locations, but are not watertight.
The problem is that they do not always prevent water from entering the service entrance cable because there are
openings where the service conductors enter the service head. Over time water can get into the inside of the service
cable and cause damage to the service cable, meterbase and electrical panel. In the winter the water can freeze and
expand causing the service cable to split. In my experience as a master electrician and certified electrical inspector I
have seen first hand the damage this problem has caused sealing the inside of the service head with a watertight seal
will help prevent this problem.
Note:  Supporting Material is available for review at NFPA headquarters.

This proposal will do nothing to prevent moisture from accumulating. There are already existing
NEC requirements, such as the forming of drip loops, that address methods for reducing this phenomenon.
The proposed term is not used within the NEC.  The product is not available on the market.  There is nothing in the

code prohibiting the sealing of the service cable.

_______________________________________________________________________________________________
4-7     Log #1156  NEC-P04

_______________________________________________________________________________________________
Alan Cardwell, Eads, TN

Revise text to read as follows:
The conductors from the service point to between the utility electric supply system and the

service disconnecting means.
The current definition of Service Conductors is not consistent with the definitions of

and . The NEC 2011 definition of excludes wiring on the
supply side (serving utility side) of the , while the definitions for , and

include wiring on the supply side (serving utility side) of the . should include
conductors described in .

This definition refers to all of the service conductors that are installed on the customer side of the
service point all the way to the service disconnecting means.  The proposed change does not add any value or change
any requirements.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-8     Log #1711  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Add text to read as follows:

The location at which the conductors enter the building.
Informational Note: Article 230.6 describes when conductors are outside a building.

The underground conductors between the service point and the first  point of
connection to the service-entrance conductors in a terminal box, meter, or other enclosure, inside or outside the building
wall.
Informational Note: Where there is no terminal box, meter, or other enclosure, the point of connection is considered to

be the service point of entrance of the service conductors into the building.
This proposal is part of a set of proposals that:

a. remove the definitions from articles 770.2, 800.2, 820.2, and 830.2, replacing them with a single
definition in 100 I;
b. provide a definition of in 100 for the currently undefined concept used in

articles 90, 100, 225, 230, 240,  & 300;
c. do nothing with the use of concerning water pipes, mobile homes, park trailers, and trucks.

It is unclear what the submitter is attempting to accomplish.  The requirements described the
substantiation all address different items and cannot be covered with one definition. Even if that were the case the
proposed definition does not adequately accomplish that.

_______________________________________________________________________________________________
4-8a     Log #3035  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
The total components and sub-system that, in combination, convert solar energy into

electric energy suitable for connection to a utilization load.
Clarification and consistency. Article 690 is very changeling to read and understand. Using different

terms to identify the same thing makes this article more difficult. Using only one term for identification the photovoltaic
system will enable the reader to better absorb the requirements of this article rather than trying to figure out what the
different terms mean.   The term “Photovoltaic System” is used 16 times in article 690 while the term “Solar Photovoltaic
System” is used only 5 times.
Article 690 is titled “Solar Photovoltaic (PV) Systems” making it obvious the all discussion in the article refers to Solar.
The word “Photovoltaic” is use hundreds of times in Article 690. Reducing the term to “PV”, like is done with ac and dc,

would also lead to better comprehension of Article 690.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-9     Log #3041  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Insert a new definition in Part II of Article 100 as follows:
Substation. An enclosed assemblage of equipment, e.g., switches, circuit breakers, buses, and transformers, under the

control of qualified persons, through which electric energy is passed for the purpose of switching or modifying its
characteristics.

This is a companion proposal to one submitted to delete this definition from Article 225. This
terminology is used throughout numerous articles in the NEC.

The definition was placed in Article 100 Part I to apply to all installations.  See panel action and
statement on Proposal 4-10 which addresses the submitter's concerns.

_______________________________________________________________________________________________
4-10     Log #1318  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

An enclosed assemblage of equipment (e.g., switches, circuit breakers, buses, and transformers) under
the control of qualified persons, through which electric energy is passed for the purpose of switching or modifying its
characteristics.

An enclosed assemblage of equipment (e.g., switches, circuit breakers, buses, and transformers) under
the control of qualified persons, through which electric energy is passed for the purpose of switching or modifying its
characteristics.

The defined term is referenced in several articles of the NEC: (2), (4), ,
, , , (a), , , ,

, , , , , , , , , & .
NEC Style Manual: 2.2.2.1 Article 100. In general, Article 100 shall contain definitions of terms that appear in two or

more other articles of the NEC.

Substation. An enclosed assemblage of equipment (e.g., switches, circuit breakers, buses, and transformers) under
the control of qualified persons, through which electric energy is passed for the purpose of distribution, switching, or
modifying its characteristics.

The revised definition addresses the submitter's concerns.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-11     Log #941  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

In the informational note replace the number "600" with the number "1000".
The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-12     Log #3053  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Delete this section.
This is a companion proposal to one to place the definition in Article 100, Part II. This terminology is

used throughout numerous articles in the Code.

6Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-13     Log #1052  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:
An enclosed field-constructed assemblage, located outdoors, of containing any equipment (e.g.,

switches, circuit breakers, buses, and transformers), rated over 600 volts, under the control of qualified persons, through
which electric energy is passed for the purpose of distribution, switching or modifying its characteristics.

This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating
Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The high voltage task group recognizes the term “substation” is used in many different installations and industries.

This proposed revision attempts to provide increased clarity and usability of the defined term “substation” used in Article
225.
The proposed addition of the term “field-constructed” is intended to clarify for the code user that this defined term does

not apply to an engineered, prefabricated installation. This definition and other requirements for substations in Article
225 are intended to apply only to a field-constructed assemblage of equipment including but not limited to switches,
circuit breakers, buses, and transformers.
The proposed text “located outdoors” is intended to further clarify that the term substation would not apply to electrical

equipment installed within a building or structure.
The proposed revision “…containing any equipment (e.g., switches, circuit breakers, buses, and transformers), rated

over 600 volts,…” is intended to clarify that this defined term will apply only where there is some equipment in the
installation that operates at over 600 volts. This will clearly eliminate an outdoor installation that has all of its equipment
operating at less than 600 volts from being considered as a substation.
As written in this proposed revision, a “substation” will:
• Be field constructed
• Be located outdoors
• Contain equipment rated over 600 volts
• Be under the control of qualified persons
• Be utilized for distribution or
• Be utilized for switching or
• Be utilized for modifying characteristics which would include but not be limited to stepping down from over 600 volts

to a value less than 600 volts

The panel took the following actions:
1)  Accepted the addition of the word "distribution"
2)  Rejected the remainder of the proposal.

The term "substation" applies to prefabricated metal enclosed equipment installed indoors as well
as field fabricated outdoor equipment.  Restricting the term "substation" to outdoor field fabricated assemblages' is not
appropriate.  Also - Proposal 4-11 requires the definition to apply to equipment rated > 1,000 Volts.
This definition was moved to Article 100.  See panel action on Proposal 4-9.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-14     Log #1044  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

In Table 225.3 replace "over 600 volts, general" with the "over 1000 volts, general".
The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-15     Log #1047  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:
Where within 3.0 m (10 ft) of any building or structure other than supporting poles or

towers, open individual (aerial) overhead conductors shall be insulated for the rated voltage or covered. Conductors in
cables or raceways, except Type MI cable, shall be of the rubber-covered type or thermoplastic type and, in wet
locations, shall comply with 310.10(C). Conductors for festoon lighting shall be of the rubber-covered or thermoplastic
type.

This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating
Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The revised text deletes the permission for conductors with out insulation under the purview of the NEC within ten feet

of a building or structure other than those conductors on supporting poles or towers.  The revised text also provides
clarity for the code user by clearly mandating that where insulated conductors are used, the insulation must be rated for
the voltage applied.

Where within 3.0 m (10 ft) of any building or structure other than supporting poles or
towers, open individual (aerial) overhead conductors shall be insulated for the nominal voltage or covered. Conductors
in cables or raceways, except Type MI cable, shall be of the rubber-covered type or thermoplastic type and, in wet
locations, shall comply with 310.10(C). Conductors for festoon lighting shall be of the rubber-covered or thermoplastic
type.

The term "rated voltage" is not used in the NEC, however the term "nominal voltage" is defined in
Article 100.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-16     Log #3293c  NEC-P04

_______________________________________________________________________________________________
Elliot Rappaport, Coconut Creek, FL

Replace the phrase “equipment grounding conductor” with the phrase “equipment bonding
conductor” in the Articles and Sections as identified below.  Replacement of “grounding” or “ground” when used
separately is covered in separate proposals.

This proposal is one of a series of proposals to replace, throughout the Code, the term “grounding”
with “bonding” where appropriate.
As used in the Code, “grounding” is a well defined term and refers to connecting to the earth or ground for any one of a

number of reasons.  Similarly, “bonding” is the connection of two bodies together to form a continuous electrical path.
The term “equipment grounding conductor” has a definite purpose that is not uniquely expressed in the term.  As a
result, there is a misconception that “grounding” will make a system safe.  On the contrary, connecting equipment to
ground without providing the bonding connection back to the source can make the equipment less safe.
The purpose of the “equipment grounding conductor (EGC) is to provide a low impedance path from a fault at

equipment “likely to become energized” to the source of the electrical current (transformer, generator, etc,).  If it is
argued that the purpose is to connect the equipment to ground, then the requirement of 250.4(A)(5) that “the earth shall
not be considered as an effective ground fault path” would no longer be valid because fault current would then be
intended to flow to the ground (earth).
From the conductor sizing requirements of 250.122, and specifically 250.122(B), it is apparent that the purpose of the

EGC is related to connection (bonding) to the source of power rather than connection to ground.  If the principle purpose
was the connection to ground, then the sizing requirements would be less important since near equipotential conditions
can be achieved with much smaller conductors.
The fundamentals of these proposals are to clearly state that “systems” are “grounded” and “equipment” is “bonded”.

The fact that the bonding conductor may be grounded also is secondary to the primary function of bonding.
This proposal proposes changing the word “grounding” to “bonding”, where appropriate, throughout the Code.  It is

clear that there are many places where “grounding” is used to identify the connection to earth (grounding electrode
conductor) and “grounding” should remain.  Additionally, the expression “EGC” should be changed to “EBC”, “equipment
bonding conductor” for consistency.

The term "equipment grounding conductor" is defined in Article 100 and is well understood.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-17     Log #942  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 225.6(A)(1) and (A)(2).

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-18     Log #943  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of 225.8.
The panel clarified the specific location(s) for the proposed change(s).
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-19     Log #944  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in two places within 225.10.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-20     Log #1406  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

Add text to read as follows:
The installation of outside wiring on surfaces of buildings(or other

structures) shall be permitted for circuits of not over 600 volts, nominal, as open wiring on insulators, as multiconductor
cable, as Type MC cable, as Type UF cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in
intermediate metal conduit, in rigid polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in
cable trays, as cablebus, in wireways, in auxiliary gutters, in electrical metallic tubing, in flexible metal conduit, in
liquidtight flexible metal conduit, in liquidtight flexible nonmetallic conduit, and in busways. Circuits of over 600 volts,
nominal, shall be installed as provided in 300.37.

Many structures are by definition NOT buildings. The requirements for outside wiring should be the
same for walls, towers, tanks, poles, signs, and other structures that may not be a building such as a house, store, office
building.
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Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-21     Log #1803  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in intermediate metal conduit, in rigid
polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays, as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing (EMT), in flexible metal conduit, in liquidtight flexible metal
conduit, in liquidtight flexible nonmetallic conduit, and in busways. Circuits of over 600 volts, nominal, shall be installed
as provided in 300.37.

"electrical metallic tubing" is also referred to as “EMT”
Suggest that "EMT" be added to all references. This will make finding all references to "electrical metallic tubing" easier

and more reliable.
[The following files are related: 100_EMT, 225_EMT, 230_EMT, 250_EMT, 300_EMT, 334_EMT, 374_EMT, 392_EMT,

398_EMT, 424_EMT, 426_EMT, 427_EMT, 430_EMT, 502_EMT, 503_EMT, 506_EMT, 517_EMT, 520_EMT, 550_EMT,
551_EMT, 552_EMT, 600_EMT, 610_EMT, 620_EMT, 645_EMT, 680_EMT, 695_EMT, 725_EMT, 760_EMT]

_______________________________________________________________________________________________
4-22     Log #2355  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Add text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit (RMC), in intermediate metal conduit, in
rigid polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays,  as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing, in flexible metal conduit, in liquidtight flexible metal conduit, in
liquidtight flexible nonmetallic conduit, and in busways. Circuits of over 600 volts, nominal, shall be installed as provided
in 300.37.

"Rigid Metal Conduit" is also referred to as “RMC”  “Metallic Conduit”
Suggest that "RMC" be added to all references. This will make finding all references to "Rigid Metal Conduit" easier

and more reliable.
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_______________________________________________________________________________________________
4-23     Log #2455  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in intermediate metal conduit (IMC), in
rigid polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays,  as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing, in flexible metal conduit, in liquidtight flexible metal conduit, in
liquidtight flexible nonmetallic conduit, and in busways. Circuits of over 600 volts, nominal, shall be installed as provided
in 300.37.

"Intermediate Metal Conduit" is also referred to as “IMC”  “Metallic Conduit”
Suggest that "IOMC" be added to all references. This will make finding all references to “Intermediate Metal Conduit"

easier and more reliable.

_______________________________________________________________________________________________
4-24     Log #2783  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in intermediate metal conduit, in rigid
polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays, as cablebus, in
wireways, in auxiliary gutters, in electrical
metallic tubing, in flexible metal conduit (FMC), in liquidtight flexible metal conduit, in liquidtight flexible nonmetallic
conduit, and in busways. Circuits of over 600 volts, nominal, shall be installed as provided in 300.37.

"Flexible Metal Conduit" is also referred to as “FMC”
Suggest that “(FMC)” be added to all references. This will make finding all references to "Flexible Metal Conduit"

easier and more reliable.

_______________________________________________________________________________________________
4-25     Log #2819  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in intermediate metal conduit, in rigid
polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays, as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing, in flexible metal conduit, in liquidtight flexible metal conduit
(LFMC), in liquidtight flexible nonmetallic conduit, and in busways. Circuits of over 600 volts, nominal, shall be installed
as provided in 300.37.

"Liquidtight Flexible Metal Conduit" is also referred to as “LFMC”
Suggest that “(LFNC)” be added to all references. This will make finding all references to " Liquidtight Flexible Metal

Conduit "   easier and more reliable.
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_______________________________________________________________________________________________
4-26     Log #2846  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The installation of outside wiring on surfaces of buildings shall be permitted for circuits of

not over 600 volts, nominal, as open wiring on insulators, as multiconductor cable, as Type MC cable, as Type UF
cable, as Type MI cable, as messenger-supported wiring, in rigid metal conduit, in intermediate metal conduit, in rigid
polyvinyl chloride (PVC) conduit, in reinforced thermosetting resin conduit (RTRC), in cable trays, as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing, in flexible metal conduit, in liquidtight flexible metal conduit, in
liquidtight flexible nonmetallic conduit (LFNC), and in busways. Circuits of over 600 volts, nominal, shall be installed as
provided in 300.37.

"Liquidtight Flexible Nonmetallic Conduit" is also referred to as “LFNC”
Suggest that “(LFNC)” be added to all references. This will make finding all references to "Liquidtight Flexible

Nonmetallic Conduit" easier and more reliable.

_______________________________________________________________________________________________
4-27     Log #600  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
Change title to read "Open Conductors Entering or Leaving a Building or Structure."
Add "conductors" and "structure" to the sentence.

Where outside
branch and feeder circuit conductors leave or enter a building or structure, the requirements of  230.52 and 230.54 shall
apply.

The section title makes no sense as shown.
The panel needs to clarify the intent of title.
The panel should look at the NEC handbook and 230.52 and 230.54.
No technical change to the section requirements are intended.

225.11 Feeder and Branch Circuit Conductors, Entering, Exiting, or Attached to Buildings or Structures.
Feeder and branch-circuit conductors entering or exiting buildings or structures shall be in installed in accordance with

the requirements of 230.52. Overhead branch-circuits and feeders attached to buildings or structures shall be installed
in accordance with the requirements of 230.54

The submitter is correct that the existing language needs to be clarified. This new language
accomplishes the action that the submitter described.
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_______________________________________________________________________________________________
4-28     Log #1405  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

Add text to read as follows:
Where outside branch and feeder circuits leave or enter a building(or other structure), the requirements of 230.52 and

230.54 shall apply.
Many structures are by definition NOT buildings. The requirements for outside wiring should be the

same for walls, towers, tanks, poles, signs, and other structures that may not be a building such as a house, store, office
building. In all cases the wiring is outside.

See panel action and statement on Proposal 4-27 addresses the submitter's concerns.

_______________________________________________________________________________________________
4-29     Log #945  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 225.14(A) and in 225.14(B).

The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-30     Log #3250  NEC-P04

_______________________________________________________________________________________________
Mark R. Hilbert, MR Hilbert Electrical Inspections & Training

Revise 225.17 to read as follows:
225.17 Masts as Supports.
Only feeder or branch-circuit conductors specified within this section shall be permitted to be attached to the feeder

and/or branch-circuit mast. Masts used for the support of final spans of feeders or branch circuits shall be installed in
accordance with (A) and (B).
(A)Strength: The mast shall be of adequate strength or be supported by braces or guys to withstand safely the strain

imposed by the overhead feeder or branch circuit conductors. Hubs intended for use with a conduit that serves as a
mast for support of feeder or branch circuit conductors shall be identified for use with a mast.
(B) Attachment: Feeder and/or branch circuit conductors shall not be attached to a mast between a weatherhead or

end of the conduit and a coupling, where the coupling is located above the last point of securing to the building or other
structure or is located above the building or other structure.

The previous text was revised and subdivided into titled subsections for usability and clarity. The text
to relative to “all raceway fittings being identified for use with a mast” was removed as not all fittings, such as a rigid
conduit coupling, are specifically identified for use with a mast. The added text addressing hubs parallels the language
in the UL Whitebook under the Category of “Conduit Fittings (DWTT)” which specifies hubs intended for use with conduit
that serves as a service mast, in accordance with the NEC, are marked on the fitting or carton to indicate suitability for
use with service entrance equipment.
Finally, text has been added to prohibit feeder and/or branch circuit conductors from being attached between a

coupling and the weatherhead or between a coupling the end of the conduit where the coupling is located above the last
point of secure attachment of the raceway to the building or other structure or where the coupling is located above the
building or other structure.

_______________________________________________________________________________________________
4-31     Log #946  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 225.18.
The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-32     Log #947  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of 225.19.
The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-33     Log #1404  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

Add text to read as follows:

Many structures are by definition NOT buildings. The requirements for outside wiring should be the
same for walls, towers, tanks, poles, signs, and other structures that may not be a building such as a house, store, office
building.

This section adequately covers the difference between buildings and structures. Part A deals with
clearances above roofs and thus there would have to be a building to have a roof. Part B deals with the clearance from
structures other than buildings.
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_______________________________________________________________________________________________
4-34     Log #1403  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

Add text to read as follows:
Final spans to the building (or other structure) they supply, or from which they are fed,

shall be permitted to be attached to the building, but they shall be kept not less than 900 mm (3 ft) from windows that
are designed to be opened, and from doors, porches, balconies, ladders, stairs, fire escapes, or similar locations.

Many structures are by definition NOT buildings. The requirements for outside wiring should be the
same for walls, towers, tanks, poles, signs, and other structures that may not be a building such as a house, store, office
building. In all cases the wiring is outside.

The existing text is clear.  Section 225.19(B) covers this issue.

_______________________________________________________________________________________________
4-35     Log #1402  NEC-P04

_______________________________________________________________________________________________
Russell LeBlanc, The Peterson School

Add text to read as follows:
Supports for multiconductor

cables on exterior surfaces of buildings(or other structures) shall be as provided in 230.51.
Many structures are by definition NOT buildings. The requirements for outside wiring should be the

same for walls, towers, tanks, poles, signs, and other structures that may not be a building such as a house, store, office
building. In all cases the wiring is outside.

_______________________________________________________________________________________________
4-36     Log #1596  NEC-P04

_______________________________________________________________________________________________
Robert A. Jones, IEC Texas Gulf Coast

Revise text to read as follows:
Raceways on exteriors of buildings or other structures shall be arranged to drain and shall be suitable for use in wet

locations.
The requirement "suitable for use in wet locations" means that the installation will be raintight. The

definition of raintight states that water will not enter. Since the raceway is required to be raintight, there is nothing to be
drained.

Regardless of how well an exterior electrical system is designed and installed there is always a
possibility that moisture can collect inside of a raceway, this could be from something as simple as condensation, if
moisture does collect inside of a raceway it should be arranged so that the moisture will be able to drain from the
raceway.  Suitable for wet locations does not mean the raceway is raintight.
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_______________________________________________________________________________________________
4-37     Log #283  NEC-P04

_______________________________________________________________________________________________
Stanley J. Folz, Morse Electric Company

Revise text to read as follows:
Locations of lamps for outdoor lighting shall be below all energized conductors,

transformers, or other electric utilization equipment, unless either of the following apply: (1) Clearances or other
safeguards are provided for relamping operations. (2) Equipment is controlled by a disconnecting means that is lockable
in accordance with 110.25. can be locked in the open position.

This proposal has been developed by the Usability Task Group assigned by the Technical Correlating
Committee.  The committee members were Stanley Folz, James Dollard, William Fiske, David Hittinger, Andy Juhasz,
Amos Lowrance, Susan Newman-Scearce, Marc Bernsen and Vincent Zinnante.  Requirements for a disconnecting
means to be lockable in the open position exist in numerous locations in the NEC. A new section has been proposed in
Article 110 to consolidate the requirements for a disconnecting means required to be “capable of being locked in the
open position” in a single section for clarity. It is understood that this requirement includes more than disconnecting and
locking electrical power sources.
This proposal is intended to facilitate a lockout/tagout scenario. It is equally important to ensure that the means for

placing the lock remain in place. The concept suggested by this proposal is necessary to provide correlation throughout
the NEC with respect to the capability of placing a lock on a disconnecting means to secure it in the open position.

_______________________________________________________________________________________________
4-38     Log #2980  NEC-P04

_______________________________________________________________________________________________
Thomas J. Baker, Puget Sound Electrical Training

Revise text to read as follows:
Where a raceway enters a building or structure from an underground distribution system, it

shall be sealed in accordance with 300.5(G). Spare or unused raceways shall also be sealed. Sealants shall be
identified for use with the cable insulation, conductor insulation, bare conductor, shield, or other components.

Sealants need to be identified for single conductors and bare conductors. Single conductors are the
most common type of wiring method entering buildings and need to be included. Sealants used with bare conductors
are much more likely to have deleterious effects on the conductor type and should  also be included.

_______________________________________________________________________________________________
4-39     Log #168  NEC-P04

_______________________________________________________________________________________________
Gerald Newton, electrician2.com (National Electrical Resource Center)

Deleted text as follows:
A building or other structure that is served by a branch circuit or feeder on the load side

of a service disconnecting means shall be supplied by only one feeder or branch circuit unless permitted in 225.30(A)
through (E). For the purpose of this section, a multiwire branch circuit shall be considered a single circuit. Where a
branch circuit or feeder originates in these additional buildings or other structures, only one feeder or branch circuit shall
be permitted to supply power back to the original building or structure, unless permitted in 225.30(A) through (E). For the
purpose of this section, a multiwire branch circuit shall be considered a single circuit.

The last sentence is repeated within the same section.
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_______________________________________________________________________________________________
4-40     Log #2756  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
A building or other structure that is served by a branch circuit or feeder on the load side

of a service disconnecting means shall be supplied by only one feeder or branch circuit unless permitted in 225.30(A)
through (E). For the purpose of this section, a multiwire branch circuit shall be considered a single circuit.
Where a branch circuit or feeder originates in these additional buildings or other structures, only one feeder or branch

circuit shall be permitted to supply power back to the original building or structure, unless permitted in 225.30(A) through
(E).
For the purpose of this section, a multiwire branch circuit shall be considered a single circuit.

Probable editing error, sentence repeated.

It was the panels intent to remove the redundant second sentence that appeared at the end of the
clause.  See panel action on Proposal 4-39.

_______________________________________________________________________________________________
4-41     Log #3054  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise the title of Part II as follows:
Buildings of Other Structures Supplied by a Feeder(s) or Branch Circuit(s), 600 Volts Nominal, or Less

Part III now contains the entirety of requirements for over 600 volt applications. Part II must be clarified
as not applying to over 600 volt installations unless a specific cross reference is made, as in 225.52(A).

Sections in Part II apply to feeders and branch circuits operating above 1,000 Volts, i.e. number of
supplies, different characteristics, disconnecting means, location of disconnects, etc.  Part III includes additional
requirements that apply to systems operating above 1,000 Volts.
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_______________________________________________________________________________________________
4-41b     Log #508  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Instruments, meters, and
relays operating with windings or working parts at less than 1000 volts shall be connected to the equipment grounding
conductor as specified in 250.174(A), (B), or (C).

. Instructions, meters, and relays not located on switchboards, operating with windings or
working parts at 300 volts or more to ground, and accessible to other than qualified persons, shall have the cases and
other exposed metal parts connecte to the equipment grounding conductor.

Instruments, meters, and relays (whether
operated from current and potential transformers or connected directly in the circuit) on or in metal-enclosed switchgears
and switchboards having no live parts on the front of the panels shall have the cases connected to the equipment
grounding conductor.

Instruments, meters, and relays (whether operated from current and potential
transformers or connected directly in the circuit) on switchboards having exposed live parts on the front of panels shall
not have their cases connected to the equipment grounding conductor.  Mats of insulating rubber or other suitable floor
insulation shall be provided for the operator where the voltage to ground exceeds 150.

It appears that metal-enclosed switchgear was inadvertently left out when this was included in the
NEC.
See also Article 100 definitions.
See also Part VIII Section 230.200 for additional requirements.
Also Article 250 is not voltage sensitive.
Switchboards by definition are not intended to be enclosed. See definitions.

See the panel action and statement on Proposal 5-227.

_______________________________________________________________________________________________
4-42     Log #839  NEC-P04

_______________________________________________________________________________________________
Brian Young, St. Charles, IA

225.30 should have  (A) through (E) as Exceptions.
When reading 225.30 it is confusing if the rules change if there is only 1 building on a property, or if

there is more than 1 building. I have heard several times (A) through (E) depends on the number of buildings or
structures on the property.

The allowances in A through E were changed from exceptions to mandatory language several code
cycles ago. The permissions for more than 1 source of supply to a building apply to one building or several buildings on
the same property.

21Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-43     Log #3443  NEC-P04

_______________________________________________________________________________________________
James R. Steed, ARCADIS

Revise text to read as follows:
(A) Special Conditions. Additional feeders or branch circuits shall be permitted to supply the following:
(1) Fire pumps
(2) Emergency systems
(3) Legally required standby systems.
(4) Optional standby systems
(5) Critical operations power systems
(5) (6) Parallel power production systems
(6) (7) Systems designed for connection to multiple sources of supply for the purpose of enhanced reliability.

COPS power system is not included in the list. Additional feeders or branch circuits would be required
in order to serve a designated critical operations area within a building if the COPS power source is located outside of
the building.

COPS systems are covered in 225.30(A)(2) and (A)(6).

_______________________________________________________________________________________________
4-44     Log #116  NEC-P04

_______________________________________________________________________________________________
Dennis Alwon, Alwon Electric Inc.

Add text to read as follows:
225.30(A) (7) Pumps where both an alarm and pump circuit are needed such as septic pumps and sewer pumps.

The definition of structure is that which is built or constructed.  A post in the ground would meet this
definition.  Since a post is often used to install the alarm box for septic pumps and sewer lift pumps it is not possible to
wire them without violating one of two codes.  As the code is now we can either run two individual branch circuits and
violate 225.30 or we use a multi-wire circuit (MWBC) and violate 210.4(B) or 240.15(B)(1).  Running a MWBC is not
always an option as is the case where a pump is 240V and the alarm is 120V.  A MWBC would turn the alarm circuit off
if there were a fault in the pump circuit as handle ties would be required.  This would defeat the purpose of the MWBC.
Thus allowing two circuits to this structure would rectify this problem.

It is not intended that specialized systems as described by the submitter be covered by 225.30(A).
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_______________________________________________________________________________________________
4-45     Log #130  NEC-P04

_______________________________________________________________________________________________
Dennis Alwon, Alwon Electric Inc.

Add new text to read as follows:
225.30(A)
(7) Pumps where both an alarm and pump circuit are needed such as septic pumps and sewer pumps.

The definition of structure is that which is built or constructed. A post in the ground would meet this
definition.  Since a post is often used to install the alarm box for septic pumps and sewer lift pumps it is not possible to
wire them without violating one of 2 codes.    As the code is now we can either run 2 individual branch circuits and
violate 225.30 or we use a multi-wire branch circuit (MWBC) and violate 210.4.(B) or 240.15(B)(1).  Running a MWBC is
not always an option as is the case where a pump is 240V and the alarm is 120V.  A MWBC would turn the alarm circuit
off if there were a fault in the pump circuit as handle ties would be required.  This would defeat the purpose of  the
MWBC.  Thus allowing 2 circuits to this structure would rectify this problem.

See panel action and statement on Proposal 4-44.

_______________________________________________________________________________________________
4-46     Log #948  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 225.30(C).
The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-47     Log #1346  NEC-P04

_______________________________________________________________________________________________
Jim Yancey, NC State Construction Office

Add new text to read as follows:
For the purpose of allowing for more than one generator to supply a single building under single management, the

requirements in Section 230.2 B-E which list the conditions under where more than one service may supply a building
under single management shall also apply to generators.
Exception: Generators in parallel.

It is not clear that the code in Sections 225.30 or 230.2 adequately address the permissibility of adding
a second generator to a single building under single management. This is a very confusing issue, one we as state code
enforcement officials address on a regular basis. This is especially true at our 16 UNC campuses. We currently use the
requirements in Section 230.2 as a guideline when permitting multiple generators to supply a single building under
single management. We believe the same safety considerations applicable to adding multiple services are also
applicable to adding multiple generators.
Generators are treated similar to services in other areas of the code, because of these safety similarities to services,

why does the code not also provide restrictions for adding multiple generators? There are the same life safety issues
when it comes to generators as there are to services, especially for fire personnel, we believe the same restrictions
should apply to generators as well as services.

Parallel generators are already covered in 225.30 in clear language.

_______________________________________________________________________________________________
4-48     Log #1712  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
The disconnecting means shall be installed either inside or outside of the building or structure served

or where the conductors pass through the building or structure. The disconnecting means shall be at a readily
accessible location nearest the service point of entrance of the conductors. For the purposes of this section, the
requirements in 230.6 shall be utilized.

This proposal is part of a set of proposals that:
a. remove the definitions from articles 770.2, 800.2, 820.2, and 830.2, replacing them with a single

definition in 100 I;
b. provide a definition of in 100 for the currently undefined concept used in

articles 90, 100, 225, 230, 240,  & 300;
c. do nothing with the use of concerning water pipes, mobile homes, park trailers, and trucks.

The submitter has presented language adding the words "service point" but this section covers
branch circuits and feeders not services. The submitter has not presented any problems with the existing language nor
any technical rationale for this change.
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_______________________________________________________________________________________________
4-49     Log #601  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Add new text to read as follows:

Requiring a disconnecting means at the open carport structure poses a security risk to the premise
users at night when going to their cars. It is too easy to turn off the night lights and rape women or steal cars. When
there is no light in the parking area, the surveillance cameras cannot work properly.

The NEC is intended to address electrical safety.  The cited security issues can be addressed in
other ways that do not reduce electrical safety.

_______________________________________________________________________________________________
4-50     Log #151  NEC-P04

_______________________________________________________________________________________________
Nino Monaco, City of Pepper Pike

Proposing the installation of a disconnecting device located above the meter.
This would prevent unqualified personnel from having to remove the meter in case of a fire inside the

dwelling.  I have seen firemen try to remove the electric meter during a fire (not a good idea). Please note that water and
gas lines have exterior shut off devices.

The proposal does not meet Section 4.3.3(c), Regulations Governing Committee Projects.

_______________________________________________________________________________________________
4-51     Log #2  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The panel action on this comment has resulted in technical revisions without the benefit of public

review.
The Technical Correlating Committee directs that this comment, and the referenced Proposal, be reported as "Hold" in

accordance with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

See panel action on Proposal 4-55 which addresses the submitter’s concern.
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_______________________________________________________________________________________________
4-52     Log #3  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The panel action on this comment has resulted in technical revisions without the benefit of public

review.
The Technical Correlating Committee directs that this comment, and the referenced Proposal, be reported as "Hold" in

accordance with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

See panel action on Proposal 4-55 which addresses the submitter’s concern.
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_______________________________________________________________________________________________
4-53     Log #550  NEC-P04

_______________________________________________________________________________________________
Lawrence W. Forshner, Bard, Rao & Athanas Consulting Engineers, LLC

Delete existing text and replace: 700.12(B)(6) including the exception; 701.12(B)(5); and 702.12, as follows:
Where an outdoor housed generator set supplies a building or structure, and is equipped with a readily accessible

disconnecting means, an additional disconnecting means shall not be required where ungrounded conductors serve or
pass through the building or structure.  The disconnecting means shall meet the requirements of 445.18, and the
installation shall meet the requirements of 250.32(D). All installations permitted by this section, unless meeting the
requirements of 225.32 exception 1, or 2, shall have the generator disconnecting means located within sight of the
building or structure served.
Add an exception to 225.36 and 225.38 as follows:
Renumber existing exception
Exception No. 1:

Exception No. 2: Outdoor housed generator set's disconnecting means shall meet the requirements of 445.18.
Staff Note:  A copy of this proposal has also been submitted to Code-Making Panel 13 for consideration in

700.12(B)(6), 701.12(B)(5), and 702.12.
The construction requirements of the disconnecting means for an outdoor housed generator should be

consistent with those recognized in 445.18, and described in UL 2200.  If 445.18 describes an acceptable disconnecting
means for a generator, it should be acceptable when applying 700.12(B)(6); 701.12(B)(5); and 702.12.  A "break glass"
lockable mushroom button, for example, serving as the disconnect for the generator, meets the requirements of Article
445 and UL 2200 Section 11. It also meets the definition in Article 100 in that it is a "means by which the conductors of a
circuit can be disconnected from their source of supply."
With the new rule changes to 250.32(D) in recent code cycles, the grounding requirements and the installation

requirements specified in 250.32(D) are what are important.  Listed generators have provisions for installing bonding
jumpers and a neutral disconnecting means in the generator terminal box if required and as described in UL 2200,
Section 14. Suitable for use as service equipment has become a moot point, and has created confusion in the field
when referring to the disconnecting means at the generator location.  (See 2001 ROP 4-30 (225-36) Log #4286) that
was accepted and later rejected during the ROC process, by comment (2001 ROC 4-30 (225-36) Log #1769).  It is a
very thorough exchange documenting why a feeder disconnect located on or in a building should be SUSE.  However,
there is no mention or discussion about the construction requirements of upstream equipment.  The discussion
mentioned requirements such as having the ability to open under load, and recent rule changes to the two to six
disconnect rule or breaker enclosures at the generator, it adds costs and reduces reliability.  When a generator is shut
down via its own controls, annunciation and fire alarm supervision as required by NFPA 110 and NFPA 72 alert the
building occupants of an inoperable onsite standby power system.  Additional breakers hinder selection coordination,
create a single point of failure, and give someone working on or around a generator a false assurance that the generator
cannot start.

The submitter has not presented any sound rationale for circumventing the basic safety
requirement of removing all sources of power from a building at the building. Disconnects do not always have to be
adjacent to one another but their location has to be documented at each such disconnect location. Having the
disconnect at a remote location would add confusion in an emergency situation such as a fire or flooding condition.
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_______________________________________________________________________________________________
4-54     Log #2508  NEC-P04

_______________________________________________________________________________________________
Christopher M. Jensen, North Logan City

Revise text to read as follows:
The disconnecting means specified in 225.31 shall be suitable for use as

service equipment.
Exception:  For garages and outbuildings on residential property, a snap switch or a set of 3-way or 4-way snap

switches shall be permitted as the disconnecting means.
Small outbuildings that are accessory to non-residential occupancies such as storage buildings or

pavilions that are supplied by a single branch circuit for lighting are currently required to be supplied with a
disconnecting means suitable for use as service equipment. These small buildings supplied by a single 15 or 20 amp
circuit pose no greater hazard then do outbuildings or garages located on residential properties.

See panel action on Proposal 4-55 which deleted the exception and modified the text to address
the submitter's concerns.

_______________________________________________________________________________________________
4-55     Log #3055  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc. / Rep. Massachusetts Electrical Code Advisory

Committee
Revise as follows:

Suitable for Service Equipment Type. The disconnecting means specified in 225.31 shall be comprised of a circuit
breaker, molded case switch, general use switch, snap switch, or other approved means. Where applied in accordance
with 250.32(B) Exception, the disconnecting means shall be suitable for use as service equipment.
Delete the exception.

This proposal essentially implements what CMP 4 attempted to do at the comment stage but was
thwarted by the lack of public review. Although its actions were somewhat inconsistent, the intention of disallowing
three-way switch loops is clear because they do not provide an actual disconnecting function at the outbuilding. This
proposal also removes the SUSE requirement which involves greater internal spacings, and these are only justified in
instances where there is a true service exposure, with no overcurrent protection ahead of the equipment. The principal
wiring difference for SUSE ratings is that identified in the original NEC proposal, namely, that a regrounding provision
must be incorporated. This, in turn, is only a factor in the 250.32(B) Exception applications.
There is no good reason why a snap switch could not be used at a commercial occupancy, and at the comment stage

in the prior cycle CMP 4 agreed. All the requirements in 225.38 will be met by a snap switch with the requisite poles.
The exception to 225.38 can be deleted because its only function is to allow for three-way switch loops, which CMP 4
also intended to remove for good reason in the prior cycle, quite correctly. A companion proposal has been submitted to
remove the exception in 225.38.
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_______________________________________________________________________________________________
4-56     Log #3281  NEC-P04

_______________________________________________________________________________________________
James J. Rogers, Bay State Inspectional Agency

Revise text to read as follows:
Type, The disconnecting means specified in 225.31 shall be comprised of a circuit breaker, molded case switch,

general use switch, a snap switch, or other approved means with indicating on and off positions. Where applied in
accordance with 250.32(B) Exception, the disconnecting means shall be suitable for use as service equipment.

This proposal addresses the safety issues concerned with having a disconnecting means that clearly
indicated that it is either in the on or off position and recognizes that the only requirement for service rated disconnecting
means for a feeder is in those cases where the grounded conductor is going to be bonded to the enclosure and used for
grounding purposes as well as permitted in the exception to 250.32 for multiple buildings or structures on one property.

See panel action on Proposal 4-55 which addresses the submitter’s concern.

_______________________________________________________________________________________________
4-57     Log #4  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The panel action on this comment has resulted in technical revisions without the benefit of public

review.
The Technical Correlating Committee directs that this comment, and the referenced Proposal, be reported as "Hold" in

accordance with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

See panel action on Proposal 4-55 which deleted the exception and modified the text to address
the submitter's concerns.
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_______________________________________________________________________________________________
4-58     Log #547  NEC-P04

_______________________________________________________________________________________________
Lawrence W. Forshner, Bard, Rao & Athanas Consulting Engineers, LLC

Add an exception to 225.36 and 225.38 as follows:
Renumber existing exception
Exception No. 1:
Add
Exception No. 2: Outdoor housed generator set's disconnecting means shall meet the requirements of 445.18.

The construction requirements of the disconnecting means for an outdoor housed generator should be
consistent with those recognized in 445.18, and described in UL 2200.  If 445.18 is an acceptable disconnecting means
for a generator, it should be acceptable when applying the rules in 700.12(B)(6); 701.12(B)(5); and 702.12.  A "break
glass" lockable mushroom button, for example, serving as the disconnect for the generator, meets the requirements of
Article 445 and UL 2200 section 11. It also meets the definition in article 100 in that it is a "means by which the
conductors of a circuit can be disconnected from their source of supply."
With the new rule changes to 250.32(D) in recent code cycles, the grounding requirements and the installation

requirements specified in 250.32(D) are what are important.  Listed generators have provisions for installing bonding
jumpers and a neutral disconnecting means in the generator terminal box if required and as described in UL 2200
section 14.  Suitable for use as service equipment has become a moot point, and has created confusion in the field
when referring to the disconnecting means at the generator location.  (See 2001 ROP-4-30 (225-36) Log #4286 that was
accepted and later rejected during the ROC process, by comment (2001 ROC 4-30 (225-36) Log #1769) It is a very
thorough exchange documenting why a feeder disconnect located on or in a building should be SUSE. However, there
is no mention or discussion about the construction requirements of upstream equipment. The discussion mentioned
requirements such as having the ability to open under load, and recent rule changes to the two to six disconnect rule
associated with motor control centers where used as service equipment.  When AHJs ask for additional NEMA 3 fused
disconnects or breaker enclosures at the generator, it adds costs and reduces reliability.  When a generator is shut
down via its own controls, annunciation and fire alarm supervision as required by NFPA 110 and NFPA 72 alert the
building occupants of an inoperable onsite standby power system.  Additional breakers hinder selective coordination,
create a single point of failure, and give someone working on or around a generator a false assurance that the generator
cannot start.

The section that the submitter is attempting to modify does not address generator disconnecting
means.  It addresses building disconnecting means.

_______________________________________________________________________________________________
4-59     Log #582  NEC-P04

_______________________________________________________________________________________________
Dennis Alwon, Alwon Electric Inc.

Revise text as follows:
225.36 Suitable for Service Equipment.  The disconnecting means specified in 225.31 shall be suitable for use as

service equipment.
Exception:  for garages and outbuildings on residential property, a snap switch, or a set of 3-way or 4-way snap

switches, or other approved non-service rated disconnect shall be permitted as the disconnecting means.
As this section is written, I can run a multi-wire branch circuit to a dwelling garage and use a DP snap

switch as a disconnect but I can be rejected for using a non-fused disconnect such as an a/c pullout style disconnect.
These a/c disconnects are not usually service rated.  Why would a disconnect need to be service rated if one can use a
snap switch?  This proposal will help clarify what I believe to be the intent of this section.  I realize this may seem petty
but I know of a few people who have been rejected for this install.

See panel action on Proposal 4-55 which deleted the exception and modified the text to address
the submitter's concerns.
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_______________________________________________________________________________________________
4-60     Log #588  NEC-P04

_______________________________________________________________________________________________
Dennis Alwon, Alwon Electric Inc.

Revise text to read as follows:
The disconnecting means specified in 225.31 shall be suitable for use as

service equipment.

This will clarify that a standard disconnect can also be used when a single circuit or a MWBC is
utilized.  As written a multiwire branch circuit does not need a service rated disconnect for a residential garage or
outbuilding so why require a service rated disconnect for a commercial structure if the circuit is a single circuit or MWBC.
If you have a gazebo on a commercial property the 2011 code requires a service rated disconnect even if the gazebo
were to be supplied by a MWBC.  There is no more danger on a commercial property then there would be in a
residential garage in this situation.

See panel action on Proposal 4-55 which deleted the exception and modified the text to address
the submitter's concerns.

_______________________________________________________________________________________________
4-61     Log #5  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The panel action on this comment has resulted in technical revisions without the benefit of public

review.
The Technical Correlating Committee directs that this comment, and the referenced Proposal, be reported as "Hold" in

accordance with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

See panel action on Proposal 4-63 which deleted the exception and modified the text to address
the submitter's concerns.
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_______________________________________________________________________________________________
4-62     Log #2507  NEC-P04

_______________________________________________________________________________________________
Christopher M. Jensen, North Logan City

Revise text to read as follows:
Disconnecting means shall meet the requirements of 225.38(A) through (D).

Exception: For garages and outbuildings on residential property, snap switches or sets of 3-way or 4-way snap
switches shall be permitted as the disconnecting means.

Small outbuildings that are accessory to non-residential occupancies such as storage buildings or
pavillions that are supplied by a single branch circuit for lighting are currently required to be supplied with a
disconnecting means suitable for use as service equipment. These small buildings supplied by a single 15 or 20 amp
circuit pose no greater hazard then do outbuildings or garages located on residential properties.

See panel action on Proposal 4-63 which deleted the exception and modified the text to address
the submitter's concerns.

_______________________________________________________________________________________________
4-63     Log #3056  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc. / Rep. Massachusetts Electrical Code Advisory

Committee
Delete this exception.

This is a companion proposal to one submitted to 225.36 that in part removes the correlating exception
at that location. A three- or a four-way switch is not appropriate as a disconnecting means because it will not be
indicating and the user cannot be certain whether the energized conductors are open or if the lamp has failed, etc. In
addition, if its companion switch changes position in its other location, the circuit that was supposed to be open will now
be closed. This concept was accepted by CMP 4 in the 2011 cycle, but for lack of public review it was not incorporated
into the 2011 NEC. This proposal supports the previous  CMP 4 action.
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_______________________________________________________________________________________________
4-64     Log #517  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Where the building or structure disconnecting means does not disconnect
the grounded conductor from the grounded conductors in the building or structure wiring, other means shall be provided
for this purpose at the location of disconnecting means.  A terminal or bus to which all grounded conducotrs can be
attached by means of pressure connectors shall be permitted for this purpose.
In a multisection metal-enclosed switchgear or switchboard, disconnects for the grounded conductor shall be permitted

to be in any section of the metal -enclosed switchgear or switchboard, provided any such switchboard section is marked.
It appears that metal-enclosed switchgear was left out of these requirements.

This section is not voltage sensitive
See proposal for new definition also.

Revised proposed text to read as follows:
(C) Disconnection of Grounded Conductor. Where the building or structure disconnecting means does not disconnect

the grounded conductor from the grounded conductors in the building or structure wiring, other means shall be provided
for this purpose at the location of disconnecting means.  A terminal or bus to which all grounded conductors can be
attached by means of pressure connectors shall be permitted for this purpose.
In a multisection switchboard or switchgear, disconnects for the grounded conductor shall be permitted to be in any

section, provided the section is marked.
The panel accepts adding "switchgear" to 225.38(C).   The term has been simplified to

"switchgear" to align with the definition.  Editorial changes were made to improve clarity.
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".
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_______________________________________________________________________________________________
4-65     Log #3318  NEC-P04

_______________________________________________________________________________________________
Steven Goble, Olathe, KS

Insert the following new requirement.

Throughout its history, the NEC® has mandated the practical safeguarding of persons and property
from hazards arising from the use of electricity. However, one of the hazards that is often overlooked is damage to
property, such as fire, or the destruction of appliances and electronic equipment, due to surges caused by (1) the
starting and stopping of power electronic equipment, (2) direct or indirect lightning strikes, and (3) imposition of a higher
voltage on a lower voltage system. While NFPA 70 has long recognized the practical application of surge protective
devices as evidenced by several NEC® Articles, including but not limited to, 285, 694 and 708, the vast majority of
equipment is not required to be protected from damage by surges. This lack of required protection results in, as the
State Farm Insurance Company notes on their web site, " ... power surges are responsible for hundreds of millions of
dollars of property damage every year ... Over time, surges can also cause cumulative damage to your property,
incrementally decreasing the lifespan of televisions, computers, stereo equipment, and anything else plugged into the
wall."
This proposal is intended to expand protection against damaging surges through the use of listed surge protective

devices. While progress has been made in this area, it is evident that expanded use of listed surge protective devices
will be a step function improvement to the practical safeguarding of persons and property.
Some very recent specific examples of events that call attention to this need include the documented destruction of a

house due to electrical surge as a result of a transformer fire. This occurred in Kings County California in October of
2011.
In the UK in 2010, 71 incidents were caused by electrical power surges according to the fire inspector.
In fact, the cause of the surge was related to the theft of a copper component in a substation. Of the 71 incidents, 48

resulted in damage to electrical equipment, including 36 panelboards, a number of televisions, washing machines and
other electrical appliances.
In Dallas, Texas, a utility electric crew repairing a transformer in front of a residence caused a significant surge. The

transformer was seen to be arcing with the subsequent destruction of equipment in nearby homes. This included Central
Heat and Air units, refrigerators, washers, dryers .... and the like.
Another recent event in Carthage, MO, occurred in October of 2011. Lightning hit the Jasper County Jail and the

resultant surge knocked out the security system as well as fire alarms, locks and other key systems. The same event
also resulted in a small fire at a Carthage home. Only because of an alert homeowner and quick response by the local
fire department was extensive damage and possible loss of life prevented.
Studies by recognized authorities including NEMA, IEEE, and UL, all substantiate the fact that surges can and do

cause significant damage. Nationwide Insurance recognizes the need for effective surge protection as well and has
published recommendations that include point-of-use surge protectors and installation of main service panel
suppressors.
Unprotected surges do cause catastrophic damage to industrial, commercial and residential electronic equipment and

residential appliances, sometimes resulting in fire and loss of life. Surge protective devices are readily available to
protect against these common surges, but have simply not been required in most applications. This Code Making Panel
has the opportunity to take a significant step toward better protection of persons and property by accepting this
proposal.

Surge protection is permitted to be installed and should not be required, as surge probabilities vary
by locality, and different types of electrical loads have differing surge protection requirements.  Surge protection must
also be periodically maintained or replaced.  The user should make the decision to install this protection.
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_______________________________________________________________________________________________
4-66     Log #949  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 225.50.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-67     Log #1026  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of Article 225 Part III.
The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-68     Log #419  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
is

is

It appears that the word “power” was inadvertently left out when this was included in the NEC.

Revise the proposed text to read as follows:
is

is

The panel accepts the concept of aligning the text with the definition.  The term has been modified
to simply "switchgear".
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".

_______________________________________________________________________________________________
4-69     Log #3057  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
A building or structure disconnecting means shall be located in accordance with 225.32, or it shall be if

not readily accessible it shall be operable by mechanical linkage from a readily accessible point. For multibuilding
industrial installations under single management, it shall be permitted to be electrically operated by a similarly located
readily accessible remote-control device in a separate building or structure...".

This wording provides correlation with 230.205(A). There is no reason to treat the applications
differently. This wording editorially incorporates the content of 230.205(C) to the extent that 230.205(A) incorporates
those concepts by reference.

The location of the disconnecting means is covered in 225.52(A).
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_______________________________________________________________________________________________
4-70     Log #1048  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:
Each building or structure disconnect shall simultaneously disconnect all ungrounded supply

conductors it controls and shall have a fault-closing rating not less than the maximum available short-circuit current
available at its supply terminals.

Where fused switches or separately mounted fuses are installed, the fuse characteristics shall be permitted to
contribute to the fault closing rating of the disconnecting means.

This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating
Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The proposed revision clarifies that the location of the disconnecting means for the load is required to be indicated on

the sign.  The existing wording would only require that the sign state the requirement but not the location of the
disconnecting means.

This requirement addresses the necessity of removing the load prior to operating the disconnect
switch.  The requirement for identifying the disconnect location is addressed elsewhere.

_______________________________________________________________________________________________
4-71     Log #1664  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

Remove archaic language.
NEC style manual: 3.3.4 Word Clarity. Words and terms used in the shall be specific and clear in meaning, and

shall avoid jargon, trade terminology, industry-specific terms, or colloquial language that is difficult to understand.
language shall be brief, clear, and emphatic. The following are examples of old-fashioned expressions and word uses
that shall not be permitted:  "...the above...".

See panel action on Proposal 4-72 which addresses the submitter's concern.
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_______________________________________________________________________________________________
4-72     Log #3058  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Where the individual disconnecting means consist of fused cutouts, the simultaneous disconnection of all ungrounded

supply conductors shall not required if there is a  is a means to disconnect the load before opening the cutouts. A
permanent legible sign shall be installed adjacent to the fused cutouts worded “DISCONNECT LOAD BEFORE
OPENING CUTOUTS.” indicating the above requirement.

The use of the words “above” or “below” in reference to the location of text in the NEC is not permitted
by the NEC Style Manual, at 3.3.4. In addition, this signage requirement will benefit from clear prescriptive language, as
suggested in this proposal.

_______________________________________________________________________________________________
4-73     Log #284  NEC-P04

_______________________________________________________________________________________________
Stanley J. Folz, Morse Electric Company

Revise text to read as follows:
Disconnecting means shall be lockable in accordance with 110.25. capable of being locked in the open

position.  The provisions for locking shall remain in place with or without the lock installed
Exception: Where an individual disconnecting means consists of fused cutouts, a suitable enclosure capable of being
locked and sized to contain all cutout fuseholders shall be installed at a convenient location to the fused cutouts.

This proposal has been developed by the Usability Task Group assigned by the Technical Correlating
Committee.  The committee members were Stanley Folz, James Dollard, William Fiske, David Hittinger, Andy Juhasz,
Amos Lowrance, Susan Newman-Scearce, Marc Bernsen and Vincent Zinnante.  Requirements for a disconnecting
means to be lockable in the open position exist in numerous locations in the NEC. A new section has been proposed in
Article 110 to consolidate the requirements for a disconnecting means required to be “capable of being locked in the
open position” in a single section for clarity. It is understood that this requirement includes more than disconnecting and
locking electrical power sources.
This proposal is intended to facilitate a lockout/tagout scenario. It is equally important to ensure that the means for

placing the lock remain in place. The concept suggested by this proposal is necessary to provide correlation throughout
the NEC with respect to the capability of placing a lock on a disconnecting means to secure it in the open position.

_______________________________________________________________________________________________
4-74     Log #473  NEC-P04

_______________________________________________________________________________________________
Edward  G. Kroth, Verona, WI

Delete text as follows:
The provisions for locking shall remain in place with or without the lock installed. (the rest is to remain the same).

This is a companion proposal to one submitted to Code-Making Panel 1 and should be accepted only
if said proposal or some equivalent proposal is accepted by Code-Making Panel 1. The proposal to Code-Making Panel
1 is to put the criteria for a lockable disconnecting means in Article 110 and, thus, be able to eliminate similar repetitions
in at least 19 different sections of the NEC. It would also help to standardize the usage of the phrase "capable of being
locked" which has at least four variations in the 2011 NEC.

See panel action on Proposal 4-73.
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_______________________________________________________________________________________________
4-75     Log #1049  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:
Disconnecting means shall be capable of being locked in the open position. The provisions for

locking shall remain in place with or without the lock installed.

This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating
Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The proposed revision increases clarity. The use of the term “convenient” is problematic. The use of the term “readily

accessible” is well understood and defined in Article 100.

The current text is clear.  The storage location for the cutouts does not need to be readily
accessible.

_______________________________________________________________________________________________
4-76     Log #3059  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Exception: Where the disconnecting means consist of individual fused cutouts, a suitable enclosure, capable of being

locked and sized to contain all cutout fuseholders shall be installed. It shall be at a location that is accessible to
personnel during or immediately after the process of operating the cutouts.

This proposal breaks the requirement into two sentences for readability and uses more prescriptive
language than “convenient” for the purpose of making the rule more consistently applied and enforceable.

The current text is clear.  The storage location for the cutouts does not need to be accessible during
or immediately after the process of operating the cutouts.
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_______________________________________________________________________________________________
4-77     Log #1050  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:
Where disconnecting means handles are operated vertically, the “up” position of the

handle shall be the “on” position. The disconnect shall be connected such that their blades are de-energized when the
switch is in the open position.

This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating
Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The proposed additional text for this requirement provides clarity and is safety driven to require a consistent position of

the disconnect blades for operator safety. The existing exception addresses double throw switches.

There are devices other than switches used for the disconnecting means.  This does not address a
switch or disconnect that is operated horizontally.

_______________________________________________________________________________________________
4-78     Log #3060  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Exception: A switching device having more than one “on” position, such as a double throw switch, need not comply

with this requirement. Vertically operated disconnecting means having multiple sources of supply shall be permitted to
be in the closed (“on”) position with the handle in either the up or down position.

This wording avoids the phrase “need not” because it is not a permissible form in an exception by the
NEC Style Manual, at 3.1.4.1. The wording “the handle in either the up or down position” occurs in the parallel
requirement in 404.7 Exception No. 1.

The present text does not state "need not".  It states "shall not be required to comply".  The present
text is clear as written.

_______________________________________________________________________________________________
4-79     Log #3061  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Where a building or structure has any combination of feeders, branch circuits, or services passing

through it or supplying it, a permanent plaque or directory shall be installed at each feeder and branch circuit disconnect
location denoting all other services, feeders, , or branch circuits supplying that building or structure, or passing through
that building or structure, and the area served by each.

The commas emphasize that the mere fact of passing through is enough to generate a label, and
make the sentence more readable. They also clarify that the wording “and the area served by each” applies to both
circumstances.

The panel does not agree with the submitter's rationale that adding the commas improves the
readability.
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_______________________________________________________________________________________________
4-80     Log #2531  NEC-P04

_______________________________________________________________________________________________
William Gross, Electric Service of Clinton

Delete the following text:

The complete electrical system shall be performance tested when first
installed on site. Each protective, switching, and control circuit shall be adjusted in accordance with recommendations of
the protective device study and tested by actual operation using current injection or equivalent methods as necessary to
ensure that each and every such circuit operates correctly to the satisfaction of the authority having jurisdiction.

All instrument transformers shall be tested to verify correct polarity and burden.
Each protective relay will be demonstrated to operate by injecting current (and/or voltage) at the

associated instrument transformer output terminal (or test switch) and observing that the associated switching and
signaling functions occur correctly and in proper time and sequence to accomplish the protective function intended.

Each switching circuit will be observed to operate the associated equipment being switched.
Each control or signal circuit will be observed to perform its proper control function or

produce a correct signal output.
All metering circuits will be verified to operate correctly from potential and current sources

similarly to protective relay circuits.
Complete acceptance tests shall be performed after the station installation is completed, on all

assemblies, equipments, conductors, control and protective systems as applicable to verify the integrity of all the
systems.

All relays and metering which use phase differences for
operation shall be verified by measuring phase angles at the relay under actual load conditions after operation
commences, which may be at a later date than Pre-energization tests.

A test report covering the results of the tests required in 225.56(A) shall be delivered to the authority
having jurisdiction prior to energization. Informational
Note: For acceptance specifications refer to NETA ATS-2007 Acceptance Testing Specifications for Electrical Power

Distribution Equipment and Systems published by the InterNational Electrical Testing Association.
Delete section from Article 225 to be added to 110   This section as written applies to equipment and

relays that are applied more typically to circuits or systems over 600 volts. This section needs to be relocated to
Requirements for Electrical Installations Part 3 of Article 110. These are basic requirements for inspections and
acceptance tests that are needed to commission these types of systems for proper operation.

The submitter indicates these requirements typically apply to systems over 600 volts and should not
be in Article 225.  However, the section does apply to systems over 600 volts.  The requirements should remain in
Article 225.
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_______________________________________________________________________________________________
4-81     Log #3062  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
The complete electrical system design, including settings for protective,

switching, and control circuits, shall be prepared in advance and made available on request to the authority having
jurisdiction and shall be performance tested when first installed on site. Each protective, switching, and control circuit
shall be adjusted in accordance with the recommendations of the protective device study system design and tested by
actual operation using current injection or equivalent methods as necessary to ensure that each and every such circuit
operates correctly to the satisfaction of the authority having jurisdiction.

The existing wording refers to a “protective device study” which is not defined or described in any
provision of the Code. This wording attempts a slightly more flexible approach that is intuitively obvious, and also
ensures that the AHJ has the opportunity to review the design. The term “system design” is more familiar and the
wording specifically captures “protective, switching, and control circuits” as being included in such a design.

_______________________________________________________________________________________________
4-82     Log #3063  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
All metering circuits shall be verified to operate correctly from potential and current sources

similarly to in a similar manner to protective relay circuits.
This proposed change is grammatical; in this context the word is used in the sense of “in a similar

manner to” and not as an adverb, which would modify the verb “operate” and miss the “potential and current sources”.
The proposed wording in this proposal clearly describes the intent.

_______________________________________________________________________________________________
4-83     Log #426  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
Complete acceptance tests shall be performed after the station substation installation is

completed, on all assemblies, equipments, conductors, control and protective systems, as applicable to verify the
integrity of all the systems.

Station in not defined in the Code, however, substation is defined in Article 225,  225.2 Definition.
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_______________________________________________________________________________________________
4-84     Log #3064  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Informational Note: For an example of acceptance specifications refer to NETA ATS-2007 Acceptance Testing

Specifications for Electrical Power Distribution Equipment and Systems published by the InterNational Electrical Testing
Association.

As worded, this note is, in effect, an incorporation of the requirements of another, non-NFPA standard
into the NEC. This is not permitted because the other standard may change in an unpredictable way outside the control
of NFPA. Instead the non-mandatory “an example of” is used for these purposes, as required in the NEC Style Manual
at 3.1.3. See, for example, the many references to UL standards in the power-limited cabling articles [such as the note
following 725.179(D) and many other locations]. In all instances, the reference is to an example or method, with the door
left open to other options. Of course, the named method, as a practical matter, will be the one routinely used.

_______________________________________________________________________________________________
4-85     Log #169  NEC-P04

_______________________________________________________________________________________________
Gerald Newton, electrician2.com (National Electrical Resource Center)

Add new text to read as follows:
(B) Guarding Live Parts
(1) Guards shall be provided around all live parts operating above 50 V to ground without an adequate insulating

covering, unless their location gives sufficient horizontal or vertical clearance or a combination of these clearances to
limit the likelihood of accidental human contact.
Informational Note: For additional information, see ANSI C2-2007, .
(2)  Parts over or near passageways through which material may be carried, or in or near spaces such as corridors,

storerooms, and boiler rooms used for nonelectrical work, shall be guarded or given clearances in excess of those
specified such as may be necessary to secure reasonable safety. The guards shall be substantial and completely shield
or enclose the live parts without openings. In spaces used for nonelectrical work, guards should be removable only by
means of tools or keys.
Informational Note: For additional information, see ANSI C2-2007, .
(3)  Each portion of parts of indeterminate potential, such as telephone wires exposed to induction from high-voltage

lines, ungrounded neutral connections, ungrounded frames, ungrounded parts of insulators or surge arresters, or
ungrounded instrument cases connected directly to a highvoltage circuit, shall be guarded on the basis of the maximum
voltage that may be present on the surface of that portion. The vertical clearance above grade of the bottom of such part
shall be not less than 2.60 m (8.5 ft) unless it is enclosed or guarded.
Informational Note: For additional information, see ANSI C2-2007, .

One of the most important parts for worker safety in substations is the requirement for guarding live
parts.  The National Electrical Safety Code addresses this issue in Rule 124 for voltages above 150 V to ground.  This
has been changed to 50 V to ground in this proposal to comply with Section 110.27(A).
If the NEC is to fulfill its purpose of practical safeguarding of persons from the hazards arising from the use of electricity
in substations the rules from the NESC covering guarding of live parts in substations should be included.
Since the new section 225.70 in the 2011 NEC covers substations and Part 1 of the NESC also covers substations and

contains many additional requirements for guarding live parts the Informational Notes make it clear that the NESC has
additional information.
See http://www.electrician2.com/articles/lhpage8.html

Guarding of live parts is covered in Article 110.
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_______________________________________________________________________________________________
4-86     Log #1053  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise text to read as follows:

Documentation of the engineered design by a qualified licensed professional engineer engaged
primarily in the design of substations shall be available upon request of the authority having jurisdiction and shall include
consideration of the following:

(a) Types of Enclosures
(b) Rooms and Spaces
(c) Supporting and Securing Electric Equipment
(d) Exits
(e) Fire-extinguishing Equipment

(a) Application
(b) Electrical Protection
(c) Mechanical Protection and Support
(d) Isolation
(e) Termination

(a) Arrangement
(b) Application
(c) Devices Containing Oil
(d) Switches and Disconnecting Devices
(e) Disconnection of Fuses

(No changes proposed to existing text)
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
At the present time the NEC does not adequately address the installation of substations. The proposed new text

provides the installer and enforcer with a performance based outline of items that must be designed by a “qualified
licensed professional engineer engaged primarily in the design of substations”. The NEC must include minimum
requirements for substations. Developing prescriptive requirements for substations is infeasible due to the wide range of
equipment, characteristics and design. This requirement is similar in nature to Article 399 for Outdoor Overhead
Conductors over 600 Volts that was added to the NEC in 2011.
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_______________________________________________________________________________________________
4-87     Log #1707  NEC-P04

_______________________________________________________________________________________________
David Bredhold, Eaton Corporation

Revise text to read as follows:
A permanent, legible warning notice carrying the wording “DANGER — HIGH VOLTAGE—KEEP AWAY”

shall be placed in a conspicuous position in the following areas:
Makes the marking-requirement, for which cable trays are included, consistent with 392.18(H) for

cable tray marking.

A permanent, legible warning notice carrying the wording “DANGER — HIGH VOLTAGE" followed by
"-KEEP AWAY” or "-KEEP OUT" shall be placed in a conspicuous position in the following areas:

The words "keep away" may not be appropriate for all conditions.  The words "keep out" were
added as an option.

_______________________________________________________________________________________________
4-88     Log #3065  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Delete this section.
This material is entirely beyond the scope of Article 225. Although substations may be located

outdoors, more often than not they are indoors and handle power transformations that are only relevant to the building
housing them. Furthermore, none of the requirements in this section address issues that are in any way unique to wiring
that originates from or leads to outdoor locations. Note also that this section is formatted with only a single lettered
subsection, which violates the NEC Style Manual at 2.1.5 because the arrangement uses a subdivision form that does
not create a subdivision. Companion proposals have been submitted to place this material into other articles under the
control of appropriate code making panels. Specifically:
225.70(A)(1)(a): Covered completely in 110.34(C) and need not be repeated.
225.70(A)(1)(b): Moved to new 300.45.
225.70(A)(1)(c): Covered completely in 392.18(H) and need not be repeated.
225.70(A)(2): Covered in 490.22 (second paragraph) and need not be repeated.
225.70(A)(3): Moved into 490.21(B)(6)
225.70(A)(4): Moved to new 490.25
225.70(A)(5)(a): Moved to new 490.48
225.70(A)(5)(b): Moved into 490.35(A)
225.70(A)(5)(c): Moved into 490.47

See panel action on Proposal 4-89 which relocates the section.

_______________________________________________________________________________________________
4-89     Log #3282  NEC-P04

_______________________________________________________________________________________________
James J. Rogers, Bay State Inspectional Agency

Remove 225.70 in its entirety and insert it into a new 490.48.

Article 225 covers outside branch circuits and feeders, Article 490 covers equipment used in
installations operating over 600 volts. l
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_______________________________________________________________________________________________
4-90     Log #741  NEC-P04

_______________________________________________________________________________________________
Joe Tedesco, Boston, MA

Add new text to read as follows:
Add: "KEEP OUT" after "VOLTAGE".

Other signs in the NEC, for over 600 volts, include this term.

See panel action on Proposal 4-87 which incorporates the submitter’s proposal with additional
change.

_______________________________________________________________________________________________
4-91     Log #854  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Revise this section as follows:
(1) General. A permanent, legible warning notice complying with 110.21(B) and including the wording “DANGER —

HIGH VOLTAGE” shall be placed in a conspicuous position in the following areas: (remainder unchanged)
This proposal is one of several coordinated companion proposals to provide consistency of danger,

caution, and warning signs as required in the NEC. The proposed revision will correlate this danger and warning
marking requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-92     Log #1061  NEC-P04

_______________________________________________________________________________________________
John Sigmund, American Chemical Council

Add the following new Exception following (c):
225.70 Substations.
(A) Warning Signs.
(1) General. A permanent, legible warning notice carrying the wording "DANGER — HIGH VOLTAGE" shall be placed

in a conspicuous position in the following areas:
(a) At all entrances to electrical equipment vaults and electrical equipment rooms, areas, or enclosures
(b) At points of access to conductors on all high voltage conduit systems and cable systems
(c) On all cable trays containing high-voltage conductors with the maximum spacing of warning notices not to exceed

3m (10 ft)
Exception: In industrial establishments where the conditions of maintenance and supervision ensure that only qualified

persons service the installation, cable tray system warning notices shall be located as deemed needed for the
installation to assure safe maintenance and operation.

The requirement to placard all cable tray installations with warning notices every 3m (10 ft) is not
practical and should address the readability and potential hazards. Substations in industrial facilities are controlled areas
and are only accessible to qualified persons. The qualified person would be aware of the hazards with high voltage
feeders in cable tray, and would readily recognize those installations. Adding warning signs every 10 feet would not
increase the safety of these installations, and may be impractical due to the inaccessibility of cable trays in the ceiling of
some substations. This proposed change was also made to 392(H).

Warning signs are not there to identify hazards solely for maintenance personnel but for all
persons.  Electrical system cable trays may be in close proximity to other mechanical or piping tray systems.  This
requirement will help non-electrically qualified personnel identify above ground tray systems that support medium
voltage electrical cables.
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_______________________________________________________________________________________________
4-93     Log #418  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
Where metal-enclosed power switchgear is installed, the

following steps shall be taken:
It appears that the word “power” was inadvertently left out when this was included in the NEC.

See also Article 100 definitions.
Metal-Clad Switchgear is not defined in the NEC.

Revise proposed text to read as follows:
Where switchgear is installed, the following steps shall be taken:

The panel accepts the concept of aligning the text with the definition.  The term has been modified
to simply "switchgear".
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".

_______________________________________________________________________________________________
4-94     Log #855  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Revise this section as follows:
(b) Permanent, legible signs complying with 110.21(B) shall be installed on panels or doors that provide access to live

parts over 600 volts and shall carry the wording   “DANGER — HIGH VOLTAGE” to warn of the danger of opening while
energized.

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning signs as required in the NEC. The proposed revision will correlate this danger and warning
marking requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.
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_______________________________________________________________________________________________
4-95     Log #3066  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Insert new material as follows:
. Single conductors, insulated, covered, or bare, shall be permitted to be

installed outdoors as open wiring on support structures only for systems rated over 600 volts, nominal. They shall be
permitted for service conductors, feeders, and branch circuits. They shall not be permitted to be installed indoors.
Informational Note: For additional information on outdoor overhead conductors over 600 volts, see ANSI/IEEE C2-2012,
National Electrical Safety Code.

. Outdoor, overhead conductors operating over 600 volts shall meet any specified clearance
requirements as applicable in 225.60 and 225.61 The engineering design required by this section shall be performed by
licensed professional engineers engaged primarily in the design of such systems including the conductor spacings and
clearances, and the installation of support structures. The design shall be documented and the documentation shall be
made available to the authority having jurisdiction.

The spacing design shall demonstrate compliance with accepted national standards and shall
address the following topics:.
(1) Applied voltage.
(2) Conductor size.
(3) Distance between support structures.
(4) Type of structure.
(5) Wind/ice loading.
67) Surge protection.

Structures of wood, metal, concrete or combinations of those materials shall be provided for support of
overhead conductors, over600 volts, nominal. The structure design and the clearances to be obtained by that design
shall demonstrate compliance with accepted national standards and shall address the following topics:
(1) Soil conditions.
(2) Foundations and structure settings.
(3) Weight of all supported conductors and equipment.
(4) Weather loading and other conditions such as ice, wind, temperature, and lightning.
(5) Angle where change of direction occurs.
(6) Spans between adjacent structures.
(7) Effect of dead end structures.
(8) Strength of guys and guy anchors.
(9) Structure size and material(s).
(10) Hardware.

Insulators used to support conductors shall be rated for all of the following:
(1) The applied phase to phase voltage.
(2) Mechanical strength required for each individual installation.
(3) Impulse Withstand BIL in accordance with Table 490.24.
Informational Note: 225.81 (A), (B), and (C) may not be all inclusive lists.”

This is a companion proposal to one that deletes Article 399; with editorial changes to accommodate
the revised location, no technical changes have been made. The definition has been omitted because it adds very little
and its concepts have been incorporated into the rule. Since this is not a wiring method ( a key reason for relocating it)
the uses permitted and not permitted rules have been reformatted into text appropriate for a Chapter 2 location. This
material is long overdue for inclusion in the NEC and this submitter has no problem with the concepts presented.
However, it should be incorporated into the existing article of the NEC that not only has extensive coverage of closely
related material, it is also under the control of a code making panel with exhaustive technical expertise to address to
issues presented. Obviously this is up to the Correlating Committee in the end, but this topic is too important to allow the
“NIH” concept (“not invented here”)  to drive what is in the best interest of the document. It is apparent that much work
will be forthcoming in this area, and this is a natural fit for CMP 4.
The “open wiring” phrase was inserted in (A) to clarify that this topic does not include other medium-voltage

single-conductor applications such as cable tray installations that usually run overhead and outdoors. The new parent
language incorporates the specific clearances required in this part of Article 225. In addition, it avoids the necessity for
repeating the rule for professional engineering and the rule for making documentation available to the AHJ. The
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language suggested for (A) and (B) partially addresses the concerns about enforceability. The terminology “accepted
national standards” is taken from the last sentence of 490.24, which involves similar concerns.

Change the number "600" to "1000" in the following sections:
1) Section 225.80
2) Informational Note to 225.80
3) Section 225.81
4) Section 225.81(B)

Accept the remainder of the proposed text as written.

Changing the number "600" to "1000" is to correlate with actions taken on other proposals.

_______________________________________________________________________________________________
4-96     Log #1043  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace "services exceeding 600 volts, nominal" with "services exceeding 1000 volts, nominal" in Figure 230.1.
The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-97     Log #84  NEC-P04

_______________________________________________________________________________________________
William C. Austin, Bill Austin Electric

Revise text to read as follows:
230.2 Number of Service Drops.  "A building or other structure served shall be supplied by only one service drop

unless...".
This would eliminate the ambiguity of service drops versus service entrance cables where you could

have two (2) or more separate meters.  i.e., New landlord meters for apartment buildings.

Service drop is defined as an overhead service.  Services include overhead and underground
construction.  The term "service" applies to both.
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_______________________________________________________________________________________________
4-98     Log #950  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.2(C)(1).

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-99     Log #542  NEC-P04

_______________________________________________________________________________________________
James Raney, Skyland Electric Corp.

Add text to read as follows:
Where a building or structure is supplied by more than one service, as permitted by 230.2(A)

through (D), or any combination of branch circuits, feeders, and services, a permanent plaque or directory shall be
installed at each service disconnect location denoting all other services, feeders, and branch circuits supplying that
building or structure and the area served by each.  See 225.37.

Over the years, I have had my competition and inspectors site 230.2(E) as an exception to 230.2.  This
will clarify the language of "Identification" from the exceptions 230.2(A) through (D).  This condition has not been
uncommon in malls where two small stores are remodeled into one big store.  The two small metered services feed one
tenant space.  I can recall stores that have this condition to date.

The proposed language is unnecessary for this requirement.  It is clear that 230.2(E) is not an
exception and has no reference to any section.  This requirement is for the proper identification and placarding
whenever there is more than one power source to a building or structure.  Section 230.2(E) is not a provision to permit
more than one service, and is a requirement if more than one service supplies a building or structure.
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_______________________________________________________________________________________________
4-100     Log #1383  NEC-P04

_______________________________________________________________________________________________
Robert Sogla, Coon Rapids, MN

Revise text to read as follows:
(E) Identification.  Where a building or structure is supplied by more than one service, or any combination of branch

circuits, feeders, and services, a permanent plaque or directory shall be installed at each service disconnect location
denoting all other services, feeders, and branch circuits supplying that building or structure and the area served by each.
Directions should state clearly how to remove the building or structure from all sources of supply. See 225.37.

As an electrical inspector, I always ask the end user to show me how to shut off all power to the
premises.  In situations with more than one source of supply I have never found an end user that could answer that
question correctly.  Even any electricians fail to answer it correctly.  I believe we have an obligation to make this
information clear in the interest of safety.

Instruction such as proposed would be too lengthy to post and would be different at each and every
installation.  The requirement is correct as is and is intended to be certain that the location of source of power
disconnecting means is easily identifiable.
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_______________________________________________________________________________________________
4-101     Log #1921  NEC-P04

_______________________________________________________________________________________________
Charles Li, Tres West Engineers

Add new design-permissive language as shown below:
As an alternative to the feeder and service load calculations

required by Parts III and IV of Article 220, service conductor capacity and the capacity of related equipment shall be
permitted to be based upon historical demand information if the determination of capacity is made by a registered
professional engineer or an individual under their supervision.

The design-prescriptive requirements of Article 220 result in increased electrical hazard because they
force designers to bring more electrical energy into a building than is necessary.  Among our clients, we see average
demand at about 20 percent of NEC-required capacity and peak demand at about 40 percent of NEC-required capacity.
The pre-occupation of wiring fire safety by the Article 220 committee is not in step with the industry on many levels.  The
industry will benefit from allowing registered professional engineers to exercise the judgment for which they have been
educated, trained and have practiced.  Explicit identification of the freedom to do that in this article will have the practical
effect of consolidating all of the implicit permission given in other articles, such as 90.2(C) and 220.87.  There is
precedent for this freedom already in 645.25 and 430.26
I have provide  the layout of the Highline Community College campus showing a network of medium voltage services.

Because the Article 220 rules for determining lighting, receptacle and HVAC demand are so out of step with the
reduction in the energy requirements for most end-use equipment, designers are forced into specifying a medium
voltage substation when a low-voltage service would have served just as well.  When voltage drop and conduit capacity
issues are resolved, most of the buildings on this campus could have been supplied from 400A to 800A services at
480V originating from fewer, optimally-located transformers.
Acceptance of this proposal will increase electrical safety by permitting professional engineers to use their own

experience, and the experience of an industry or the Owners for whom they work, to be used to limit the amount of
energy brought into a building in the first place.
Note:  Supporting material is available for review at NFPA Headquarters.

The requirements for load calculations are already somewhat conservative especially with some of
the load diversity based on occupancy allowances. The intent is to have some general loading calculations so that entire
systems will not have to be changed or increased in size due to a basic change in use.
Section 230.2 concerns the number of services.  This proposal would be more appropriate for 220 and is addressed in

section 220.87
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_______________________________________________________________________________________________
4-102     Log #2240  NEC-P04

_______________________________________________________________________________________________
Michael A. Anthony, University of Michigan / Rep. APPA.ORG - Leadership in Education

Add new section:
As an alternative to the feeder and service load calculations required in Article

220, information about the historical electrical demand of an occupancy class that is provided by a third-party agency
and approved by the Authority Having Jurisdiction, shall be permitted to be used as a basis for the determination of
service equipment capacity.

Observing the expansion of Article 220 wiring design methods over many code revision cycles -- from
residences, multi-residences, to restaurants and schools -- a pattern has emerged: consortia formed by third-party
agencies and trade associations are able to get exemptions from the general rules.  Other examples of these
exemptions are Sections 220.86, Section 220.88 and the entire Part IV of this article that covers farm load calculations.
This proposal suggests that this pattern be acknowledged, accepted, refined and accelerated so that the
nationally-recognized trade association for each of the occupancy classes that appear in Table 220.12, for example, will
provide electrical designers with more granular and up-to-date information about the patterns of consumption and safety
in the electrical systems of their industry.  This information can then be conveyed into informing Article 230.  Apart from
its voltage,  the capacity of an electric service is its most salient and important characteristic.
Trade associations such as APPA.ORG, The American Chemistry Council, and others already provide a measurement

and data gathering service to their respective industries.  So does the NCAA regarding stadium lighting.  Now that
APPA.ORG has focused considerable resources on learning about the demand in its 3500 member institutions, we can
say with some authority that most substations in our industry have significant excess capacity.  (Please refer to the
attached chart which shows a peak of 42% on ambient transformer ratings for substations at the University of Notre
Dame - - very typical)
We see this dynamic already present in Section 430.26, reproduced below for the convenience of the committee:

Explicit, direct language in Article 230 that permits the AHJ to permit Owners (and the designers who prepare plans
and specifications for them) to use national trade association data will have the practical effect of making the NEC more
responsive to changes in the nature and configuration of electrical load.
One last example from an industry that has a fairly good set of leading practices -- the data center industry (The

Uptime Institute) -- comes from Section 645.25:

.
We urge the NEC Technical Correlating Committee to assign a Task Force to discover ways of accomplishing this

goal.  We urge the NFPA Fire Protection Research Foundation to develop a research project to support the Task Force
and bring in expertise  from the relevant ASHRAE committees.  The APPA.ORG Code Advocacy Task Force We would
be happy to turn over our electrical demand information for further study.
At the moment, because AHJ's, insurance companies, and professional engineers are skittish about taking exemptions

to the NEC and our industry is losing about $1 billion a year in waste heat and over-sized spaces, and material excess
as a result of over-sized switchgear and service transformers.
I have provided a PDF with 4 pages showing a chart of Notre Dame electrical demand data is part of this proposal.
Note:  Supporting material is available for review at NFPA Headquarters.
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The requirements for load calculations are already somewhat conservative, especially with some of
the load diversity based on occupancy allowances. The intent is to have some general loading calculations so that entire
systems will not have to be changed or increased in size due to a basic change in use.
Section 230.2 addresses the number of services.  This proposal would be more appropriate for 220 and is addressed

in section 220.87

_______________________________________________________________________________________________
4-103     Log #3067  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc. / Rep. Massachusetts Electrical Code Advisory

Committee
Revise as follows:

(5) Where installed in overhead service masts on the outside surface of the building traveling through the eave of that
building to meet within rigid metal conduit (Type RMC) or intermediate metal conduit (Type IMC) used to accommodate
the clearance requirements of in 230.24 and routed directly through an eave but not a wall of a building.

This proposal limits the application of the new NEC provision to heavy wall steel raceways passing
directly through an eave cavity. Remember that masts are not necessarily steel pipe; a heavy timber with cable on it is a
mast within the provisions of 230.28, which clearly indicates this by addressing raceway masts as simply one possibility
in the second sentence. Heavy wall conduit masts have been used for this purpose for generations without objections.
The proposal further qualifies the acceptable use to a direct pass-through. The Committee was presented with examples
of installations such  as one with a PVC conduit run that went up the outside of a building, then horizontally through an
eave cavity some ten feet, and then up to its eventual weatherhead. This type of exposure was never intended.

_______________________________________________________________________________________________
4-104     Log #224  NEC-P04

_______________________________________________________________________________________________
John T. Travers, Cooper City, FL

Revise text to read as follows:
Exception No. 1: Equipment grounding conductors and bonding jumpers.

The term Grounding conductor was removed from Article 100 of the 2011 NEC.

The appropriate term is "grounding electrode conductors".  See panel action on Proposal 4-105.

_______________________________________________________________________________________________
4-105     Log #899  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Revise the exception as follows:

Grounding conductors are not defined in the NEC. The proposal incorporates the types of conductors
related to the grounding and bonding system that are likely to be installed within service conductor raceways or cables.

54Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-106     Log #252  NEC-P04

_______________________________________________________________________________________________
Jerry L. Sweeney, Campbell County Public Works

Add new text to read as follows:
Disconnecting means that are listed as service equipment shall be

provided with the intersystem bonding termination required by 250.94. It shall be provided with the disconnecting means
from the manufacturer.

Since 250.94 requires the intersystem bonding termination, it should be provided with the service
equipment.

Section 250.94 requires the intersystem bonding provisions be provided external to enclosures at
the service entrance or meter panel.  This device is not required to be part of the service disconnecting means.
The NEC is not intended to place requirements on what manufacturers must supply as accessory items with their

equipment.  Any items that need to be supplied with equipment for proper and safe operation are covered in product
listing requirements.

_______________________________________________________________________________________________
4-107     Log #557  NEC-P04

_______________________________________________________________________________________________
Joseph J. Chickey, Local 375 IBEW

Add new text to read as follows:
Service cables shall be provided with a watertight seal to prevent moisture from entering the

inside of the service cable.
The current service heads are listed as raintight and for use in wet locations, but are not watertight.

The problem is that they do not always prevent water from entering the service entrance cable because there are
openings where the service conductors enter the service head. Over time water can get into the inside of the service
cable and cause damage to the service cable, meterbase and electrical panel. In the winter the water can freeze and
expand causing the service cable to split. In my experience as a master electrician and certified electrical inspector I
have seen first hand the damage this problem has caused.  Sealing the inside of the service head with a watertight seal
will help prevent this problem.
Note:  Supporting Material is available for review at NFPA headquarters.

Service or feeder cables that enter a weather head are to be installed with a drip loop to prevent
water from running down the conductor and into the weather head per 230.52, 230.54(F) & 398.15(B).
This proposal will not prevent moisture from accumulating. There are already existing NEC requirements, such as the

forming of drip loops, that address methods for reducing this phenomenon.
The panel is unaware of a product available on the market.  There is nothing in the code prohibiting the sealing of the

service cable.
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_______________________________________________________________________________________________
4-108     Log #951  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.24.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-109     Log #3068  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Exception No. 4: The requirement for maintaining the vertical clearance 900 mm (3 ft) from the edge of the roof shall

not apply to the final conductor span where the service drop is overhead service conductors are attached to the side of a
building.

This provision does not conform to the redefinition of service terms in the 2011 NEC. A service drop is
on the line side of the service point and the utility is constrained for this application only by its regulatory authority and
the NESC.

Revise proposed text as follows:
Exception No. 4: The requirement for maintaining the vertical clearance 900 mm (3 ft) from the edge of the roof shall

not apply to the final conductor span where the service drop is or overhead service conductors are attached to the side
of a building.

The deletion of "service drop" is rejected.  The exception would apply to both depending on the
specific installation and the service point defined by the serving utility's tariff.
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_______________________________________________________________________________________________
4-110     Log #742  NEC-P04

_______________________________________________________________________________________________
Shane Devine, Automation & Electronics

Revise text to read as follows:
3.0 m (10 ft) – at the electrical service entrance to dwelling units or commercial buildings, also at the lowest point of the

drip loop of the dwelling unit or commercial building electrical entrance, and above areas or sidewalks accessible only to
pedestrians, measured from final grade or other accessible surface only for service-drop cables supported on and
cabled together with a grounded bare messenger where the voltage does not exceed 150 volts to ground.

The intention of this section is residential and commercial buildings; however, it is not as clearly stated
as it is in the other subsections of 230.24(B).

These clearances apply to all buildings.

_______________________________________________________________________________________________
4-111     Log #3069  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
(1) 3.0 m (10 ft) — at the electrical service entrance to buildings, also at the lowest point of the drip loop of the building

electrical entrance, and above areas or sidewalks accessible only to pedestrians, measured from final grade or other
accessible surface only for service-drop cables overhead service conductors supported on and cabled together with a
grounded bare messenger where the voltage does not exceed 150 volts to ground.

This provision does not conform to the redefinition of service terms in the 2011 NEC. A service drop is
on the line side of the service point and the utility is constrained for this application only by its regulatory authority and
the NESC.

_______________________________________________________________________________________________
4-112     Log #3070  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
The point of attachment of the service-drop overhead service conductors to a building or

other structure shall provide the minimum clearances as specified in 230.9 and 230.24. In no case shall this point of
attachment be less than 3.0 m (10 ft) above finished grade.

This provision does not conform to the redefinition of service terms in the 2011 NEC. A service drop is
on the line side of the service point and the utility is constrained for this application only by its regulatory authority and
the NESC.
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_______________________________________________________________________________________________
4-113     Log #3071  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Where a service mast is used for the support of service-drop overhead service

conductors, it shall be of adequate strength or be supported by braces or guys to withstand safely the strain imposed by
the service drop those conductors. Where raceway-type service masts are used, all raceway fittings shall be identified
for use with service masts. Only power service-drop or overhead service conductors shall be permitted to be attached to
a service mast.

This provision does not conform to the redefinition of service terms in the 2011 NEC. A service drop is
on the line side of the service point and the utility is constrained for this application only by its regulatory authority and
the NESC. The second sentence does retain both types of overhead conductors because the intent is to disallow other
types of wiring such as communications drops from landing on a service mast wherever the service point may be
located.

The panel accepts the addition of "overhead service".  The term "service drop" must be retained as
service drop conductors may be attached to a service mast.  The phrase "those conductors" is unnecessary with the
rephrasing of the section.  See panel action and statement on Proposal 4-114.
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_______________________________________________________________________________________________
4-114     Log #3251  NEC-P04

_______________________________________________________________________________________________
Mark R. Hilbert, MR Hilbert Electrical Inspections & Training

Revise 230.28 to read as follows:
230.28 Service Masts as Supports.
Only power service drop or overhead service conductors shall be permitted to be attached to a service mast. Service

masts used for the support of service drop or overhead service conductors shall be installed in accordance with (A) and
(B).
(A)Strength: The service mast shall be of adequate strength or be supported by braces or guys to withstand safely the

strain imposed by the service drop. Hubs intended for use with a conduit that serves as a service mast shall be identified
for use with service entrance equipment.
(B) Attachment: Service drop or overhead service conductors shall not be attached to a service mast between a

weatherhead or end of the conduit and a coupling, where the coupling is located above the last point of securing to the
building or other structure or is located above the building or other structure.

The previous text was revised and subdivided into titled subsections for usability and clarity. The term
“overhead service conductors” was added to align the text of this section with changes made to the service conductor
definitions in the 2011 cycle. The text to relative to “all raceway fittings being identified for use with a service mast” was
removed as not all fittings, such as a rigid conduit coupling, are specifically identified for use with a service mast. The
added text addressing hubs parallels the language in the UL Whitebook under the Category of “Conduit Fittings
(DWTT)” which specifies hubs intended for use with conduit that serves as a service mast, in accordance with the NEC,
are marked on the fitting or carton to indicate suitability for use with service entrance equipment.
Finally, text has been added to prohibit service drop or overhead service conductors from being attached between a

coupling and the weatherhead or between a coupling the end of the conduit where the coupling is located above the last
point of secure attachment of the raceway to the building or other structure or where the coupling is located above the
building or other structure. This is a requirement of many utilities where their service drop conductors will be attached to
a service mast.

Revise proposed text as follows:
230.28 Service Masts as Supports.
Only power service drop or overhead service conductors shall be permitted to be attached to a service mast. Service

masts used for the support of service drop or overhead service conductors shall be installed in accordance with (A) and
(B).
(A)Strength: The service mast shall be of adequate strength or be supported by braces or guys to withstand safely the

strain imposed by the service drop or overhead service conductors. Hubs intended for use with a conduit that serves as
a service mast shall be identified for use with service entrance equipment.
(B) Attachment: Service drop or overhead service conductors shall not be attached to a service mast between a

weatherhead or end of the conduit and a coupling, where the coupling is located above the last point of securing to the
building or other structure or is located above the building or other structure.

The panel added "or overhead service conductors."  The service mast must be able to support the
strain of the service drop or overhead service conductors.
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_______________________________________________________________________________________________
4-115     Log #6  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The Technical Correlating Committee directs that the panel action on Comment 4-30 and Proposal

4-93 be reported as "Hold " consistent with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
The text added by the panel, “listed direct burial cable”, permits any listed direct burial cable to be installed for use as

underground service cables and is inconsistent with the requirements of Chapter 3 (e.g., UF cable as covered in
340.12(1)).
The Technical Correlating Committee action to "Hold" will permit the panel to resolve correlation issues during the

2014 NEC revision cycle.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

Revise proposed text as follows:
230.30 Insulation. Installation
(A) Insulation. Underground service conductors shall be insulated for the applied voltage.
Exception:  A grounded conductor shall be permitted to be uninsulated as follows:
(1) Bare copper used in a raceway.
(2) Bare copper for direct burial where bare copper is judged to be suitable for the soil conditions.
(3) Bare copper for direct burial without regard to soil conditions where part of  a cable assembly identified for

underground use.
(4) Aluminum or copper-clad aluminum without individual insulation or covering where part of a cable assembly

identified for underground use in a raceway or for direct burial.
(B) Wiring Methods.  Underground service conductors shall be installed in accordance with the applicable requirements

of this code covering the type of wiring method used and shall be limited to the following methods:
(1) Type RMC conduit
(2) Type IMC conduit
(3) Type NUCC conduit
(4) Type HDPE conduit
(5) Type PVC conduit
(6) Type RTRC conduit
(7) Listed direct burial conductors.Type IGS cable
(8) Type USE cable
(9) Type MV or MC cable, identified for direct burial applications
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(10) Type MI cable, where suitably protected against physical damage and corrosive conditions

The proposal has been modified to include all the cables and conductors that are identified in
Chapter 3 as suitable for use as both service conductors and direct burial.  This action addresses the submitter's
concerns.

_______________________________________________________________________________________________
4-116     Log #2152  NEC-P04

_______________________________________________________________________________________________
Phil Simmons, Simmons Electrical Services

Revise text to read as follows:
Underground service Service-lateral conductors shall be insulated for the applied voltage.

The term “underground service conductor” should replace “service lateral” in this section as the section
is in Part III which applies to underground service conductors.

See the panel action on Proposal 4-115.
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_______________________________________________________________________________________________
4-117     Log #7  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The Technical Correlating Committee directs that the panel action on Comment 4-30 and Proposal

4-93 be reported as "Hold " consistent with Section 4.4.6.2.2 of the NFPA Regulations Governing Committee Projects.
The text added by the panel, “listed direct burial cable”, permits any listed direct burial cable to be installed for use as

underground service cables and is inconsistent with the requirements of Chapter 3 (e.g., UF cable as covered in
340.12(1)).
The Technical Correlating Committee action to "Hold" will permit the panel to resolve correlation issues during the

2014 NEC revision cycle.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

The proposal has been modified to include all the cables and conductors that are identified in
Chapter 3 as suitable for use as both service conductors and direct burial.  See panel action on Proposal 4-115 which
addresses the submitter's concern.
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_______________________________________________________________________________________________
4-118     Log #3490  NEC-P04

_______________________________________________________________________________________________
Susan Newman Scearce, Halls, TN

Revise text to read as follows:
Exception No. 3:  A single-family dwelling unit, and its accessory structures and two-family dwellings shall be permitted

to have one set of service-entrance conductors run to each from a single service drop, set of overhead service
conductors, set of underground service conductors, or service lateral.
Exception No. 4: Two-family dwellings, multifamily dwellings, and multiple occupancy buildings shall be permitted to

have one set of service-entrance conductors installed to supply the circuits covered in 210.25.
As the wording is presently, there could be multiple “sets” of service entrances on two-family dwellings.

Many areas allow two-family dwellings that simply have 15 minute rated partitions and do not meet fire walls standards.
Thus allowing service entrance  in multiple locations. This causes a hazard for fire and personnel in the premises.

The existing language is intended to allow more than one set of service entrance conductors in
order to comply with 210.25.  Section 210.25 mandates the source of supply that is independent of any occupancy for
the purpose of supplying common area lighting, alarms and other common loads.

_______________________________________________________________________________________________
4-119     Log #2287  NEC-P04

_______________________________________________________________________________________________
Ron Chilton, Raleigh, NC

Add after the last line of exception No. 1:
For the purpose of this Exception, Section 230.71 and Section 230.72 does not apply.

Exception No. 1 seems to allow multiple sets of service conductors to terminate in any number of
disconnects that are not grouped in one location. There is no reference in the Exception to Section 230.71 and Section
230.72, requiring a maximum number of disconnects or the grouping of disconnects. This change would clarify that the
grouping and the maximum number of six disconnects does not apply to those sets of conductors permitted by this
Exception, that are supplied by one service or in this issue multiple sets of conductors supplied from the same utility
transformer to different locations within the same building.

Section 230.71(A) already refers to the allowances described in 230.40 and exceptions.  These
sections and the exceptions for multi-occupancy buildings are intended to allow a separate set of service entrance
conductors to each occupancy for each classification of service, provided they are supplied by only one service drop or
service lateral.
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_______________________________________________________________________________________________
4-120     Log #2579  NEC-P04

_______________________________________________________________________________________________
Charles R. Miller, Charles R. Miller Electrical Education and Training

Revise text to read as follows:
(A) General.  The ampacity of the service-entrance conductors before the application of any adjustment or correction

factors shall not be less than either 230.42(A)(1), (A)(2) or (A)(3). Loads shall be determined in accordance with Part III,
IV, or V of Article 220, as applicable.  Ampacity shall be determined from 310.15.  The maximum allowable current of
busways shall be that value for which the busway has been listed or labeled.
(1) The sum of the noncontinuous loads plus 125 percent of continuous loads

(2) The sum of the noncontinuous load plus the continuous load after conditions of use have been applied
(3) The sum of the noncontinuous load plus the continuous load if the service-entrance conductors terminate in an

overcurrent device where both the overcurrent device and its assembly are listed for operation at 100 percent of their
rating

The text "before the application of any adjustment or correction factors" is misleading.  As written,
230.42(A) is specifying to multiply continuous loads by 125 percent and then apply the additional correction factors for
conditions of use.

The current text is clear that conditions of use must be considered in addition to continuous
loading.

_______________________________________________________________________________________________
4-121     Log #952  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of 230.43.
The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-122     Log #2356  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Add text to read as follows:

(3) Rigid metal conduit (RMC)
(1) Rigid metal conduit (RMC)

"Rigid Metal Conduit" is also referred to as “RMC”  “Metallic Conduit”
Suggest that "RMC" be added to all references. This will make finding all references to "Rigid Metal Conduit" easier

and more reliable.

_______________________________________________________________________________________________
4-123     Log #2456  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

(4) Intermediate metal conduit (IMC)
(2) Intermediate metal conduit (IMC)

"Intermediate Metal Conduit" is also referred to as “IMC”  “Metallic Conduit”
Suggest that "IOMC" be added to all references. This will make finding all references to “Intermediate Metal Conduit"

easier and more reliable.
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_______________________________________________________________________________________________
4-124     Log #2884  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
(5) (7) Service-entrance cables (SE) and (USE)

Service-entrance cables (SE) and (USE), where subject to physical damage, shall be
protected by any
of the following:

Service-entrance cables (SE) and (USE) or individual open service-entrance conductors
shall be supported as specified in 230.51(A), (B), or (C).

Service-entrance cables (SE) and (USE) shall be supported by straps or other approved
means within 300 mm (12 in.) of every service head, gooseneck, or connection to a raceway or enclosure and at
intervals not exceeding 750 mm (30 in.).

Service-entrance cables (SE) shall be
equipped with a service head. The service head shall be listed for use in wet locations.

Service heads and
goosenecks in service-entrance cables (SE) shall be located above the point of attachment of the service-drop or
overhead service conductors to the building or other structure.

Service-entrance cables (SE) shall be held securely in place.
(E)

Drip loops shall be formed on individual conductors. To prevent the entrance of moisture,
service-entrance conductors shall be connected to the service-drop or overhead service conductors either (1) below the
level of the service head or (2) below the level of the termination of the service-entrance cable (SE) sheath.

"(Underground) Service Entrance Cable" is also referred to as “SE” “SER” and “USE”
Suggest that "SE" and / or “(USE)” be added to all references. This will make finding all references to "(Underground)

Service Entrance Cable" easier and more reliable.

The acronyms SE and USE define a function and should not be used interchangeably.  Section
230.50(B) is not intended to apply to underground service conductors.

_______________________________________________________________________________________________
4-125     Log #1894  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

(14) Mineral-insulated, metal-sheathed cable Type MI
“Mineral-Insulated Metal-Sheathed Cable” is also referred to as “MI” and “Article 332”

Suggest that "MI" be added to all references. This will make finding all references to " Mineral-Insulated
Metal-Sheathed Cable" easier and more reliable.
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_______________________________________________________________________________________________
4-126     Log #2158  NEC-P04

_______________________________________________________________________________________________
Phil Simmons, Simmons Electrical Services

Revise text to read as follows:
(15) Flexible metal conduit not over 1.8 m (6 ft) long or liquidtight flexible metal conduit not over 1.8 m (6 ft) long

between raceways, or between raceway and service equipment, with a supply-side equipment bonding jumper routed
with the flexible metal conduit or the liquidtight flexible metal conduit according to the provisions of 250.102(A), (B), (C),
and (E).

The term “equipment bonding jumper” was changed to “supply-side bonding jumper” for these bonding
jumpers that are installed on the supply side of the service disconnecting means by CMP-5 during the processing of the
2011 NEC. A coordinating change needs to be made to 230.43(15).

_______________________________________________________________________________________________
4-127     Log #2742  NEC-P04

_______________________________________________________________________________________________
Bill McGovern, City of Plano

Revise text to read as follows:
Flexible metal conduit not over 1.8 m (6ft) long or liquidtight flexible metal conduit not over 1.8 m (6ft) long between

raceways, or between and service equipment, with equipment bonding supply side bonding jumper routed with the
flexible metal conduit or the liquidtight flexible metal conduit according to the provisions of 250.102(A),(B),(C), and (E).

Change in terminology for the bonding jumper installed ahead of the service  disconnecting means.

See the panel action on Proposal 4-126.

_______________________________________________________________________________________________
4-128     Log #2784  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

(15) Flexible metal conduit (FMC) not over 1.8 m (6 ft) long or liquidtight flexible metal conduit not over 1.8 m (6 ft) long
between raceways, or between raceway and service equipment, with equipment bonding jumper routed with the flexible
metal conduit (FMC) or the liquidtight flexible metal conduit according to the provisions of 250.102(A), (B), (C), and (E).

"Flexible Metal Conduit" is also referred to as “FMC”
Suggest that “(FMC)” be added to all references. This will make finding all references to "Flexible Metal Conduit"

easier and more reliable.
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_______________________________________________________________________________________________
4-129     Log #2820  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

(15) Flexible metal conduit not over 1.8 m (6 ft) long or liquidtight flexible metal conduit (LFMC) not over 1.8 m (6 ft)
long between raceways, or between raceway and service equipment, with equipment bonding jumper routed with the
flexible metal conduit or the liquidtight flexible metal conduit (LFMC) according to the provisions of 250.102(A), (B), (C),
and (E).

"Liquidtight Flexible Metal Conduit" is also referred to as “LFMC”
Suggest that “(LFNC)” be added to all references. This will make finding all references to " Liquidtight Flexible Metal

Conduit "   easier and more reliable.

_______________________________________________________________________________________________
4-130     Log #2847  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

(16) Liquidtight flexible nonmetallic conduit (LFNC).
"Liquidtight Flexible Nonmetallic Conduit" is also referred to as “LFNC”

Suggest that “(LFNC)” be added to all references. This will make finding all references to "Liquidtight Flexible
Nonmetallic Conduit" easier and more reliable.

_______________________________________________________________________________________________
4-131     Log #1804  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:
(5) Electrical metallic tubing (EMT)

(4) Electrical metallic tubing (EMT)
"electrical metallic tubing" is also referred to as “EMT”

Suggest that "EMT" be added to all references. This will make finding all references to "electrical metallic tubing" easier
and more reliable.
[The following files are related: 100_EMT, 225_EMT, 230_EMT, 250_EMT, 300_EMT, 334_EMT, 374_EMT, 392_EMT,

398_EMT, 424_EMT, 426_EMT, 427_EMT, 430_EMT, 502_EMT, 503_EMT, 506_EMT, 517_EMT, 520_EMT, 550_EMT,
551_EMT, 552_EMT, 600_EMT, 610_EMT, 620_EMT, 645_EMT, 680_EMT, 695_EMT, 725_EMT, 760_EMT]
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_______________________________________________________________________________________________
4-132     Log #1387  NEC-P04

_______________________________________________________________________________________________
William W. Wolfe, Steel Tube Institute of North America

Revise text to read as follows:
230.44 Cable Trays.

Cable tray systems shall be permitted to support service-entrance conductors. Cable trays used to support
service-entrance conductors shall contain only service-entrance conductors and shall be limited to Ssingle
thermoplastic-insulated conductors 1/0 and larger with CT rating in accordance with 392.10(B) or any of the following
wiring methods listed in 230.43.
(1) Type SE cable See related
(2) Type MC cable See related
(3) Type MI cable See related
(4) Type IGS cable
(5) Single thermoplastic-insulated conductors 1/0 and larger with CT rating

There are many types of cable tray products and the rules for their use and application as a support
system are appropriately covered in manufacturers’ installation instructions and NEC Article 392. Wiring methods such
as conduit and tubing are occasionally supported by Cable tray support systems and are permitted per 392.10(A) for
installation in cable tray systems. Section 230.43 permits these wiring methods for service entrance conductors.
When this section was revised during the 2011 cycle, there was no substantiation for excluding these wiring methods.

The reference to 392.10(B) is added to assure compliance with the cable tray system rules.

Not everything in 392.10(A) is suitable for service.  Section 392.10(B) is only suitable for industrial
locations.
The proposal is not in accordance with the NEC Manual of Style or Section 4.3.3(c), Regulations Governing Committee

Projects.
See panel action on Proposals 4-134 and 4-135.

_______________________________________________________________________________________________
4-133     Log #2532  NEC-P04

_______________________________________________________________________________________________
William Gross, Electric Service of Clinton

Revise text to read as follows:
Such cable trays shall be identified with permanently affixed labels with the wording “Service-Entrance Conductors”.

The labels shall be located so as to be visible after installation and  placed with a spacing not to exceed 3m (10 ft ) so
that the service-entrance conductors are able to be readily traced through the entire length of the cable tray.

These changes will be similar to the frequency of the labeling required in 392.18(H) for high voltage
conductors. A ten foot spacing is reasonable given the importance of the conductors relative to the electrical system.
The ten foot spacing of labels will readily allow tracing of the service-entrance conductors.
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_______________________________________________________________________________________________
4-134     Log #1513  NEC-P04

_______________________________________________________________________________________________
Vince Baclawski, National Electrical Manufacturers Association (NEMA)

Revise text to read as follows:
(5) Single thermoplastic-insulated conductors 1/0 and larger with CT rating.

The limitation to thermoplastic-insulated has resulted in an adverse impact on a product
(thermoset-insulated) that was inadvertently overlooked in the total revision process, or was without adequate technical
(safety) justification for the action.

_______________________________________________________________________________________________
4-135     Log #1631  NEC-P04

_______________________________________________________________________________________________

Christel K. Hunter, Alcan Cable

(5) Single thermoplastic-insulated conductors 1/0 and larger with CT rating
When 230.44 was revised for the 2011 NEC to specify the allowable wiring methods in cable tray

systems supporting service-entrance conductors, only thermoplastic-insulated single conductors were included. The
limitation to thermoplastic-insulated conductors has resulted in an adverse impact on the allowable uses of
thermoset-insulated CT-rated conductors that was without adequate technical (safety) justification for this action. No
technical justification was submitted to exclude thermoset-insulated CT-rated conductors in cable tray, and no technical
justification was submitted to specifically limit single CT-rated conductors in cable tray to thermoplastic-insulated types.
As noted by CMP-4 member J. Rogers in ROC 4-36, “There was no technical rationale for limiting the conductors

utilized to those of the thermoplastic type. If a manufacturer produces conductors that meet the listing requirements
required for CT rating those conductors should also be allowed.”
There are two primary standards that CT-rated conductors are listed to in the United States: UL 83 for thermoplastic
conductors and UL 44 for thermoset conductors. Both of these standards contain testing requirements that must be
satisfied before a conductor can be marked for use in cable tray.

The proposed TIA intends to correct a circumstance in which the revised document has resulted
in an adverse impact on a product or method that was inadvertently overlooked in the total revision process, or was
without adequate technical (safety) justification for the action.
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_______________________________________________________________________________________________
4-136     Log #1045  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in three places within Table 230.51(C).

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-137     Log #1595  NEC-P04

_______________________________________________________________________________________________
Robert A. Jones, IEC Texas Gulf Coast

Revise text to read as follows:
Where exposed to the weather, raceways enclosing service-entrance conductors shall be suitable for use in wet

locations and arranged to drain. Where embedded in masonry, raceways shall be arranged to drain.
The requirement "suitable for use in wet locations" means that the installation will be raintight. The

definition of raintight states that water will not enter. This requirement has been in the NEC for as long as I can
remembe,r and in the 1968 NEC this requirement was in section 23.-52 and it only mentioned rigid metal raceways.
Since the raceway is required to be raintight, there is nothing to be drained.

Regardless of how well an exterior electrical system is designed and installed, there is always a
possibility that moisture can collect inside of a raceway.  This could be from something as simple as condensation, if
moisture does collect inside of a raceway it should be arranged so that the moisture will be able to drain from the
raceway.  Suitable for wet locations does not mean the raceway is raintight.
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_______________________________________________________________________________________________
4-138     Log #1368  NEC-P04

_______________________________________________________________________________________________
Charles M. Trout, Maron Electric Company

Add an Informational Note after 230.54(C) Exception to read:
Informational Note - The service head is always required to be higher than the service drop attachment.

The exception does not clearly indicate that the service head shall be located higher than the service
drop attachment.

As described in the exception to 230.54, it is not always required to install the service head above
the point of attachment of any overhead supply conductors.

_______________________________________________________________________________________________
4-139     Log #1761  NEC-P04

_______________________________________________________________________________________________
Michael A. Anthony, University of Michigan

Add new sub-section C as shown below:
V. Service Equipment — General230.62 Service Equipment — Enclosed or Guarded. Energized parts of service

equipment shall be enclosed as specified in 230.62(A) or guarded as specified in 230.62(B).
   Energized parts shall be enclosed so that they will not be exposed to accidental contact or shall be

guarded as in 230.62(B).
(    Energized parts that are not enclosed shall be installed on a switchboard, panelboard, or control board

and guarded in accordance with 110.18 and 110.27. Where energized parts are guarded as provided in 110.27(A)(1)
and (A)(2), a means for locking or sealing doors providing access to energized parts shall be provided

An emergency lighting system shall automatically illuminate the areas around electrical
service panels greater than 200 amperes for a duration of not less than 90 minutes.

This proposal is intended to provide an illuminated path for rescue personnel that leads toward the
electric service equipment in the event that an electrician is injured.  In many cases, an ingress toward electric service
equipment is not the same as the egress path and that path could be dark and delay first responders getting to the
electric service equipment because, after all, the accident at the service panel caused the outage in the first place.
This safety concept originated in Proposal 1-218, Log #2401 of the 2005 National Electric Code cycle by David

Williams, Chief Electrical Inspector of Delta Township, Michigan and has been shopped around for the past six years by
the submitter to the NFPA 70B, 70E and 101 committees.   All of these committees think that this requirement belongs
in another document.  The substantiation for the most recent rejection by the NFPA 101 committee is reproduced here
for the convenience of CMP-1:

So there you have it: a near-perfect circle of fingers, each committee pointing to another committee or another
document.  This seems to be a clear case that the IBEW and other interest groups would want to strengthen the safety
net for electricians..  A companion proposal will be submitted to the committee working on Article 110.

The panel suggests that the submitter submit the recommendation for consideration in Article 700.
The area of coverage and the conditions for the starting and ending of the illumination need to be defined.  It should
address other than dwelling units and locations where emergency systems are not required.
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_______________________________________________________________________________________________
4-140     Log #3389  NEC-P04

_______________________________________________________________________________________________
Donald  A. Ganiere, Ottawa, IL

Add new text to read as follows:
Enclosures that contain the service overcurrent protective device and feeder or branch circuit

overcurrent protective devices shall be provided with a barrier that isolates the service conductors and the service
overcurrent protective device from the feeder or branch circuit protective devices.

With the current design of service equipment that contain branch circuit or feeder overcurrent
protective device, it is not possible safely install new conductors or circuits.   The electrical safe work rules in OSHA and
NFPA 70E prohibit working, other than troubleshooting, in these enclosures if the line side of the service overcurrent
protective device is energized.   The only way to comply with the electrical safe work rules would be to have the utility
disconnect the service conductors before you work in the panel.   This is not practical and leads workers to ignore the
safe work rules.   This code change will make it possible to work in the service equipment without having the utility
disconnect the line side power, by removing the (unacceptable) exposure to the unprotected line side connections.
This requirement has been in place for Canadian service equipment for many years.  There is no reason why we can’t

have the same protection for the electrical workers here in the U.S.
Canadian Standards Association Standard C22.2 No. 29, Clause 7.4.1.2 states: "The main switch or circuit breaker

shall be located in a separate section of the enclosure with a sheet-metal barrier or the equivalent, of the same
thickness as the walls of the enclosure, having bushed holes or the equivalent, for the necessary wiring between
compartments".  The major manufacturers of switchboards and panelboards currently make products that are in
compliance with the CSA Standard so it will not be a hardship on them to comply with this safety rule.

There are other existing means to perform work on service equipment safely.  There are too many
instances where maintaining this isolation is impractical.  This is an issue better addressed in the product standards.

_______________________________________________________________________________________________
4-141     Log #953  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.66.

The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-142     Log #2910  NEC-P04

_______________________________________________________________________________________________
Michael A. Anthony, University of Michigan / Rep. APPA.ORG - Leadership in Education

Add new text to read as follows:
. In lieu of fault current calculations required to conform to Section 110.24, it shall be

permitted to install impedance measuring instruments that provide real-time measure of incident energy from which flash
hazard at the service panel may be derived.

This proposal is a continuation of a safety concept introduced to the NFPA 70E committee during its
last revision cycle.  The committee rejected the language you see above by saying that calculated fault current is better
than the actual measured value of fault current.  For the convenience of this committee, a portion of that transaction is
reproduced below:

The relevance of the NEC as the governing document of our industry can be no greater than the new ideas we try to
drive through it every three years.  My hope that by presenting this concept to this committee, we can broaden the
discussion about this technology.  Manufacturers ought to be able to add this feature to their existing metering package
product line with relative ease.
The IEEE paper, authored by Thomas L. Baldwin, Michael J. Hittel, Lynn F. Saunders and Frank Renovich Jr. titled,

“Using a Microprocessor-Based Instrument to Predict the Incident Energy From Arc-Flash Hazards" will be filed with
NFPA staff with respect for copyright practices.  The abstract of this paper is reproduced below:

We have seen solutions-looking-for-problems in the past. Zone-selective interlocking (ZSI), for example. ZSI’s first
applications were intended to reduce fault current stress on a bus. Applications were generally sparse. In retrospect, it
seems that ZSIvariants have been more widely adapted to solve the electrician safety problem.   In prospect, the NFPA
70-series of documents are on the verge of needing to adapt to greater public focus on the last mile of power
distribution, so-called smart grid technology, a re-scaling of the normal and backup power system availability on either
side of what, for the moment, is agreed as the demarcation point between serving utility and building premises wiring.
The electrical industry needs to roll in these innovations like this at greater pace.
Note:  Supporting material is available for review at NFPA Headquarters.

Available fault current is only one part of the equation for arc flash energy.  The time current
characteristic of the next available upstream overcurrent device must also be analyzed to determine the time to clear the
fault.
The submitter has not presented an actual code requirement but rather has submitted an operational method of

complying with recommended safety practices. This type of design practice could already be used if so desired as part
of safety engineering and design practices.
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_______________________________________________________________________________________________
4-143     Log #3319  NEC-P04

_______________________________________________________________________________________________
Steven Goble, Olathe, KS

Insert the following new requirement.
. A Type 1 or Type 2 listed SPD shall be installed on all services.

Throughout its history, the NEC® has mandated the practical safeguarding of persons and property
from hazards arising from the use of electricity. However, one of the hazards that is often overlooked is damage to
property, such as fire, or the destruction of appliances and electronic equipment, due to surges caused by (1) the
starting and stopping of power electronic equipment, (2) direct or indirect lightning strikes, and (3) imposition of a higher
voltage on a lower voltage system. While NFP A 70 has long recognized the practical application of surge protective
devices as evidenced by several NEC®
Articles, including but not limited to, 285, 694 and 708, the vast majority of equipment is not required to be protected

from damage by surges. This lack of required protection results in, as the State Farm Insurance Company notes on their
web site, " ... power surges are responsible for hundreds of millions of dollars of property damage every year ... Over
time, surges can also cause cumulative damage to your property, incrementally decreasing the lifespan of televisions,
computers, stereo equipment, and anything else plugged into the wall."
This proposal is intended to expand protection against damaging surges through the use of listed surge protective

devices. While progress has been made in this area, it is evident that expanded use of listed surge protective devices
will be a step function improvement to the practical safeguarding of persons and property.
Some very recent specific examples of events that call attention to this need include the documented destruction of a

house due to electrical surge as a result of a transformer fire. This occurred in Kings County California in October of
2011.
In the UK in 2010, 71 incidents were caused by electrical power surges according to the fire inspector.
In fact, the cause of the surge was related to the theft of a copper component in a substation. Of the 71 incidents, 48

resulted in damage to electrical equipment, including 36 panelboards, a number of televisions, washing machines and
other electrical appliances.
In Dallas, Texas, a utility electric crew repairing a transformer in front of a residence caused a significant surge. The

transformer was seen to be arcing with the subsequent destruction of equipment in nearby homes. This included Central
Heat and Air units, refrigerators, washers, dryers .... and the like.
Another recent event in Carthage, MO, occurred in October of 2011. Lightning hit the Jasper County Jail and the

resultant surge knocked out the security system as well as fire alarms, locks and other key systems. The same event
also resulted in a small fire at a Carthage home. Only because of an alert homeowner and quick response by the local
fire department was extensive damage and possible loss of life prevented.
Studies by recognized authorities including NEMA, IEEE, and UL, all substantiate the fact that surges can and do

cause significant damage. Nationwide Insurance recognizes the need for effective surge protection as well and has
published recommendations that include point-of-use surge protectors and installation of main service panel
suppressors.
Unprotected surges do cause catastrophic damage to industrial, commercial and residential electronic equipment and

residential appliances, sometimes resulting in fire and loss of life. Surge protective devices are readily available to
protect against these common surges, but have simply not been required in most applications. This Code Making Panel
has the opportunity to take a significant step toward better protection of persons and property by accepting this
proposal.

Surge protection is permitted to be installed and should not be required, as surge probabilities vary
by locality, and different types of electrical loads have differing surge protection requirements.  Surge protection must
also be periodically maintained or replaced.  The user should make the decision to install this protection.
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_______________________________________________________________________________________________
4-143a     Log #3504  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Revise to read as follows:

All dwelling units shall be provided with a surge protective device (SPD) installed in
accordance with Article 285.

The surge protective device shall be an integral part of the service disconnecting means or shall be
located immediately adjacent thereto.

The surge protective device shall be a Type 1 or Type 2 SPD.
Where service equipment is upgraded, all of the requirements of this section shall apply.

This proposed requirement is submitted again this cycle for consideration by the Technical Committee
for the sole purpose of personnel safety. CMP-4 rejected this proposal in the 2011 NEC revision cycle with a statement
that noted a lack of technical substantiation that SPD’s save lives. This submitter is not suggesting that SPD’s save
lives, however an SPD should be required to protect electronic equipment (i.e. GFCI’s, AFCI’s, IDCI’s, smoke alarms
and others) that do save lives.
This is appropriate for Article 230 and CMP-4
The NEC requires GFCI and AFCI protective devices throughout dwelling units and hair dryers are required to have an

IDCI. Additionally, 120V smoke alarms are required by most local building codes in all new dwelling units. In essence we
have mandated electronic based protection, designed to prevent shock, fire and to alarm residents in the event of a fire.
These devices have all proven, that when installed and maintained properly, they will and have saved lives. This
proposal seeks a level of protection for these life saving devices as well as general surge protection throughout the
home.
Electronic life saving equipment such as IDCI’s, GFCI’s, AFCI’s and smoke alarms, may be damaged when a surge

occurs due to lighting or other sources. In many cases these devices can be damaged and rendered inoperable by a
surge. It is practical to require a “whole house” SPD to provide a general level of protection. Home owners regularly buy
and use Type 3 (point of utilization) SPD’s which are cord and plug connected to protect computers, plasma TV’s and
other electronic equipment. However, in almost all new service installations, as well as service upgrades, no
consideration is given to providing a general level of protection to the “whole house” which would include those devices
that cannot be afforded a cord connected Type 3 SPD. Typical homeowners have no problem buying multiple Type 3
(point of utilization) SPD’s to protect equipment for entertainment purposes, the additional cost of a Type 1 or Type 2
SPD for the purpose of personnel safety, will not represent a financial burden and may in fact help reduce the millions of
dollars of loss in equipment due to surges. First level subdivision (D) is included to require that when a service is
upgraded, an SPD is to be installed. Residents of existing dwelling units deserve the same level of protection as those in
new homes.
In 2002, the product standard for GFCI’s was revised due to documented failures of devices that were subjected to

transients.  The changes that were made do not prevent the GFCI from being damaged but rather provide a requirement
for these devices to self test and determine if they were damaged and are no longer functioning properly.  These
devices would still have to be replaced if damaged from surge and hence contributing to additional incurred costs and
decreased safety through quite possibly forcing the use of other non GFCI protected receptacles.
The NEC needs to mandate a minimum requirement for surge protection in all dwelling units.

Surge protection is permitted to be installed and should not be required, as surge probabilities vary
by locality, and different types of electrical loads have differing surge protection requirements.  Surge protection must
also be periodically maintained or replaced.  The user should make the decision to install this protection.
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_______________________________________________________________________________________________
4-144     Log #1375  NEC-P04

_______________________________________________________________________________________________
Tom Scholtens, City of Charleston / Rep. NFPA Building Code Development Committee (BCDC)

Revise 230.70 as follows:
230.70 General. Means shall be provided to disconnect all conductors in a building or other structure from the

service-entrance conductors.
   The service disconnecting means shall be installed on the exterior of the building immediately adjacent to

the electric meter and clearly labeled as a “Service Disconnect”. in accordance with 230.70(A)(1), (A)(2), and (A)(3).
   The service disconnecting means shall be installed at a readily accessible location

either outside of a building or structure or inside nearest the point of entrance of the service conductors.
   Service disconnecting means shall not be installed in bathrooms.

   Where a remote control device(s) is used to actuate the service disconnecting means, the service
disconnecting means shall be located in accordance with 230.70(A)(1).

Note: This proposal was developed by the proponent as a member of NFPA’s Building Code
Development Committee (BCDC) with the committee's endorsement.
When an emergency occurs, it may be impossible for an emergency responder to disconnect service without the

removal of the electric meter when the disconnect is located inside the building if the emergency prevents the responder
from entering the building.  Removal of the electric meter is unlikely if there is a means of disconnect adjacent to the
meter on the exterior of the structure.  Requiring an emergency responder to remove an electric meter to de-energize an
electrical system may expose the emergency responder to an arc flash  resulting in injury or death, which has occurred.
This proposes to eliminate the service disconnect on the interior of buildings to protect emergency responders.  This
mirrors the requirement for service disconnects over 600 volts.  Arc flash is not reserved to services of greater than 600
volts only.  Deadly arc flashing can occur in services of 600 volts or less.
This proposal is also supported by NFPA 70E.  “Section 130.2 Electrically Safe Working Conditions. 130.2 Electrically

Safe Working Conditions.
Energized electrical conductors and circuit parts to which an employee might be exposed shall be put into an electrically
safe work condition before an employee performs work if either of the following conditions exist:
(1)The employee is within the limited approach boundary.
(2)The employee interacts with equipment where conductors or circuit parts are not exposed, but an increased risk of

injury from an exposure to an arc flash hazard exists.
Exception: Where a disconnecting means or isolating element that has been properly installed and maintained is

operated, opened, closed, removed, or inserted to achieve an electrically safe work condition for connected equipment
or to return connected equipment to service that has been placed in an electrically safe work condition, the equipment
supplying the disconnecting means or isolating element shall not be required to be placed in an electrically safe work
condition provided a risk assessment is performed and does not identify .”
Placing the service disconnect on the inside of the building puts emergency responders in “unacceptable risks for the

task.”
See similar proposal to 690.14.

A main outdoor disconnect also creates a security issue where criminals could interrupt service to
defeat security and communication equipment.  A requirement to install a disconnect outside with the meter would
present difficulties in inner-city environments where underground service conductors enter a building from underground
distribution systems.  The meters are in the basement, or in recessed enclosures on the front wall of the building.  There
is limited space on building walls in row home neighborhoods to add a main switch ahead of the meter.  This would also
present difficulties for facilities served at voltages over 1,000 Volts.
The submitter has not presented any technical data to support such a change. Unqualified persons should never

remove electric meters nor should they intentionally expose themselves to electrical hazards. Overcurrent devices
installed outdoors where they are subject to corrosive environments many times fail or become inoperable for
emergency situations.
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_______________________________________________________________________________________________
4-145     Log #2300  NEC-P04

_______________________________________________________________________________________________
Mark Proksch, Omni Construction Services

A means of disconnect should also disconnect the neutral.
A tree branch fell on power lines and made the house have power going in the neutral, so the power

wasn't off, even after the meter was pulled.

The proposal does meet Section 4.3.3(c), Regulations Governing Committee Projects.

_______________________________________________________________________________________________
4-146     Log #552  NEC-P04

_______________________________________________________________________________________________
Jerry Barrick, Jerry Barrick Electrical Contractor, LLC

Services ABT 230.70(A)(1) propose to add a fusable disconnect before the meter pan to protect
equipment from future transformer upgrades resulting in increasing ground fault ratings from higher K.V.A.

None provided.
Note:  Supporting material is available for review at NFPA Headquarters.

The proposal does not meet Section 4.3.3(c), Regulations Governing Committee Projects.

_______________________________________________________________________________________________
4-147     Log #766  NEC-P04

_______________________________________________________________________________________________
David Cunningham, Wood County Building Inspection

Add text to read as follows:
(1) Readily Accessible Location. The service disconnecting means shall be installed at a readily accessible location

either outside of a building or structure as defined by 230.6 or inside nearest the point of entrance of the service
conductors.

This change would provide clarification of where service conductors could be installed. This article is
vague without 230.6 being referenced as what outside of a building means.

Section 230.6 is intended to provide mechanical means to isolate service conductors so they could
be considered to be outside the building. It is not practical to use the 230.6 requirements for the installation of a service
disconnecting means.
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_______________________________________________________________________________________________
4-148     Log #1713  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Add text to read as follows:
The service disconnecting means shall be installed at a readily

accessible location either outside of a building or structure or inside nearest the service point of entrance of the service
conductors.

This proposal is part of a set of proposals that:
a. remove the definitions from articles 770.2, 800.2, 820.2, and 830.2, replacing them with a single

definition in 100 I;
b. provide a definition of in 100 for the currently undefined concept used in

articles 90, 100, 225, 230, 240,  & 300;
c. do nothing with the use of concerning water pipes, mobile homes, park trailers, and trucks.

This would be redundant.  The section already references the point of entrance of the service
conductors.  The service point is defined as the interface between the utility and the premises.

_______________________________________________________________________________________________
4-149     Log #3431  NEC-P04

_______________________________________________________________________________________________
Hector Bello, Houston I.S.D.

Revise text to read as follows:
Section 230.70(A)(2) Service disconnecting means shall not be installed in bathrooms, and behind all opening doors.

Disconnecting means installed behind doors is endangering electrician being pushed toward a live
parts. This will occur injury, electrocution, severe burn or death.

This is a design issue, there are methods to protect workers from situations as referenced such as
physical barriers, door locks or de-energizing the equipment.
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_______________________________________________________________________________________________
4-150     Log #399  NEC-P04

_______________________________________________________________________________________________
Jerry Basconi, Thompson Company, Inc.

Add new text to read as follows:
(4) The service disconnecting means shall be located within any distance of the service entrance conduits entry point

into the building or structure, as long as both are located within the same room whose main purpose is for electrical
equipment.

The major problem with the current code and wording is since there is no real guidance provided to
exactly where the service disconnecting means is required; each inspector in each jurisdiction has too much liberty to
declare the installation does or does not meet code. This makes it extremely difficult for the engineer to know the
location he has selected will not only get passed in the permitting process but also that is will not get overturned by the
inspector at his own discretion.
My experience has been that inspectors have a certain distance in their head and because of that no matter what has

been approved in the plan review process, he will hold to this one distance. Sometimes is 10 ft sometimes its 20 ft and
sometimes they don’t care as long as it doesn’t leave the main electrical room. This makes it especially difficult in
renovations or tenant up-fits for retail and office buildings where the service wire way or empty conduit is existing and
the existing conditions make it impossible to locate the disconnect without major changes to existing disconnects,
meters, etc.
Adding this additional acceptable condition would provide clear guidance to the engineer, plan reviewer and inspectors

to hopefully
come to a better consensus on what is safe for the project and meets the intent of the code.

Section 230.70(A)(1) is clear that the service disconnecting means must be located at the first
readily accessible location after entry of the service conductors into the building.

_______________________________________________________________________________________________
4-151     Log #512  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

. The service disconnecting means for each service permitted by 230.2, or for each set of service-entrance
conductors permitted by 230.40, Exception No. 1, 3, 4, or 5, shall consist of not more than six switches or sets of circuit
breakers, or a combination of not more than six switches and sets of circuit breakers, mounted in a single enclosure, in
a group of separate enclosures, in metal-enclosed switchgear, or in or on a switchboard. There shall be not more than
six sets of disconnects per service grouped in any one location.
Remainder of section to remain unchanged.

It appears that metal-enclosed switchgear was inadvertently left out when this was included in the
NEC.
See also Article 100 definitions.
See also Part VIII Section 230.200 for additional requirements.

1) Accept the addition of "in switchgear".
2) Reject the addition of "metal-enclosed".

The term was simplified to "switchgear" to correlate with the definition of switchgear.
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".
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_______________________________________________________________________________________________
4-152     Log #2757  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Revise text to read as follows:

Two or three single-pole switches or breakers, capable of individual operation, shall be
permitted on multiwire circuits, one pole for each ungrounded conductor, as one multipole disconnect, provided they are
equipped with identified handle ties or a master handle to disconnect all conductors of the service with no more than six
operations of the hand.
Exception: Multiwire circuits with line-to-line loads require multi-pole breakers with internal common trip.

THIS IS A SAFETY ISSUE: To prevent shocks and arcing from disconnecting a neutral when other
non-grounded conductors in a multiwire circuit are energized and when a line-to-line load is open circuited but still has
voltage on one or more ungrounded conductors.
This is required by 210.4(C) Exception No 2.
Perhaps the common trip should be required in 230.71(B) and the single pole allowed by the exception?

The requirements of 230.71(B) specifically allow the use of switches or breakers with identified
handle ties.  The submitter has not submitted any documented technical problems that would mandate the use of circuit
breakers only for this application.

_______________________________________________________________________________________________
4-153     Log #511  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Where the service disconnecting means does not disconnect the
grounded conductor fro the premises wiring, other means shall be provided for this purpose in the service equipment.  A
terminal or bus to which all grounded conductors can be attached by means of pressure connectors shall be permitted
for this purpose.  In a multisection switchboard or metal-enclosed switchgear, disconnects for the grounded conductor
shall be permitted to be in any section of the switchboard or metal-enclosed switchgear, provided any such switchboard
or metal-enclosed switchgear section is marked.

It appears that metal-enclosed switchgear was inadvertently left out when this was included in the
NEC.
See also Article 100 definitions.
See also Part VIII Section 230.200 for additional requirements.

1) Reject the addition of "metal-enclosed" in all locations.
2)  Accept the addition of "switchgear" in all locations

The panel rejects the addition of the words "metal-enclosed".  The term was simplified to
"switchgear" to correlate with the definition of switchgear.
The remainder of the text was modified for clarity.
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".
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_______________________________________________________________________________________________
4-154     Log #954  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.82(2) and (3).

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-155     Log #1878  NEC-P04

_______________________________________________________________________________________________
Michael Dempsey, Municipal Code Inspections

Add new text to read as follows:
Informational Note: See 230.40 Exception No. 5 and 230.71(A).

Just a reminder that supply side conductors and equipment permitted by 230.82(6) must comply the
requirements for service conductors and service disconnects.

The requirements to allow this are already covered in 230.40 Exception 5, 230.71 and other areas
of Article 230.
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_______________________________________________________________________________________________
4-156     Log #3072  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
(3) Meter disconnect switches nominally rated not in excess of 600 volts that have a short-circuit current rating equal to

or greater than the available short-circuit current, provided all metal housings and service enclosures are grounded in
accordance with Part VII and bonded in accordance with Part V of Article 250. A meter disconnect switch shall be
capable of interrupting the load served. A meter disconnect shall be legibly field marked on its exterior in a manner
suitable for the environment substantially as follows:

METER DISCONNECT
NOT SERVICE EQUIPMENT

This is a resubmittal of Comment 4-52 in the 2011 cycle. The panel rejected the comment, saying “The
meter disconnect is installed for use by utility companies when servicing the metering equipment and is readily definable
as a disconnect ahead of the disconnect that is marked “Service Disconnect”. The problem to be addressed is that a
meter disconnect switch, which in terms of its equipment rating could generally be installed as a service disconnect, will
be confused as such. In effect, the “Service Disconnect” label required by 230.70(B) may be understood as belonging at
this location. This label, required in Massachusetts since the advent of the meter disconnect recognition in the NEC, has
proven to be extremely helpful.
As part of the aforementioned comment the submitter offered to reformat the list in 230.82 in a manner that complies

with the NEC Style Manual regarding parallel formatting, and will still do so in a future cycle after this issue is resolved.

The marking is not required since the service disconnect is always marked as the service
disconnect.  The meter disconnect switch is required by 230.82(3) to be capable of interrupting the load served so
opening this switch will not pose any hazard.

_______________________________________________________________________________________________
4-157     Log #1939  NEC-P04

_______________________________________________________________________________________________
Jonathan  R. Althouse, Michigan State University

Change 310.15(B)(6) to 310.15(B)(7).
This was most likely a type setting error that may have been corrected.  If it was not corrected, then it

needs to be changed.
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_______________________________________________________________________________________________
4-158     Log #955  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.95.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-160     Log #1027  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of Article 230, Part VIII.

The panel clarified the specific location(s) for the proposed change(s).

84Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-161     Log #1881  NEC-P04

_______________________________________________________________________________________________
Gaylan Bishop, The University of North Carolina - Chapter Hill

Add new design-permissive language as shown below:
As an alternative to the feeder and service load calculations required by Parts III and IV of Article

220, service transformer and switchgear capacity for medium voltage services covered by this code shall be permitted to
be based upon historical demand information if the determination of capacity is made by a registered professional
engineer or an individual under their supervision.

The University of North Carolina supports the effort by the APPA.ORG Code Advocacy Task Force
(CATF) to bring the 2014 NEC in step with rapidly evolving energy codes by reducing the size of building services which
have shown themselves to be significantly oversized for decades.
Our energy workgroups have submitted electrical data to the CATF for use in preparing proposals to several

committees.  Across a broad variety of occupancy classes, we find that average loads on medium voltage substations
are about 43 percent of transformer ambient kVA ratings and peak loads are about 54 percent of transformer ambient
kVA ratings.  We are willing to turn over UNC-CH data to the as part of a
comprehensive study to harmonize parts of the NEC with energy codes.
Since the committee that covers Article 220 feeder and service calculations has historically rejected proposals that

would have the practical effect of reducing the overcapacity of service transformers and related switchgear, we would
like the Article 230 committee to permit open-ended engineering methods to "right-size" transformers and related
service switchgear in the interest of reconciling the competing objectives of fire safety, flash hazard reduction, and
energy conservation.  We believe that trusting trained and licensed professional engineering consultants with
open-ended approaches made available in Article 230 will be quicker to the goal.

Section 230.200 already exists.  Article 220 already provides alternative calculation methods and in
some cases the use of existing load use for these calculations.  This proposal would be more appropriate for Article 220
and is addressed in 220.87.
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_______________________________________________________________________________________________
4-162     Log #1920  NEC-P04

_______________________________________________________________________________________________
Kathy Richards, Northern Michigan University

Add new design-permissive language as shown below:
As an alternative to the feeder and service load calculations required by Parts III and IV of Article

220, service transformer and switchgear capacity for medium voltage services covered by this code shall be permitted to
be based upon historical demand information if the determination of capacity is made by a registered professional
engineer or an individual under their supervision.

Northern Michigan University supports the effort by the APPA.ORG Code Advocacy Task Force
(CATF) to bring the 2014 NEC in step with rapidly evolving energy codes and to reduce flash hazard by reducing the
size of building services.  We urge the NEC Technical Correlating Committee to assign a Task Force to discover ways
of accomplishing this goal.  We urge the NFPA Fire Protection Research Foundation to develop a research project to
support the Task Force.  In both cases, we would be happy to turn over our electrical demand information for further
study.
Northern Michigan University is observing the same electrical demand as all of its peer institutions who also conform to

the NEC.  Across a broad variety of occupancy classes, we find that average loads on medium substations are about 21
percent of transformer ambient kVA ratings with average watts per square foot of 1.53.  The oversizing of transformers
that result from the design-prescriptive requirements of Article 220 causes us to bring in far more energy into a building
than is necessary.  An explicit exception to the Article 220 requirements in Article 230 will help us reduce flash hazard
as well as contribute significantly NMU sustainability objectives.
Since the committee that covers Article 220 feeder and service calculations has historically rejected proposals that

seek to reduce the overcapacity of service equipment, we would like the Article 230 committee to permit open-ended
engineering methods to "right-size" services in the interest of reconciling the competing objectives of fire safety, flash
hazard reduction, and energy conservation.  We believe that trusting trained and licensed professional engineers with
open-ended approaches in Article 230 will be quicker to the goal.
Note:  Supporting material is available for review at NFPA Headquarters.

Section 230.200 already exists.  Article 220 already provides alternative calculation methods and in
some cases the use of existing load use for these calculations.  This proposal would be more appropriate for Article 220
and is addressed in 220.87.

_______________________________________________________________________________________________
4-162a     Log #CP400  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Replace the number "600" with the number "1000" in 230.200 and the informational note.

CMP-4 makes this change to remain consistent with the recommendations of the high-voltage task
group which were accepted by this CMP.
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_______________________________________________________________________________________________
4-163     Log #417  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
is

is

It appears that the word “power” was inadvertently left out when this was included in the NEC.
See also Article 100 definitions.

Revise proposed text to read as follows:
is

is

The panel accepts the concept of aligning the text with the definition.  The term has been modified
to simply "switchgear".
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".

_______________________________________________________________________________________________
4-164     Log #956  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 230.208(B).

The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-165     Log #416  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
Metal-enclosed power switchgear shall consist of a substantial metal

structure and a sheet metal enclosure. Where installed over a combustible floor, suitable protection thereto shall be
provided.

It appears that the word “power” was inadvertently left out when this was included in the NEC. See
also Article 100 definitions.

Revise proposed text as follows:
. Switchgear shall consist of a substantial metal structure and a sheet metal enclosure. Where

installed over a combustible floor, suitable protection thereto shall be provided.
The panel accepts the concept of aligning the text with the definition.  The term has been modified

to simply "switchgear".
The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of "switchgear".

_______________________________________________________________________________________________
4-165a     Log #CP401  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise text to read as follows:
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 conforming to the requirements of 450.41 through 450.48.

The term "metal-enclosed" was removed to align with the definition of switchgear.  This allows the use
of metal-enclosed or metal-clad switchgear.

_______________________________________________________________________________________________
4-166     Log #415  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Delete text to read as follows:
Where the voltage exceeds 35,000 volts between conductors that enter a building, they

shall terminate in a metal-enclosed switchgear compartment or a vault conforming to the requirement of 450.41 through
450.48.

There are no conductors listed in Article 310 which would allow this. Only the utilities come into a vault
over 35000 volts and this type of installation would fall under ANSI C2.

Conductors over 35,000 volts are installed on a regular basis by qualified personnel other than
utilities.  The requirement should remain.
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_______________________________________________________________________________________________
4-167     Log #3418  NEC-P04

_______________________________________________________________________________________________
Joerg Grosshennig, SMA Solar Technology AG

Add text to read as follows:
.

For utility-interactive PV systems with dc voltages higher than 120 V mounted on buildings, all wiring penetrating the
buildings shall be deenergized, either outside the building or within 6 feet of the point of entry into the building, within 10
seconds of loss of utility voltage or when the PV power source disconnecting means is opened.
For utility-interactive PV systems mounted on buildings with a maximum circuit current above 100 amps, photovoltaic

output circuits shall be deenergized from all sources within 10 seconds when the utility supply is deenergized or when
the PV power  source disconnecting means is opened.
The maximum circuit current on the array side of the above mentioned deenergizing device shall be no greater than 240
amps.

In order to increase the electrical and fire safety of PV systems on buildings, this proposal is intended
to reduce hazard to firefighters by deenergizing conductors that enter buildings. It is meant to increase fire fighter safety
inside buildings where there is a certain risk of touching live parts due to limited vision (smoke) and space constraints.
On the roof, it is easier to keep a safe distance to live parts because of a better visibility and less space constraints. In
order to allow for opening the roof for ventilation, areas not covered by PV modules need to be defined by building
codes or other regulations. Deenergizing each module is not addressing this problem because there is still a mechanical
barrier (modules, mounting structure) which would create a significant loss of time for the fire fighter.
The proposal addresses the deenergization of PV power sources that enter a building in the event of a utility outage, or

manual inverter shutdown by shutting down the utility connection or PV array connection to the inverter. PV output
circuit conductors include all wiring between source-circuit combiners and the inverter or utilization load. In order to meet
the requirements of this provision, some means will be necessary to shut off the source-combiner PV output circuit. A
contactor combiner or remote trip breaker could meet this requirement.
For large PV systems with PV Power Source currents above 100-amps (systems of 30kW and larger), the requirement

to deenergize conductors would apply regardless of whether the conductors entered the building or not. At
multiple-inverter systems this requirement is in regard to the source current of array (connected to a single
inverter). The 100 amps requirement limits the maximum fault current in the system and the maximum area covered by
PV modules (need for uncovered roof area!).
The 240 amp maximum circuit current requirement is to limit the PV output circuit size to no more than what is allowed

into a 300-amp standard OCPD. While higher currents are designed in today’s PV systems, these high currents
unnecessarily increase the hazards of uncontrolled current flow. Also, by limiting the maximum current of a
source-combiner circuit, differential current measurements required for new ground-fault standards can be done a
reasonable resolution.
Since many inverters have large capacitors, a period of 10 seconds is allowed to offer inverter manufacturers options

on how to deenergize these circuits on the array side of the capacitors.

The CMP-4 task group on fire fighter safety recommended Proposal 4-253 to address the
submitter's concern regarding reducing voltage to the building in a timely manner.  The panel action taken on Proposal
4-253 reduces voltage to 80 volts rather than 120 volts.  The last sentence makes this proposal relevant to larger
systems whereas Proposal 4-253 is for all systems.  See action on Proposal 4-253 which addresses the submitter's
concerns.
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_______________________________________________________________________________________________
4-168     Log #553  NEC-P04

_______________________________________________________________________________________________
Dale Rooney, Municipality of Anchorage

Add new last sentence to read as follows:
This article shall not apply to photovoltaic systems which comply with the limitations of Chapter 9.  Tables 11 (A) or (B).

The available fault current and open circuit voltage of a solar panel is inherently limited by the
construction of the panel.  Recognizing smaller panels as the equivalent of class 2 power supplies and exempting them
from any additional requirements in Article 690 would allow for the development of simple, low cost systems which could
charge portable electronic devices and provide power for low voltage LED lights both of which would be invaluable in
emergencies.
Small systems like these could be implemented in urban areas where tenants can't install larger systems because they

don't own the property but have south facing windows or porches.  This change could enable anyone with a desire to
reduce their carbon footprint, even if just in a small way, to do so for as little as a few hundred dollars.

Article 690 covers PV systems attached to or part of building wiring systems.  The requirements for
these systems should be covered in Article 690 and not elsewhere in the NEC.

_______________________________________________________________________________________________
4-169     Log #543  NEC-P04

_______________________________________________________________________________________________
Philip Heim, Local 343 IBEW

Reverse direction of Blocking Diodes so that photovoltaic output flows from fuses into arrowhead of
divides.

I was taught that current flows is passed by a diode when current flows into the arrowhead (marked
end of a divide) and current is blocked from the opposite direction.  As diagramed current flow would be blocked from
flowing out of the solar cells.

The substantiation is technically incorrect.  See panel action on Proposal 4-170 where the diodes
have been removed from the figure.

_______________________________________________________________________________________________
4-170     Log #2175  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Remove the blocking diodes from the diagram as noted below.

******Insert Figure Here******

Some AHJs view the blocking diodes as mandatory since this figure is not in an Annex or Informative
Note as required  by the NEC Style Manual for non mandatory material.  Blocking diodes are no longer used in PV
arrays and to keep them in the diagram may be confusing.  They are a hold over from systems of the 1970s and 1980s
before the NEC and UL standards required fuses to protect PV conductors and PV modules.

90Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-171     Log #2173  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Conductors between the inverter and the battery in stand-alone inverter system. systems or the
conductors between the inverter and the photovoltaic output circuits for electrical production and distribution network.

This portion of the definition should be deleted because there is no demarcation line between the PV
output circuit and the inverter input circuit. Either the PV source or PV output circuit runs to the inverter DC input
terminals in a system with only a DC PV array.  See Figure 690.1(B).

The definition is correct as it is written.  It applies to other types of systems and does not coordinate
with diagram in 690.1(B).

_______________________________________________________________________________________________
4-172     Log #3392  NEC-P04

_______________________________________________________________________________________________
Marvin Hamon, Hamon Engineering

Add the following definition:
DC utilization equipment in the PV Source Circuit or PV Output Circuit, or integrated into the PV

module, used to modify and control DC power.
There is currently no definition in NEC 690 for DC to DC Converters. These devices are becoming

more common and have particular requirements that will need to be addressed in future versions of the NEC. This
definition will also make it clear that the PV source or output circuit ends at the input to the device by defining it as DC
utilization equipment. This will prevent the application of 690.7(A) requirements to the output of these devices.

A DC to DC converter is conversion equipment not utilization equipment.

_______________________________________________________________________________________________
4-173     Log #2176  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add new text to read as follows:

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.

There are many names being given in the PV industry for DC combiners, Source Circuit Combiners,
Recombiners, Subcombiners, etc. Since the requirements should be the same no matter where in the circuit the
combiner is located, there needs to be a term that covers all DC Combiners.

91Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-174     Log #1260  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   A system comprised of multiple power sources. These power sources may include photovoltaic,

wind, micro-hydro generators, engine-driven generators, and others, but do not include electrical production and
distribution network systems. Energy storage systems, such as batteries, do not constitute a power source for the
purpose of this definition.

: These power sources may include photovoltaic, wind, micro-hydro generators, engine-driven
generators, and others, but do not include electrical production and distribution network systems. Energy storage
systems, such as batteries, do not constitute a power source for the purpose of this definition.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-175     Log #1261  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   A solar photovoltaic system that operates in parallel with and may deliver power to an electrical

production and distribution network. For the purpose of this definition, an energy storage subsystem of a solar
photovoltaic system, such as a battery, is not another electrical production source.

: For the purpose of this definition, an energy storage subsystem of a solar photovoltaic system,
such as a battery, is not another electrical production source.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.
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_______________________________________________________________________________________________
4-176     Log #1262  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   Equipment that is used to change voltage level or waveform, or both, of electrical energy. Commonly, an

inverter [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.

: Commonly, an inverter [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.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-177     Log #2177  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
.  Delete this definition.

Three different types of inverters are in common use and each has different input output
characteristics that need individual definitions.  This single definition is inadequate.
See related proposals for utility-interactive inverter, stand-alone inverter and multi-mode inverter.

The definition is correct and the term is used throughout the article.  The definition needs to be
retained.

_______________________________________________________________________________________________
4-178     Log #3393  NEC-P04

_______________________________________________________________________________________________
Marvin Hamon, Hamon Engineering

Revise text to read as follows:
Conductors between the inverter and the battery in stand-alone systems or the conductors

between the inverter and the photovoltaic output circuits, photovoltaic source circuits, or DC to DC converters in
utility-interactive inverters. for electrical production and distribution network.

The existing definition is incorrect for systems that do not have PV output circuits. This change would
make it more clear what the Inverter input circuit is in contrast to the PV source and output circuits, in particular it adds
DC to DC converters as a possible starting point.

Converters are equipment and the current definition covers conductors.  All PV systems do not
have to have a PV output conductor.  The NEC allows for proper sizing of DC PV conductors up to the inverter.

93Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-179     Log #2178  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Delete text to read as follows:

.  Conductors between the inverter and an ac panelboard for stand-alone systems or the
conductors between the inverter and the service equipment or other electric power production source, such as a utility,
for electrical production and distribution network.

This definition is to be replaced by proposals for three new definitions: utility interactive, stand-alone,
and multimode inverters.

The definition is needed to address the term used within the article.

_______________________________________________________________________________________________
4-180     Log #1263  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   A PV subarray that has two conductors in the output circuit, one positive (+) and one

negative(-). Two monopole PV subarrays are used to form a bipolar PV array.
: Two monopole PV subarrays are used to form a bipolar PV array.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-181     Log #2179  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add new text to read as follows:

Equipment having capabilities of both the utility-interactive inverter and the stand-alone inverter.
The utility-interactive output is separate from the stand-alone output allowing code compliant connections for both
circuits.

This more exact definition is needed to define how the multi-mode inverter operates in order to clarify
some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals related definitions for stand-alone inverter and utility-interactive inverter.
The existing definition of inverter is deleted.

Multimode Inverter.  Equipment having capabilities of both the utility-interactive inverter and the stand-alone inverter.
The second sentence is not necessary, does not add clarity and describes only one type of

implementation.
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_______________________________________________________________________________________________
4-182     Log #3394  NEC-P04

_______________________________________________________________________________________________
Marvin Hamon, Hamon Engineering

Revise text to read as follows:
Circuits between modules and from modules to inverters, DC utilization equipment, or

common connection point(s) of the dc system.
The current definition is vauge and not completely correct when applied to modern PV systems. The

PV Source Circuit may terminate at a DC to DC converter or microinverter mounted at the module which is not a
common connection point. The change to the definition makes it more clear that the PV Source Circuit ends where it
connects to any type of DC utilization equipment in addition to a DC combiner.

DC to DC converters are not utilization equipment.

_______________________________________________________________________________________________
4-183     Log #1264  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The direct current (dc) voltage of any photovoltaic source or photovoltaic output circuit.

For multiwire installations, the photovoltaic system voltage is the highest voltage between any two dc conductors.
: For multiwire installations, the photovoltaic system voltage is the highest voltage between any two

dc conductors.
The NFPA Manual of Style requires definitions to be in single sentences. The information provided in

the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-184     Log #2124  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:
The total components and subsystems that, in combination, convert solar energy into

electric energy suitable for connection to a utilization load.
Article 690 is inconsistent with using the defined term “Solar Photovoltaic System” versus “Photovoltaic

System”.  It is not necessary to include the word “Solar” since it is part of the article title.  Removing would improve
clarity since many of the requirements simply state “Photovoltaic System”.
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_______________________________________________________________________________________________
4-185     Log #2180  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add new text to read as follows:

Equipment that is used to change voltage level or waveform, or both, of electrical energy.
Commonly, a stand-alone inverter is a device that changes dc input to an ac output and is able to change output power
in response to the loads placed on the system. Stand-alone inverters may also use alternating current from another
source and convert it into direct current for charging energy storage devices. Stand-alone inverters are not dependent
on having an outside source, such as a utility connection, for an AC reference. The AC output terminals can be
energized anytime the stand-alone inverter is in operation.

This more specific definition is needed to define how the stand-alone inverter operates in order to
clarify some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals for related definitions for utility-interactive inverter and multimode inverter.

The submitter has presented language that is more appropriate for a product standard or an
instruction manual.

_______________________________________________________________________________________________
4-186     Log #2181  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the new definition to 690.2

Equipment used to change the dc input voltage and current from a PV array to an ac
output current and voltage that matches the waveform, voltage and frequency of the connected utility supply system.
This output has no stand-alone capabilities and must be connected to a utility supply system or other stable source of an
ac reference.

This more exact definition is needed to define how the utility interactive inverter operates in order to
clarify some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals for related definitions for stand-alone inverter and multimode inverter.

The definition is already in Article 100.
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_______________________________________________________________________________________________
4-187     Log #2125  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:
Wherever the requirements of other articles of this 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
requirements in 705.10, 705.12, 705.14, 705.16, 705.32, 705.100, and 705.143 shall apply.

The list of references to Article 705 in this section is incomplete.

The proposed references are already covered in 690.4(H), 690.63, and 690.64.

_______________________________________________________________________________________________
4-188     Log #2920  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Revise text to read as follows:

Wherever the requirements of other articles of this and Article 690 differ, the requirements of Article 690 shall
apply. and, I If the system is operated in parallel with a primary source(s) of electricity, the requirements in 705.14,
705.16, 705.32, and 705.143 shall apply. If the system is operated as part of a direct current microgrid, 7xx.xx …[New]
shall also apply.

This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating
Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories. The subgroup members are
Robert Wills, Intergrid, LLC - subgroup lead), Audie Spina (Armstrong Industries) and David Geary (Starline DC
Solutions).
Solar photovoltaic systems are common sources in direct current micro-grids.
A new article has been proposed by the NEC DC Working group to address dc micro-grids.
This proposal mirrors the existing requirements that Article 690 comply with the requirements of Article 705 for
interconnected systems, so that the special requirements of dc micro-grids override the requirements of 690. Without
this language, Article 690 would override the new dc microgrid article.

The proposed section does not currently exist.  The panel cannot take an action until the proposed
section is added to the NEC.
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_______________________________________________________________________________________________
4-188a     Log #CP410  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 690.4 to read as follows:
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, dc-to-dc

converters 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

performed only by qualified persons.
Informational Note: See Article 100 for the definition of qualified 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
disconnecting 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.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.

_______________________________________________________________________________________________
4-189     Log #560  NEC-P04

_______________________________________________________________________________________________
T. J. Woods, Wyoming Electrical JATC

Add new text to read as follows:
Systems covered by this article shall be installed only by qualified persons.

Informational Note: See Article 100 for the definition of .
I am proposing this change to substantiate that only qualified persons should be installing a solar

system. I used the same language that was used for Section 694.7 for Small Wind Electric Systems.

The requirement is already in 690.4(E).
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_______________________________________________________________________________________________
4-190     Log #2126  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:

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

Photovoltaic source circuits and PV output circuits shall not be contained in the same
raceway, cable tray, cable, outlet box, junction box, or similar fitting as conductors, feeders, or branch circuits of other
non-PV systems, unless the conductors of the different systems are separated by a partition. Photovoltaic system
conductors shall be identified and grouped as required by 690.4(B)(1) through (4). The means of identification
shall be permitted by separate color coding, marking tape, tagging, or other approved means.

Photovoltaic source circuits shall be identified at all points of termination,
connection,and splices.

The conductors of PV output circuits and inverter input and output
circuits shall be identified at all points of termination, connection, and splices.

Where the conductors of more than one PV system occupy the same junction
box, raceway, or equipment, the conductors of each system shall be identified at all termination, connection, and splice
points.

Where the conductors of more than one PV system occupy the same junction box or raceway with a
removable cover(s), the ac and dc conductors of each system shall be grouped separately by wire ties or similar means
at least once, and then shall be grouped at intervals not to exceed 1.8 m (6 ft).

The connection to a module or panel shall be arranged so that removal of a
module or panel from a photovoltaic source circuit does not interrupt a grounded conductor to other PV source circuits.
A module or panel shall be arranged so that removal of a module or panel from a photovoltaic source circuit does not
interrupt a grounded conductor to other PV source circuits.

Inverters, motor generators, photovoltaic modules, photovoltaic panels, ac photovoltaic modules,
source-circuit combiners, and charge controllers intended for use in photovoltaic power systems shall be identified and
listed for the application.

The installation of equipment and systems in 690.4(A) through
(D) and all associated wiring and interconnections shall be installed performed only by qualified persons.
Informational Note: See Article 100 for the definition of .

Photovoltaic source and PV output conductors, in and out of conduit, and inside of a building or
structure, shall be routed along building structural members such as beams, rafters, trusses, and columns where the
location of those structural members can be determined by observation. Where circuits are imbedded in built-up,
laminate, or membrane roofing materials in roof areas not covered by PV modules and associated equipment, the
location of circuits shall be clearly marked.

Where the sum, without consideration of polarity, of the PV system voltages of the
two monopole subarrays exceeds the rating of the conductors 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 protective
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.

A PV system shall be permitted to have multiple utility-interactive 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 disconnecting means showing the location of all ac and dc PV system disconnecting means in the building.
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This proposal is part of a series intended to group the requirements based on the type or subject.  The
title for existing 690.4(E), “Wiring and Connections”, was revised for clarity.  Items (B) Identification and Grouping, (C)
Module Connection and Arrangement, (F) Circuit Routing, and (G) Bipolar Photovoltaic Systems were removed from
690.4 but companion proposals simply move these into sections with similar content.  See the summary spreadsheet I
have provided which details the relocation of requirements contained in the series of proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.4 conducted under Proposal
4-188a.  See the panel action on Proposal 4-188a which incorporates the submitter's proposal with additional changes.

_______________________________________________________________________________________________
4-191     Log #2927  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Add text to require that grounded PV source and output conductors be marked to indicate possible
ungrounding. For example:
“Grounded conductors that may become ungrounded shall be specially marked yellow or white with a yellow stripe”.

In grounded PV systems, the grounded conductor of PV source and PV output circuits is generally
identified as a white conductor, or otherwise according to 210.6. However this conductor can become ungrounded and
energized if a ground fault occurs. This is a dangerous situation that could harm installers or techs.
Suggest we indicate that the normally grounded conductor can become live (unlike anything else in the code) by

changing wire marking .

There already is a requirement for a sign to warn of the hazard.  Establishing a color convention is
unnecessary.

_______________________________________________________________________________________________
4-192     Log #2182  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 690.4(A) as follows:

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

Grammatical change.
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_______________________________________________________________________________________________
4-193     Log #2749  NEC-P04

_______________________________________________________________________________________________
Bill McGovern, City of Plano

Revise text to read as follows:
Photovoltaic source circuits, and PV output circuits, and inverter output circuits shall not

be contained in the same raceway, cable tray, cable, outlet box, junction box, or similar fitting as conductors, feeders, or
branch circuits of other non-PVsystems, unless the conductors of the different systems are separated by a partion.
Photvoltaic system conductors shall be identified and grouped as required by 690.4(B)(1) through (4). The means of
identification shall be permitted by separate color coding, marking tape, tagging, or other approved means.

AC inverter output circuit conductors are specific conductors between the inverter and ac panelboard
for a stand-alone system or service equipment and are a direct connection to, and are part of the photovoltaic system.
Present language precludes these conductors from being in the same raceway, cable tray, cable, outlet box, junction
box, or similar fitting as the PV dc system conductors without a physical partition. Common wiring practices for multiple
inverters may be to bring photovoltaic output circuits into a common wireway then on into the individual inverters. The
allowance to then bring the ac inverter output circuit conductors back into the common wireway would allow for a more
simplified installation without the requirement to provide a physical partition or barrier. This would only allow the ac
inverter output circuit conductors to be installed along with the PV dc conductors. No other conductors would be
permitted to be installed without the provisions for a separate partition. Grouping and identification would still be required
for all PV system conductors in the same raceway, cable tray, cable, outlet box, junction box, or similar fitting. Other
separately derived systems such as UPS systems allow both dc and ac conductors in the same cable tray, and there
are no restrictions for primary and secondary conductors of a transformer from occupying the same raceway.

The revision as proposed would allow the mixing of ac inverter circuits in the same raceway as dc
circuits.  This will increase the chances of miswiring and crossing AC and DC circuit conductors.  PV modules and PV
inverters are not evaluated for mixing AC and DC power on their input and output connections and this is likely to result
in significant damage to equipment and start fires.

_______________________________________________________________________________________________
4-194     Log #3286  NEC-P04

_______________________________________________________________________________________________
James J. Rogers, Bay State Inspectional Agency

Revise text to read as follows:
(B) Identification and Grouping. Photovoltaic source circuits and PV output circuits shall not be contained in the same

raceway, cable tray, cable, outlet box, junction box, or similar fitting as conductors, feeders, or branch circuits of Inverter
Output Circuits or other non-PV systems, unless the conductors of the different systems are separated by a partition.
Photovoltaic system conductors shall be identified and grouped as required by 690.4(B)(1) through (4). The means of

identification shall be permitted by separate color coding, marking tape, tagging, or other approved means.
This section needs to be clarified as there multiple differing interpretations of these requirements on a

daily basis. In the event that the insulation on a PV Output Circuit and an Inverter Output Circuit became damaged and
allowed the conductors to come in contact with each other DV currents could be present on the [nverter Output Circuit
conductors even with the inverter shut down due to a lack of AC power.

See the panel action on Proposal 4-188a.
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_______________________________________________________________________________________________
4-195     Log #2750  NEC-P04

_______________________________________________________________________________________________
Bill McGovern, City of Plano

Revise text to read as follows:
Where the conductors of more than one PV system occupy the same junction box or raceway with a

removable cover(s), the ac and dc conductors, of each system shall be grouped separately  by wire cable ties or similar
means at least once, and then shall be grouped at intervals not to exceed 1.8m (6 ft).

The tern cable ties is a more consistent term used in the NEC. Multiwire branch circuits require
grouping by cable ties rather than wire ties  as do many other sections in  the Code. NEC 680.26 (B)(1)(a), 250.52(A)(2),
and 250.52(A)(3) all use the tern steel wire ties in reference to bonding reinforcing bars together.

See the panel action on Proposal 4-188a.

_______________________________________________________________________________________________
4-196     Log #1869  NEC-P04

_______________________________________________________________________________________________
Denis L. Lachance, Wareham, MA

Add new text to read as follows:
(5) Conductors used from photovoltaic panels to the inverter will be identified with the colors of red (positive) and black

(negative).
With this change in the code it would stop using white or gray conductor on a grounded device. Safety

is my biggest concern. As we all know the negative is a ungrounded conductor on a D.C. system.

Circuit identification is critically important in the installation of a PV system.  However, there are
multiple marking schemes that will accomplish this. The proposed wiring method is too prescriptive and may disallow
other legitimate marking methods.  In some systems the ungrounded conductor may not be negative.

102Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-197     Log #2915  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Revise text to read as follows:
690.4(B) Identification and Grouping

Photovoltaic source circuits and PV output circuits shall not be contained in the same raceway, cable tray, cable, outlet
box, junction box, or similar fitting as conductors, feeders, or branch circuits of other non-PV systems, unless the
conductors of the different systems are separated by a partition. Photovoltaic system conductors shall be identified and
grouped as required by 690.4(B)(1) through (4) (5), as applicable. The means of identification for PV source or output
circuits shall be permitted by separate color coding, marking tape, tagging, or other approved means. Photovoltaic
output circuit conductors shall be identified as required in 690.4(B)(5).
[No changes to (B)(1) through (B)(4).]
(5) Identification for PV Output Circuit Conductors.  Photovoltaic output circuit conductors shall be color coded as
required by 690.4(B)(5)(a)  through (B)(5)(c).
(a) Grounded Conductor. The grounded conductor of a photovoltaic output circuit shall be identified in accordance with
200.6,
(b) Equipment Grounding Conductor. The equipment grounding conductor of a photovoltaic output circuit shall be
identified in accordance with 250.119.
(c) Identification of Ungrounded Conductors. Ungrounded conductors of a photovoltaic output circuit shall be identified in
accordance 690.5(B)(5)(c)(1), (2), or (3).
(1) Application. Each ungrounded conductor shall be permitted to be identified by polarity at all terminations,
connections, and splice points for conductors 6 AWG or smaller as follows:
(a) Durably marked by printing +/–,  pos/neg, or  positive/negative  on the insulation or the jacket over the single
insulated conductors, where applicable,  at a maximum of 610 mm (24 in) interval in accordance with 310.120(B); or
(b) a solid color (red shall be used for positive, black shall be used for negative) for the insulation or the jacket over
single-insulated  conductors, where applicable; or
(c) a continuous colored stripe of black for negative,  red for positive for the entire length of the conductor colored other
than green, white or gray, over the outermost layer of single-insulated conductors, where applicable.
Where a colored stripe or printing is used on the insulation or jacket, the stripe or printing shall be weather (sunlight)
resistant.
(2) Means of Identification. The means of identification for single conductors larger than 6 AWG or single conductors of
any size where part of a multiconductor cable shall be permitted by marking tape, tagging, or other approved means at
the time of installation.
(3) Posting of Identification Means. The method utilized for conductors originating at the combiner box shall be
documented in a manner that is readily available or shall be permanently posted at the inverter.

This proposal was developed by a Subtask Group of the NEC TCC Task Group on DC Applications
within the NEC.  The Subtask Group members are Christel Hunter with Alcan Cable, Rob Wills with Intergrid, Brian Rock
with Hubbell, Chairman of the Subtask Group Mark Ode with Underwriters Laboratories, Suzanne Borek Childers with
the State of  New Jersey, Chairman of  the TCC DC Task Group John Kovacik with Underwriters Laboratories, Inc.
Note that a similar proposal has been submitted by Mark Ode (chair of this sub-group). This revision is based on
discussion during the final TCC-DC Task Group meeting on Nov 3, 2011, and discussions with Mark. The main
differences are typographical and removing the exemption for stand-alone systems, which Mark thinks might be required
per 210.5, and so remains in his version. This version also incorporates new suggestions from Brian Rock to simplify
and clarify the marking requirements.
This new text provides specific color coding requirements for direct current photovoltaic output circuits (usually installed
from the combiner box to the dc side of the inverter) similar to the color coding requirements in 210.5 for branch circuits
and 215.12 for feeders, where the premises has more than one voltage system.  The addition of a PV system to
utility-supplied premises constitutes more than one voltage system so this text now ensures compliance with the general
rule for branch circuit and feeders. Ensuring the proper color coding for these PV output conductors will also promote
safety during hookup and troubleshooting.   This text is also similar to text that has been accepted for the Canadian
Electrical Code (CEC) and will help provide consistency between the NEC and the CEC.
This new requirement applies to photovoltaic output circuits and not to PV source circuits. The reason is that source
circuits are a/ generally wired with single-conductor sunlight resistant (typically black type PV / USE-2) conductors, and
b/ source circuit conductors run both from module-to-module and from string-end modules to combiner or inverter. The
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module-to-module conductors connect (+) to (-) and so cannot be marked with polarity.

Circuit identification is critically important in the installation of a PV system.  However, there are
multiple marking schemes that will accomplish this. The proposed wiring method is too prescriptive and may disallow
other legitimate marking methods.  The references back to Article 250 are not necessary as they already apply.
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_______________________________________________________________________________________________
4-198     Log #3221  NEC-P04

_______________________________________________________________________________________________
Mark C. Ode, Underwriters Laboratories Inc.

Revise text to read as follows:
690.4(B) Identification and Grouping
Photovoltaic source circuits and PV output circuits shall not be contained in the same raceway, cable tray, cable, outlet

box, junction box, or similar fitting as conductors, feeders, or branch circuits of other non-PV systems, unless the
conductors of the different systems are separated by a partition. Photovoltaic system conductors shall be identified and
grouped as required by 690.4(B)(1) through (4) (5), as applicable. The means of identification for PV source or output
circuits shall be permitted by separate color coding, marking tape, tagging, or other approved means. Photovoltaic
output circuit conductors shall be identified as required in 690.4(B)(5).
[No changes to (B)(1) through (B)(4).]
(5) Identification for PV Output Circuit Conductors.  Photovoltaic output circuit conductors shall be color coded as

required by 690.4(B)(5)(a)  through (B)(5)(c).
(a) Grounded Conductor. The grounded conductor of a photovoltaic output circuit shall be identified in accordance with

200.6,
(b) Equipment Grounding Conductor. The equipment grounding conductor of a photovoltaic output circuit shall be

identified in accordance with 250.119.
(c) Identification of Ungrounded Conductors. Ungrounded conductors of a photovoltaic output circuit shall be identified

in accordance with 690.5(B)(5)(c)(1), (2), or (3).
(1) Application. Where the PV wiring system is installed as other than a stand-alone system and single conductors are

used, each ungrounded conductor of the PV system shall be permitted to be identified by polarity at all terminations,
connections, and splice points for conductors 6 AWG or smaller as follows:
(a) Durably marked by printing +/–,  pos/neg, or  positive/negative  on the insulation or the jacket over the single

insulated conductors, where applicable,  at a maximum of 610 mm (24 in) interval in accordance with 310.120(B);
(b) a solid color (red for positive, black for negative) for the insulation or the jacket over single-insulated  conductors,

where applicable; or
(c) a continuous colored stripe of black for negative,  red for positive for the entire length of the conductor colored other

than green, white or gray, over the outermost layer of single-insulated conductors, where applicable.
Where a colored stripe or printing is used on the insulation or jacket, the stripe or printing shall be weather (sunlight)

resistant.
(2) Means of Identification. The means of identification for single conductors larger than 6 AWG or single conductors of

any size where part of a multiconductor cable shall be permitted by marking tape, tagging, or other approved means at
the time of installation.
(3) Posting of Identification Means. The method utilized for conductors originating at the combiner box shall be

documented in a manner that is readily available or shall be permanently posted at the inverter.
This new text provides specific color coding requirements for direct current photovoltaic output circuits

(usually installed from the combiner box to the dc side of the inverter) similar to the color coding requirements in 210.5
for branch circuits and 215.12 for feeders, where the premises has more than one voltage system.  The addition of a PV
system to utility-supplied premises constitutes more than one voltage system so this text now ensures compliance with
the general rule for branch circuit and feeders. Ensuring the proper color coding for these PV output conductors will also
promote safety during hookup and troubleshooting.   This text is also similar to text that has been accepted for the
Canadian Electrical Code (CEC) and will help provide consistency between the NEC and the CEC. The color coding
requirements are not required for standalone PV systems since the premises only has one source of power with a
standalone systems versus an interactive system which has branch circuits and feeders supplied from utility source of
power.
This proposal is as a part of a larger effort to provide clear and specific requirements in NFPA 70 regarding the use of

dc power.  There is a growing interest in the use of alternative energy sources (e.g. photovoltaics, wind turbines,
batteries, fuel cells, etc.) this coupled with the reality that many of the loads installed ultimately use electricity in its dc
form has renewed an interest in dc power and its distribution in buildings.  While many parts of the Code cover dc power
with specific requirements, other portions are not as clear.
This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating Committee. The

Task Force is chaired by John R. Kovacik, Underwriters Laboratories, the Subtask Group that developed this proposal
consisted of the following people: Christel Hunter with Alcan Cable, Rob Wills with Intergrid, Brian Rock with Hubbell,
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Chairman of the Subtask Group Mark Ode with Underwriters Laboratories, Suzanne Borek Childers with the State of
New Jersey, Chairman of  the TCC DC Task Group John Kovacik with Underwriters Laboratories, Inc.

Circuit identification is critically important in the installation of a PV system.  However, there are
multiple marking schemes that will accomplish this. The proposed wiring method is too prescriptive and may disallow
other legitimate marking methods.  The references back to Article 250 are not necessary as they already apply.

_______________________________________________________________________________________________
4-199     Log #2183  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise as follows

.  Inverters, motor generators, photovoltaic PV modules, photovoltaic PV panels, AC ac PV modules,
source-circuit combiners, DC combiners, dc-to-dc module power converters, and charge controllers intended for use in
photovoltaic PV power systems shall be indentified and listed for the application.

The term “photovoltaic” is replaced with PV for brevity and compliance with the NEC Style Manual.
DC Combiners are added and defined in a proposal in 690.2 as a general term to replace all types of PV dc combiners.
New technology products like AC PV Modules, microinverters and dc-to-dc module power converters that are complex

and must be listed are added to keep the list current with these highly active, complex devices that must be listed to
ensure the safety of the public.

1) Reject the words "module power"
2) Accept the remainder of the proposal

The defined term is dc-to-dc converter.
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_______________________________________________________________________________________________
4-200     Log #3148  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise 690.4(D) as follows;
Inverters, motor generators, photovoltaic modules, photovoltaic panels, ac photovoltaic modules,

source-circuit combiners, and charge controllers intended for use in photovoltaic power systems shall be identified and
listed for the application.  PV source output control and converter equipment that interrupt, equalize or otherwise modify
the dc output power of a PV module(s) or array shall be specifically listed and rated for the functions that it performs.
This includes any specific protective functions defined within the applicable portions of this code when the PV output
control device is used to meet the requirements in this code, such as but not limited to; overcurrent protection,
disconnect, ground fault or arc fault protection.

There are many new PV output control devices on the market today that are claimed to perform
numerous functions including but not limited to power equalization, optimization,  wireless semiconductor based on / off
output control, reduction of output power to “safe” levels, output isolation, arc fault protection, overcurrent protection, etc.
Some of these products can increase PV output current or voltage to levels well above the PV module rating to which it
is connected.  Some certification organizations, do not evaluate these new features and functions as they are not
specifically addressed in the published safety standards.  The NEC and safety standards are written to establish safe
system installation based upon the known normal and abnormal operating conditions of PV modules and inverters.
Under normal and abnormal operating conditions some of these new output devices can negatively impact system
safety if they allow the system to exceed ratings of other system components.  Single fault, fail safe operation is
commonly addressed in functional safety evaluations and should be required for critical features and functions such as
overcurrent and output disconnect functions if they are to be used in place of traditional components that perform those
functions.

This proposed language is instructional in nature.  The proposed language is better suited for an
instruction manual or product standard.

_______________________________________________________________________________________________
4-201     Log #9  NEC-P04

_______________________________________________________________________________________________

Technical Correlating Committee on National Electrical Code®,
The Technical Correlating Committee directs that the panel action on Comment 4-70 be reported

as “Hold” in compliance with the NFPA Regulations Governing Committee Projects, Section 4.4.6.2.2.
This is a direction from the Technical Correlating Committee on National Electrical Code Correlating

Committee in accordance with 3.4.2 and 3.4.3 of the Regulations Governing Committee Projects.

This proposed text is currently in the NEC.  See panel action on Proposal 4-284a for the direction
taken by the panel on the reorganization of 690.4.
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_______________________________________________________________________________________________
4-202     Log #248  NEC-P04

_______________________________________________________________________________________________
Gerald Newton, electrician2.com (National Electrical Resource Center)

Revise to read as follows:
(E)  Wiring and Connections.  The equipment and systems in 690.4(A) through (D) and all associated wiring and

interconnections shall be installed only by qualified persons or by persons working under the onsite direct supervision of
qualified persons.

The present wording of this section does not permit trainees or apprentices to conduct work on
photovoltaic systems.  This is not consistent with many licensing laws as enforced in various jurisdictions.

A trainee or apprentice could be considered a qualified person with respect to the definition in
Article 100.

_______________________________________________________________________________________________
4-203     Log #561  NEC-P04

_______________________________________________________________________________________________
T. J. Woods, Wyoming Electrical JATC

Delete text as follows:
The equipment and systems in 690.4(A) through (D) and all associated wiring and

interconnections shall be installed only by qualified persons.
Informational Note: See Article 100 for the definition of .

In a previous proposal I wanted to see this language moved to directly after Section 690.4 before the
subdivisions, so it will apply to all installation provisions of a solar photovoltaic system. I would like to see the
requirements be like the provisions of Section 694.7.

A requirement for qualified personnel is necessary within Article 690.
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_______________________________________________________________________________________________
4-204     Log #3111  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Photovoltaic source and PV output conductors. in and out of conduit, and inside of a building or

structure, shall be routed along building structural members such as beams, rafters, trusses, and columns where the
location of those structural members can be determined by observation. Where circuits are imbedded embedded in
built-up, laminate, or membrane roofing materials in roof areas not covered by PV modules and associated equipment,
the location of circuits shall be clearly marked using a marking protocol that is approved as being suitable for continuous
exposure to sunlight and weather..

The first sentence covers the same ground as 690.31(E)(1), but far less clearly and in a manner that is
almost in direct conflict with the later section. As written, 690.4(E) makes it a violation of the literal text to conceal any
wiring from a rooftop array because it must, without qualification, have its location (which must be along structural
members) verifiable by observation, and most buildings other than some with post-and-beam construction do not
expose their structural members to observation. The requirements in 690.31 have been much more comprehensively
developed over many code cycles on these topics. Rooftop markings, on the other hand, can stay where they are. It
should be noted that they present a real challenge as far as durability in the presence of UV radiation and precipitation;
since there is no current listing category the only possible acceptance criterion at this time would appear to be approval
by the AHJ. The change from “imbedded” to “embedded” reflects the clear preference in current dictionaries that only
show “imbed” as a variant.

_______________________________________________________________________________________________
4-205     Log #249  NEC-P04

_______________________________________________________________________________________________
Gerald Newton, electrician2.com (National Electrical Resource Center)

Delete text as follows:
Photovoltaic source and PV output conductors, in and out of conduit, and inside of a building or

structure, shall be routed along building structural embers such as beams, rafters, trusses, and columns where the
location of those structural members can be determined by observation.
Where circuits are imbedded in built-up, laminate, or membrane roofing materials in roof areas not covered by PV

modules and associated equipment, the location of circuits shall be clearly marked.
The routing of raceways is covered in the raceway articles and in Chapter 3. If there is a problem with

energized circuits during fire fighting then a labeled disconnect should be required near the service on the outside of a
building or structure. Limiting where an installer can run his raceways in order to protect fire fighters from energized
circuits is not practical. Also the instructions for clearly marking where raceways are run under a roof do not delineate
how the marking is to be accomplished. Does this mean that a painted line on the roof is sufficient, or should little signs
on pedestals be mounted on the roof, and if so, how many, how far apart, and what should the signs say? Furthermore,
mounting such signs would require screws that would penetrate the roof and cause leaks. The statement “where the
location of those structural members can be determined by observation” is not clear at all. Does this observation have to
occur while one is in the attic, on the ground, on the roof, or in some other location?

1) Accept the deletion of the first sentence.
2) Reject the deletion of the second sentence.

The second sentence is necessary to protect personnel from hazards that could arise from
accidental contact with PV conductors embedded in roofs.  See panel action on Proposal 4-204.

109Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-206     Log #1380  NEC-P04

_______________________________________________________________________________________________
John Powell, JPETC

Revise text to read as follows:
Photovoltaic source and PV output conductors, in and out of conduit, and inside of a building or

structure, shall be routed along building structural members such as beams, rafters, trusses, and columns where the
location of those structural members can be determined by observation.  Where circuits are imbedded in built-up,
laminate, or membrane roofing materials in roof areas not covered by PV modules and associated equipment, the
location of circuits shall be clearly marked. Photovoltaic source and PV output conductors shall not be imbedded in
built-up, laminate or membrane roofing materials.

Fire-fighters face enough hazard on a day-to-day basis without worrying about cutting a vent hole in a
roof and hitting an energized dc conductor that is imbedded in a roof.  The existing code language does not provide any
specific methods of marking the roof that would provide  a clear observation of the conductors on roofs that may be
covered with snow .

The second sentence is necessary to protect personnel from hazards that could arise from
accidental contact with PV conductors embedded in roofs.  Certain building integrated PV modules installation
techniques require embedding in the roof.

_______________________________________________________________________________________________
4-207     Log #3285  NEC-P04

_______________________________________________________________________________________________
James J. Rogers, Bay State Inspectional Agency

Revise text to read as follows:
(F) Circuit Routing. Photovoltaic source and PV output conductors, in and out of conduit, or as a permitted cable wiring

method, installed inside of a building or structure, shall be routed along building structural members such as beams,
rafters, trusses, and columns where the location of those structural members can be determined by observation.
installed in accordance with the installation requirements for the applicable wiring method located elsewhere in this
code. Where circuits are imbedded in built up, laminate, or membrane roofing materials in roof areas not covered by
modules and associated equipment, the location of circuits shall be clearly marked.

This section as written is non-descript and unenforceable. The proper installation of wiring methods is
covered in the various articles of the NEC that cover each wiring method or in general in Article 300. Type Me cable is
now accepted for these conductors and as such could be fished in wall or ceiling cavities, this section as written would
prohibit that. The blanket requirement for conductors in roof membrane areas does not provide any marking method and
is vague as to which conductors of a PV system are being
considered.

See panel action on Proposal 4-204 which addresses the submitter's concern.
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_______________________________________________________________________________________________
4-208     Log #3183  NEC-P04

_______________________________________________________________________________________________
Christel K. Hunter, Alcan Cable

Revise text to read as follows:
Where the sum, without consideration of polarity, of the PV system voltages of the

two monopole subarrays exceeds the rating of the conductors 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 protective
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 photovoltaic systems shall be clearly marked in a with
a permanent, legible warning notice indicating that the disconnection of the grounded conductor(s) may result in
overvoltage on the equipment.

The additional text in this proposal is intended to recognize the higher voltage available to equipment
when overcurrent devices or switches are opened in bipolar photovoltaic PV systems and to provide a warning to that
effect.

1)  Reject the "in a"
2) Accept the remainder of the proposal

The words "in a" are deleted as editorial.
See panel action on Proposal 4-284a for the direction taken by the panel on the reorganization of 690.31.

_______________________________________________________________________________________________
4-209     Log #407  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

Revise text to read as follows:
Where the sum, without consideration of polarity, of the PV system voltages of the

two monopole subarrays exceeds the rating of the conductors 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 protective
devices for each monopole sub array output shall be in separate enclosures. All conductors from each separate
monopole subarray shall be routed in the same raceway.

It appears that the word "switchgear" is not defined in the NEC. See also Article 100 definitions. The
main paragraph refers to equipment and not switchgear.

Listed switchgear is by definition provided with physical barriers that separate disconnecting means
for separate circuits.  Other listed equipment is not required to have this characteristic.
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_______________________________________________________________________________________________
4-210     Log #3438  NEC-P04

_______________________________________________________________________________________________
Ron B. Chilton, Raleigh, NC

Add new text to read as follows:
Photovoltaic systems equipment shall be field marked to warn qualified persons

of potential electrical arc flash hazards in accordance with  110.16.
The arc-flash hazards of PV systems must be considered as any energy source to a building should

be. PV installations arrays have been growing in size, voltage, and output steadily as they rise in popularity.

The recommendation does not state what equipment should be marked and how it should be
marked.  The requirements of 110.16 do not apply to dwelling units.

_______________________________________________________________________________________________
4-211     Log #3439  NEC-P04

_______________________________________________________________________________________________
Ron B. Chilton, Raleigh, NC

Add new text to read as follows:
Photovoltaic Systems Sources shall be legibly marked in the field with the maximum

available fault current in accordance with 110.24(A).
The available fault currents of PV systems must be considered as any energy source to a building

should be. PV installations arrays have been growing in size, voltage, and output steadily as they rise in popularity.

Section 690.53 requires maximum circuit current marking which is the available fault current.
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_______________________________________________________________________________________________
4-212     Log #2184  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Grounded dc photovoltaic arrays shall be provided with dc

ground-fault protection meeting the requirements of 690.5(A) through (C) to reduce fire hazards. Ungrounded dc
photovoltaic arrays shall comply with 690.35.

The ground-fault protection device or system shall be capable of
detecting a ground-fault current, interrupting the flow of fault current, and providing an indication of the fault.
Automatically opening the grounded conductor of the faulted circuit to interrupt the ground-fault current path shall be
permitted. If a grounded conductor is opened to interrupt the ground-fault current path, all conductors 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 result in

grounded conductors becoming ungrounded. The ground fault protection device shall be permitted to automatically
isolate the PV source and output circuits before allowing the inverter or charge controller to export power.

Informational Note:  Ground fault currents can originate from an ungrounded conductor to ground connection (as
defined in Art 100) and also from a grounded conductor to ground connection.  Ground fault currents from either source
can cause fires and pose shock hazards.

The faulted circuits shall be isolated identified 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.
A warning label shall appear on the utility-interactive inverter or be applied by the installer

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

When the photovoltaic system also has batteries, the same warning shall also be applied by the installer in a visible
location at the batteries.

In (A), the added text permits the ground fault protection device to isolate (disconnect and/or
unground) the dc PV array circuits to perform an insulation/ground fault test automatically before allowing the inverter or
charge controller to export power.  Recent analysis of fires has determined that this test can identify ground fault
problems that are not easily identified by other means.  This test would normally be preformed automatically at system
start up and possibly any time the inverter or charge controller restarted during the day.
Existing code language did not allow this isolation function that can involve ungrounding the PV array when no ground

fault action is indicated.
UL 1741 is being modified to address grounded conductor ground faults and to address a morning wake up insulation

test for ground faults.
The Informational Note is necessary because the new definition of “Ground Fault” Art 100 in the 2011 NEC only

defines a ground fault between an ungrounded conductor and ground.  It does not include the grounded conductor
ground fault that can cause objectionable and hazardous currents into the equipment-grounding systems.
Exception 2 is deleted because research and actual fires due to ground faults indicate that over sizing the

equipment-grounding conductors would not reduce the potential fire hazard.
A related proposal is being submitted for 690.45
In B, the words “Isolating” and “isolated” are replaced with the words “Identifying” and “identified” because the required
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actions are aimed at additional alerting that a ground fault has occurred and identifying the area where the fault has
occurred.  These actions do not necessarily isolate the faulted circuit.

1) Accept the deletion of exception No. 2
2) Reject the remainder of the changes

The proposed text in 690.5(A) adds material that is better suited to a product standard.  The
proposed language to 690.5(B) is a misleading statement.

_______________________________________________________________________________________________
4-213     Log #1400  NEC-P04

_______________________________________________________________________________________________
Abel Lampa, Innovative Engineering Inc.

Please revise Art. 690.5(A).
Art. 690.S(A) Ground Fault Detection & interruption. Add to the last paragraph.
The ground fault detection device shall be installed in the combiner & recombiner boxes also, so that if there is a fault

in between these (2) boxes & inverters, they can disconnect the ungrounded faulted wire. All combiners & re-combiner
boxes shall be equipped with built in shunt circuit breakers & contactors so that when fault occurs, it can disconnect the
faulted wires thru them.

Back in May of2011, one of my projects in Freehold NJ, (About 1 Meg PV system) creates a massive
fire on the roof of the bldg. because the main cable
between re-combiner box & the inverter had a ground fault during our commissioning.
The inverter is not even engage yet at the time of the fire. Our investigation reveals that the cable was nicked during

installation, thereby creates a high impedance contact with
the EMT conduit which is grounded. The fuses did not activate because the short circuit current available is way below
the ratings of the fuses. Per Art. 690.8(B) Overcurrent
Device.(a) Overcurrent protection device= FLA X 1.25X1.25.
The only way to protect the system is have arc fault or ground fault protection installed in every temination box, like in

the combiner & re-combiner boxes.

The existing NEC and product standards do not dictate a specific location and method as long as
the performance requirements are met.  There should not be a prescription on the location of these devices as it may
remove other viable methods.
See panel action on Proposal 4-214 for the panel direction on ground fault detection.
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_______________________________________________________________________________________________
4-214     Log #3149  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise text to read as follows:
The ground-fault protection device or system shall:

1) determine the pv input circuit has a minimum acceptable level of isolation prior to export of current,
2) be capable of detecting a ground-fault current ,
3) interrupting the flow of fault current, and
4) provide providing an indication of the fault.
Automatically opening the grounded conductor for measurement purposes or of the faulted circuit to interrupt the

ground-fault current path shall be permitted. If a grounded conductor is opened to interrupt the ground-fault current path,
all conductors of …..

This proposal is intended to revise the ground fault protection requirements and add an additional
array isolation measurement prior to export of current. This proposal also revises the format of required functions into a
list.
Recent information on existing ground fault protection techniques has indicated that additional protection is necessary

to provide protection against high impedance and multiple ground faults on PV systems.
Ground faults that occur in the grounded conductors of traditional grounded PV arrays can pose detection challenges

for existing Ground Fault Detector Interrupters (GFDIs).    Ground faults in the grounded conductors do not result in
significant fault currents and the fault current they do cause can bypass the GFDI sensing and protection circuitry. Per
the existing requirements, faults in the grounded conductors do not result in a ground fault current above the required
trip limit and as such do not trip the GFDI circuit protection.
In the event that a high impedance ground fault occurs in the grounded leg of a PV array and the resulting fault current
does not exceed the trip limit of the GFDI circuit protection, the GFDI will not identify the fault and it will allow the system
to continue operation.
If a subsequent ground fault occurs within the array or if it occurs in the ungrounded conductor,
a) the first fault can provide a parallel current path for the subsequent fault current and reduce the current measured by

the GFDI circuit either causing it not to trip or trip at a fault current level above its required trip limit and
b) once the GFDI protection does trip it will open the intended PV array ground bond which will then allow the full

ground fault current to flow between the first fault in the circuit and the subsequent ground fault elsewhere in the array.
The resulting fault current between these two faults is not likely to be interrupted until the sun goes down or other

measures are taken.

On May 27, 2010, UL introduced a CRD and a UL 1741 proposal for non-isolated PV inverters that is similar to draft
IEC 62109-2 PV inverter requirements for non-isolated PV inverters. These requirements include a measurement of the
PV array isolation prior to initiating connection to the array and power export. Implementation of a similar protection
scheme for all ground fault protection circuits would result in daily verification of PV array isolation and drastically reduce
the potential for ground faults going unnoticed.
The proposed text also allows for interruption of the grounded conductor to make the isolation measurement.

1)  Reject the words "a minimum acceptable level of"
2) Accept the remainder of the proposal.

The proposed text "a minimum acceptable level of" is not an enforceable requirement.
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_______________________________________________________________________________________________
4-215     Log #885  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence as follows:
"…When the photovoltaic system also has batteries, the same warning shall also be applied by the installer in a visible

location at the batteries. The warning sign(s) or label(s) shall comply with 110.21(B).
This proposal is one of several coordinated companion proposals to provide consistency of danger,

caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-216     Log #3150  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.6(A) as follows:
The requirements of Article 690 pertaining to photovoltaic source circuits shall

not apply to ac modules. The photovoltaic source circuit, conductors, connectors and inverters shall be considered as
internal wiring of an ac module and shall comply with the requirements as specified in this section .
Revise paragraph 690.6(C) as follows:

A single disconnecting means, in accordance with 690.15 and 690.17, shall be permitted
for the DC connections between a PV module and inverter as well as the combined ac output of one or more ac
modules. Additionally, each ac module in a multiple ac module system shall be provided with a connector, bolted, or
terminal type disconnecting means.

Some new AC module designs have included open and accessible DC wiring with PV connectors.
While PV connectors are typically not rated for disconnect under load for their full rated voltage and current, they can be
evaluated to perform the disconnect function for the voltage and current of an AC module’s specific single PV module
and inverter input circuit combination.  These connectors are likely to be used as a disconnect during the
troubleshooting and replacement of a damaged PV module or inverter in the AC module.

There is conflict between the proposed text and the existing text regarding a single disconnecting
means.  The recommendation would mix ac and dc circuits within a single disconnect.

_______________________________________________________________________________________________
4-217     Log #2294  NEC-P04

_______________________________________________________________________________________________
Mark T. Rochon, Peabody, MA

Revise text to read as follows:
(B) Inverter output circuit.  The output of an AC module shall be considered an inverter output circuit. Those circuits

shall be installed by all the installation requirements and wiring methods of 690.31.
The AC module output has the same shock potential and is capable of the same fire hazards as the dc

module outputs.  Both types of outputs should be treated the same.

These circuits are standard ac circuits and are protected by both the branch circuit overcurrent
protective device that they connect to and the inverter if there is any interruption in the ac power source to these
conductors the inverter will turn off and the conductors will be totally deenergized unlike those of a dc supply to an
inverter.
This proposal is not required as 690 Part IV stands on its own.
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_______________________________________________________________________________________________
4-218     Log #2185  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Delete this section and renumber remaining sections.

Alternating–current module systems shall be permitted to use a single detection device to detect only ac ground faults
and to disable the array by removing ac power to the ac module(s).

The existing text is deleted because there is no readily available equipment that can perform the
function.  The ac output of these ac PV modules is connected to a circuit that is in fact a branch circuit.  There are no
exposed receptacles and the circuit usually terminates in a non-accessible area like the roof.  There is no current
requirement for an ac ground fault protector on this circuit.  Uninformed PV installers are attempting to install standard
GFCIs to meet this requirement and such devices can be damaged when backfed.

_______________________________________________________________________________________________
4-219     Log #3151  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.6(D) as follows:
Alternating-current module systems shall provide be permitted to use a single

detection device to detect only ac ground faults protection for the PV DC input circuit. and to disable the array by
removing ac power to the ac module(s).

DC ground faults in AC modules can occur as a result of delamination or other damage to the PV
module’s DC circuit. Some new AC module designs have included open and accessible DC wiring that can be subjected
to damage during or after installation that can create a ground fault condition.  Since ground faults are possible in the
DC circuit of an AC module, these products should also provide GFDI protection.

The panel action on Proposal 4-218 accomplishes the same thing through deletion of the text.
Ground fault protection is covered in 690.5.

_______________________________________________________________________________________________
4-220     Log #3395  NEC-P04

_______________________________________________________________________________________________
Marvin Hamon, Hamon Engineering

Add new text to read as follows:
The maximum system voltage on the output of one or more DC to DC Converters in series

shall be determined in accordance with the manufacturer’s instructions.
There are currently no references in NEC 690 that discuss how to safely integrate DC to DC

converters into the PV system design.
When a DC to DC converter is inserted into the DC circuit there is no guidance on how to determine the voltage and

current limits between the DC to DC converter and the inverter input. This proposal along with companion proposals
tries to address this issue.
The manufacturers of the DC to DC converters provide direction on the maximum and minimum number of devices in

series and that number generally has no relation to either the Voc of the PV module or the maximum voltage that the DC
to DC Converter is capable of producing.

This should be covered in marking requirements as part of the listing.  The proposal is
unenforceable as written.
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_______________________________________________________________________________________________
4-221     Log #3034  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Delete text as follows:
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
Fundamentals. These temperature data can be used to calculate maximum voltage using the manufacturer’s
temperature coefficient relative to the rating temperature of 25°C.

690.7(A) states “corrected for the lowest expected ambient temperature”.  The ASHRAE handbook
table is for the “Mean Minimum Design Dry Bulb Temperature”. The mean temperature is the midway between two
extreme temperatures; this is not the “lowest expected ambient temperature”. Perhaps another source can be cited the
correct information and that can be referred to with buying a $100 manual.

This informational note is correct and necessary.  Data is available for free at
www.solarabcs.org/permitting.  The ASHRAE mean temperature is in fact a statistically valid estimate of the lowest
expected ambient temperature.

_______________________________________________________________________________________________
4-222     Log #3033  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
.  In a dc photovoltaic source circuit or output circuit, the

maximum photovoltaic system source circuit voltage for the circuit for the circuit shall be calculated as the sum of the
rated open-circuit voltage of the series-connected photovoltaic module corrected for the lowest expected ambient
temperature. For crystalline and multicrystalline silicon modules, the rated open-circuit voltage shall be multiplied by the
correction 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 -40C
(-40F), or where other than crystalline or multicrystalline silicon photovoltaic modules are used, the system source circuit
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

can be used to calculate the maximum photovoltaic system source circuit voltage as required by 110.3(B) instead of
using Table 690.7.

(Changing “Photovoltaic System” to “Source Circuit”) Very confusing between “Photovoltaic System”
and “Solar Photovoltaic System”; “Photovoltaic System” meaning the source circuit (dc) voltage and “Solar Photovoltaic
System” meaning both the source circuit (dc) and output circuit (ac). To help in understanding which system applies to
this section, change the terms to “photovoltaic source circuit”, a term that is very easily understood.
(Changing “shall” to “can”) Calculations using Table 690.7 will yield a higher source circuit voltage then the coefficient

calculation and calculations using the coefficient are very difficult for trade’s people. Allowing a choice will not jeopardize
the PV system but will make this requirement easier for trades people.

The substantiation that calculations are difficult is not sufficient.  Maximum system voltage is a
critical parameter.  The source circuit voltage is only one part of the photovoltaic system voltage and does not
necessarily represent the maximum system voltage.
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_______________________________________________________________________________________________
4-223     Log #1006  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Revise current text as follows:
(C) Photovoltaic Source and Output Circuits. In one and

two-family dwellings, photovoltaic source circuits andphotovoltaic output circuits that do not include lampholders,
fixtures, or receptacles shall be permitted to have a maximum photovoltaic system voltage up to 600 volts. Other
installations with a maximum photovoltaic system voltage over 600 1000 volts shall comply with Article 690, Part IX.

One and Two family dwellings should not be dealing with AC voltages above 600 Volts.  The
change is acceptable for the "other installations" clause in the section.

119Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-224     Log #2186  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 690.7(C) as follows:

(C) Photovoltaic Source and Output Circuits.  In one and two family dwellings, PV source and PV output circuits that do
not include lamp holders, fixtures, or receptacles shall be permitted to have a maximum systems voltage up to 600 volts.
Other installations with a maximum systems voltage over 600 1000 volts shall comply with Article 690, Part IX.
Systems with a maximum systems voltage of 1000 volts or less shall use the circuit sizing and current calculations of

Section 690.8.
There are numerous large (megawatt size) 1000 volt dc PV systems being installed throughout the

country.  Although these Power Purchase Systems (PPA) usually are fenced and accessed only by qualified people,
they are not owned and operated by a utility on utility property and therefore come under the requirements of the NEC.
There is a gap in the requirements for systems below the 600-volt limit in the NEC and the requirements for 2001 volt

and higher medium voltage systems.
The cable ampacities (and cable types) given for cables rated from 0 to 2000 volts in Table 310.15(B)(16) differ

significantly from the ampacities for cables rated from 2001 to 35 KV given in tables in the 310.60(C) series.
As an example, engineers are arguing that Article 240.101 (overcurrent devices above 600 volts) should be used for

sizing overcurrent devices on 1000-volt PV systems rather than article 240.4.  Article 240.101 allows overcurrent
protection to be used at three (3) to six (6) times the conductor ampacity.  PV modules and inverters listed at 1000 volts
are not tested and evaluated during the listing process for use with overcurrent devices of this magnitude.  Using such
large overcurrent protective devices with this PV equipment could result in significant equipment damage and personnel
hazards.
This proposal requires that systems operating at 1000 volts use 690.7 and 690.8 to size the conductors and

overcurrent devices rather than go to the parts of the code that applies to the more specialized over 600 volt devices.
And equipment
A related proposal is being submitted for Section 690.80

The addition of last sentence is rejected.  Maximum system voltage is not defined in Article 690.
See panel action on Proposal 4-223.

_______________________________________________________________________________________________
4-225     Log #886  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.
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_______________________________________________________________________________________________
4-225a     Log #CP409  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revised 690.8 to read as follows:
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)(5).
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 maximum 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 current shall be the inverter continuous output current rating.
(4) Stand-Alone Inverter Input Circuit Current. The maximum current shall be the stand-alone continuous inverter input

current rating when the inverter is producing rated power at the lowest input voltage.
(5) DC to DC Converter Output Current. The maximum current shall be the dc- to-dc 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 currents calculated in 690.8(A) before the application of

adjustment and correction factors.
Exception: Circuits containing an assembly, together with its overcurrent device(s), that is listed for continuous

operation 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.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.
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_______________________________________________________________________________________________
4-226     Log #2129  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:

The maximum current for the specific circuit shall be calculated in
accordance with 690.8(A)(1) through (A)(4).
Informational Note: Where the requirements of 690.8(A)(1) and (B)(1) are both applied, the resulting multiplication factor
is 156 percent.

The maximum current shall be the sum of parallel module rated shortcircuit
currents multiplied by 125 percent.

The maximum current shall be the sum of parallel source circuit maximum
currents as calculated in 690.8(A)(1).

The maximum current shall be the inverter continuous output current rating.
The maximum current shall be the stand-alone continuous inverter

input current rating when the inverter is producing rated power at the lowest input voltage.
Photovoltaic system currents shall be considered to be

continuous.
Overcurrent devices, where required, shall be rated as required by 690.8(B)(1)(a) through

(1)(d).
(a) To carry not less than 125 percent of the maximum currents calculated in 690.8(A).

(b) Terminal temperature limits shall be in accordance with 110.3(B) and 110.14(C).
(c) Where operated at temperatures greater than 40°C (104°F), the manufacturer’s temperature correction factors shall

apply.
(d) The rating or setting of overcurrent devices shall be permitted in accordance with 240.4(B), (C), and (D).

Circuit conductors shall be sized to carry not less than the larger of 690.8(B)(1) (2)(a) or (2)
(b).
(1) (a) One hundred and twenty-five percent of the maximum currents calculated in 690.8(A) without any additional

correction factors for conditions of use.
(2) (b) The maximum currents calculated in 690.8(A) after conditions of use have been applied.
(3) (c) The conductor selected, after application of conditions of use, shall be protected by the overcurrent protective

device, where required.
For a photovoltaic 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.

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 fuse plus 125 percent of the short-circuit current from the other
parallel-connected modules.

This proposal is part of a series of proposals intended to group the requirements based on the type or
subject.  This proposal removes overcurrent device sizing in order to group like requirements together within the article.
A companion proposal inserts the overcurrent device requirements into 690.9 Overcurrent Protection section.  See the
summary spreadsheet which details the relocation of requirements contained in the series of proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.8 conducted under Proposal
4-225a.  See panel action on Proposal 4-225a which incorporates the submitter's proposal with additional changes.
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_______________________________________________________________________________________________
4-227     Log #3165  NEC-P04

_______________________________________________________________________________________________
Christel K. Hunter, Alcan Cable

Revise text to read as follows:

690.8x Products listed for photovoltaic systems shall be permitted to be used and installed in accordance with
their listing.  Photovoltaic 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.

It is common practice in large utility-scale solar installations to direct bury 2000V rated conductors
used to carry power from combiner boxes to the inverter. Since these installations are not accessible to the public and
maintenance is controlled by the facility owner, direct buried single conductor installations are appropriate. There are
Listed PV wire products rated at 2000 volts and listed for direct burial that are now available. New standards are being
developed for above 600 volt equipment and other electrical systems components, and this language would allow those
products to be used where available.
(A companion proposal was submitted to similarly revise 300.50 just for listed direct burial single conductors above 600

volts.)

It is not required to tell people that products can be used in accordance with their listing.   The
requirements for burial depths at voltages above 600 volts are already covered in 300.50.

_______________________________________________________________________________________________
4-228     Log #3396  NEC-P04

_______________________________________________________________________________________________
Marvin Hamon, Hamon Engineering

Revise text to read as follows:
The maximum current for the specific circuit shall be calculated in

accordance with 690.8(A)(1) through (A)(54).
…

The maximum current shall be the DC to DC Converter continous output
current rating.

There are currently no references in NEC 690 that discuss how to safely integrate DC to DC
converters into the PV system design.  When a DC to DC converter is inserted into the DC circuit there is no guidance
on how to determine the voltage and current limits between the DC to DC converter and the inverter input. This proposal
along with companion proposals tries to address this issue.
DC to DC converters have listed maximum output current limits and maximum overcurrent protection requirements if

the outputs are combined.
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_______________________________________________________________________________________________
4-229     Log #1889  NEC-P04

_______________________________________________________________________________________________
Brian Mehalic, Solar Energy International

Add new text to read as follows:

The exception to 690.8(B)(1)(a) allows “Circuits containing an assembly, together with its overcurrent
device(s), that is listed for continuous operation at 100 percent of its rating…to be utilized at 100 percent of its rating,”
rather than requiring it to be sized for 125% of the maximum current as calculated in 690.8(A). 690.8(B)(2) states that
conductors must be sized to carry either 125% of the maximum current (as calculated in 690.8(A)) or the maximum
current after conditions of use factors have been applied. PV system currents are considered continuous per 690.8(B)
and conductors are already rated for continuous duty, however they do need to be protected by the overcurrent device
per 690.8(B)(2)(c). Adding the proposed Exception to the conductor sizing requirements in 690.8(B)(2) will prevent
conductors from being needlessly oversized when overcurrent devices listed for continuous operation at 100 percent of
their rating are used in a circuit.

See panel action on Proposal 4-232a which addresses the submitter's concerns.

_______________________________________________________________________________________________
4-230     Log #2187  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise to add terminal temperature conductor size adjustment to (2):

. Circuit conductors shall be sized to meet the most restrictive requirement carry not less than
the larger of 690.8(B)(2)(a) through (2)(d)., or (2)(b)
(a) Shall carry one hundred and twenty-five percent of the maximum currents calculated in 690.8(A) without any

additional correction factors for conditions of use.
(b) Shall carry the maximum currents calculated in 690.8(A) after conditions of use have been applied.
(c) Shall meet the terminal temperature requirements of 110.14(C) where the conductor terminates at a terminal with a

temperature rating. One hundred and twenty-five percent of the maximum current calculated in 690.8(A) shall be used in
the terminal temperature estimation.
(cd) The conductor selected, after application of conditions of use, Shall be protected by the overcurrent protective

device, where required, after application of conditions of use.
The terminal temperature limitations of 110.14(C) are often not applied during design or checked

during the AHJ plan review. It is common to use 90°C rated conductor in PV systems with overcurrent protection
devices with 60 °C or 75°C terminals. The elevated temperatures experienced in dc combiner boxes mounted in
exposed locations on roofs makes this check even more important. Adding this requirement here will make this
requirement more visible to people using 690.
Changes were also made to correct grammar.

PV installations are already required to comply with the requirements of 110.14(C).  It is not
necessary to add the requirements here as well.  Wire size and temperature rating specified by UL 1741 listing is based
upon actual test data for the equipment and will supersede the calculation.  See panel action on 4-225a for the panel
direction on minor edits.
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_______________________________________________________________________________________________
4-231     Log #1979  NEC-P04

_______________________________________________________________________________________________
Jonathan  R. Althouse, Michigan State University

Add a new informational note after paragraph (c) to read as follows:
Informational Note:  Conditions of use can include installation in a location where the operating temperature

significantly differs from rated test temperature conditions necessitating the use of output adjustment factors provided by
the manufacturer.

The words “conditions of use” is meaningless to installers without some explanation as to what they
include.  Solar photovoltaic panels installed in northern climates may have an output greater than rated values in cold
sunlight conditions.  The manufacturer will provide adjustment factors that can be applied to increase the short circuit
current ratings to be used in determining minimum conductor size.

See panel taken on Proposal 4-225a which addresses the submitter's concerns.

_______________________________________________________________________________________________
4-232     Log #2651  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Add text to read as follows:
Circuit conductors shall be sized to carry not less than the larger of 690.8(B)(2)(a) or (2)(b).

(a) One hundred and twenty-five percent of the maximum currents calculated in 690.8(A) without any additional
correction factors for conditions of use.
(b) The maximum currents calculated in 690.8(A) after conditions of use have been applied.
(c) The conductor selected, after application of conditions of use, shall be protected by the overcurrent protective

device, where required.
Informational Note: One source for the highest expected 3-hour ambient temperatures in various locations is the

average of the June through August 2% Monthly Design Dry Bulb Temperature from the ASHRAE Handbook —
Fundamentals.

The 2011 NEC Handbook refers to these data as the basis for the examples when calculating
ampacity of conductors in outdoor conditions. These data are also recommended by the Copper Development
Association, of which many conductor manufacturers are members. There is a similar informational note proposal
submitted to clean up the current ambiguous note in 310.15(B)(3)(c). Since all rooftop PV systems must consider
ambient temperature adjustment factors as required in 690.8(B)(2), it is important that the accurate informational note be
placed in this section whether or not 310.15 proposal is accepted.

Conductor sizing is addressed in 310.15.
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_______________________________________________________________________________________________
4-232a     Log #CP411  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revised 690.9 to read as follows:
690.9 Overcurrent Protection.
(A) Circuits and Equipment. PV source circuit, PV output circuit, inverter output circuit, and storage battery circuit

conductors and equipment shall be protected in accordance with the requirements of Article 240. Protection devices for
PV source circuits and PV output circuits shall be listed for use in PV systems.  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
significantly 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

accordance 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 inverters.
(b) The short-circuit currents from all sources do not exceed the ampacity of the conductors  and do not exceed the

maximum overcurrent protective device rating specified on the PV module nameplate.
(B) Overcurrent Devices. Overcurrent devices, where required, shall be rated as required by 690.9(B)(1) through (4).
(1) To carry 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

operation at 100 percent of its rating shall be permitted to be used at 100 percent of its rating.
(2) Terminal temperature limits shall be in accordance with 110.3(B) and 110.14(C).
(3) Where operated at temperatures greater than 40°C (104°F), the manufacturer’s temperature correction factors shall

apply.
(4) The rating or setting of overcurrent devices shall be permitted in accordance with 240.4(B), (C), and (D).
(C) Direct-Current Rating. Overcurrent devices, either fuses or circuit breakers, used in any dc portion of a PV power

system shall be listed for use in PV systems and shall have the appropriate voltage, current, and interrupt ratings.
(D) Photovoltaic Source and Output  Circuits. Listed PV  overcurrent devices shall be  required to provide overcurrent

protection in photovoltaic source and output circuits. The overcurrent devices shall be accessible but shall not be
required to be readily accessible.
(E) Series Overcurrent Protection. In grounded PV source circuits, a single overcurrent protection device, where

required, 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 protection from
the inverter.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.
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_______________________________________________________________________________________________
4-233     Log #2132  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:

Photovoltaic source circuit, photovoltaic output circuit, inverter output circuit, and storage
battery circuit conductors and equipment shall be protected protected in accordance with the requirements of Article
240.  Circuits connected to more than one electrical source shall have overcurrent devices located so as to provide
overcurrent protection from all sources.

Overcurrent devices, where required, shall be rated as required by 690.9(B)(1) through (4).
(1) To carry not less than 125 percent of the maximum currents calculated in 690.8(A).

(2) Terminal temperature limits shall be in accordance with 110.3(B) and 110.14(C).
(3) Where operated at temperatures greater than 40°C (104°F), the manufacturer’s temperature correction factors shall

apply.
(4) The rating or setting of overcurrent devices shall be permitted in accordance with 240.4(B), (C), and (D).

Overcurrent devices, either fuses or circuit breakers, used in any dc portion of a
photovoltaic power system shall be listed for use in dc circuits and shall have the appropriate voltage, current, and
interrupt ratings.

Branch-circuit or supplementary-type overcurrent devices shall be permitted to
provide overcurrent protection in photovoltaic source circuits. The overcurrent devices shall be accessible but shall not
be required to be readily accessible. Standard values of supplementary overcurrent devices allowed by this section shall
be in one ampere size increments, starting at one ampere up to and including 15 amperes. Higher standard values
above 15 amperes for supplementary overcurrent devices shall be based on the standard sizes provided in 240.6(A).

In PV source circuits, a single overcurrent protection device shall be permitted to
protect the PV modules and the interconnecting conductors.

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.

This proposal is part of a series of proposals which group similar requirements for PV systems
together in order to make the article easier to use.  Overcurrent device requirements from existing 690.8(B)(1) are
moved to 690.9 to group them with other overcurrent protection requirements.  See the summary spreadsheet which
details the relocation of requirements contained in the series of proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.9 conducted under Proposal
4-232a.  See panel action on Proposal 4-232a which incorporates the submitter's proposal with additional changes.
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_______________________________________________________________________________________________
4-234     Log #598  NEC-P04

_______________________________________________________________________________________________
John Foster, Advanced Energy

Add new text to read as follows:
Exception No. 2:  An over current device shall not be required on the inverter side of inverter output circuits for utility

interactive inverters provided the following apply:
(1) Fault current from the inverter is limited in magnitude and duration
(2) The conductors are protected by an over current device on the utility side of the inverter output circuit.
Informational Note: Utility interactive inverters are inherently limited in the fault current they can provide. Even if an

over current device is provided, the inverter fault current is typically insufficient to activate it.
The peak inverter fault current is typically less than 3x operating current. Fault duration from an

inverter is limited. The time an inverter can feed into a fault is typically under 0.05 second. This magnitude and duration
is insufficient to trip a circuit breaker or fuse. The utility is the source of current which can cause damage during a fault
on the inverter output circuit. Fault current contribution from the utility is typically greater than 10 kA, far in excess of
what the inverter can provide. The utility supply is capable of feeding into a fault indefinitely unless interrupted by an
appropriate over current device. Therefore, while over current protection on the utility side is critical; over current
protection on the inverter side should not be required. The contribution of the inverter into a fault on the AC output
conductors will be trivial compared to the contribution from the utility. A circuit breaker or fuse on the inverter side of the
inverter output conductors will do nothing to protect those conductors.
Additional supporting information is provided by the explanatory text following Section 705.65(B) in the 2011 NEC

Handbook.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposal 4-235 which addresses the submitter's concerns through positive
text.  Also see panel action on Proposal 4-232a.

_______________________________________________________________________________________________
4-235     Log #2188  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following paragraph to 690.9(A) before the Exceptions.

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 significantly higher current availability (e.g. parallel strings of modules, utility
power) shall be protected from overcurrents at the source of overcurrents that can damage the circuit.

For circuits supplied by current limited sources, Section 240. gives misleading requirements with
respect to the location of overcurrent protection for the circuit.    The overcurrent protection must be located where the
overcurrents can originate that might damage the circuit, not at the supply for the circuit which may be a current limited
PV source or the ac output of a utility-interactive inverter.  These circuits are sized at 125% of the continuous currents
the supplies can generate and are not affected by currents from the obvious supply for the circuit.  However, they can be
damaged by external sources that may be connected such as parallel-connected PV source circuits or utility-power
sources.
Sample diagrams have been provided.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposal 4-232a,   which addresses  the submitter’s concern.
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_______________________________________________________________________________________________
4-236     Log #3181  NEC-P04

_______________________________________________________________________________________________
Christel K. Hunter, Alcan Cable

Revise text to read as follows:
690.9 Overcurrent Protection
(A) Circuits and Equipment
Photovoltaic source circuit, photovoltaic output circuit, inverter output circuit, and storage battery circuit conductors and

equipment shall be protected in accordance with the requirements of Article 240. Protection devices for photovoltaic
source circuits and photovoltaic output circuits shall be listed for use in photovoltaic systems. Circuits connected to more
than one electrical source shall have overcurrent devices located so as to provide overcurrent protection from all
sources.

This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating
Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories, and the subgroup members are
Christel Hunter with Alcan Cable (subgroup lead), Mike Stelts with Panasonic, Mark Ode with Underwriters Laboratories,
Randy Hunter with Cooper Bussmann, Vince Saporita with Cooper Bussmann, Audie Spina with Armstrong , Edward
Byaliy with Rockwell Automation, and Brian Patterson with Armstrong.
Overcurrent protection devices in photovoltaic source and output circuits are subject to wide operating current and

temperature cycling, high ambient temperatures, low clearing currents and high open-circuit voltages. Standards have
been created specifically for photovoltaic dc system protection (both fuses and circuit breakers). The added language in
this proposal will make it clear to the inspector and installer that devices specifically designed for these systems are
required.

_______________________________________________________________________________________________
4-237     Log #3152  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.9(A)b as follows:

This proposal is intended to clarify the requirement’s intent that both criteria are required to be met.

The additional "and do not exceed" is not necessary.   See panel action on Proposal 4-232a which
addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-238     Log #2189  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise the second paragraph of 690.9(C) as follows

Standard values of supplementary overcurrent devices allowed by this section shall be in one ampere size increments,
starting at one ampere up to and including 10 amperes, 12 amperes and 15 amperes.  Higher standard values above 15
amperes for supplementary overcurrent devices shall be based on then standard sizes provided in 240.6(A).

Section is revised to reflect commonly available overcurrent device rating sizes of  1-10 amps in one
amp increments and 12 amps. There are no commonly available sizes rated at 11, 13, or 14 amps.

Reorganization of 690.9 has made the proposed language unnecessary. See panel action on
Proposal 4-232a.
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_______________________________________________________________________________________________
4-239     Log #3153  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.9(C) and (D) as follows:
Listed branch Branch-circuit or supplementary-type overcurrent devices shall be

permitted required to provide overcurrent protection in photovoltaic source circuits. The overcurrent devices shall be
accessible but shall not be required to be readily accessible.
Standard values of supplementary overcurrent devices allowed by this section shall be in one ampere size increments,

starting at one ampere up to and including 15 amperes.
Higher standard values above 15 amperes for supplementary overcurrent devices shall be based on the standard sizes

provided in 240.6(A).
Overcurrent devices, either fuses or circuit breakers, used in any dc portion of a

photovoltaic power system shall be listed for use in PV systems in dc circuits and shall have the appropriate voltage,
current, and interrupt ratings.

Unlike the US power grid and traditional rotating machine power sources with high levels of potential
fault current, PV arrays are a high impedance power source with much lower fault current capability. Considerable
research and development work has yielded published national and international requirements for overcurrent protective
devices (OCPD) that address the specific needs of PV circuits. There are presently UL requirements for the certification
of both fuses (Subject 2579 Outline for Low-Voltage Fuses - Fuses for Photovoltaic Systems) and circuit breakers
(Subject 489B Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures For Use With
Photovoltaic (PV) Systems) specifically for DC PV systems. Only these devices should be used as branch circuit
protection in PV systems.
At present, UL has hundreds of PV OCPD’s Listed and others in the process of certification to the published PV OCPD

requirements. This proposal is intended to update paragraph 690.9 (C) to require the use of these Listed PV overcurrent
protective devices in PV circuits .
Additionally, this proposal removes the allowance for supplementary over current devices, which are not considered

branch circuit protection in accordance with 240.10.  Supplementary OCPDs in contrast provide no protection against
interchangeability with devices of lower voltage and/or higher current ratings or devices that are not rated for DC at all
potentially causing a problem far worse than what they are intended to address.  In accordance with clause 690.9 (A),
overcurrent protective devices shall comply with article 240. Article 240.60(B) requires that:
“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”.  This is an added benefit for fuses
and much less of an issue for circuit breakers.
Branch circuit overcurrent protective devices already include requirements for standard values so that portion of the

690.9 can be removed from the paragraph.

See panel action on Proposal 4-232a  for the direction taken by the panel on the reorganization of
690.9.
The word "branch" was rejected as listed PV type branch overcurrent devices are not available.
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_______________________________________________________________________________________________
4-240     Log #3154  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.9 (D) as follows:
Overcurrent devices, either fuses or circuit breakers, used in any dc portion of a

photovoltaic power system shall be listed for use in PV systems in dc circuits and shall have the appropriate voltage,
current, and interrupt ratings.
The interrupting rating of the overcurrent device shall be suitable for the available short circuit current for all installed

sources.
The available short circuit current shall be calculated as the sum of the available DC sources as follows:
1. Photovoltaic source circuits - The maximum short circuit current of the photovoltaic as determined by 690.8 (A)

(1),
2. Energy Storage - The available short circuit current from all DC energy storage equipment including battery

banks, capacitors, etc.
3. Inverter – The rated short circuit backfeed current on the inverter.
4. Other DC sources - The rated short circuit current rating.

The new PV OCPD component standards include short circuit interrupting ratings and this proposal
provides guidance on how to calculate what OCPD is suitable for a specific installation.  The inverter backfeed current
rating is planned to be revised/enhanced to account for capacitive discharge and total backfed energy to better correlate
to OCPD ratings and functionality.

The proposed material is explanatory and better suited to a product standard or instruction manual.

_______________________________________________________________________________________________
4-241     Log #3180  NEC-P04

_______________________________________________________________________________________________
Christel K. Hunter, Alcan Cable

Revise text to read as follows:
690.9 Overcurrent Protection
(D) Direct-Current Rating
Overcurrent devices, either fuses or circuit breakers, used in any portion of a photovoltaic power system shall be listed

for use in PV dc circuits and shall have the appropriate voltage, current, and interrupt rating.
This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating

Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories, and the subgroup members are
Christel Hunter with Alcan Cable (subgroup lead), Mike Stelts with Panasonic, Mark Ode with Underwriters Laboratories,
Randy Hunter with Cooper Bussmann, Vince Saporita with Cooper Bussmann, Audie Spina with Armstrong , Edward
Byaliy with Rockwell Automation, and Brian Patterson with
Armstrong.
This proposal is developed in concert with the companion proposal submitted by this subgroup for article 690.9(A).
Overcurrent protection devices in photovoltaic source and output circuits are subject to wide operating current and

temperature cycling, high ambient temperatures, low clearing currents and high open-circuit voltages. Standards have
been created specifically for photovoltaic dc system protection (both fuses and circuit breakers). The added language in
this proposal will make it clear to the inspector and installer that devices specifically designed for these systems are
required.

See panel action on Proposal 4-232a which addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-242     Log #2190  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise the section as follows.

.  In grounded PV source circuits, a single overcurrent protection device,
where required, shall be permitted to protect the PV modules and the interconnecting cables. 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.

As written, the 2011 NEC gives misleading overcurrent requirements for PV arrays.   Ungrounded PV
arrays are being installed in increasing numbers to permit the use of the newer transformerless utility-interactive
inverters.  These ungrounded PV source circuits require overcurrent devices in each of the ungrounded conductors,
whereas the grounded PV source circuit requires an overcurrent device in only the single ungrounded conductor.
In some cases, overcurrent protection is not required in either grounded or ungrounded PV source circuits (see

690.9(A) EX).
The addition of the word “grounded” and the reference to 690.35 and the ungrounded PV source circuit clarifies these

differing requirements.
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4-243     Log #60  NEC-P04

_______________________________________________________________________________________________
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Robert H. Wills, Intergrid, LLC / Rep. American Wind Energy Association
Move common language in Articles 690, 692 & 694 to a new common Article 70X:

The provisions of this article apply to electric systems that supply power independent of the electric
production and distribution network (utility). Stand-alone electric systems can be supplied by sources including engine
generators, inverters, fuel cells, and renewable energy sources such as wind and solar-electric systems.

Whenever the requirements of other articles of this and Article 70X differ, the requirements
of Article 70X shall apply.

When used to supply a building or other structure, a stand-alone electric system shall be adequate to meet the
requirements of this for a similar installation connected to a service. The wiring on the supply side of the building
or structure disconnecting means shall comply with this except, as modified by 690.10(A) through (D).

The ac output from an electrical source such as a generator or stand-alone inverter shall be
permitted to supply ac power to the building or structure disconnecting means at current levels less than the calculated
load connected to that disconnect. The electrical source output rating shall be not less than the load posed by the
largest single utilization equipment connected to the system. Calculated general lighting loads shall not be considered
as a single load.

The circuit conductors between the inverter output and the building or structure
disconnecting means shall be sized based on the output rating of the inverter. These conductors shall be protected from
overcurrent in accordance with Article 240. The overcurrent protection shall be located at the output of the inverter.

The inverter output of a stand-alone solar photovoltaic 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 multi-wire 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
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equipment shall be marked with the following words or equivalent:

WARNING
SINGLE 120-VOLT SUPPLY. DO NOT CONNECT

MULTIWIRE BRANCH CIRCUITS!

Energy storage or backup power supplies shall not be
required.

The same language for stand-alone systems is included in the three renewable energy Articles (690,
692 and 694).
It makes sense to eliminate redundancy and to move it to a general Article so that common language can serve all
three.
In addition, the permissions and safety issues resolved by this language are not solely applicable to PV, fuel cells and

wind energy.
In particular, there are many houses that are powered “off-grid” by prime-power generators that are not capable of the
full 100 or 200A capacity of a conventional service. Experience with the approximately 100,000 off-grid PV systems in
the USA has shown the need to clarification the requirements for stand-alone systems in the . This should be
extended to the general case.
There is no existing article that covers the general area of stand-alone systems:
- Article 705 covers the opposite (interconnected systems).
- These systems are not for standby use, and so do not belong in Article 702 (Optional Standby Systems).

It makes sense then to create a new article in Chapter 7 to complement Article 705. (covering essentially
“non-interconnected power production sources”).
The language above is based on that of Article 690.10, but with the specific references to PV power sources changed

to the generic term “stand-alone electric system source”.   The language was also changed to make it compliant with the
NEC Style Manual.
This proposal was originally rejected for not being presented as a complete article. I trust that this revision meets the

panel’s requirements.

The panel recognizes that this recommendation is under the purview of the Technical Correlating
Committee.  The panel requests the that Technical Correlating Committee consider the inclusion of this new article into
the NEC.

_______________________________________________________________________________________________
4-244     Log #887  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.
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_______________________________________________________________________________________________
4-245     Log #2063  NEC-P04

_______________________________________________________________________________________________
Robert J. Walsh, City of Hayward

Revise text to read as follows:
690.10(E) Back-fed Circuit Breakers. Plug-in type back-fed circuit breakers connected to a stand-alone inverter output

in either stand-alone or utility interactive systems shall be secured in accordance with 408.36(D). Circuit breakers that
are marked "line" and "load" shall not be back-fed.

The inclusion of "or utility interactive" in 690.10(E) conflicts with the permissive rule in 705.12(D)(6)
(i.e., "to omit the additional fastener normally required by 408.36(D) for such applications").

_______________________________________________________________________________________________
4-246     Log #2191  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Plug-in type back-fed circuit breakers connected to a stand-alone inverter output in either stand-alone or
utility-interactive multimode inverter systems shall be secured in accordance with 408.46(D).  Circuit breakers that are
marked “line” and ”load” shall not be backfed.

Clarifies the intent that the breakers that are to be secured are the ones on the stand-alone output of a
multimode inverter (defined in a separate proposals for 690.2), not a utility-interactive inverter.  Remove “that are” for
grammatical reasons.

_______________________________________________________________________________________________
4-246a     Log #CP416  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

(1) The system shall detect and interrupt arcing faults in dc PV source and output circuits.
(2) The system shall require that the disabled or disconnected equipment be manually restarted.
(3) The system shall have an annunciator that provides a visual indication that the circuit interrupter has operated. This

indication shall not reset automatically.

Language is revised from current text to make arc fault detection a requirement for both series and
parallel arc faults.  Additionally prescribed methods and equipment are removed from current text to allow alternate
implementation.
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_______________________________________________________________________________________________
4-247     Log #232  NEC-P04

_______________________________________________________________________________________________
Gregory  P. Bierals, Samaritan’s Purse World Medical Mission

Revise text to read as follows:
The readily accessible requirement for overcurrent devices in 240.24 shall not apply to the arc-fault circuit protection

required by this section.
These devices typically will be elevated and, therefore, not in a readily accessible location.

The recommendation does not follow Section 4.3.3(c) of the Regulations Governing Committee
Projects.  Revisions to the current text are not indicated.
The devices that are being described in 690.11 are not overcurrent devices they are protective techniques thus 240.24

does not apply.

_______________________________________________________________________________________________
4-248     Log #233  NEC-P04

_______________________________________________________________________________________________
Gregory  P. Bierals, Samaritan’s Purse World Medical Mission

Revise text to read as follows:
The readily accessible requirement for overcurrent protective devices in 240.24 shall not apply to the arc-fault circuit

protection required by this section.
These devices will typically be elevated at the PV Panel location and, most likely, will not be readily

accessible.

The recommendation does not follow Section 4.3.3(c) of the Regulations Governing Committee
Projects.  Revisions to the current text are not indicated.
The devices that are being described in 690.11 are not overcurrent devices they are protective techniques thus 240.24

does not apply.

_______________________________________________________________________________________________
4-249     Log #2265  NEC-P04

_______________________________________________________________________________________________
Lee Charles Martin, Sensata Technologies

Revise text to read as follows:
(1) The system shall detect and interrupt arcing faults resulting from a failure in the intended continuity (Series

arc-faults) and from a failure in the intended insulation (Parallel arc-faults) of a conductor, connection, module, or other
system component in the dc PV source or output circuits.
(2) The system shall disable or disconnect one or the following: system components within the arcing circuit to remove

power that sustains the arcing fault.
a. Inverters or charge controllers connected to fault circuit when fault is detected
b. System components within the arcing circuit

(3) The system shall require that the disabled or disconnected equipment be manually restarted.
(4) The system shall have an annunciator that provides a visual indication that the circuit interrupter has operated. This

indication shall not reset automatically.
Several fires have occurred as a result of parallel arc faults. Removal of the load (Opening the inverter)

will not extinguish a parallel arc and may in fact make the situation worse. The present technology for detecting arcing
may not 100% distinguish between a series and parallel arc, thus the best system response would be to isolate the arc
as close as possible to its location in the circuit.

See panel action on Proposal 4-246a which addresses the submitter’s concern.
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_______________________________________________________________________________________________
4-250     Log #2266  NEC-P04

_______________________________________________________________________________________________
Lee Charles Martin, Sensata Technologies

Revise text to read as follows:
Photovoltaic systems with dc source circuits, dc outputs circuits, or both, on or penetrating a building operating at a PV

system maximum 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 resulting from a failure in the intended continuity of a conductor,

connection, module, or other system component in the dc PV source or output circuits.
(2) The system shall disable or disconnect one or the following: system components within the arcing circuit to remove

power that sustains the arcing fault.
a. Inverters or charge controllers connected to fault circuit when fault is detected
b. System components within the arcing circuit

(3) The system shall require that the disabled or disconnected equipment be manually restarted.
(4) The system shall have an annunciator that provides a visual indication that the circuit interrupter has operated. This

indication shall not reset automatically.
Present Arc detection technology cannot reliably distinguish between series and parallel arc faults.

Fires have occurred in the real world as a result of parallel arc faults. In the event of misidentification of a parallel arc as
a series arc, removal of the load (Opening the Inverter) could result in more power to be delivered to the arc.

See panel action on Proposal 4-246a which addresses the submitter’s concern.

_______________________________________________________________________________________________
4-251     Log #3155  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise 690.11 as follows:

Photovoltaic systems with dc source circuits, dc output circuits, or both, on or penetrating a building operating 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 resulting from a failure in the intended continuity of a conductor,

connection, module, or other system component in the dc PV source and output circuits.
(2) The system shall disable or disconnect one of the following: a. Inverters or charge controllers connected to the fault

circuit when the fault is detected b. System components within the arcing circuit (3) The system shall require that the
disabled or disconnected equipment be manually restarted. (4) The system shall have an annunciator that provides a
visual indication that the circuit interrupter has operated. This indication shall not reset automatically.

Arc faults in PV systems can occur in all PV systems regardless of where they are located.  PV arc
faults in ground mounted PV arrays can result in grass and brush fires.  Such fires can result in deaths and significant
property damage, which can be prevented with PV arc fault protection.  This proposal expands the coverage of this
requirement to all PV arrays.
Since this requirement was proposed for addition to the 2011 code, some independent research has indicated the 80V

limit may be higher than appropriate.  As a new limit has not yet been determined, a change in this limit is not being
proposed at this time, but ongoing research may determine a new limit for this requirement.
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_______________________________________________________________________________________________
4-252     Log #1314  NEC-P04

_______________________________________________________________________________________________
Abel Lampa, Innovative Engineering Inc.

Please add 690.11(5) to read as follows:
690.11 Arc-Fault Circuit Protection (Direct Current). (5) addition to (4). (5) The Arc fault circuit protection device shall

installed to all combiner & recombiner boxes. All combiners & re-combiner boxes shall be equip with a main circuit
breaker & Contactors or equivalent so that it will be activated & disconnect all ungrounded conductors affected, when
the arc-flash devise was activated.

Back in May of 2011, one of my projects in Freehold NJ, (About 1 Meg PV system)
creates a massive fire on the roof of the bldg. because the main cable
between re-combiner box & the inverter had a ground fault during our commissioning. The inverter is not even engage
yet at the time of the fire. Our investigation reveals that
the cable was nicked during installation, thereby creates a high impedance contact with the EMT conduit which is
grounded. This contact creates spark between the cable & the
grounded conduit. The fuses did not activate because the short circuit current available is way below the ratings of the
fuses, Per Art. 690.8 & 690.9, indicates that the wiring shall be protected with fuses with the rating not less than
(125%X125%) of the short circuit current of the strings.
The only way to protect the system is have arc fault or ground fault protection devices installed in every termination like

in the combiner & re-combiner boxes.

The requirements located in 690.11 already mandate that the arc-fault protection system provides
protection for all conductors and equipment in PV source circuit and output circuit of any PV system.  This protection
would extended to combiner boxes as well.
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_______________________________________________________________________________________________
4-253     Log #2646  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Add text to read as follows:
690.12 PV Arrays on Buildings Response to Emergency Shutdown.
For PV Systems installed on roofs of buildings, photovoltaic source circuits shall be deenergized from all sources within

10 seconds of when the utility supply is deenergized or when the PV power source disconnecting means is opened.
When the source circuits are deenergized, the maximum voltage at the module and module conductors shall be 80
volts.

In order to increase the electrical and fire safety of PV systems on buildings, this provision is
proposed. This will implement a significant improvement in safety for rooftop PV systems based on the safety concerns
of the Fire Service during emergency operations on a PV-equipped structure.  The recent DHS/AFG funded research
project by UL provides further evidence of the need for the ability to deenergize this generator in the event of an
emergency.
The proposal addresses the deenergization of rooftop wiring leaving only the module wiring and internal conductors of

the module still energized. PV source circuit conductors include all wiring between modules or modular electronic
devices up to the combining point. In order to meet this requirement, some electronic means will be necessary to shut
off the module at the source circuit level. This shutdown must coincide with a utility outage, or manual inverter
shutdown. A PV module-level dc-dc converter, single-module micro-inverter, and ac module would all meet this
requirement at the module end of the circuit. Simple remotely controlled electronic switches can also meet this
requirement. The 80 volts at the module and module conductors is to allow typical modules, up to 72 cells, to be used
on rooftop PV systems without modifying the internal wiring of the module. The inverter, or utilization load would also
have to have some method to deenergize the input conductors should the product have internal storage such as
capacitance or a battery.

690.12 PV Arrays on Buildings Response to Emergency Shutdown.
For PV Systems installed on roofs of buildings, photovoltaic source circuits shall be deenergized from all sources within

10 seconds of when emergency shutdown is initiated or when the PV power source disconnecting means is opened.
When the source circuits are deenergized, the maximum voltage at the module and module conductors shall be 80
volts.

The proposed text was revised from "the utility supply is deenergized" to "emergency shutdown is
initiated" to address proper shutdown procedures for optional standby systems.
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_______________________________________________________________________________________________
4-254     Log #3329  NEC-P04

_______________________________________________________________________________________________
Steven Goble, Olathe, KS

Insert the following new requirement.

Throughout its history, the NEC® has mandated the practical safeguarding of persons and property
from hazards arising from the use of electricity. However, one of the hazards that is often overlooked is damage to
property, such as fire, or the destruction of appliances and electronic equipment, due to surges caused by (1) the
starting and stopping of power electronic equipment, (2) direct or indirect lightning strikes, and (3) imposition of a higher
voltage on a lower voltage system. While NFPA 70 has
long recognized the practical application of surge protective devices as evidenced by several NEC®
Articles, including but not limited to, 285, 694 and 708, the vast majority of equipment is not required to be protected
from damage by surges. This lack of required protection results in, as the State Farm Insurance Company notes on their
web site, " ... power surges are responsible for hundreds of millions of dollars of property damage every year ... Over
time, surges can also cause cumulative damage to your property, incrementally decreasing the lifespan of televisions,
computers, stereo equipment, and anything else plugged into the wall."
This proposal is intended to expand protection against damaging surges through the use of listed surge protective

devices. While progress has been made in this area, it is evident that expanded use oflisted surge protective devices will
be a step function improvement to the practical safeguarding of persons and property.
Some very recent specific examples of events that call attention to this need include the documented destruction of a

house due to electrical surge as a result of a transformer fire. This occurred in Kings County California in October of
2011.
In the UK in 2010, 71 incidents were caused by electrical power surges according to the fire inspector. In fact, the

cause of the surge was related to the theft of a copper component in a substation. Of the 71incidents, 48 resulted in
damage to electrical equipment, including 36 panelboards, a number of Throughout its history, the NEC® has mandated
the practical safeguarding of persons and property from hazards arising from the use of electricity. However, one of the
hazards that is often overlooked
is damage to property, such as fire, or the destruction of appliances and electronic equipment, due to surges caused by
(1) the starting and stopping of power electronic equipment, (2) direct or indirect lightning strikes, and (3) imposition of a
higher voltage on a lower voltage system. While NFPA 70 has long recognized the practical application of surge
protective devices as evidenced by several NEC®
Articles, including but not limited to, 285, 694 and 708, the vast majority of equipment is not required to be protected

from damage by surges. This lack of required protection results in, as the State Farm Insurance Company notes on their
web site, " ... power surges are responsible for hundreds of millions of dollars of property damage every year ... Over
time, surges can also cause cumulative damage to your property, incrementally decreasing the lifespan of televisions,
computers, stereo equipment, and
anything else plugged into the wall."
This proposal is intended to expand protection against damaging surges through the use of listed surge protective

devices. While progress has been made in this area, it is evident that expanded use of listed surge protective devices
will be a step function improvement to the practical safeguarding of persons and property.
Some very recent specific examples of events that call attention to this need include the documented destruction of a

house due to electrical surge as a result of a transformer fire. This occurred in Kings County California in October of
2011.
In the UK in 2010, 71 incidents were caused by electrical power surges according to the fire inspector. In fact, the

cause of the surge was related to the theft of a copper component in a substation. Of the 71 incidents, 48 resulted in
damage to electrical equipment, including 36 panelboards, a number of televisions, washing machines and other
electrical appliances.
In Dallas, Texas, a utility electric crew repairing a transformer in front of a residence caused a significant surge. The

transformer was seen to be arcing with the subsequent destruction of equipment in nearby homes. This included Central
Heat and Air units, refrigerators, washers, dryers .... and the like.
Another recent event in Carthage, MO, occurred in October of 2011. Lightning hit the Jasper County Jail and the
resultant surge knocked out the security system as well as fire alarms, locks and other key systems. The same event
also resulted in a small fire at a Carthage home. Only because of an alert homeowner and quick response by the local
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fire department was extensive damage and possible loss of life prevented.
Studies by recognized authorities including NEMA, IEEE, and UL, all substantiate the fact that surges can and do

cause significant damage. Nationwide Insurance recognizes the need for effective surge protection as well and has
published recommendations that include point-of-use surge protectors and installation of main service panel
suppressors.
Unprotected surges do cause catastrophic damage to industrial, commercial and residential electronic equipment and

residential appliances, sometimes resulting in fire and loss of life. Surge protective devices are readily available to
protect against these common surges, but have simply not been required in most applications. This Code Making Panel
has the opportunity to take a significant step toward better protection of persons and property by accepting this
proposal. televisions, washing machines and other electrical appliances.
In Dallas, Texas, a utility electric crew repairing a transformer in front of a residence caused a  significant surge. The

transformer was seen to be arcing with the subsequent destruction of equipment in nearby homes. This included Central
Heat and Air units, refrigerators, washers, dryers .... and the like.
Another recent event in Carthage, MO, occurred in October of 2011. Lightning hit the Jasper County Jail and the
resultant surge knocked out the security system as well as fire alarms, locks and other key systems. The same event
also resulted in a small fire at a Carthage home. Only because of an alert homeowner and quick response by the local
fire department was extensive damage and possible loss of life prevented.
Studies by recognized authorities including NEMA, IEEE, and UL, all substantiate the fact that surges can and do

cause significant damage. Nationwide Insurance recognizes the need for effective surge protection as well and has
published recommendations that include point-of-use surge protectors and installation of main service panel
suppressors.
Unprotected surges do cause catastrophic damage to industrial, commercial and residential electronic equipment and

residential appliances, sometimes resulting in fire and loss of life. Surge protective devices are readily available to
protect against these common surges, but have simply not been required in most applications. This Code Making Panel
has the opportunity to take a significant step toward better protection of persons and property by accepting this
proposal.

Surge protection is permitted to be installed and should not be required, as surge probabilities vary
by locality, and different types of electrical loads have differing surge protection requirements.  Surge protection must
also be periodically maintained or replaced.  The user should make the decision to install this protection.
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_______________________________________________________________________________________________
4-254a     Log #CP412  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 690.13 to read as follows:
690.13 Building or Other Structure Supplied by a Photovoltaic System. Means shall be provided to disconnect all

ungrounded dc conductors of a photovoltaic system from all other conductors in a building or other structure.
(A) Location. The photovoltaic disconnecting means shall be installed 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 remote

from the point of entry of the system conductors.
The photovoltaic system disconnecting means shall not be installed in bathrooms.
(B) Marking. Each photovoltaic system disconnecting means shall be permanently marked to identify it as a

photovoltaic system disconnect.
(C) Suitable for Use. Each photovoltaic system disconnecting means shall not be required to be suitable as service

equipment.
(D) Maximum Number of Disconnects. The photovoltaic system disconnecting means shall consist of not more than six

switches or six circuit breakers mounted in a single enclosure, or in a group of separate enclosures.
(E) Grouping. The photovoltaic system disconnecting means shall be grouped with other disconnecting means for the

system in accordance with 690.13(D). A photovoltaic disconnecting means shall not be required at the photovoltaic
module or array location.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.  The existing and revised portions of 690.14 were variously incorporated into CP-412, CP-413, CP-414
and CP-415.
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_______________________________________________________________________________________________
4-255     Log #2133  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Add text to read as follows:
Means shall be provided to

disconnect all current-carrying ungrounded dc conductors of a photovoltaic system from all other conductors in a
building or other structure.

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 conductor in an ungrounded and energized state.

(

Informational Note: The grounded conductor may have a bolted or terminal disconnecting means to allow maintenance
or troubleshooting by qualified personnel.

The photovoltaic disconnecting means shall be installed 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.

The photovoltaic system disconnecting means shall not be installed in bathrooms.
Each photovoltaic system disconnecting means shall be permanently marked to identify it as a

photovoltaic
system disconnect.

Each photovoltaic system disconnecting means shall not be required to be suitable as service
equipment but shall be suitable for the prevailing conditions and comply with 690.17. Equipment installed in hazardous
(classified) locations shall comply with the requirements of Articles 500 through 517.

The photovoltaic system disconnecting means shall consist of not more than
six switches or six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in or on a
switchboard.

The photovoltaic system disconnecting means shall be grouped with other disconnecting means for the
system to comply with 690.13(D). A photovoltaic disconnecting means shall not be required at the photovoltaic module
or array location.

This proposal is part of a series of proposals which group similar requirements for PV systems
together in order to make the article easier to use.  The revisions clarify that the requirements apply to all ungrounded
conductors similar to NEC 225.31.  Disconnect construction requirements were moved to 690.17(D) to group similar to
NEC 225.38.  See the summary spreadsheet which details the relocation of requirements contained in the series of
proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.13 conducted under
Proposal 4-254a.  See panel action on Proposal 4-254a which incorporates the submitter's proposal with additional
changes.
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_______________________________________________________________________________________________
4-256     Log #3032  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Photovoltaic (PV) System disconnecting means shall comply with
690.13(A), through (C).

Means shall be provided to disconnect all conductors in a building or
structure from the photovoltaic (PV) system conductors

The photovoltaic (PV) system disconnecting means shall consist of not more
than six switched or six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in or on a
switchboard.

The photovoltaic (PV) system disconnecting means shall be grouped with other disconnecting means
for the system to comply with 690.13(B). A photovoltaic disconnecting means is not be required at the photovoltaic
modules or array location.

Photovoltaic (PV) Power Circuit disconnecting means shall
comply with 690.13(A), through (C).

. Means shall be provided to disconnect all current-carrying dc conductors of a photovoltaic system
from all other conductors in a building or other structure.  A switch, circuit breaker, or other listed device shall not be
installed in a grounded conductor if operation of that switch, circuit breaker, or other listed device leaves the marked,
grounded conductor in an ungrounded and energized state.

Informational Note: Same as 2011 NEC
. Equipment such as photovoltaic source circuit isolation switches, overcurrent devices, and blocking

diodes shall be permitted on the photovoltaic side of the photovoltaic (PV) power circuit disconnect.
The photovoltaic (PV) power circuit disconnecting means shall be installed at a readily accessible

location either on the outside of a building or structure or inside nearest the point of entrance of the photovoltaic (PV)
power circuit conductors.

Photovoltaic (PV) power circuit disconnecting means shall not be installed in bathrooms.
A photovoltaic disconnecting means is not be required at the photovoltaic modules, panels, or array location.

Photovoltaic disconnecting means shall comply with 690.15 (A) through (C).
Photovoltaic (PV) disconnecting means shall not be required to be suitable as service

equipment and shall comply with 690.17.
Each photovoltaic (PV) disconnecting means shall be permanently marked to identify it is a photovoltaic

disconnect.
Each All photovoltaic (PV) disconnect means shall be suitable for the prevailing conditions.

Equipment installed in hazardous (classified) locations shall comply with the requirements of Article 500 through 517.
. Means shall be provided to disconnect equipment, such as inverters,

batteries, charge controllers, and the like, 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
micro-inverters or ac modules in an interactive system.

Utility-interactive inverters shall be
permitted to be mounted on roofs or other exterior areas that are not readily accessible. These installations shall comply
with (1) through (4)
(1) A direct-current dc photovoltaic (PV) power circuit disconnecting means shall be mounted within sight of or in the

inverter.
(2) An alternating-current ac photovoltaic (PV) system disconnects means shall be mounted within sight of or in the

inverter.
(3) The alternating-current ac output conductors from the inverter and An additional alternating-current ac photovoltaic

(PV) system disconnect means for the inverter photovoltaic PV system shall comply with 690.13(B) and (C).
(4) A plaque shall be installed in accordance with 705.10.
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Part III. Disconnecting 690.13, 690.14 and 690.15 are very confusing requirements. 690.13 is titled “All

Conductors” yet this article only refers to dc conductors. 690.14 is titled “Additional Provisions” and is a combination of
photovoltaic (PV) system requirements and photovoltaic (PV) power source requirements. 690.15 is titled
“Disconnection of Photovoltaic Equipment” which logically should be under “Additional Provisions”.
Photovoltaic system (usually) requires two disconnects, one on the PV source power (dc) and one on the whole PV

system after the inverter, charge controller or before the load. It seems logical to separate these disconnect into two
articles and the common requirements into a third article.
Article 690.2 define PV terms, these terms should be used as defined in all the articles.

See panel action on Proposal 4-254a for the direction taken by the panel on the reorganization of
690.13.  See panel action on Proposal 4-254a which addresses the submitter's concerns.

_______________________________________________________________________________________________
4-257     Log #2192  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise the 690.13 Exception 2 as follows.  Add a number (4).

This maintenance-only switch must not be confused with the required DC PV disconnecting means
and needs to be separated and distinctly marked from that disconnecting means to prevent any confusion.  Accidentally
opening this switch will unground the array and create a hazard for unsuspecting people.

Additional marking of a maintenance switch is unnecessary as this disconnecting means is required
to be rated appropriately and will not create a hazard if opened.  Current text prohibits unqualified personnel from
accessing the switch.
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_______________________________________________________________________________________________
4-258     Log #2134  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Delete the following text:
Photovoltaic disconnecting means shall comply with 690.14(A) through (D).

The disconnecting means shall not be required to be suitable as service equipment and
shall comply with 690.17.

Equipment such as photovoltaic source circuit isolating switches, overcurrent devices, and blocking
diodes shall be permitted on the photovoltaic side of the photovoltaic disconnecting means.

Means shall be provided to disconnect all conductors in a building or
other structure from the photovoltaic system conductors.

The photovoltaic disconnecting means shall be installed 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.

The photovoltaic system disconnecting means shall not be installed in bathrooms.
Each photovoltaic system disconnecting means shall be permanently marked to identify it as a

photovoltaic
system disconnect.

Each photovoltaic system disconnecting means shall be suitable for the prevailing conditions.
Equipment installed in hazardous (classified) locations shall comply with the requirements of Articles 500 through 517.

The photovoltaic system disconnecting means shall consist of not more than
six switches or six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in or on a
switchboard.

The photovoltaic system disconnecting means shall be grouped with other disconnecting means for the
system to comply with 690.14(C)(4). A photovoltaic disconnecting means shall not be required at the photovoltaic
module or array location.

Utility-interactive inverters shall be
permitted to be mounted on roofs or other exterior areas that are not readily accessible. These installations shall comply
with (1) through (4):
(1) A direct-current photovoltaic disconnecting means shall be mounted within sight of or in the inverter.
(2) An alternating-current disconnecting means shall be mounted within sight of or in the inverter.
(3) The alternating-current output conductors from the inverter and an additional alternating-current disconnecting

means for the inverter shall comply with 690.14(C)(1).
(4) A plaque shall be installed in accordance with 705.10.

This proposal is part of a series of proposals which group similar requirements for PV systems
together in order to make the article easier to use.  Since all of the requirements found in “690.14 Additional Provisions.”
have been moved this section can be deleted.  See the summary spreadsheet which details the relocation of
requirements contained in the series of proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

Reorganization of 690.14 has moved the text to other sections.  See the panel actions on Proposals
4-254a and 4-274a.
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_______________________________________________________________________________________________
4-259     Log #2195  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
It is proposed that Section 690.14 be restructured and revised to improve clarity and intent.  This

proposal is for 690.14(C).  690.14(C) contains information duplicated in 690.13 and is modified as shown below. The
original 690.14 and an overview of the entire 690.14 revision have been attached in the substantiation.
Additional proposals are provided on a subsection-by-subsection basis to allow comparisons with proposals submitted
by others.

Means shall be provided to disconnect all conductors in a building or
other structure from the photovoltaic system conductors.

The dc photovoltaic disconnecting means shall be installed 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. The disconnecting
means shall comply with 690.17.

Installations

The photovoltaic PV system disconnecting means shall not be installed in bathrooms.
Informational Note #1:  The readily accessible location requirement for the dc PV system disconnecting means and the

requirement that it be at the point of entry of the conductors implies that the PV system conductors remain outside the
building until the first disconnect is reached.  The exception, when met, allows these conductors to be routed through
the building to the dc disconnecting means location that is still required to be readily accessible, but no longer is
required to be at the point of penetration.

Informational Note #2:  The interior of a locked building is considered readily accessible by first responders in
emergency situations.

Each dc photovoltaic system disconnecting means shall be permanently marked to identify it as a dc
photovoltaic system disconnect.

Each dc photovoltaic system disconnecting means shall be suitable for the prevailing
conditions. Equipment installed in hazardous (classified) locations shall comply with the requirements of Articles 500
through 517.

The dc photovoltaic system disconnecting means shall consist of not more
than six switches or six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in or on a
switchboard.

The photovoltaic dc PV system disconnecting means shall be grouped with the other disconnecting
means for other services connected to the building or structure to comply with 690.14(C). A photovoltaic dc PV
disconnecting means shall not be required at the photovoltaic module or array location. A dc PV disconnecting means
shall be permitted at the array location if that location complies with 690.14 (C) or 690.14(H).

The introductory information in 690.14(C) is deleted since it duplicates 690.13 and the information in
subsection (1) is elevated to (C) with revisions.
Subsections (2) through (5) are renumbered as (D) through (G) with revisions.
690.14(C)  Removed old 690.14(C) since the requirement is addressed in 690.13.  The introduction used to be

690.14(C)1.  No change in language; just location.
Exception:  The exception was modified so that it pertains only to the dc outputs for modules and arrays.   See related

proposal for 690.31(E).
Informational Note #1 has been added because of the continuing inability of PV installers to realize that these

disconnecting means requirements (added to the 2002 NEC at the request of the Technical Correlating Committee)
affect the routing of the conductors from the PV array to the inverter.  This FPN gives information to improve
understanding of the requirement and the exception.
Informational Note #2.  Normally a locked house does not permit ready access as defined in Article 100.  However first

responders have ready access to disconnecting means inside a locked house by using master keys and fire axes.
690.14(D).  Previously 690.14(C)(2).  Used the abbreviation PV
690.14(E).  Previously 690.14(C)(3). Used the abbreviation PV
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690.14(F).  Previously 690.14(C)(4). Used the abbreviation PV
690.14(G). Previously 690.14(C)(5).  Revised to be consistent with 690.14(F) and to indicate that PV disconnecting

means may be required in areas normally considered not readily accessible in some situations (e.g. flat roofed buildings
with ready access).
The Exception is needed for installations where there are multiple, widely-spaced PV systems on a large commercial

building and it is not feasible to group either the dc or ac disconnects from all systems in a single location.  Examples
include warehouses, malls, and apartment complexes.
Note:  Supporting material is available for review at NFPA Headquarters.

The proposed informational notes specify requirements and are erroneous.  See panel action on
Proposal 4-254a for the direction taken by the panel on the reorganization of 690.14.

_______________________________________________________________________________________________
4-260     Log #2198  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 690.14 as shown below.  This is the first revision of all of 690.14  and individual

submissions are made each section in the existing 2011 NEC 690.14..  A copy of the original 690.14 from the
may be found in the substantiation as well as a copy of the entire new revision.

. The direct current (dc) PV system
disconnecting means shall comply with (A) through (G) The alternating current ac) PV disconnecting means for PV
systems or AC PV modules shall comply with (H) and (I

This revision of 690.14 is required to clarify and define the numerous requirements for both the ac and
dc disconnecting means of a PV system.    PV systems are becoming increasingly complex internally and in the
numbers of components in each system as well as the numbers of systems on any single building.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposal 4-254a  for the direction taken by the panel on the reorganization of
690.14.  The action taken removed the need for the proposed text.

_______________________________________________________________________________________________
4-261     Log #2503  NEC-P04

_______________________________________________________________________________________________
Mark T. Rochon, Peabody, MA

Revise text to read as follows:
A photovoltaic disconnecting means shall not be required at the service location, photovoltaic module or array

locations.
The PV system may be a line side tap and not near the service disconnect,  230.2(A)(5) uses parallel

power production systems,  230.71 lists the maximum number of disconnects and 705.10 requests a plaque or directory
for service equipment location for interconnected PV systems.

The submitter has not stated any purpose for this requirement.  Article 690 already covers what
disconnects are required for a PV system and their location.  Section 230.2 addresses the number of services that can
be brought to a building not the number the of additional supplies other than a service.  Line side connections to
services have been addressed by action on Proposal 4-410a.
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_______________________________________________________________________________________________
4-262     Log #3179  NEC-P04

_______________________________________________________________________________________________
Christel K. Hunter, Alcan Cable

Revise text to read as follows:
Photovoltaic disconnecting means shall comply with 690.14(A) through (DE).

690.14(E) Guarding.
In combiner boxes with circuits operating above 60 volts, all normally current-carrying components shall be constructed

and installed so as to guard against inadvertent contact with live parts by persons.
This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating

Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories, and the subgroup members are
Christel Hunter with Alcan Cable (subgroup lead), Mike Stelts with Panasonic, Mark Ode with Underwriters Laboratories,
Randy Hunter with Cooper Bussmann, Vince Saporita with Cooper Bussmann, Audie Spina with Armstrong , Edward
Byaliy with Rockwell Automation, and Brian Patterson with
Armstrong.
Combiner boxes in photovoltaic systems typically cannot be completely disconnected from the dc circuit inputs without

manually separating each dc circuit coming into the combiner box. To increase safety, any live parts in the combiner box
should be protected in order to avoid accidental contact by personnel working in the combiner box. The language
proposed is similar to that presently in 690.33(B). The requirement is limited to circuits operating above 60 volts since
voltages below that are not considered shock
hazards.
Although the term “combiner box” is not defined in the NEC, it is used in 690.35(F). This term is used by electrical

equipment manufacturers as a general term that includes string combiners, array combiners, etc.

The proposed text is not necessary as equipment standards (UL 1741, Certification requirements
decision dated 2011 06 10) already require guarding live parts.

_______________________________________________________________________________________________
4-263     Log #2193  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
It is proposed that Section 690.14 be restructured and revised to improve clarity and intent.  This

proposal is for 690.14(A).  The original 690.14 and an overview of the entire 690.14 revision have been
provided. Additional proposals are provided on a subsection-by-subsection basis to allow comparisons with proposals
submitted by others.
Revise 690.14(A) as follows:

The dc disconnecting means shall not be required to be suitable as service equipment and
shall comply with 690.17.

The designation “dc” is added for clarity.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposal 4-254a for the direction taken by the panel on the reorganization of
690.14.  The action taken addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-264     Log #3147  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.14 (A) as follows:
The disconnecting means shall:

1) not be required to be suitable as service equipment,
2) shall comply with 690.17 and,
3) be one of the following devices:

a) PV Industrial Control Switch. A listed industrial control switch marked for use in PV systems.
b) PV Molded Case Circuit Breaker.  A listed molded case circuit breaker marked for use in PV systems
c) PV Molded Case Switch.  A listed molded case switch marked for use in PV systems.
d) PV Enclosed Switch. A listed, enclosed switch marked for use in PV systems.
e) PV Open Type Switch. A listed, open type switch marked for use in PV systems.
f) Molded Case Circuit Breaker.  A listed, dc rated molded case circuit breaker suitable for backfeed operation.
g) Molded Case Switch. A listed, dc rated, molded case switch suitable for backfeed operation.
h) Enclosed Switch. A listed, dc rated enclosed switch.
i) Open Type Switch. A listed, dc rated open type switch.

Devices marked with “line” and “load” are not suitable for backfeed.
UL has developed 489B, Outline of Investigation of Molded Case Circuit Breakers and Molded Case

Switches for use in PV systems; Subject 98B, Outline of Investigation of Enclosed Switches for use in PV Systems; and
508I, Outline of Investigation for Manual Disconnect Switches Intended for Use in Photovoltaic Systems to address the
specific needs for circuit breakers, disconnect switches for use in PV systems. In addition, traditional listed circuit
breakers, molded case switches and safety switches are also suitable for use in PV systems.  Switches with line and
load ratings are not suitable for to break backfed current.

_______________________________________________________________________________________________
4-265     Log #3156  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise paragraph 690.14 (A) as follows:
The disconnecting means shall;

1) not be required to be suitable as service equipment,
2) be listed for use in PV systems, and
3) shall comply with 690.17.
4)marked line and load shall not be used where they may be exposed to reverse currents.

UL has developed UL Subject 489B and UL Subject 98B to address the specific needs for disconnects
and switches used in PV circuits.  PV rated disconnect switches are specifically evaluated for PV reverse fault current,
up to 1000Vdc, operation in a 50C ambient, and also accept larger wires sized for use in a 50C ambient, These
documents are being transitioned into ANSI /UL standards.   Traditional DC switches and disconnects are commonly
evaluated for current flow in a single direction as indicated by line and load markings.  Ground faults in PV arrays often
result in reverse current flow.  Use of a traditional DC rated disconnect with line and load markings can result in
premature failure of the disconnect and a potential inability to clear the ground fault current flow.

See panel action on Proposals 4-254a and 4-278a for the direction taken by the panel on the
reorganization of 690.14.  The actions taken address the submitter's concerns.
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_______________________________________________________________________________________________
4-266     Log #2194  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
It is proposed that Section 690.14 be restructured and revised to improve clarity and intent.  This

proposal covers 690.14(B). The original 2011 NEC 690.14 and an overview of the entire proposed section have been
provided. Additional proposals are provided on a subsection-by-subsection basis to allow comparisons with proposals
submitted by others.
Revise 690.14(B) as follows.

Equipment such as photovoltaic source circuit isolating switches, overcurrent devices and blocking
diodes shall be permitted on the PV side of the dc PV photovoltaic disconnecting means.

“PV” added for clarity.  Added direct-current (dc) to clarify that these device requirements do not apply
to ac circuits.  Some PV designers and AHJs have expressed confusion in this area.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposal 4-274a for the direction taken by the panel on the reorganization of
690.14.  The action taken addresses the submitter's concerns.

_______________________________________________________________________________________________
4-267     Log #1376  NEC-P04

_______________________________________________________________________________________________
Tom Scholtens, City of Charleston / Rep. NFPA Building Code Development Committee (BCDC)

Revise 690.14 C as follows:
C Requirements for Disconnecting Means.   Means shall be provided to disconnect all conductors in a building or other

structure from the photovoltaic system conductors.
1 Location.   The photovoltaic disconnecting means shall be installed 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.   It shall be clearly
adjacent to the meter on the exterior of the building or structure and clearly labeled as a “Photo Voltaic Building
Disconnect-panel disconnect is upstream”.

Note: This proposal was developed by the proponent as a member of NFPA’s Building Code
Development Committee (BCDC) with the committee's endorsement.
When an emergency occurs, it may be impossible for an emergency responder to disconnect the PV system from the

electrical system by hunting around inside a building or the roof for a switch.  The switch should be readily accessible
and labeled on the outside of the building. Having a live PV Circuit running through a building in an emergent dangerous
situation could prove deadly.  See justification for proposal to 230.70.
Note that this will only shut service to the system “downstream”, and the system from the disconnect to the PV on the

roof may still be live.  This is why this proposal identifies there may also be a disconnect “upstream”.

This requirement is far too restrictive as proposed and does not necessarily enhance safety.  If one
were to comply with this requirement based on the physical construction and location of the PV system and the electric
service meter, this may actually require that a longer run of unprotected conductors be made to reach the service meter
locations.
See panel action on Proposal 4-253 for the direction taken by the panel.
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_______________________________________________________________________________________________
4-268     Log #1379  NEC-P04

_______________________________________________________________________________________________
John Powell, JPETC

Revise text to read as follows:
The photovoltaic disconnecting means shall be installed 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.

Throughout the code sources of power such as service-entrance and outside branch-circuits and
feeders  to a structure require a disconnecting means at nearest point of entry, yet an exception is created for PV
systems that may be sized at several hundred volts and amps.  The exception creates a hazard to fire fighters as simply
shutting off the inverter does not de-energize the dc conductors from the array.  A firefighter could accidently cut into a
dc conductor that is installed in a raceway that is buried in insulation or in a wall thus exposing the firefighter to an
electrical shock or arcing hazard.  The placard would provide firefighters with information that could help alleviate other
fire and shock hazards.

Signs are addressed in 705.10 and 690.56.  See panel action on Proposal 4-253 for the direction
taken by the panel.

_______________________________________________________________________________________________
4-269     Log #2502  NEC-P04

_______________________________________________________________________________________________
Mark T. Rochon, Peabody, MA

Revise text to read as follows:
Permanently marked to identify it as a photovoltaic system disconnect and denoting all locations of other services

supplying that building or structure.
The PV disconnects are misleading the disconnecting of the service disconnects with the added

parallel power production systems in 230.2(A)(5).

A PV system is not a service.  A service is provided by a utility company and their characteristics
are inherently different than on site power production sources.  Signs are addressed in 705.10 and 690.56.  See panel
action on Proposal 4-253 for the direction taken by the panel.
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_______________________________________________________________________________________________
4-270     Log #3416  NEC-P04

_______________________________________________________________________________________________
Thomas Hattert, SMA Solar Technology AG

Add text to read as follows:
The photovoltaic system disconnecting means shall consist of not more than

six switches or six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in a
switchboard.
If more than six switches or six circuit breakers are mounted in a single enclosure, in a group of separate enclosures, or
in a switchboard this requirement can be met by using power operated disconnecting means operated by not more than
six control switches.

The six handle restriction of clause 690.14 (C)(4) influences cable routing of large scale PV systems
with a single inverter essentially and leads to the problem that PV cables have to be combined to maximum six large
bundles. Power operable switches create more flexibility for system designers, can lower system costs and still satisfy
the same purpose as manual ones.  To be in compliance with the AC section 230.71 power operable switches shall not
be counted among the number of six.

The existing disconnect rule has been used as the acceptable standard for safety for many
decades in the NEC.  The submitter has not presented any documented technically substantiation to make this change
in basic safety.

_______________________________________________________________________________________________
4-271     Log #2196  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
It is proposed that Section 690.14 be restructured and revised to improve clarity and intent.  This

new proposal revises 690.14(D), which is renumbered to (H). The original 690.14 and an overview of the
revised 690.14 are attached below. Additional proposals are provided on a subsection-by-subsection basis to allow
comparisons with proposals submitted by others.

Utility-interactive inverters shall be permitted to be mounted on roofs or other exterior areas that are not readily
accessible.  These installations shall comply with 690.14(H) (1) through (5):
(1) A dc PV disconnecting means shall be mounted within sight of or in each inverter.
(2) An ac disconnecting means shall be mounted within sight of or in each inverter.
(3) An additional disconnecting means complying with 690.14 (I) shall be installed on the ac output circuit of the

inverter(s).
(4) A plaque shall be installed in accordance with 705.10.

690.14(H) Previously (D) with revisions:  Clarified to be consistent with definitions, Style Manual, and
revised numbering requirements.
Note:  Supporting material is available for review at NFPA Headquarters.

See panel action on Proposals 4-275 and  4-274a for the direction taken by the panel on the
reorganization of 690.14.
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_______________________________________________________________________________________________
4-272     Log #1653  NEC-P04

_______________________________________________________________________________________________
Teri Dwyer, Wells Fargo

Add new text to read as follows:
690.14 Additional Provisions.
Photovoltaic disconnecting means shall comply with 690.14(A) through (D).
(D) Utility-Interactive Inverters Mounted in Not-Readily-Accessible Locations. Utility-interactive inverters shall be

permitted to be mounted on roofs or other exterior areas that are not readily accessible. These installations shall comply
with (1) through (4):
(1) A direct-current photovoltaic disconnecting means shall be mounted within sight of or in the inverter.

690.14(D)(1) as currently written is practically impossible to comply with when micro-inverters are
installed. Currently micro-inverters are being installed and the only dc disconnecting means are the connectors required
by 690.33. They type of connector is a recognized component covered by UL category QIJQ2 which requires them to be
marked "Do Not Disconnect Under Load." Therefore the need to have the ac disconnect located in close proximity (10 ft)
of the associated PV array. These connectors are single-pole latching and locking type connectors which will not permit
quick disconnecting without the use of a tool or special knowledge.
Note:  Supporting material is available for review at NFPA Headquarters.

Current code allows ac disconnect to be remote from the PV array-at ground level-much more than
10'.  The NEC permits the use of connectors to meet the disconnect requirements of 690.17 exception.

_______________________________________________________________________________________________
4-273     Log #3422  NEC-P04

_______________________________________________________________________________________________
Nicholas P. Carter, Enecsys LLC

Revise text to read as follows:
A load break-rated alternating-current disconnecting means shall be mounted within sight of or in each inverter.

The alternating-current connector can be used as a disconnecting means, so it needs to be load
break-rated. Once the alternating-current disconnecting means is opened, it will be safer to open the direct-current
disconnecting means because the inverter will already have shut down due to anti-islanding.

AC disconnects already have to be load break rated since they have to be rated for voltage and
current.  Connectors are not required to be load break rated.
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_______________________________________________________________________________________________
4-274     Log #2197  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
It is proposed that Section 690.14 be restructured and revised to improve clarity and intent.  This

proposal covers a new section 690.14(I). The original 690.14 and an overview of the revised section are
attached below the substantiation. Additional proposals are provided on a subsection-by-subsection basis to allow
comparisons with proposals submitted by others.

The main service disconnect(s) on a building or structure shall be permitted to serve as the
single ac PV disconnect for utility-interactive inverters or ac PV modules connected to the load side of the service
disconnect.
Where connections, as permitted by 705.12(A), are made on the supply side of the service disconnect, the PV systems

shall be considered parallel power production systems as permitted by 230.2 and shall be permitted an additional six ac
PV disconnects per PV system as allowed by 230.71.   These ac disconnecting means shall comply with the location
requirements of 690.14(C).
Disconnecting means in the ac output circuit of each utility-interactive inverter shall be required where the individual

inverter does not have an internal ac output disconnect and where the inverter is not within sight of the main service
disconnect.
AC disconnecting means shall be permitted at each inverter.
The disconnecting means shall comply with 690.17.

Utility-interactive inverters and ac PV modules shut down when the utility voltage is not present at their
output terminals.  Opening the main service disconnect will disable or turn off all utility-interactive inverters and ac PV
modules connected to the load side of that disconnect.
Many PV systems, because of their size, are connected on the supply side of the service disconnect.  The main

service disconnect cannot serve as a disconnect for the supply-side systems and they must have individual disconnects.
This is consistent with 230.2(A)(5) and each of these PV systems as parallel power production systems is allowed six
disconnects per 230.71.
In order for the main service disconnect to also serve as the required maintenance disconnect, the inverter must be

within sight of the main service disconnect.  If the inverter and main service disconnect are not in sight, then a
maintenance disconnect must be installed at each inverter to allow safe servicing.  Optional, permitted disconnects may
be installed at each inverter for system segregation or other purposes.
Note:  Supporting material is available for review at NFPA Headquarters.

Reorganization of 690.14 has made the proposal language unnecessary. See panel actions on
Proposal 4-274a for disconnecting means and Proposal 4-410a for supply side connections.
The allowance for additional services located in Section 230.2 as referred to by the submitter is intended to allow

additional services to be brought to a building to allow a parallel power production system to be connected into the
serving utility system. A parallel power production system is not a service and cannot be treated as such for many
reasons. Using the service disconnecting means as the AC disconnect for a PV system is not practical and in some
cases may introduce additional hazards when all that is required id to isolate the PV system and not remove all power
from a building.
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_______________________________________________________________________________________________
4-274a     Log #CP413  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 690.15 to read as follows:
690.15 Disconnection of Photovoltaic Equipment. Means shall be provided to disconnect equipment, such as inverters,

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 Accessible Locations. Utility interactive inverters shall be

permitted to be mounted on roofs or other exterior areas that are not readily accessible and shall comply with (1)
through (4):
(1) A direct-current PV disconnecting means shall be mounted within sight of or in each inverter.
(2) An alternating-current disconnecting means shall be mounted within sight of or in each inverter.
(3) The alternating-current output conductors from the inverter and an additional alternating-current disconnecting

means for the inverter shall comply with 690.13(A).
(4) A plaque shall be installed in accordance with 705.10.
(B) Equipment. Equipment such as PV source circuit isolating switches, overcurrent devices, dc–to–dc converters, and

blocking diodes shall be permitted on the PV side of the PV disconnecting means.
(C) DC Combiner Disconnects.  The direct current (dc) output of dc combiners mounted on roofs of dwellings or other

buildings shall have a load break disconnecting means located in the combiner or within 1.8 m (6ft) of the combiner.
The disconnecting means shall be permitted to be remotely controlled, but shall be manually operable locally when
control power is not available.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.  The existing and revised portions of 690.14 were variously incorporated into CP-412, CP-413, CP-414
and CP-415.
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_______________________________________________________________________________________________
4-275     Log #2127  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Add text to read as follows:
Means shall be provided to disconnect equipment, such as

inverters, batteries, charge controllers, and the like, 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.

Utility-interactive inverters shall be
permitted to be mounted on roofs or other exterior areas that are not readily accessible. These installations shall comply
with (1) through (4):
(1) A direct-current photovoltaic disconnecting means shall be mounted within sight of or in the inverter.
(2) An alternating-current disconnecting means shall be mounted within sight of or in the inverter.
(3) The alternating-current output conductors from the inverter and an additional alternating-current disconnecting

means for the inverter shall comply with 690.13(A).
(4) A plaque shall be installed in accordance with 705.10.

Equipment such as photovoltaic source circuit isolating switches, overcurrent devices, and blocking
diodes shall be permitted on the photovoltaic side of the photovoltaic disconnecting means.

This proposal is part of a series of proposals which group similar requirements for PV systems
together in order to make the article easier to use.  The revisions clarify that the requirements apply to all ungrounded
conductors similar to NEC 225.31.  Disconnect construction requirements were moved to 690.17(D) to group similar to
NEC 225.38.  See the summary spreadsheet which details the relocation of requirements contained in the series of
proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.15 conducted under Proposal
4-274a.  See the panel action on Proposal 4-274a.

_______________________________________________________________________________________________
4-276     Log #2199  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following third paragraph to 690.15

The direct current (dc) output of dc combiners mounted on roofs of dwellings or other buildings shall have a load break
disconnecting means located in the combiner or within 1.8 m (6ft) of the combiner.  The disconnecting means shall be
permitted to be remotely controlled, but shall have a local operating mode that can be manually operated when control
power is not available.

First responders have an immediate need to de-energize as many dc circuits as possible in buildings
where the PV systems are mounted on the roof.   Without disconnecting means at the outputs of these dc combiners,
first responders are unable to quickly de energize specific circuits in life safety emergencies or to make roof
penetrations.   These disconnecting means are usually mounted on the roof and will typically allow conductors inside the
walls of buildings to be deenergized.
A proposal has been submitted for defining dc combiners in 690.2.

The proposed text is placed as item 690.15(c) as part of the reorganization the section.  See panel
action on Proposal 4-274a.

159Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-277     Log #499  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

The photovoltaic system disconnecting means shall consist of not more than
six switches or six circuit breakers mounted in a single enclosure, in a group of a separate enclosures, or in or on a
switchboard.
Rest of section to remain as is.

Switchboard is by definition not intended to be enclosed.  See definitions.
I do not believe it was the code panel's intent to allow this.

(4) Maximum Number of Disconnects. The photovoltaic system disconnecting means shall consist of not more than six
switches or six circuit breakers mounted in a single enclosure, or in a group of a separate enclosures, or in or on a
switchboard
Remainder of current NEC section to remain as written.

The panel additionally added the word "or" to improve clarity.

_______________________________________________________________________________________________
4-278     Log #2200  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise as follows and add the informational note:

.  Disconnecting means intended solely for fuse servicing shall be installed on PV output
circuits within 1.8 m (6 ft) of fuse locations where overcurrent devices (fuses) must be serviced that cannot be isolated
from energized circuits.  The disconnecting means shall be within sight of, and accessible to from the location of the
fuse or be integral with the fuse holder and shall comply with 690.17.  Where disconnecting means are located more
than 1.8 m (6 ft) from the overcurrent device, a directory showing the location 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.”

The intent of this original submission for the 2011 NEC was to address the problem of multiple, large
bolt-on fuses in the input circuits of utility-interactive inverters or in PV output circuit combiners.  With one end of every
fuse connected to an energized PV output circuit and the other end bolted to a common bus bar, there is no way to
service the fuses without going into the PV array field and finding all combiner boxes and opening possibly hundreds of
finger safe fuse holders.
Unfortunately the interpretation of this requirement is being used to require load break rated disconnects at the output

of combiners and in some cases even at the numerous inputs of source circuit combiners.  While the inclusion of a load
break rated disconnect at the output of each combiner is worthwhile, that requirement does not belong in this section
and will be proposed in Section 690.15.

The existing text is clear and adequate.  The proposed text requiring a disconnect within 6 feet
contradicts the 6 foot requirement in the the third sentence.
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_______________________________________________________________________________________________
4-278a     Log #CP414  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 690.17 to read as follows:
690.17 Disconnect Type.
(A) Manually Operable.  The disconnecting means for ungrounded PV conductors shall consist of a manually operable

switch(es) or circuit breaker(s). The disconnecting means shall be permitted to be power operable with provisions for
manual operation in the event of a power supply failure. The disconnecting means shall be one of the following devices:
a) PV Industrial Control Switch. A listed industrial control switch marked for use in PV systems.
b) PV Molded Case Circuit Breaker.  A listed molded case circuit breaker marked for use in PV systems
c) PV Molded Case Switch.  A listed molded case switch marked for use in PV systems.
d) PV Enclosed Switch. A listed, enclosed switch marked for use in PV systems.
e) PV Open Type Switch. A listed, open type switch marked for use in PV systems.
f) Molded Case Circuit Breaker.  A listed, dc rated molded case circuit breaker suitable for backfeed operation.
g) Molded Case Switch. A listed, dc rated, molded case switch suitable for backfeed operation.
h) Enclosed Switch. A listed, dc rated enclosed switch.
i) Open Type Switch. A listed, dc rated open type switch.
Informational Note:  Devices marked with “line” and “load” are not suitable for backfeed or reverse current.
(B) Simultaneous Opening of Poles.  The PV disconnecting means shall simultaneously disconnect all ungrounded

supply conductors that it controls from the building or structure wiring system.
(C) Externally Operable and Indicating.  The PV disconnecting means shall be externally operable without exposing the

operator to contact with live parts and indicate whether 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 conductor in
an ungrounded and energized state.
Exception No. 1: A switch or circuit breaker that is part of a ground-fault detection system required by 690.5, or that is

part of an arc-fault detection/interruption system required by 690.11, shall be permitted to open the grounded conductor
when that switch or circuit breaker is automatically opened as a normal function of the device in responding to ground
faults.
Exception No. 2: A disconnecting switch shall be permitted in a grounded conductor if all of the following conditions are

met:
(1) 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 operation, including

ground-fault conditions.
Informational Note: The grounded conductor may have a bolted or terminal disconnecting means to allow maintenance

or troubleshooting by qualified personnel.
(F)Interrupting Rating. The building or structure disconnecting means shall have an interrupting rating sufficient 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.
Exception: A connector shall be permitted to be used as an ac or a dc disconnecting means, provided that it complies

with the requirements of 690.33 and is listed and identified for use with specific equipment.

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.  The existing and revised portions of 690.14 were variously incorporated into CP-412, CP-413, CP-414
and CP-415.
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_______________________________________________________________________________________________
4-279     Log #2128  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows:

The disconnecting means for ungrounded conductors shall consist of a manually operable
switch(es) or circuit breaker(s). complying with all of the following requirements:
(1) Located where readily accessible

Each building or structure disconnecting means shall simultaneously disconnect
all ungrounded supply conductors that it controls from the building or structure wiring system.

(2) The building or structure disconnecting means shall be externally
operable without exposing the operator to contact with live parts and (3) Pplainly indicating whether in the open or
closed position

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 conductor in
an ungrounded and energized state.

Informational Note: The grounded conductor may have a bolted or terminal disconnecting means to allow maintenance
or troubleshooting by qualified personnel.

. (4) The building or structure disconnecting means shall have Having an interrupting rating
sufficient for the nominal circuit voltage and the 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.

This proposal is part of a series of proposals which group similar requirements for PV systems
together in order to make the article easier to use.  The title was changed and the requirements were moved into a list
format for clarity.  Paren (D) text comes from existing NEC 690.13.  Revisions structure the requirements similar to NEC
225.38 and clarify the disconnect construction.  See the summary spreadsheet which details the relocation of
requirements contained in the series of proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.17 conducted under
Proposal 4-278a.  See panel action on Proposal 4-278a which incorporates the submitter's proposal with additional
changes.

162Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-280     Log #3417  NEC-P04

_______________________________________________________________________________________________
Thomas Hattert, SMA Solar Technology AG

Revise text to read as follows:
The disconnecting means for ungrounded conductors shall consist of manually operable switch(es) or circuit breaker(s)

complying with all off the following requirements:
(1 )Located where readily accessible
(2 )Externally operable without exposing the operator to contact with live parts
(3) Plainly indicating whether in the open or closed position
(4 Having an interrupting rating sufficient for the nominal circuit voltage and the current that is available at the line

terminals of the equipment
(5 )Manually operable or power operable with provisions to ensure that the switch or circuit breaker can be opened by

hand in event of a power supply failure.
The previous restriction of section 690.17, that switches or circuit breaker have to be manually

operable only, leads to a discrepancy between the AC section in 230 and the PV section in 690. Therefore it shall be
permitted to use manually switches as well as power operable ones. To ensure that the power operable switches still
can be operated  in case of a power supply failure the new paragraph uses the same requirements as in 230.76.

See panel action on Proposal 4-278a, which addresses the submitter's concern.

_______________________________________________________________________________________________
4-281     Log #2201  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Revise 690.17 EX as follows:  Renumber the existing exception as 1, revise as shown, and add the following new
Exception 2.

Exception 1 is slightly reorganized and places the emphases that the connector being used as a
disconnect must be listed with a specific piece of equipment. These connectors are generally only recognized
components in most applications—except when listed as meeting the particular application requirements of a specific
piece of equipment like a microinverter or an ac PV module.
EX 2.  New PV systems are becoming increasingly complex with multiple inverters, multiple PV arrays with varying

locations of equipment, in and outside of buildings.  Flexibility in the location of the manually operated PV dc
disconnecting means is limited.  A remote controlled disconnecting means, will increase flexibility, increase safety and
may meet increased safety concerns for first responders.
While the location of the main PV disconnect is still established by other requirements, the permissive use of as

remote, power operated disconnect will allow that disconnecting means to be activated, or deactivated from one or more
locations, and the control in each location may meet varying requirements.  A utility may dictate control from near the
revenue meter for the building.  A fire department may require a control near the service disconnect.  A maintenance
person, may require control from a roof top location.

See panel action on Proposals 4-280 and 4-278a which address the submitter's concerns.
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_______________________________________________________________________________________________
4-282     Log #888  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after  list item (4) and the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-283     Log #2022  NEC-P04

_______________________________________________________________________________________________
Brian Mehalic, Solar Energy International

Revise text to read as follows:
Open circuiting, or 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 servicing of

array components while a module(s) is irradiated energized may expose persons to electric shock.
Using an opaque covering to “disable” a PV array is a false sense of security at best. Many coverings

such as tarps allow through enough light to result in hazardous levels of voltage and current; furthermore it is very
difficult to cover the array in a reliable manner – covers are likely to fall off or blow off in the wind, and irradiance can
also energize modules through the backsheet.
Replacing “irradiated” with “energized” removes a very loaded word that is subject to misinterpretation from the text

and substitutes a term that is used in other places in Article 690, including in Section 690.2 Definitions.

1)  Reject the deletion of "or opaque covering".
2)  Accept the change to "energized"

The panel rejects removal of opaque covering.  It needs to be retained for microinverters and ac
modules.

_______________________________________________________________________________________________
4-284     Log #2273  NEC-P04

_______________________________________________________________________________________________
Leo F. Martin, Sr., Martin Electrical Consulting

Add a new section 690.19
690.19 Interrupting and Short Circuit Current Rating. Consideration shall be given to the contribution of fault currents

from all interconnected power sources for the interrupting and short-circuit current ratings of equipment on interactive
systems.

705.16 Addresses interrupting and short-circuit current rating. Creation of 690.19 will provide for
interrupting and short-circuit current rating for solar photovoltaic (PV) systems.

There is no need for a new section.  Equipment already has this information provided in the listing.
This is already covered by 705.16.  Section 690.9 addresses the submitter's concerns.
The requirements found in Article 690 already mandate that PV systems and components be sized to accommodate

the maximum short circuit current ratings that are delivered by the PV system. Short circuit current ratings and
interrupting ratings are not required to be calculated in excess of these ratings as PV systems are a finite source of
energy.
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_______________________________________________________________________________________________
4-284a     Log #CP415  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 690.31 to read as follows:
690.31 Methods Permitted.
(A) Wiring Systems. All raceway and cable wiring methods 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 photovoltaic source and output circuits operating at maximum system voltages greater than 30 volts are

installed in readily accessible locations, circuit conductors shall be guarded or installed in a raceway.
Informational Note: Photovoltaic modules operate at elevated temperatures when exposed to high ambient

temperatures and to bright sunlight. These temperatures may routinely 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 circuits shall not be contained in the same raceway,

cable tray, cable, outlet box, junction box, or similar fitting as conductors, feeders, branch circuits of other non-PV
systems, or inverter output circuits unless the conductors of the different systems are separated by a partition. PV
system conductors shall be identified and grouped as required by 690.31(B)(1) through (4). The means of identification
shall be permitted by separate color coding, marking tape, tagging, or other approved means.
(1) PV Source Circuits. PV source circuits shall be identified at all points of termination, connection, and splices.
(2) PV Output and Inverter Circuits. The conductors of PV output circuits and inverter input and output circuits shall be

identified at all points of termination, connection, and splices.
(3) Conductors of Multiple Systems. Where the conductors of more than one PV system occupy the same junction box,

raceway, or equipment, the conductors of each system shall be identified at all termination, connection, and splice
points.
Exception: Where the identification of the conductors is evident by spacing or arrangement, further identification is not

required.
(4) Grouping. Where the conductors of more than one PV system occupy the same junction box or raceway with a

removable cover(s), the ac and dc conductors of each system shall be grouped separately by cable ties or similar
means at least once, and then shall be grouped at intervals not to exceed 1.8 m (6 ft).
Exception: The requirement for grouping shall not apply if the circuit enters from a cable or raceway unique to the

circuit that makes the grouping obvious.
(C) Single-Conductor Cable. Single-conductor cable type USE-2, and single-conductor cable listed and labeled as

photovoltaic (PV) wire shall be permitted in exposed outdoor locations in PV source circuits for PV module
interconnections within the PV array.
Exception: Raceways shall be used when required by 690.31(A).
Informational Note: Photovoltaic (PV) wire [also photovoltaic (PV) cable] has a nonstandard outer diameter. Conduit fill

may be calculated using Table 1 of Chapter 9.
(D) Multi-conductor Cable. Multi-conductor cable type TC-ER or USE-2 shall be permitted in outdoor locations in PV
inverter output circuits when used with utility-interactive inverters mounted in not-readily-accessible locations. The cable
shall be secured at intervals not exceeding 1.8m (6 ft.). Equipment grounding for the utilization equipment shall be
provided by an equipment grounding conductor within the cable.
(E) Flexible Cords and Cables. Flexible cords and cables, where used to connect the moving parts of tracking PV

modules, shall comply with Article 400 and shall be of a type identified as a hard service cord or portable power cable;
they shall be suitable for extra-hard usage, listed for outdoor use, water resistant, and sunlight resistant. Allowable
ampacities shall be in accordance with 400.5. For ambient temperatures exceeding 30°C (86°F), the ampacities shall be
derated by the appropriate factors given in Table 690.31(E).

***Insert Existing Table 690.31(C) Correction Factors Renumbered as 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 690.8. Section 310.15 shall be used to determine the cable ampacity adjustment and
correction factors.
(G) Direct-Current Photovoltaic Source and DC Output Circuits On or Inside a Building. Where dc PV source or dc PV

output circuits from a building-integrated or other PV systems are run inside a building or structure, they shall be
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contained in metal raceways, Type MC metal-clad cable that complies with 250.118(10), or metal enclosures from the
point of penetration of the surface of the building or structure to the first readily accessible disconnecting means. The
disconnecting means shall comply with 690.13(B), (C), and 690.15(A), (B). The wiring methods shall comply with the
additional installation requirements in (1) through (4)
(1) Embedded in Building Surfaces. Where circuits are embedded in built-up, laminate, or membrane roofing materials

in roof areas not covered by PV modules and associated equipment, the location of circuits shall be clearly marked
using a marking protocol that is approved as being suitable for continuous exposure to sunlight and weather.
(2) Flexible Wiring Methods. Where flexible metal conduit (FMC) smaller than metric designator 21 (trade size 3/4) or

Type MC cable smaller than 25 mm (1 in.) in diameter 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 or Labeling Required. The following wiring methods and enclosures that contain PV power source

conductors shall be marked with the wording “Warning: Photovoltaic Power Source” by means of permanently affixed
labels or other approved permanent marking:
(1) Exposed raceways, cable trays, and other wiring methods
(2) Covers or enclosures of pull boxes and junction boxes
(3) Conduit bodies in which any of the available conduit openings are unused
(4) Marking and Labeling Methods and Locations. The labels or markings shall be visible after installation. The labels

shall be reflective and shall have all letters capitalized with a minimum height of 9.5mm (3/8 inch) white on 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 between labels or markings, or between a label and a marking, 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.
(I) Bipolar Photovoltaic Systems. Where the sum, without consideration of polarity, of the PV system voltages of the

two monopole subarrays exceeds the rating of the conductors 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 protective
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 permanent,
legible warning notice indicating that the disconnection of the grounded conductor(s) may result in overvoltage on the
equipment.
Exception: Listed switchgear rated for the maximum voltage between circuits and containing a physical barrier

separating the disconnecting means for each monopole subarray shall be permitted to be used instead of disconnecting
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 photovoltaic source circuit does not interrupt a grounded conductor to other PV source circuits

This panel proposal was prepared to address the various proposals acted upon by the panel.  The
section has been reorganized through the actions taken. Wording in sections was revised to coincide with the
reorganization.  The existing and revised portions of 690.14 were variously incorporated into CP-412, CP-413, CP-414
and CP-415.
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_______________________________________________________________________________________________
4-285     Log #2202  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Revise language in second paragraph as follows:
Where photovoltaic source and output circuits operating at maximum system voltages greater than 30 volts are

installed in readily accessible locations, circuit conductors shall be guarded or installed in a raceway.
PV modules do not have conduit-ready junction boxes.  The great majority of modules being produced

today are constructed with factory-attached pigtail leads using exposed, single-conductor cables and connectors.  Only
a few manufacturers have special order modules available that can be used with conduits.  This Code requirement, as
written, cannot be met.
Added words “guarded or” informs the installer and inspectors that there are solutions other than raceways to render

wiring methods not readily accessible in readily accessible areas.
Adding guards behind and close to the modules will not only make module conductors not readily accessible; it may

also make them rodent resistant.  Rodent damage to PV wiring is becoming an increasingly common problem.

_______________________________________________________________________________________________
4-286     Log #2301  NEC-P04

_______________________________________________________________________________________________
Scott Pieper, Arvada, CO

Add text to read as follows:
All cable from the modules on a standoff system shall be securely strapped to the standoff rails with a minimum 3 mm

wide sun light resistant cable tie.
I have some installs on standoff systems, installers use cheap flimsy cable ties that are not sun light

resistant.  In a few years time, the wires not secured properly will fall down and rub on the roof (shingles).

All materials used for support must be durable and able to withstand the environment. This
proposal adds no new requirement.  The proposed requirement is specific to only one method.
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_______________________________________________________________________________________________
4-287     Log #3146  NEC-P04

_______________________________________________________________________________________________
Christopher Flueckiger, Underwriters Laboratories Inc.

Add text to read as follows:

All raceway and cable wiring methods included in this and other wiring systems and fittings
specifically listed intended and identified for use on photovoltaic arrays, and wiring as part of a listed system shall be
permitted.

UL recently published the Outline of Investigation for Distributed Generation Wiring Harnesses,
Subject 9703 and it is written to specifically cover PV DC and AC wire harnesses.  It is intended that the harness be
evaluated for the end application to the applicable requirements for the individual components and the overall assembly.
SU9703 Scope
1.1 These requirements cover wiring harnesses intended to interconnect distributed generation system devices.
1.2 These requirements cover distributed generation wiring harnesses intended for factory and field wiring and may

include assemblies of cables intended for interconnection of PV modules, solar collectors, and other distributed
generation sources, interconnection of inverters, converters, controllers, and chargers as well as distributed generation
system communication harnesses and system output harnesses.
1.3 The products covered by these requirements are intended to be installed in accordance with the National Electrical

Code, ANSI/NFPA 70.
The Subject 9703 document includes the following sections:
1 Scope, 2 General, 2.1 Components, 2.2 Units of measurement, 2.3 References, 3 Glossary,
CONSTRUCTION:
4 Enclosure, 5 Protection of Users - Accessibility of Uninsulated Live Parts, 6 Electric Shock, 7 Wiring Terminals, 8

Wire and Cable, 9 Field Wiring Compartments, 10 Electrical Connections, 11 Live Parts, 12 Spacings, 13 Barriers, 14
Connectors, 15 Printed-Wiring Boards, 16 Fuses and Fuse Holders .
PERFORMANCE
17 General, 18 Temperature, 19 Dielectric Voltage-Withstand Test, 20 Leakage Current Test,  21 Mold Stress-Relief

Distortion, 22 Strain Relief Test, 23 Crush Test, 24 Push Test, 25 Impact Test, 26 Terminal Torque Test, 27 Grounding
Impedance Test, 28 Bonding Conductor Test, 29 Compression Test, 30 Current Overload Test, 31 Corrosive
Atmosphere Test, 32 Metallic Coating Thickness Test, 33 Water Spray Test, 34 Wet Insulation-Resistance Test, 35
Temperature Cycling Test, 36 Humidity Cycling Test,
This proposal provides a means for compliance of listed wire harnesses or wire harnesses used as a part of a listed

system, when they are used within their ratings.  Field assembled wire harnesses that are not listed need to be evaluate
and found code compliant in the field.
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_______________________________________________________________________________________________
4-288     Log #2130  NEC-P04

_______________________________________________________________________________________________
Chad Kennedy, Square D Company/Schneider Electric

Revise text to read as follows;
Photovoltaic source circuits and PV output circuits shall not be contained in the same

raceway, cable tray, cable, outlet box, junction box, or similar fitting as conductors, feeders, or branch circuits of other
non-PV systems, unless the conductors of the different systems are separated by a partition. Photovoltaic system
conductors shall be identified and grouped as required by 690.31(B)(1) through (4). The means of identification shall be
permitted by separate color coding, marking tape, tagging, or other approved means.

Photovoltaic source circuits shall be identified at all points of termination,
connection, and splices.

The conductors of PV output circuits and inverter input and output
circuits shall be identified at all points of termination, connection, and splices.

Where the conductors of more than one PV system occupy the same junction
box, raceway, or equipment, the conductors of each system shall be identified at all termination, connection, and splice
points.

Where the conductors of more than one PV system occupy the same junction box or raceway with a
removable cover(s), the ac and dc conductors of each system shall be grouped separately by wire ties or similar means
at least once, and then shall be grouped at intervals not to exceed 1.8 m (6 ft).

Single-conductor cable type USE-2, and single-conductor cable listed and labeled as
photovoltaic (PV) wire shall be permitted in exposed outdoor locations in photovoltaic source circuits for photovoltaic
module interconnections within the photovoltaic array.

Informational Note: Photovoltaic (PV) wire [also photovoltaic (PV) cable] has a nonstandard outer diameter. Conduit fill
may be calculated using Table 1 of Chapter 9.

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(CD).

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 690.8. Section 310.15 shall be used to determine the cable ampacity adjustment and
correction factors.

Where dc photovoltaic source or output circuits from a building-integrated or other
photovoltaic system are run inside a building or structure, they shall be contained in metal raceways, Type MC
metal-clad cable that complies with 250.118(10), or metal enclosures from the point of penetration of the surface of the
building or structure to the first readily accessible disconnecting means. The disconnecting means shall comply with
690.14(A), (B), and (D) 690.13(B), (C), and 690.15(A), (B). The wiring methods shall comply with the additional
installation requirements in (1) through (4)
(1) Beneath Roofs. Wiring methods shall not be installed within 25 cm (10 in.) of the roof decking or sheathing except

where directly below the roof surface covered by PV modules and associated equipment. Circuits shall be run
perpendicular to the roof penetration point to supports a minimum of 25 cm (10 in.) below the roof decking.
Informational Note: The 25 cm (10 in.) requirement is to prevent accidental damage from saws used by fire fighters for
roof ventilation during a structure fire.
(2) Flexible Wiring Methods. Where flexible metal conduit (FMC) smaller than metric designator 21 (trade size 3/4) or

Type MC cable smaller than 25 mm (1 in.) in diameter 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
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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 or Labeling Required. The following wiring methods and enclosures that contain PV power source

conductors shall be marked with the wording “Photovoltaic Power Source” by means of permanently affixed labels or
other approved permanent marking:
(1) Exposed raceways, cable trays, and other wiring methods
(2) Covers or enclosures of pull boxes and junction boxes
(3) Conduit bodies in which any of the available conduit openings are unused
(4) Marking and Labeling Methods and Locations. The labels or markings shall be visible after installation. Photovoltaic

power circuit labels shall appear on every section of the wiring system that is separated by enclosures, walls, partitions,
ceilings, or floors. Spacing between labels or markings, or between a label and a marking, shall not be more than 3 m
(10 ft). Labels required by this section shall be suitable for the environment where they are installed.

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

Where the sum, without consideration of polarity, of the PV system voltages of the
two monopole subarrays exceeds the rating of the conductors 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 protective
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.

The connection to a module or panel shall be arranged so that removal of a
module or panel from a photovoltaic source circuit does not interrupt a grounded conductor to other PV source circuits.

This proposal groups the wiring method requirements for PV systems together.  Revised 690.31(B)
text comes from existing 690.4(B).  New paren (H) comes from existing 690.4(G).  New paren (I) comes from existing
690.4(C).  See the summary spreadsheet which details the relocation of requirements contained in the series of
proposals.
Note:  Supporting material is available for review at NFPA Headquarters.

This proposal was used as the baseline for the reorganization of 690.31, conducted under
Proposal 4-284a.  See panel action on Proposal 4-284a, which incorporates the submitter's proposal with additional
changes.
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_______________________________________________________________________________________________
4-289     Log #2203  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Add the following second paragraph after the exception in 690.31(B)
Equipment-grounding conductors smaller than 4 AWG installed in exposed outdoor locations used to provide

equipment-grounding for photovoltaic (PV) modules, PV panels, and PV mounting structures shall be permitted to have
insulated or covered conductors permanently marked as  equipment-grounding conductors with a green or green and
yellow marking at each termination.

In most photovoltaic (PV) installations, uninsulated (bare) equipment grounding conductors are used to
ground PV modules and associated equipment.  However, in some PV power installations, exposed insulated
conductors are required for equipment grounding to keep copper conductors from touching metal roofs or other
structures that might be damaged or disfigured by dissimilar metals corrosion. While conductors are available with
colored insulations that are marked sunlight resistant, many of these insulations have not withstood the high
temperature, high UV radiation environment associated with the PV system for the required 40-50 years or more.  Black
colored conductors like USE-2 made of thermoset materials (synthetic rubber) containing high levels of carbon black
have proven to have adequate durability.  Allowing these black conductors to be properly marked will help to ensure that
PV modules and nearby equipment remain safely grounded for the life of the system.

Wires and conductors of this size are readily available with UV resistant green insulation.  The
panel is concerned with the UV resistance of markings.  This is a design and maintenance issue.
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_______________________________________________________________________________________________
4-290     Log #2929  NEC-P04

_______________________________________________________________________________________________
Mark Albers, SunPower Corp.

Change the current 690.31(B) text to be 690.31(B)(1) and add the following text as 690.31(B)(2).
Photovoltaic source circuits and photovoltaic output circuits using single-conductor cable type USE-2 or PV wire shall

be permitted in cable tray raceways as long as the cables are secured and supported in accordance with 334.30 and the
PV system is not installed on a building. When determining the cable ampacity requirements and the cable tray fill
requirements, each bundle of photovoltaic source circuit and output circuit cables shall be treated as a multi-conductor
cable and the corresponding rules of 392.17 and 392.22 shall be applied.

Currently, the NEC permits the use of USE-2 or PV wire in exposed, outdoor environments (690.31(B))
because these cables are designed for outdoor use. Furthermore, the support requirements for USE cables in exterior
locations is only every 4.5 feet as defined in 334.30, which is referenced by 338.10(B)(4)(b). All cable tray designs are
superior to both of these conditions in that they provide protection from physical damage for these cables and the
maximum support spans are much less than 4.5 feet. Additionally, PV or USE-2 conductors are often secured to PV
racking structures for mechanical support. Mechanically supporting these conductors from cable trays is essentially
equivalent. Unfortunately, section 392 does NOT address installation of single conductor cables smaller than #1/0AWG
in cable trays; the sizes often used for PV source circuits and output circuits.
Also, it is important to remember that the spread of fire protection provided by the CT rating has no bearing on a

ground mounted PV system, because the PV source circuits and output circuit cables are never passing through a fire
barrier. Thus, there is no risk that cables would allow a fire to breech such a fire barrier.
In the end, various inspectors have approved of this wiring method in the past based on a collection of code references

and supporting documentation from cable tray manufacturers and code experts. However, this approach is dependent
upon the judgment of the inspector. It would be extremely beneficial to have this method more clearly defined as an
approved wiring method in 690.31.
Note:  Supporting material is available for review at NFPA Headquarters.

Cable trays are restricted to industrial facilities due, in part, to the maintenance supervision and
security of these types of facilities. Broadly allowing this wiring method in all ground mounted systems is not advisable.
Section 392.10(A) gives a list of acceptable cables for installation in cable trays.
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4-291     Log #1175  NEC-P04

_______________________________________________________________________________________________
Richard E. Loyd, R & N Associates

Revise text to read as follows:
Where dc

photovoltaic and inverter source or output circuits from a building-integrated or other photovoltaic system are run inside
a building or structure, they shall be contained in metal raceways, Type MC metal-clad cable that complies with
250.118(10), or metal enclosures from the point of penetration of the surface of the building or structure to the first
readily accessible disconnecting means. The disconnecting means shall comply with 690.14(A), (B), and (D). The wiring
methods shall comply with the additional installation requirements in (1) through (4).

The shock and fire hazards are equal regardless of the voltage ac or dc. Accepting this change will
insure the proper wiring methods are used inside structures even is the inverters are relocated off the roof after the initial
installation is completed.
The use of metallic wiring methods and enclosures will provide physical protection for these circuits and will likely
contain any faults should they develop in the enclosed cables or conductors and will minimize the fire hazards in
buildings with PV systems. Metallic wiring raceways provide an additional ground-fault detection path for the
ground-fault protection device required by 690.5.
Please accept this revision it will provide added fire safety in buildings and in the event of a fire will provide protection

from chop saws, axes and other equipment used by firefighters.

Inverter output circuits are deenergized when utility power is disconnected making them no more
hazardous than any other ac wiring method in a building.

_______________________________________________________________________________________________
4-292     Log #1457  NEC-P04

_______________________________________________________________________________________________
William A. Wolfe, Steel Tube Institute of North America

Revise text to read as follows:
Where dc

photovoltaic and inverter source or output circuits from a building-integrated or other photovoltaic system are run inside
a building or structure, they shall be contained in metal raceways, Type MC metal-clad cable that complies with
250.118(10), or metal enclosures from the point of penetration of the surface of the building or structure to the first
readily accessible disconnecting means. The disconnecting means shall comply with 690.14(A), (B), and (D). The wiring
methods shall comply with the additional installation requirements in (1) through (4).

The shock and fire hazards are equal regardless of the voltage ac or dc. The use of metal raceways
and enclosures that are permitted where subject to physical damage provide physical protection for these circuits, will
likely contain any faults, should they develop in the enclosed cables or conductors, and will minimize the fire hazards in
buildings with PV systems. Metallic wiring raceways provide an additional ground-fault detection path for the
ground-fault protection device required by 690.5.
This revision will provide added fire safety in buildings and in the event of a fire will provide protection from chop saws,

axes and other equipment used by firefighters.

Inverter output circuits are deenergized when utility power is disconnected making them no more
hazardous than any other ac wiring method in a building.
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_______________________________________________________________________________________________
4-293     Log #1843  NEC-P04

_______________________________________________________________________________________________
Rhonda Parkhurst, City of Palo Alto

Revise text to read as follows:
(E) Direct-Current Photovoltaic Source and Output Circuits Inside a Building. Where dc photovoltaic source or output

circuits from a building-integrated or other photovoltaic system are run inside a building or structure, they shall be
contained in rigid metal conduit, intermediate metal conduit, electric metallic tubing, metal raceways, Type MC metal
clad cable that complies with 250.118(10), or metal enclosures from the point of penetration of the surface of the
building or structure to the first readily accessible disconnecting means. The disconnecting means shall comply with
690. 14(A), (B), and (D). The wiring methods shall comply with Ithe additional installation requirements in (1) through (3)
(4) delete item (2) and renumber (3) and (4) as (2) & (3).

Flexible metal conduit does not provide adequate protection for photovoltaic power source and
photovoltaic source circuit conductors.  Exposed flexible conduit, such as attic locations, has the potential to be grabbed
by personnel.  During fire operation and/or salvage and overhaul after a fire, a pike pole could easily break through the
conduit and would then be in contact with energized conductors putting fire fighters at risk.  Flexible metal conduit does
not provide the same level of protection as other metal conduit and tubing.

The proposal requires specific wiring methods excluding other metallic wiring methods.  No
technical substantiation was provided to limit the wiring methods to only those proposed.  See panel action on Proposal
4-253 for the direction taken by the panel.

_______________________________________________________________________________________________
4-294     Log #1870  NEC-P04

_______________________________________________________________________________________________
Denis L. Lachance, Wareham, MA

Revise text to read as follows:
First readily accessibly disconnecting means when a disconnect is placed at the point of penetration, otherwise PVC

pipe will be used.
The reason for this change is safety. If the insulation on a conductor fails the metal will become

energized with no way of deenergizing.
Note:  Supporting material is available for review at NFPA Headquarters.

The location of the disconnecting means does not change the hazard of an energized conductor
faulting to a metal raceway as a disconnecting means does not necessarily contain short-circuit or ground-fault
protective devices.  The intention of this section is to enclose these conductors in metal raceways for greater physical
protection.
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_______________________________________________________________________________________________
4-295     Log #2204  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 690.31(E) as follows and add the informational note:

Where dc PV photovoltaic
source and dc PV output circuits from a building integrated or other photovoltaic PV system are run inside a building or
structure, they shall be contained in metal raceways, Type MC metal clad cable that complies with 250.118(10) or metal
enclosures from the point of penetration of the surface of the building or structure to the first readily accessible
disconnecting means.  The disconnecting means shall comply with 690.14(A) through (H)(B), and (D).  The wiring
methods shall comply with the additional installation requirements in (1) through (4).
Informational Note:  This requirement does not apply to the ac output circuits of inverters or ac PV modules because

those circuits are very similar to ac branch circuits.  They can be de-energized at the main service disconnect and at any
intermediate disconnecting means or circuit breaker.  These circuits respond to faults by activating an overcurrent
protective device at the first panel to which they are connected.

The terms “dc” are inserted for clarity.  Some AHJs throughout the country continue to apply this
requirement to the ac output circuits from inverters.  Only the dc  PV circuits, always energized by the sun, present the
fire and shock hazards.
Abbreviation of photovoltaic to PV after the first use is consistent with the NEC Style Manual
The reference to 690.14 (A) through (H) is changed to match a proposal for that section.
The informational note is required to inform AHJs that ac inverter output circuits are not to be treated as the

sunlight-energized dc PV source and output circuits.  With ac PV modules and micro inverters attached to dc PV
modules, the situation can be confusing.

The panel accepts the addition of "dc" in two places.  The panel rejects the addition of the
information note as it better suited to product standards or instruction manuals.
The remainder of the proposal is rejected.  Reorganization of 690.31 has made the proposal language unnecessary.
See panel action on Proposal 4-284a.
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_______________________________________________________________________________________________
4-296     Log #2645  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Revise text to read as follows:
(3) Marking or Labeling Required. The following wiring methods and enclosures that contain PV power source

conductors shall be marked with the wording “Photovoltaic Power Source WARNING: PHOTOVOLTAIC POWER
SOURCE” by means of permanently affixed labels or other approved permanent marking:
(1) Exposed raceways, cable trays, and other wiring methods
(2) Covers or enclosures of pull boxes and junction boxes
(3) Conduit bodies in which any of the available conduit openings are unused
(4) Marking and Labeling Methods and Locations. The labels or markings shall be visible after installation. The labels

shall be reflective, shall have all letters capitalized with a minimum height of 9.5mm (3/8 inch) white on red background.
Photovoltaic power circuit labels shall appear on every section of the wiring system that is separated by enclosures,
walls, partitions, ceilings, or floors. Spacing between labels or markings, or between a label and a marking, shall not be
more than 3 m (10 ft). Labels required by this section shall be suitable for the environment where they are installed.

This proposal is to make the NEC consistent with the 2012 International Fire Code (IFC). It is the intent
of the IFC to simply reference the NEC, as it already does, thus allowing the IFC to remove all language relating to PV
electrical circuits and labeling of PV electrical circuits. The IFC requires that labels are reflective, all caps, 3/8” in high
capital letters that are white on a red background. The reason for the red background is for high visibility for firefighters
while fighting a fire. OSHA recommends the use of orange background for “Warning” signs and red for “Danger” signs,
but these are labels rather than signs and are not required to match the OSHA guidelines.
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_______________________________________________________________________________________________
4-297     Log #3031  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
Where dc photovoltaic source

or output circuit from a building-integrated or other photovoltaic system are run inside a building or structure, they shall
be contained in metal raceway, Type MC metal-clad cable that complies with 250.118(10) or metal enclosure from the
point of penetration of the surface of the building or structure to the first readily accessible disconnecting means inverter
input or charge controller input .  The disconnecting means shall comply with 690.14(A), (B), and (D) (C). The wiring
method shall comply with the additional installation requirements in (1) through (4).

690.31(E)(1) to (4) goes to great length to protect the first responders and others that might be working
on or near the PV power source circuit conductors from accidentally contact with the conductors  by requiring the
conductors to be installed in a metal raceway, enclosure or cable. This is good as it should be. However, it permits the
wiring method to be changed to non-metal wiring method (NM cable) after the first readily accessible disconnect.  If the
first readily accessible disconnect is in one part of the building and the inverter is in another part of the building  or if the
first readily accessible not able to be turned off  for some reason, then the first responders or other are at great risk
while fighting a fire after the disconnect.
Ex. The PV source power circuit enters a building in the garage or accessible attic and the first disconnect is located in

the garage or attic requiring a metal raceway, enclosure or cable on the line side of the readily accessible disconnect.
However, the load side of the first readily accessible disconnect can be NM cable. The NM cable can be run through the
building following any route without any indication that the circuit is a photovoltaic circuit. If the fire makes it impossible
to get to the disconnect, the first responders are at risk of cutting the PV source power conductors. This is not only
dangerous to the first responders, but also to anyone else that might be doing work on the building wiring system.
Requiring the metal cable or raceway run to the inverter would insure that the PV source circuit(s) are protected from

physical damage (accidentally being cut) and also identify the PV source circuit as required in 690.31(E) 1 to 4.

The recommendation is technically incorrect because the submitter assumes that circuits will be
terminated in an inverter or charge controller.  The proposal would preclude nonmetallic wiring methods that may be
advantageous based on environment.
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_______________________________________________________________________________________________
4-298     Log #3145  NEC-P04

_______________________________________________________________________________________________
Marcus R. Sampson, Lysistrata Electric

Revise text to read as follows:
Where dc photovoltaic source or

output circuits from a building-integrated or other photovoltaic system are run inside a building or structure, they shall be
contained in metal raceways, cables with a metallic sheath Type MC metal-clad cable that complies with 250.118(10), or
metal enclosures from the point of penetration of the surface of the building or structure to the first readily accessible
disconnecting means. The disconnecting means shall comply with 690.14(A), (B), and (D). The wiring methods shall
comply with the additional installation requirements in (1) through (4)

Where flexible metal conduit (FMC) smaller than metric designator 21 (trade size ¾) or
Type MC cable smaller than 25 mm (1 in.) in diameter 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. Aluminum flexible wiring methods including aluminum type MC, aluminum flexible metallic conduit and
aluminum  type AC shall not be used.

Section 690.31(E) in the 2011 NEC specifically permits type MC cable to be used for the DC source
and output circuits installed within a building. This specific allowance for metal raceways, metal enclosures and type MC
prohibits other wiring methods, i.e. type AC cable.
Type AC is a factory assembly of insulated conductors protected by an overall metallic sheath.  The metal sheath can

be steel or aluminum.  Type MC is a factory assembly of one or more current carrying insulated conductors and can
contain one or more equipment grounding conductors in an overall metallic sheath.  The sheath can be steel, aluminum
or even copper.
Per the UL white book AWSX, aluminum type AC is permitted for alternating current circuits because when tested with

direct current, the aluminum sheathing "melted" or otherwise deteriorated.
It appears that type AC cable has specifically been omitted from the list in 690.31(E) for this reason.  If aluminum AC
deteriorated when tested with direct current, logic dictates that testing aluminum MC or aluminum FMC would result in
the same finding.
This section should prohibit all aluminum flexible wiring methods - aluminum MC, aluminum flexible metallic conduit

and aluminum AC.

The submitter has requested that the existing language be removed and language limiting to those
with a metallic sheath be inserted.  The existing reference mandates that metal clad cable comply with 250.118.  The
submitter has not shown any reason to limit the use of these cables unless CMP-5 takes action to restrict their use.
Type AC cable is not a wiring method allowed in Article 690.
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_______________________________________________________________________________________________
4-299     Log #3211  NEC-P04

_______________________________________________________________________________________________
Matthew A. Piantedosi, The Cadmus Group, Inc.

Revise text to read as follows:
Where dc photovoltaic source or output circuits from a building-integrated or other photovoltaic system are run inside a

building or structure, they shall be contained in metal raceways, Type MC metal-clad cable that complies with
250.118(10), or metal enclosures. from the point of penetration of the surface of the building or structure to the first
readily accessible disconnecting means. the disconnecting means shall comply with 690.14(A), (B) and (D). the wiring
methods shall comply with the additional installation requirements in (1) through (4).

Based on the existing wording of this article, it is permissible to use Type NM-B cable on the DC
conductors up to 600V after the first readily accessible disconnecting means.   This can lead to a hazardous situation
due to the high operating voltage as well as the lack of overcurrent protection in this point of many systems.

The submitter has not presented any documented safety issue or failure analysis to preclude the
use of Type NM cable in these applications.

_______________________________________________________________________________________________
4-300     Log #2205  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Correct the reference in 690.31(F) as noted below.
(F) Flexible, Fine-Stranded Cables. Flexible, fine-stranded cables shall be terminated only with terminals, lugs,

devices, or connectors in accordance with 110.14(A).
The reference to 110.14(A) is incorrect and the correct reference is 110.14.

_______________________________________________________________________________________________
4-301     Log #3420  NEC-P04

_______________________________________________________________________________________________
Nicholas P. Carter, Enecsys LLC

Add text to read as follows:
690.31 (G) Multi-conductor cable type TC-ER or USE-2 shall be permitted in outdoor locations in photovoltaic inverter

output circuits when used with utility-interactive inverters mounted in not-readily-accessible locations. The cable shall be
secured at intervals not exceeding 1.8m (6 ft). Equipment grounding for the utilization equipment shall be provided by an
equipment grounding conductor within the cable.

There is currently no specific cable designation for the alternating-current wiring between
microinverters. This multi-conductor cable is typically installed in outdoor locations, attached to, or within, photovoltaic
system racking.
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_______________________________________________________________________________________________
4-302     Log #3157  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise text to read as follows;
All photovoltaic source and output circuits shall be provided with a ground-fault

protection device or system that complies with (1) through(4) (3):
(1) Determine the pv input circuit has a minimum acceptable level of isolation prior to export of current,
(2)Detects a ground fault. Detect ground fault(s).
(3) Indicates that a ground fault has occurred
(4) Automatically disconnects all conductors or causes the inverter or charge controller connected to the faulted circuit

to automatically cease supplying power to output circuits.
Recent information on existing ground fault protection techniques has indicated that additional

protection is necessary against high ground faults on PV systems. This proposal is intended to revise the ground fault
protection requirements and add an additional array isolation measurement prior to export of current.
On May 27, 2010, UL introduced a CRD and a UL 1741 proposal for non-isolated PV inverters that was similar to draft

IEC 62109-2 PV inverter requirements for non-isolated PV inverters. These set requirements include a measurement of
the PV array isolation prior to initiating connection to the array and power export. Implementation of this protection
scheme as part of ground fault protection circuits will result in daily verification of minimal PV array isolation and
drastically reduce the potential for ground faults going unnoticed. In addition to the daily array isolation verification, these
new GFDI requirements include a ground fault trip based upon a change in ground fault current as low as a 30mA delta.

1)  Reject the words "a minimum acceptable level of"
2) Accept the remainder of the proposal.

The proposed text "a minimum acceptable level of" is not an enforceable requirement.

_______________________________________________________________________________________________
4-303     Log #2206  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Revise 690.35(D) as follows adding an additional item.
The photovoltaic source conductors shall consist of the following:

(1) Nonmetallic jacketed multiconductor cables
(2) Conductors installed in raceways, or
(3) Conductors listed and identified as Photovoltaic (PV) Wire installed as exposed, single conductors, or
(4) Direct-buried conductors.

This section identifies PV source circuit conductors and/or wiring methods allowed for ungrounded PV
systems.  By listing the three most common methods, it perhaps inadvertently excludes an option for direct buried
conductors.  The ability to use direct-buried conductors in (especially) larger ground-mounted systems is useful, and
there are no inherent fire-safety issues that should exclude direct burial conductors from use in PV applications.   PV
Wire is not specified exclusively in (4) because there are other suitable direct-burial conductors.

This proposed language would allow the use of direct buried conductors anywhere in the system.
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_______________________________________________________________________________________________
4-304     Log #3423  NEC-P04

_______________________________________________________________________________________________
Ryan Gaston, The Dow Chemical Company

Revise text to read as follows:
The photovoltaic source conductors shall consist of the following:

(1) Nonmetallic jacketed multiconductor cables
(2) Conductors installed in raceways, or
(3) Conductors listed and identified as Photovoltaic (PV) Wire installed as exposed, single conductors, or
(4) Assemblies listed for Photovoltaic (PV) use.

Some PV products when fully assembled do not have exposed wires and include wire-protection
features built into the product.  Where these wire-protection features serve to prevent minimum bend radii and
unsupported span lengths from being exceeded and prevent access to the wires, they function similar to a raceway or
conduit.
When a PV array does not include any grounded metal, the safest electrical installation is an ungrounded PV system.

This prevents an electrician from receiving a shock from the positive conductor through the ground-fault detection fuse
to the metal conduit (required per code under the roof).

The current wording prevents these PV products from being installed in the safest manner.

Proposed language is not consistent with the current list.  A listed assembly is not a conductor.
Conductors as part of a listed assembly should be proposed rather than the whole assembly.

_______________________________________________________________________________________________
4-305     Log #3424  NEC-P04

_______________________________________________________________________________________________
Ryan Gaston, The Dow Chemical Company

Add text to read as follows:
The photovoltaic source conductors shall consist of the following:

(1) Nonmetallic jacketed multiconductor cables
(2) Conductors installed in raceways, or
(3) Conductors listed and identified as Photovoltaic (PV) Wire installed as exposed, single conductors.

Some PV products when fully assembled do not have exposed wires and include wire-protection
features built into the product.  Where these wire-protection features serve to prevent minimum bend radii and
unsupported span lengths from being exceeded and prevent access to the wires, they function similar to a raceway or
conduit.
When a PV array does not include any grounded metal, the safest electrical installation is an ungrounded PV system.

This prevents an electrician from receiving a shock from the positive conductor through the ground-fault detection fuse
to the metal conduit (required per code under the roof).
The current wording prevents these PV products from being installed in the safest manner.

Enforceable requirements cannot be part of informational notes.
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_______________________________________________________________________________________________
4-305a     Log #3521  NEC-P04

_______________________________________________________________________________________________
Vince Baclawski, National Electrical Manufacturers Association (NEMA)

Revise text to read as follows:
(1) Metallic or nNonmetallic jacketed multiconductor cables.

Type MC cable can be used for photovoltaic source conductors.  This revision allows both nonmetallic
and metallic jacketed multiconductor cables.

_______________________________________________________________________________________________
4-306     Log #889  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-307     Log #2652  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Revise text to read as follows:

For a photovoltaic power source, systems shall comply with 690.35 or one conductor of a 2-wire system with a
photovoltaic system voltage over 50 volts but not greater than 300 volts and the reference (center tap) conductor of a
bipolar system shall be solidly grounded or shall use other methods that accomplish equivalent system protection in
accordance with 250.4(A) and that utilize equipment listed and identified for the use.
Exception:  Systems complying with 690.35.

This proposal is to limit the use of solidly grounded systems to only those below 300 volts to be
consistent with 250.162. Conventional wisdom believed that all systems above 50 volts would be safer if grounded, but
field practice has shown that higher voltage systems become much more dangerous when grounded, particularly above
300 volts—the majority of systems now being installed in the U.S. Recent fires have also shown that grounding of
systems has created critical blindspots in ground-fault detection systems allowing grounded conductor faults to persist
undetected setting up the circumstances for a full array short circuit condition under an ungrounded conductor fault.
These faults can flow over 1000 amps in large 500 kW PV arrays. As 600Vdc PV arrays continue to proliferate, 1000Vdc
systems are also being installed. These systems, if allowed to be grounded at the recommendation of the NEC, will
result in even more significant fires and electrocution hazards. The fault detection schemes required by ungrounded PV
arrays substantially improve both fire and life safety. It should be noted that 690 has been in conflict with article 250.162
and it turns out that article 250 is correct and should be followed above 300Vdc. Since the provisions of 690.35 provide
guidelines on how to install ungrounded systems properly, it is straightforward to make this a requirement of all systems
greater than 300Vdc. The exception is unnecessary since the section is now written in as a positive provision,
eliminating the need for the exception which is consistent with the direction in the style manual.

The panel recognizes that a "," should be inserted between "690.35" and "or".
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_______________________________________________________________________________________________
4-308     Log #1514  NEC-P04

_______________________________________________________________________________________________
Vince Baclawski, National Electrical Manufacturers Association (NEMA)

Revise text to read as follows:
(B) Equipment Grounding Conductor Required. An equipment grounding conductor in accordance with 250.118 shall

be installed between a PV array and other equipment shall be required in accordance with 250.110.
There is confusion in the industry regarding the proper equipment grounding conductors that can be

used. This confusion revolves around the attempted use of strut as an EGC and using bonding washers between the
array and strut. Metal strut is not identified as an EGC in 250.118. This proposal makes it clear that an EGC must be
installed and that EGC must meet the requirements in 250.118.

An equipment grounding conductor as defined in the NEC already refers to 250.118.

_______________________________________________________________________________________________
4-308a     Log #CP408  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

1)
2)
3)
690.45 Size of Equipment Grounding Conductors.  Equipment Grounding conductors for PV source and PV output

circuits shall be sized in accordance with Table 250.122.  Where no overcurrent protective device is used in the circuit,
an assumed overcurrent device rated at the PV maximum circuit current shall be used in Table 250.122.  Increases in
equipment grounding conductor size to address voltage drop considerations shall not be required.  An equipment
grounding conductor shall not be smaller than 14 AWG.

Because of actions taken at the CMP-4 meeting to act on proposals, this panel proposal is required to
delete the text in 690.45(B) and associated Informational Note. The text is no longer necessary as worded due to the
panel taking action to delete 690.5 Exception #2.  The text in 690.45(A) was moved into 690.45 and revised to bring it
into compliance with the Manual of Style.
Changes made to 690.45 include:
Changing photovoltaic to PV in several locations.
Changing “rated short circuit current” to “maximum circuit current”
Changing “The equipment grounding conductors shall be no smaller than 14 AWG.” to  “The equipment grounding

conductor shall not be smaller than 14 AWG.”

183Printed on  1/25/2012



Report on Proposals  –  June 2013 NFPA 70
_______________________________________________________________________________________________
4-309     Log #2207  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise text to read as follows:

Revise 690.46 as follows.  Add the following second paragraph.
Equipment grounding conductors for PV modules smaller than 6

AWG shall comply with 250.120(C).
Solid (non-stranded) equipment-grounding conductors and grounding-electrode conductors of 6 AWG and smaller shall

be permitted in raceways for PV array grounding.
310.106(C) requires the use of stranded conductors of 8 AWG and larger in raceways, with an

exception for the use larger, solid conductors where permitted elsewhere in the Code. This proposal allows the use of
solid conductors larger than 8 AWG.
Given the problem of moisture, which is generally present at the location of the modules, and the installation

requirements of 690.46/250.120(C), it would simplify PV installations if the use of solid conductors of 6 AWG in
raceways were allowed. This would address not only issues of water migration into stranded grounding conductors and
subsequent degradation of the conductor and/or connection, but would also allow electricians to more effectively deal
with the concerns of inspectors who expect to see grounding conductors smaller than 6 AWG protected in a raceway.
The allowance of 6 AWG solid conductors in raceways would allow an electrician to run an unspliced #6 (or smaller)
solid conductor from the DC disconnect or combiner box to the array. This conductor could then be used to bond all of
the mounting components and even connect to any auxiliary grounding electrodes installed at the location of the array
without a splice.
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_______________________________________________________________________________________________
4-310     Log #3029  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
690.47(C) 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 specified by 250.122 or
250.166 and shall be installed in accordance with 250.65(E).
690.46(C) Common Direct-Current and Alternating Grounding Electrode Conductor and Taps. A common dc grounding

electrode conductor and ac grounding electrode conductor shall be permitted to serve the PV system and associated ac
system.  The size of the common grounding conductor shall be the larger as specified by 250.66 or 250.166. The
connection or tap shall be exothermic welding or with connectors listed for grounding and bonding in such a manner that
the common grounding electrode conductor remains without a splice or joint.

If the “associated ac equipment” or the ac equipment downstream towards the ac system grounding
electrode is serviced or removed the PV output circuit can become ungrounded.
There are no provisions requiring that the equipment grounding conductor(s) downstream from the “associated ac

equipment” be sized per 250.166 or be unspliced or irreversibly spliced.   This section does not meet the intent of a
solidly ground as outlined in 690.47(A), 690.47(B), 250.4(A)(5), and 250.64(C). The grounding electrode “system” could
also be disabled in the event of a fire.
Ex. Combined DC GEC and AC EGC is connected to a panel feed be EMT. During a fire the couplings on the EMT

melt opening the equipment grounding path and leaving the energized PV source circuit ungrounded. The first
responders are a great risk of high voltage electrical shock form not only the PV system but also from other conductive
paths to ground.
If the PV system grounding electrode conductor is taped onto the ac service or separately derived system grounding

electrode conductors the PV system will more than likely remain grounded during a fire. 250.64(D) addresses common
grounding electrode conductor for services. The methods listed in 250(D)(1) are approved in Article 250.64 for services,
Article 250.30(A)(7) for separately derived systems and,  Article 250.160 for dc systems. The intent of 690.47 is to
provide a solidly grounded system, just as required for services, separately derived systems and dc systems, why not
use the same proven method as in 250.64(D) for photovoltaic.

There is no technical substantiation to support the change.  The proposal does not meet Section
4.3.3(d), Regulations Governing Committee Projects.
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_______________________________________________________________________________________________
4-310a     Log #CP407  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Append a third paragraph to 690.47(B) to read as follows:
An ac equipment grounding system shall be permitted to be used for equipment grounding of inverters and other

equipment, and the ground-fault detection reference for ungrounded PV systems.

690.47(C)(3) Combined Direct-Current Grounding Electrode Conductor PV Bonding Jumper and Alternating-Current
Equipment Grounding Conductor.
An unspliced, or irreversibly spliced, combined grounding bonding conductor shall be run from the marked dc

grounding electrode conductor or PV bonding jumper connection point along with the ac circuit conductors to the
grounding busbar located in the main service disconnect or the first disconnect of a separately derived system in the
associated ac equipment. This combined grounding bonding conductor shall be the larger of the sizes specified by
250.122 based on the rating of the inverter output circuit overcurrent device or 250.168. or 250.166, and shall be
installed in accordance with 250.64(E).

The new paragraph appended to 690.47(B) satisfies the concern of Proposal 4-311 through clearer
language.
The change to 690.47(C)(3) is in response to the TCC Directed Task Group consisting of CMP-4 and CMP-5 members

to discuss the conflict between 250.121 and 690.47(C)(3).   The change in 690.47(C)(3) from the term “Grounding
Electrode Conductor” to “PV Bonding Conductor” resolves the conflict with 250.121.  The other changes reflect the
change from a grounding electrode conductor to a bonding jumper.

_______________________________________________________________________________________________
4-311     Log #2208  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add a new third paragraph as follows:

Ungrounded DC PV arrays connected to utilization equipment with common ac and dc equipment-grounding terminals
shall be permitted to have equipment-grounding requirements met by the ac equipment-grounding system without the
requirement for a dc grounding electrode conductor or grounding system.

The first paragraph of 690.47(B), as currently written, applies to stand-alone ungrounded DC PV
systems where a new grounding electrode and grounding electrode conductor are required.  There is no requirement
directly addressing the ungrounded PV array connected to a utility-interactive inverter as allowed by 690.35.
The great majority of ungrounded PV arrays will be connected to utility-interactive inverters and those inverters have

common ac and dc equipment-grounding terminals.   The PV array dc equipment-grounding conductors, when
connected to such inverters, have the array dc equipment grounding conductors connected to earth through the ac
equipment grounding system and the existing ac grounding system.   Additional grounding electrodes and grounding
electrode conductors are not required, but may be used.

The proposed text could be misinterpreted to mean that a dc grounding system is not required.  The
reference to utilization equipment should also include conversion equipment.
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_______________________________________________________________________________________________
4-312     Log #3030  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Revise text to read as follows:
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), 250.64(C)(2) or connector listed
for grounding and bonding. The dc grounding electrode conductor shall not be used as a substitute for any required ac
equipment grounding conductor.

Large commercial and industrial facilities might already have a grounding bus bar. Connecting to this
bus bar as outlined in 250.64(C)(2) will provide an effective ground-fault current path as required in 250.4(A)(5).
Connector listed for grounding and bonding have been used effectively on ac systems to provide an effective

ground-fault current path and meet all the requirements of 250.4, General Requirements for Grounding and Bonding.
When the ac and dc grounding electrode conductors are connected there is a common grounding electrode conductor.

250.64(D) addresses common grounding electrode conductor for services. The methods listed in 250(D)(1) are
approved in Article 250.64 for services and Article 250.30(A)(7) for separately derived systems,  Article 250.160 for dc
systems and for photovoltaic as outlined in 690.47(B). Since 690.47(C)(2) is accomplishing the same thing, the methods
in 250.64(D)(1) should apply to photovoltaic.

_______________________________________________________________________________________________
4-313     Log #1159  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Revise 690.47(D) To read as per 2008 NEC as follows:
(D) Additional Electrodes for Array Grounding. Grounding electrodes shall be installed in accordance with 250.52 at the

location of all ground- and pole-mounted photovoltaic arrays and as close as practicable to the location of roof-mounted
photovoltaic arrays. The electrodes shall be connected directly to the array frame(s) or structure. The dc grounding
electrode conductor shall be sized according to 250.166. Additional electrodes are not permitted to be used as a
substitute for equipment bonding or equipment grounding conductor requirements.
The structure of a ground- or pole-mounted photovoltaic array shall be permitted to be considered a grounding

electrode if it meets the requirements of 250.52. Roof mounted  photovoltaic arrays shall be permitted to use the metal
frame of a building or structure if the requirements of 250.52(A)(2) are met.
Exception No. 1: Array grounding electrode(s) shall not be required where the load served by the array is integral with

the array.
Exception No. 2: Additional array grounding electrode(s) shall not be required if located within 6 ft of the premises

wiring electrode.
During the 2011 code making process a proposal was submitted to delete this section (Proposal

4-238, Log #2509 NEC-P04). This proposal was rejected by the panel.  During the rewrite of this Article, this paragraph
was apparently left out and does not appear in the 2011 code.
This section needs to be in the code to make it clear that ground and pole mounted pv arrays require a grounding

electrode system.

There is no Section 690.47(D) to revise.  There is no technical justification for the inclusion of this
language.
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_______________________________________________________________________________________________
4-314     Log #1563  NEC-P04

_______________________________________________________________________________________________
David Clements, International Association of Electrical Inspectors

Revise text to read as follows:
690.47 (D) To read as per 2008 NEC as follows:
(D) Additional Electrodes for Array Grounding. Grounding electrodes shall be installed in accordance with 250.52 at the

location of all ground- and pole-mounted photovoltaic arrays and as close as practicable to the location of roof-mounted
photovoltaic arrays. The electrodes shall be connected directly to the array frame(s) or structure. The dc grounding
electrode conductor shall be sized according to 250.166. Additional electrodes are not permitted to be used as a
substitute for equipment bonding or equipment grounding conductor requirements. The structure of a ground- or
pole-mounted photovoltaic array shall be permitted to be considered a grounding electrode if it meets the requirements
of 250.52. Roof mounted photovoltaic arrays shall be permitted to use the metal frame of a building or structure if the
requirements of 250.52(A)(2) are met.
Exception No. 1: Array grounding electrode(s) shall not be required where the load served by the array is integral with

the array.
Exception No. 2: Additional array grounding electrode(s) shall not be required if located within 6 ft of the premises

wiring electrode.
During the 2011 code making process a proposal was submitted to delete this section, 4-238 log

#2509 NEC-p04. This proposal was rejected by the panel. During the rewrite of this Article, this paragraph was
apparently left out and does not appear in the 2011 code. This section needs to be in the code to make it clear that
ground and pole mounted pv arrays require a grounding electrode system.

There is no Section 690.47(D) to revise.  There is no technical justification for the inclusion of this
language.

_______________________________________________________________________________________________
4-315     Log #3287  NEC-P04

_______________________________________________________________________________________________
James J. Rogers, Bay State Inspectional Agency

Add new text to read as follows:
Grounding electrodes shall be installed in accordance with

250.52 at the location of all ground- and pole-mounted photovoltaic arrays and as close as practicable to the location of
roof-mounted photovoltaic arrays. The electrodes shall be connected directly to the array frame(s) or structure.  The dc
grounding electrode conductor shall be sized according to 250.166. Additional electrodes are not permitted to be used
as a substitute for equipment bonding or equipment grounding conductor requirements.

Replace this part D into 690.47, the panel never intended to remove this requirement, the TCC
interpreted a panel action in the ROC when the panel accepted a comment as agreeing with the submitter to remove
this requirement, that is not what the panel intended and this basic safety requirement should be restored.

Revise proposed text as follows:
690.47(D) Additional Electrodes for Array Grounding. Grounding electrodes shall be installed in accordance with

250.52 at the location of all ground- and pole-mounted photovoltaic arrays and as close as practicable to the location of
roof-mounted photovoltaic arrays. The electrodes shall be connected directly to the array frame(s) or structure.  The dc
grounding electrode conductor shall be sized according to 250.166. Additional electrodes are not permitted to be used
as a substitute for equipment bonding or equipment grounding conductor requirements.

There is no technical requirement for an additional grounding electrode for a roof-mounted PV
array.
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_______________________________________________________________________________________________
4-316     Log #2209  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
690.51 Modules.  Delete in its entirety.

690.4(D) requires that all PV modules be listed.  The UL Standard 1703 establishes the requirements
for marking and these requirements should not be in the NEC.  The section should be deleted.

Even if a product is listed, the only enforcement tool that an AHJ has is to utilize a requirement that
is found in the NEC.  Although 110.3(B) could be used that does not always suffice in the same fashion as a direct NEC
requirement.

_______________________________________________________________________________________________
4-317     Log #2210  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
.  Delete in its entirety.

690.4(D) requires that all PV modules be listed.  The UL Standard 1703 establishes the requirements
for marking and these requirements should not be in the NEC.  Delete.

Even if a product is listed the only enforcement tool that an AHJ has is to utilize a requirement that
is found in the NEC.  Although 110.3(B) could be used that does not always suffice in the same fashion as a direct NEC
requirement.
The panel understands that the recommendation is addressed to 690.52.

_______________________________________________________________________________________________
4-318     Log #114  NEC-P04

_______________________________________________________________________________________________
Brian Mehalic, Solar Energy International

Revise text to read as follows:
(4) Maximum circuit Short circuit current
Informational Note to (4): See 690.8(A) for calculation of maximum circuit current.

Section 690.53(4) requires a label stating the short-circuit current for the direct-current photovoltaic
power source be installed at the photovoltaic disconnecting means. However, information supplied in the accompanying
Informational Note refers to 690.8(A) for calculation of maximum circuit current. These two terms refer to different
values. Short-circuit current is a manufacturer rating marked on all photovoltaic modules per 690.51(5). Maximum circuit
current is a calculated value, which is defined by 690.8(A)(1) for PV source circuits as the sum of parallel module rated
short-circuit currents times 125 percent, and by 690.8(A)(2) for PV output circuits as the sum of parallel source circuit
maximum currents. While a calculated value, maximum current can be produced by a given photovoltaic power source
due to increased irradiance and other environmental conditions, and is thus used for sizing overcurrent protection and
conductors. The change to "Maximum circuit current" would harmonize the terminology and clarify the intention of the
690.53(4) requirement to label the photovoltaic disconnecting means with the value found via 690.8(A).
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_______________________________________________________________________________________________
4-319     Log #2211  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 690.53(4) as shown and add the sentence.

690.53(4) Maximum circuit Short-circuit current
Where the PV power source has multiple outputs, items (1) and (4) shall be specified for each output.

The word “maximum circuit” is substituted for “short circuit” for correctness and clarity so that the
specified current can now be calculated from the short-circuit current ratings on the backs of the modules connected to
this circuit.    The requirement is now consistent with the way the other items are determined and the Informational Note
applies.
Many small and large inverters have multiple dc inputs.  The required currents in items (1) and (4) should be listed per

output of the PV power source.  This label is used to allow the AHJ to make a quick determination if the correct
conductor size was used for the output circuits.

_______________________________________________________________________________________________
4-320     Log #2644  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Add text to read as follows:
Any structure or building with a photovoltaic 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 exterior 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 disconnecting means and that the structure contains a
stand-alone electrical power system. The marking shall be in accordance with 690.31(E).

Buildings or structures with both utility service and a photovoltaic
system shall have a permanent plaque or directory providing the location of the service disconnecting means and the
photovoltaic system disconnecting means if not located at the same location. The marking shall be in accordance with
690.31(E). For PV systems complying with 690.12, the plaque or directory shall include the wording:
MAXIMUM VOLTAGE AT ARRAY 80VDC AFTER SHUTDOWN

This proposal is to make the NEC consistent with the 2012 International Fire Code (IFC). It is the intent
of the IFC to simply reference the NEC, as it already does, thus allowing the IFC to remove all language relating to PV
electrical circuits and labeling of PV electrical circuits. The IFC requires that labels are reflective, all caps, 3/8” in high
capital letters that are white on a red background. The reason for the red background is for high visibility for firefighters
while fighting a fire. OSHA recommends the use of orange background for “Warning” signs and red for “Danger” signs,
but these are labels rather than signs and are not required to match the OSHA guidelines.
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_______________________________________________________________________________________________
4-321     Log #107  NEC-P04

_______________________________________________________________________________________________
Jim Stack, Chandler, AZ

I propose to correct the wording on code section 690.64 to add the note stating the main power into
a power panel from the utility should be used as the ampacity of the bus bar. Since the PV added to the panel is day
hours only and meant to replace the utility power during peek hours. It is not meant to add additional capacity for more
loads. As long as the total PV ampacity does not exceed the total utility power, no bus bar change is required.

This section of Code was written to address a general condition where any panelboard busbar or
conductor might be fed by multiple sources of power that are connected to the busbar or conductor through overcurrent
devices. There are no restrictions in the code requirement as to the particulars of any specific installation. There are no
restrictions as to where the multiple power sources might be connected on the busbar or conductor nor are there any
limits on the number of overcurrent devices. There are no restrictions on the loads connected to the busbar or conductor
either in terms of their connection point or their rating of the overcurrent device. When applying this requirement, no
assumptions should be made as to the configuration of the circuit with respect to the location of taps and the number,
magnitude and locations of any sources or loads.
This is the manner in which many Code requirements are formulated. The requirement is written in general terms and

then the general requirement is modified by exceptions (restrictions or allowances) or additions to the requirement.
In at least five code cycles, various changes and modifications have been proposed to change the basic requirement

and wording. CMP-13 has ruled that the way to protect this general busbar or conductor, that has no restrictions, is
that the busbar or conductor must have an ampacity equal to or greater than the sum of the ratings of all overcurrent
devices supplying that busbar or conductor.
As the time progresses, we have seen various wiring configurations for that general, unrestricted, busbar or conductor

that might allow exceptions to the basic requirements. These wiring configurations are discussed among inspectors,
electricians, conductor and panel board manufacturers and, as they are vetted to be safe, proposals are made to
change the . These are in the form of exceptions or modifications to the basic requirements.
This process is not unique to 690.64(B)(2) and similar actions have been taken throughout the .
With respect to 690.64(B)(2), it has long been recognized that if there are only two supply overcurrent devices and that

they are opposite ends of the busbar or conductor, then even if unrestricted loads or load taps are added between the
two supply overcurrent devices, there is nowhere on the conductor or busbar where the currents may exceed the rating
of the largest overcurrent device.
A change was accepted in the that recognizes this fact and requires that in a panel board, if the two supply

overcurrent devices are at opposite ends of the busbar, the sum of the ratings of the busbar may exceed the current
rating of the busbar by 20%. The assumption is made that actual load on the panel will not exceed the panel rating in
most residential and commercial locations.
Unfortunately, actual experience dictates that plug loads are essentially unrestricted and unmonitored and may result

in loads higher than calculated by the installing electrician.
A related proposal is being drafted for the that would apply to end-fed conductors that have a restriction that

they not be tapped for either loads or supplies.

How likely is it that increased loads would occur at the same time as high daytime PV outputs? No one knows, but the
possibility exists and some inspectors report warm/hot load centers (without PV input) that may be operating already
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close to the rating of the main breaker.
Exceptions were proposed to 690.64 (moving to 705.12(D)) to allow more flexible installations. These exceptions place

restrictions or allowances on the general conditions of an unrestricted busbar or conductor. The restrictions keep the
various installations safe.
For example, the 2005 NEC 690.64(B)(2) requirement says to add the ratings of all breakers supplying current to the

panel. This would include the main plus all backfed PV breakers. Assume that it is desired to combine the outputs of two
inverters in a dedicated PV ac combining panel with two 40A breakers. An 80A main breaker would be needed. The
sum of all breakers would be 160 amps, necessitating a 200A panel to meet 690.64(B)(2). However, if an exception
(restriction) were added that prevented any loads from being added to the panel, then the maximum current that the
busbar would ever see would be limited to the sum of the PV breakers. The panel could then be rated at 80A or
100A—still safe, and less costly.
In summary, 690.64(B)(2) is written as an unrestricted requirement for sizing conductors and busbars. The conductor

or busbar is protected for any combination of loads and/or multiple sources and locations of loads or sources connected
to the busbar or conductor.
Unfortunately, the proposals for revisions of 690.64(B)/705.12(D) in the 2011 NEC were not accepted.
An AHJ may certainly look at a specific installation consisting of a specific set of supply breakers, loads, and locations

of the same and evaluate the ampacity requirements of the conductors or busbar. If an alternate methods and materials
(AMM) approval is issued to allow a deviation from the wording of the , then the AMM approval might also include
instructions to the installer to modify the installation in a way to minimize the possibility of future changes to the
installation that might violate the exceptions (restrictions). For example, a "No Loads Allowed" placard might be required
on an ac PV inverter combining panel when an AMM approval has allowed the rating of the panel as either the main
breaker rating of the sum of the PV breakers, whichever is greater. Another example (proposed for the

) is to allow a conductor fed from supply breakers at each end, to have an ampacity of the greater breaker
rating, not the sum of the breakers, when the conductor is marked, "Multiple Power Sources—Do Not Tap" every ten
feet where the conductor is accessible.

The proposal does not meet Section 4.3.3(c), Regulations Governing Committee Projects.

_______________________________________________________________________________________________
4-322     Log #2212  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following new section to Art 690.

.  DC-to-DC power converters connected to the output circuit of one or more PV
modules shall be installed in full compliance with the requirements of the certification/listing, all labels, and the
instruction manual.
The dc output of these devices shall not be required to meet the requirements of a dc PV module.

DC-to-DC converters being used in and developed for PV systems differ from manufacturer to
manufacturer and each has significantly different input and output characteristics. There are far too many input and
output variations and combinations as well as interactions with external equipment such as inverters and other devices
to specifically address each device in the Code.
This requirement will re-enforce the 110.3(B) requirement that these listed, very complex and numerous devices be

installed as labeled and by following the instructions provided with the product.
The last sentence is required to inform AHJs that the dc module output requirements are not applicable to these

devices.

Making reference to 110.3(B) requirements is not necessary.  There is no technical substantiation
to add the second paragraph.
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_______________________________________________________________________________________________
4-323     Log #61  NEC-P04

_______________________________________________________________________________________________
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Robert H. Wills, Intergrid, LLC / Rep. American Wind Energy Association
Move common language on Storage Batteries (Section VIII)  in Articles 690, 692 & 694 to a new

common Article 69X.
Rename this article “Energy Storage Systems”:

The provisions of this article apply to energy storage systems such as batteries, ultra-capacitors,
flywheels, etc. Energy storage systems can be ac or dc devices, and can include inverters and converters to transform
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from one form to the other.

Whenever the requirements of other articles of this and Article 69X differ, the requirements
of Article 69X shall apply.

Storage batteries in an energy storage system shall be installed in accordance with the provisions of
Article 480. For photovoltaic power sources, the storage system shall be considered to be grounded when the
connected power source is installed in accordance with 690.41.

Energy storage systems for dwellings shall be configured so as to operate at less than 50 volts
nominal. Lead-acid storage batteries for dwellings shall have no more than twenty-four 2-volt cells connected in series
(48-volts nominal).

Live parts of energy storage systems for dwellings shall be guarded to prevent accidental
contact by persons or objects, regardless of voltage or type.
Informational Note: Batteries in energy storage systems are subject to extensive charge–discharge cycles and typically

require frequent maintenance, such as checking electrolyte and cleaning connections.
A listed, current-limiting, overcurrent device shall be installed in each circuit adjacent to the

energy storage system where the available short-circuit current from a source exceeds the interrupting or withstand
ratings of other equipment in that circuit. The installation of current-limiting fuses shall comply with 69x.20.

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 material
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
operation.

Battery circuits 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 disconnects
shall be permitted.

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 disconnecting
means shall not disconnect the grounded circuit conductor(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.

On energy storage 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
operate with ungrounded conductors, provided the following conditions are met:
(1) The photovoltaic array source and output circuits shall comply with 690.41.
(1) The dc and ac load circuits shall be solidly grounded.
(2) All main ungrounded energy storage system input/output circuit conductors shall be provided with switched

disconnects and overcurrent protection.
(3) A ground-fault detector and indicator shall be installed to monitor for ground faults in the system.

Means shall be provided to disconnect a fuse from all sources of supply if the fuse is energized from
both directions and is accessible to other than qualified persons. Switches, pullouts, or similar devices that are rated for
the application shall be permitted to serve as a means to disconnect fuses from all sources of supply.

Equipment shall be provided to control the charging process of the energy storage system. Charge
control shall not be required where the design of the energy source is matched to the voltage rating and charge current
requirements of the energy storage system. For battery systems, this requirement can be met if 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 thermal

failure when overcharged.

An energy storage system employing a diversion charge controller as the
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sole means of regulating charging shall be equipped with a second independent means to prevent overcharging.

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 current rating of the diversion load charge

controller. The voltage rating of the diversion load shall be greater than the maximum energy storage system voltage.
The power rating of the diversion load shall be at least 150 percent of the power rating of the energy source.
(2) The conductor ampacity and the rating of the overcurrent device for this circuit shall be at least 150 percent of the

maximum current rating of the diversion charge controller.
Systems using utility-interactive inverters to control

energy storage 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 69X.30(B)(2). The charge regulation circuits used shall comply

with the requirements of 690.8. Energy system currents shall be considered to be continuous.
(2) These systems shall have a second, independent means of controlling the energy storage system charging process

for use when the utility is not present or when the primary charge controller fails or is disabled.
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 following
requirements must be met:
(1) The ampacity of the conductors in output circuits shall be based on the maximum rated continuous, output current

of the charge controller or converter for the selected output voltage range.
(2) The voltage rating of the output circuits shall be based on the maximum voltage output of the charge controller or

converter for the selected output voltage range.
Flexible cables, as identified in Article 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 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 only be used with terminals, lugs, devices, and connectors that are listed and marked for such use.

The same language for stand-alone systems is included in the three renewable energy Articles (690,
692 and 694).
It makes sense to eliminate redundancy and to move it to a general Article so that common language can serve all
three.
In this code cycle, we are already seeing significant divergence in the requirements for energy storage systems for PV,
fuel cells and wind as it is difficult to coordinate the proposals for all of the technologies.
It is possible to write a generic Article that addresses the issues raised in the existing Articles.
Further, energy storage in renewable energy systems has gone beyond storage batteries. Ultracaps are commonly

used for example.
By creating a new Article in Chapter 6 titled “Energy Storage Systems”, we have a place to address emerging
technologies such as home energy storage, ultra-capacitors, bi-directional electric vehicle charging (V2G) etc.
The language above is based on that of Article 690.71-74, but with the specific references to changed to the generic

term “energy storage system”. The language was also changed to make it compliant with the NEC Style Manual.
This proposal was originally rejected for not being presented as a complete article. I trust that this revision meets the

panel’s requirements.

See panel action on Proposal 4-375 which addresses the submitter's concerns.
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4-324     Log #2921  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Revise text to read as follows:

Storage batteries in a solar photovoltaic system shall be installed in accordance with the provisions of
Article 480. The interconnected battery cells shall be considered grounded where the photovoltaic power source is
installed in accordance with 690.41.

Storage batteries for dwellings shall have the cells connected so as to operate at less than 50
volts nominal 60 volts. Lead-acid storage batteries for dwellings shall have no more than twenty-four 2-volt cells
connected in series (48-volts nominal).

This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating
Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories. The subgroup members are
Robert Wills, Intergrid, LLC - subgroup lead), Audie Spina (Armstrong Industries) and David Geary (Starline DC
Solutions).
In other places in the (including Art 480 revisions) the limit of 60V is becoming standard. Lead acid batteries are

no longer the only type being used. The change makes the second sentence in 690.71(B)(1) unnecessary.
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4-325     Log #2213  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following section H to 690.71

Where energy storage device input and output terminals are more than
1.5 meters (5 feet) from connected equipment, or where the circuits from these terminals pass through a wall or partition
the installation shall comply with (1) through (4):
(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 are acceptable.
(2) Where fused disconnecting means are used, the “Line” terminals of the disconnecting means shall be connected

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 required by (1) is not within sight of the connected equipment.
(5) Where the energy storage device disconnecting means is not within sight of the PV system ac and dc disconnecting

means, placards or directories shall be installed at the locations of all disconnecting means indicating the location of all
disconnecting means.

Batteries and other energy storage devices represent significant sources of short-circuit current
(10,000 amps or more), and circuits connected to these sources must be protected with overcurrent devices. Circuits
are bidirectional and confusion exists as to where the disconnects and overcurrent protection are required since there
are two supply sources. Operating voltages for residential systems are under development that operate above 300 volts
dc. A switched disconnecting means is required to allow rapid disconnection of the batteries from the circuit under
connected equipment failure and during maintenance.  It is difficult to install this equipment when the cable lengths are
shorter than about five feet, and this is the distance that Underwriters Laboratories (UL) generally allows for unprotected
cable lengths when testing PV power centers.  Any penetration of a wall or partition necessitates the installation of a
disconnecting means and overcurrent protection at the battery end of the circuit to protect the circuit as it passes
through the wall and to allow the battery to be disconnected at the source. Overcurrent protection is generally required
at the battery or energy storage device end of the circuit since this is the source of the highest continuous currents and
the source of the highest fault currents in the circuit.  Where a wall is involved, disconnects are required at each end of
the circuit.

_______________________________________________________________________________________________
4-326     Log #2214  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Correct the reference in the second paragraph of 690.74(A) as noted below.

Flexible, fine-stranded cables shall be terminated only with terminals, lugs, devices, and connectors in accordance with
110.14(A).

The reference to 110.14(A) is incorrect and the correct reference is 110.14.
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4-327     Log #1007  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in two places within 690.80.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-328     Log #1040  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of Article 690, Part IX.

The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-329     Log #2215  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise as shown below and add the Informational Note:

Solar photovoltaic systems with a maximum system voltage over 600 volts but not exceeding 1000 volts dc shall
comply with the requirements in Article 690 for systems operating at 600 volts or less where the following conditions are
met:
(a) All modules, conductors, and equipment assemblies shall be listed and identified for use at the applicable voltage.
(b) Doors and other access points that would provide unqualified persons access to energized dc parts shall be locked.
Informational Note:  These requirements will generally apply to the calculations of the maximum system voltage and

the sizing and application of overcurrent devices to circuits and equipment.
Systems with a maximum system voltage over 1000 volts dc shall comply with all the applicable provisions of the

preceding sections of this article, and shall comply with Article 490 and other requirements applicable to installations
rated over 600 volts.

PV systems rated for 1000 volts dc are common worldwide and an increasing number are being
installed in the U.S., categorized rightly or wrongly as “behind-the-fence” installations.  Modules, inverters and other
BOS equipment certified internationally are mostly being used in these installations.  However, domestic manufacturers
are beginning to list 1000 volt products to UL Standards 1741 and UL 1703.  Additionally, significant efforts are being
made in the U.S. to harmonize these standards with equivalent IEC standards, which define low voltage at 1000V.
Meanwhile, the NEC is a source of confusion and ambiguity in its treatment of 1000 volt dc PV systems.  Reference to

“Article 490 and other requirements applicable to installations rated over 600 volts” is well-intentioned but some of these
requirements are clearly written in the context of equipment and switchgear operating at voltages much greater than
1000V and with fault currents far greater than available from PV systems.  Overcurrent protection requirements for MV
equipment is also overly relaxed relative to the requirements in 690 and should be avoided.  Some requirements are
well founded and are addressed in the conditions above.

These issues have been covered in the general increase from 600 volts to 1000 volts throughout
the article and no special provisions are required.

_______________________________________________________________________________________________
4-330     Log #1340  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Delete the following text:
In dc photovoltaic source circuits and photovoltaic output circuits, the maximum system voltage.

The defined term is never referenced. The definition makes no sense.

The titles of paragraph 2 and 3 of 690.85 are not definitions; they are conditions.
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4-331     Log #2922  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Add text to read as follows:

690.90 General
Solar 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 625.9. Personnel protection systems according to 625.22 and automatic
de-energization of cables according to 625.19 are not required for photovoltaic systems with maximum system voltages
of less than 80V dc.

This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating
Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories. The subgroup members are
Robert Wills, Intergrid, LLC - subgroup lead), Audie Spina (Armstrong Industries) and David Geary (Starline DC
Solutions).
While most electric vehicles will be recharged with alternating current, it is likely some vehicles will be charged directly
from solar systems.
The advantages of direct solar charging include:
Higher efficiency (no dc-ac inversion, and potentially a more efficient dc-dc charger)
Can operate without grid connection, minimizing wire runs in large parking areas
Hybrid systems will also likely evolve, consisting of ac-dc rectifiers with direct coupling of PV power to a dc charging
bus.  It is important that these EV charging systems have the same level of safety as ac-fed systems.
It is also important to define a dc voltage level below which personnel protection and automatic de-energization is not
required. For ac, it is 120V and below. For dc, with a greater arc hazard, the 80V limit adopted by 690.11 (Arc Fault).

X. Electric Vehicle Charging
690.90 General
PV 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 625.9. Personnel protection systems according to 625.22 and automatic

de-energization of cables according to 625.19 are not required for PV systems with maximum system voltages of less
than 80V dc.

The panel changed the proposed term "solar photovoltaic" to "PV" to correlate with similar actions
taken other proposals for Article 690.
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_______________________________________________________________________________________________
4-332     Log #1266  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   An electrochemical system that consumes fuel to produce an electric current. The main chemical reaction

used in a fuel cell for producing electric power is not combustion. However, there may be sources of combustion used
within the overall fuel cell system such as reformers/fuel processors.

: The main chemical reaction used in a fuel cell for producing electric power is not combustion.
However, there may be sources of combustion used within the overall fuel cell system such as reformers/fuel
processors.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-333     Log #1265  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The complete aggregate of equipment used to convert chemical fuel into usable electricity. A fuel

cell system typically consists of a reformer, stack, power inverter, and auxiliary equipment.
: A fuel cell system typically consists of a reformer, stack, power inverter, and auxiliary equipment.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-334     Log #1267  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   A fuel cell system that operates in parallel with and may deliver power to an electrical production

and distribution network. For the purpose of this definition, an energy storage subsystem of a fuel cell system, such as a
battery, is not another electrical production source.

: For the purpose of this definition, an energy storage subsystem of a fuel cell system, such as a
battery, is not another electrical production source.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.
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_______________________________________________________________________________________________
4-335     Log #1268  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The conductors used to connect the fuel cell system to its electrical point of delivery. In the case of

sites that have series- or parallel-connected multiple units, the term also refers to the conductors used to
electrically interconnect the fuel cell system(s).

: In the case of sites that have series- or parallel-connected multiple units, the term
also refers to the conductors used to electrically interconnect the fuel cell system(s).

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-336     Log #1269  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The point at which the power production and distribution network and the customer

interface occurs in an interactive system. Typically, this is the load side of the power network meter.
: Typically, this is the load side of the power network meter.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-337     Log #1980  NEC-P04

_______________________________________________________________________________________________
Jonathan  R. Althouse, Michigan State University

Delete the first sentence of this subsection and replace with the following:
“Additional load circuit conductor overcurrent protection shall not be required where the fuel cell system overcurrent

protection also protects the load circuit conductors.”
As written the meaning of the first sentence is confusing.  The new sentence is suggested as a

replacement.

The proposed reorganization of the current text does not add clarity.
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4-338     Log #890  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-339     Log #902  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the danger text as follows:
The danger sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this danger marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-340     Log #1981  NEC-P04

_______________________________________________________________________________________________
Jonathan  R. Althouse, Michigan State University

Add the words “located within sight of the fuel cell system source” to the end of the first sentence to
read as follows:

The disconnecting means for ungrounded conductors shall consist of readily
accessible, manually operable switch(es) or circuit breaker(s) located within sight of the fuel cell system source.

The location of the disconnecting means needs to be identified.

The submitter has not presented any sound technical reason for limiting the location of the
disconnecting means nor has the submitter provided any documented evidence of a problem with the existing
requirement.

_______________________________________________________________________________________________
4-341     Log #903  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.
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_______________________________________________________________________________________________
4-342     Log #1008  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in 692.80.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-343     Log #1041  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of Article 692, Part VIII.

The panel clarified the specific location(s) for the proposed change(s).
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4-344     Log #3213  NEC-P04

_______________________________________________________________________________________________
Fausto Damiani, Technologies S.p.A.

1 - Creating of a new NEC article that cover to exercise bike or similar exercise equipment with
power generation devices that are interactive with other electrical power production sources or stand alone, without
electrical energy storage. These systems have an AC output for utilization.
These bikes or similar exercise equipments with power Generation consists of generator, inverter and other components
designed to generate ac power produced by human during exercise.
2 - Modification of the Article 705 to address connection between the bike, or similar exercise equipment, and the

power network of the building as outlined below:
- Requiring all portable grid interactive devices (ie; exercise bike or similar exercise equipment) to be connected via

cord and specialized plug only (NEMA 15 A or 20 A plug prohibited).
- Requiring portable grid interactive devices (ie; exercise bike or similar exercise equipment) to be connected to

dedicated branch circuit.  Define maximum number of bikes or similar exercise equipment that can be on one circuit. 
- Allowing portable grid interactive equipment (ie; exercise bike or similar exercise equipment) to be connected with

cord/plug with standard NEMA 15 A or 20 A plug to existing circuit, but limited to maximum 1 or 2 or more bikes (or
similar exercise equipments) defined by branch circuit maximum current output or with absolute value of maximum
current output.

Since there appears to be some equipment on the market in the U.S. that is cord and plug connected
with a standard NEMA 15 A plug (not UL Listed, but sold in U.S.), Technogym want that the NEC address this situation
creating a new article that included bikes and other exercise machines use, installation, etc. and modify the Article 705
to address connection to the supply line of these equipment.
Submitting a proposal, regardless of whether it is to allow or prohibit certain types of connections, would at least result

in this topic being discussed at the NEC level, and could help Us get clear and consistent guidelines for all the U.S.
market for these products.
Note:  Supporting material is available for review at NFPA Headquarters.

The proposal indicates the creation of a new article, however the proposed article is not presented
in a format that can be acted on. The proposal does not meet Section 4.3.3(c), Regulations Governing Committee
Projects.
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_______________________________________________________________________________________________
4-345     Log #2923  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Revise text to read as follows:
1/ Change Title as follows:

2/ Change Scope as follows:
694.1 Scope
The provisions of this article apply to small wind (turbine) electric systems that consist of one or more wind electric
generators with individual generators having a rated power up to and including 100 kW. These systems can include
generators, alternators, inverters, and controllers. Informational Note: Small Wind electric systems can be interactive
with other electrical power production sources or might be stand-alone systems. Small w Wind electric systems can
have ac or dc output, with or without electrical energy storage, such as batteries. See Informational Note Figures 694.1,
No. 1 and 694.1, No. 2.
3/ Change reference to “Small wind electric systems” throughout the article to “Wind electric systems”:

The circuit conductors between the internal components of a small wind turbine (which
might include an alternator, integrated rectifier, controller,
and/or inverter) and other equipment.

A small wind electric generating system.

Small w Wind electric system(s) shall be permitted to supply a building or other
structure in addition to any services of another electricity supply system.
... etcetera

Experience with this new Article has shown that it is a valuable and applicable addition to the NEC.
The industry working group, headed by myself and Robert Preus has had no negative industry comments on the new
Article,and few suggestions for changes for 2014. This proposal is the one main suggestion that has come out of the last
three years: there is no significant difference between an electrical installation for a turbine sized less than 100kW than
for one rated above 100 kW. As far as we can see, the requirements developed for “Small Wind” should and can also
apply for Intermediate and Large wind, as long as it still falls within the scope of the NEC. This point has been borne out
by development of UL standards for wind turbine electrical systems that have also come to the same conclusion – there
is no need to draw a distinction between small, intermediate and large wind electric systems.
Following the presentation of this proposal to the CMP, the wind electric working group, under the auspices of the

American Wind Energy Association, will contact turbine manufacturers in the > 100kW category, to learn whether there
are issues that affect larger turbines that might need addressing in revisions to a revised Article 694 with increased
scope.

The panel recognizes that the scope and title of the article are under the purview of the Technical
Correlating Committee.  The panel requests that the Technical Correlating Committee consider the proposed revision to
the scope and title.
The NEC applies to wind turbines both above and below 100 kW.  Rules for the larger wind turbines currently do not

exist in Article 694 due to the limitation of the scope to 100 kW even though the interconnection is covered by Article
705.
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_______________________________________________________________________________________________
4-346     Log #3161  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

1) Delete the word “small” from the entire article and capitalize the next word following the deleted
word “Small,” where “Small” was the first word in a sentence or heading.
2)  Revise Paragraph 694.1 Scope as follows:  The provisions of this article apply to small wind (turbine) electric

systems that consist of one or more wind electric generators with individual generators having a rated power up to and
including 100 kW. These systems can include generators, alternators, inverters, and controllers.

Large wind turbines are being installed across the nation within the jurisdiction of the NEC. Article 694
is unnecessarily limited by its scope to 100KW. The existing 100KW limit for “small” wind turbines defined in 694.1 does
not correlate to any specific product safety or electric utility interconnection limitations nor does it match the IEC 61400
rotor swept area division point that is primarily used to differentiate between mechanical structural requirements. The
electrical safety requirements are very similar for both large and small wind turbines.
The UL/ANSI 6141 and UL/ANSI 6142 proposed large and small wind turbine safety standards are under development

and are on track for publication in  early 2012.  This proposal expands the application of article 694 for larger turbines
that share similar construction features.

_______________________________________________________________________________________________
4-347     Log #3158  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise clause 694.1 as follows:
694.1 Scope. The provisions of this article apply to small wind (turbine) electric systems that consist of one or more

wind electric generators with individual generators having a rated power up to and including 100 kW where a user or
service person cannot or is not intended to enter the turbine to operate it or perform maintenance. These systems can
include generators, alternators, inverters, and controllers.

The existing 100KW limit for “small” wind turbines defined in 694.1 does not correlate to any specific
product safety or electric utility interconnection limitations nor does it match the IEC 61400 rotor swept area division
point that is primarily used to differentiate between mechanical structural requirements. From a U.S. electrical safety
standard point of view, a different approach is more appropriate and applicable to define the difference in requirements
between large and small wind turbines.
The electrical safety requirements are very similar for both large and small wind turbines. One significant exception is

the requirements related to user and service person safety within and around electrical equipment. With this in mind, the
UL 6141 and UL 6142 proposed standards have taken a new approach to differentiate between large and small wind
turbines. This division is based upon whether a user or service person may, or is intended to, enter the turbine to
operate or perform maintenance. Large turbines are considered to be those where a user or service person may or is
intended to enter the turbine to operate or perform maintenance. Small wind turbines are operated and serviced from
outside the product. The differences between these requirements are based upon user and service personnel safety in
and around electrically live equipment. Small wind turbines can be treated similarly to typical electrical equipment where
large turbines additionally need to include requirements for user and service personnel safety, such as working space
that is required by some building codes.
This proposal expands the application of article 694 for larger turbines that share similar construction features.

The concept of small and large wind turbines is not required in this article because of panel action
on Proposal 4-345.
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_______________________________________________________________________________________________
4-348     Log #1270  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The wind turbine’s output power at a wind speed of 11 m/s (24.6 mph). If a turbine produces more

power at lower wind speeds, the rated power is the wind turbine’s output power at a wind speed less than 11 m/s that
produces the greatest output power.

The method for measuring wind turbine power output is specified in IEC 61400-12-1,
.

: If a turbine produces more power at lower wind speeds, the rated power is the wind turbine’s
output power at a wind speed less than 11 m/s that produces the greatest output power.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-349     Log #1341  NEC-P04

_______________________________________________________________________________________________
James F. Williams, Fairmont, WV

Delete the following text:
A small wind electric generating system.

The defined term is never referenced.

The panel notes that the Informational Note is not deleted as part of this action.

_______________________________________________________________________________________________
4-350     Log #3112  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Whenever the requirements of other articles of this and Article 694 differ, the requirements

of Article 694 shall apply. Where the system is operated in parallel with primary sources of electricity, the requirements
in Article 705 shall apply.

This is fully covered by 90.3. This process is taking place all over Chapter 6; see, for example, 2011
NEC Proposal 12-165 in Article 665. The remaining sentence describes a condition of place.
This change was essentially accepted by CMP 4 in the 2011 NEC under its actions on Comment 4-123, but this and all

other actions on that comment, which consumed about 6 hours of careful panel work requiring over a half page (some
95 lines of text) of coverage in the ROC, were lost when the panel took a conflicting action on Comment 4-121, requiring
just a single line in the EOC for that panel action. Unfortunately, for whatever reason, the Correlating Committee
resolved the obvious conflict in favor of Comment 4-121 as the definitive basis for action. This comment is the first of
many that resurrect the actions and substantiation  concerning former Comment 4-123.
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_______________________________________________________________________________________________
4-351     Log #2985  NEC-P04

_______________________________________________________________________________________________
Thomas J. Baker, Puget Sound Electrical Training

Revise text to read as follows:
A receptacle shall be permitted to be supplied by a small wind electric system branch or feeder

circuit for maintenance or data acquisition use. Receptacles shall be protected with an overcurrent device with a rating
not to exceed the current rating of the receptacle. All 125-volt, single phase, 15- and 20 ampere receptacles installed for
maintenance of the wind turbine shall have ground-fault circuit-interrupter protection for personnel.

Although all 125 volt, 15 or 20 ampere receptacles installed outdoors are required to be GFCI
protected, this proposal will ensure that any 125 volt, 15 or 20 receptacle installed for wind turbine maintenance is GFCI
protected. Examples could be a small shed installed near the wind turbine for the invertor.  A 125-volt, 15 or 20 ampere
receptacle installed inside this shed would be exempt from being GFCI protected as it is not outdoors. This proposal
would provide protection from electric shock for maintenance personnel.

The panel recognizes that the correct section reference is 694.7(E).

_______________________________________________________________________________________________
4-352     Log #3113  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Small wind electric system(s) shall be permitted to supply a building or other

structure in addition to any services of another electricity supply system other sources of supply.
Only a utility can supply a service. This wording is the most technically correct way to cover the

additional sources. This was accepted by CMP 4 for 2011 but the action was lost.

_______________________________________________________________________________________________
4-353     Log #3114  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Inverters used in small wind electric systems shall be identified and listed and marked for the

application.
Equipment that is listed for a given application is automatically identified for that application because it

will certainly meet the definition in Article 100 as generally recognizable as suitable. Identification in the NEC does not
necessarily dictate a marking; only a requirement for marking does that. However, a listed product may or may not be
marked in a manner that clearly designates suitability. In this case it may be sufficient to simply use the term “listed” but
adding the marking requirement does no harm.
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_______________________________________________________________________________________________
4-354     Log #3159  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Revise Clause 694.7(B) as follows:
Inverters used in small w Wind electric systems equipment, subassemblies and components shall be

identified and listed for the application.
UL has received substantial support from stakeholders to develop U.S. product safety requirements for

wind turbines. In particular, authorities having jurisdiction (AHJs) are in a very difficult position, as they are required to
review and assess wind turbine installations without the benefit of an accepted U.S. safety standard. Additionally, many
organizations use the International Electrotechnical Commission (IEC) 61400 series of standards to evaluate wind
turbine products. While these standards thoroughly address mechanical and structural aspects, power quality, and
lightning protection, they provide limited guidance for the use of electrical components, controls, protection, and grid
interconnection. More importantly, the existing IEC 61400 standards are not U.S. national standards, they do not easily
correlate or translate into traditional US component and system safety standards and they are often unfamiliar to AHJs.
UL is in the process or publishing ANSI / UL wind turbine standards for both large and small wind turbines.  These

standards are being written to bridge the gap between the US Codes and Standards and the IEC international wind
turbine performance standards.
Publication of these consensus UL safety standards in conjunction with appropriate installation codes and product

certifications will increase wind turbine safety. This will also facilitate a streamlined national process where wind turbine
products may be designed, produced, evaluated, certified, sold, installed and operated in a smooth and agreeable
manner for all parties involved.

The panel recognizes that the recommended text "equipment, subassemblies and components"
should have also been underlined as new text.

_______________________________________________________________________________________________
4-355     Log #3115  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
A receptacle is permitted to be attached connected to a small wind electric system branch or feeder

circuit for maintenance or data acquisition use. Receptacles shall be protected with an overcurrent device that is rated at
no greater than the current rating of the receptacle.

This provision describes an electrical connection, not a mechanical attachment. This was accepted by
CMP 4 for 2011 but the action was lost.
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_______________________________________________________________________________________________
4-356     Log #62  NEC-P04

_______________________________________________________________________________________________
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Glenn A. Soles, Clark County Department of Development Services
Create new text in new section (F).

(F) Metal or Nonmetallic Poles Supporting Wind Turbines.
Metal or nonmetallic poles shall be permitted to be used to support wind turbines and used as a raceway to enclose

supply conductors, provided the following conditions are met:
(1) A pole shall have a handhole not less than 50 mm x 100 mm (2 in. x 4 in.) with a cover suitable for use in wet

locations to provide access to the supply terminations within the pole or pole base.
Exception No. 1: No handhole shall be required in a pole 2.5 m (8 ft) or less in height above grade where the supply

wiring method continues without splice or pull point, and where the interior of the pole and any splices are accessible by
removing the wind turbine cover(s).
Exception No. 2: No handhole shall be required in a pole 6 m (20 ft) or less in height above grade that is provided with

a hinged base.
(2) Where raceway risers or cable is not installed within the pole, a threaded fitting or nipple shall be brazed, welded, or

attached to the pole opposite the handhole for the supply connection.
(3)  A metal pole shall be provided with an equipment grounding terminal as follows:

a) A pole with a handhole shall have the equipment grounding terminal accessible from the handhole.
b) A pole with a hinged base shall have the equipment grounding terminal accessible within the base.

Exception No. 1: No grounding terminal shall be required in a pole 2.5 m (8 ft) or less in height above grade where the
supply wiring method continues without splice or pull, and where the interior of the pole and any slices are accessible by
removing the wind turbine cover(s).
(4) A metal pole with a hinged base shall have the hinged base and pole bonded together.
(5) Metal raceways or other equipment grounding conductors shall be bonded to the metal pole with an equipment

grounding conductor recognized by 250.118 and sized in accordance with 250.122.
(6) Conductors in vertical poles used as raceway shall be supported as provided in 300.19.

Some wind turbines are mounted on poles. There needs to be language in Article 694 to address
these installations. The language used was lifted from Article 410.30(B) with some minor terminology word changes to
use wind turbines instead of luminares.

Add new section 694.7(F) as follows:
(F) Metal or Nonmetallic Poles or Towers Supporting Wind Turbines Used as a Raceway.  A metallic or non-metallic
pole or tower shall be permitted to be used as a raceway if evaluated as part of the listing for the wind turbine, or
otherwise listed or evaluated for the purpose.

The panel agrees with the concept that a pole or tower can be a raceway, but also notes that
materials need to be evaluated for suitability and especially fire rating.
The access to supply termination, grounding and bonding requirements are covered by the listing of the wind turbine

and other sections of Article 694.
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_______________________________________________________________________________________________
4-357     Log #1009  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Revise the current text as follows:
(A) Wind Turbine Output Circuits. For wind turbines connected to one- and two-family dwellings, turbine output circuits

shall be permitted to have a maximum voltage up to 600 volts. Other installations with a maximum voltage over 600
1000 volts shall comply with Part IX of Article 694.

One and Two family dwellings should not be dealing with AC voltages above 600 Volts.  The
change is acceptable for the "other installations" clause in the section.

_______________________________________________________________________________________________
4-358     Log #3116  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Turbine output circuits, inverter output circuits, and storage battery circuit conductors and

equipment shall be protected in accordance with the requirements of Parts I and II of Article 240. Circuits connected to
more than one electrical source shall have overcurrent devices located so as to provide overcurrent protection from all
sources.

This eliminates a violation of the whole-article-reference prohibition, NEC Style Manual at 4.1.1. This
was accepted by CMP 4 for 2011 but the action was lost.

All of Article 240 applies to Article 694.
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_______________________________________________________________________________________________
4-359     Log #3117  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Informational Note: Possible backfeed of current from any source of supply, including a supply through an inverter to

the wind turbine output circuit, is a consideration in determining whether adequate overcurrent protection from all
sources is provided in accordance with the provisions of this Code. Some small wind electric systems rely on the turbine
output circuit to regulate turbine speed. Inverters may also operate in reverse to for turbine startup or speed control.

“Adequate” is a word to be avoided (NEC Style Manual at 3.2.1). This was accepted by CMP 4 for
2011 but the action was lost.

1) Accept the deletion of the word adequate
2)  Reject the remainder of the proposal.

Proposed language “In accordance with the provisions of this Code”  is unnecessary language that
is discouraged in Section 3.3.4 (Word Clarity) of the NEC Manual of Style.

_______________________________________________________________________________________________
4-360     Log #3118  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
The circuit conductors between the inverter output and the building or structure

disconnecting means shall be sized based on the output rating of the inverter. These conductors shall be protected in
accordance with Parts I and II of Article 240. The overcurrent protection shall be located at the output of the inverter.

None given.

The proposal has no substantiation and does not meet Section 4.3.3(d), Regulations Governing
Committee Projects.   All of Article 240 applies to Article 694.

_______________________________________________________________________________________________
4-361     Log #893  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.
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_______________________________________________________________________________________________
4-362     Log #894  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-363     Log #3119  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
Turbine system disconnecting means shall be suitable for the prevailing conditions. Equipment

installed in hazardous (classified) locations shall comply with the requirements of Articles 500 through 517.
The hazardous location rules apply as written unless this article attempts, with the approval of the

TCC, to modify them. No such modification is contemplated here, so the sentence can be deleted, taking with it another
violation of the whole-article-reference prohibition.

_______________________________________________________________________________________________
4-364     Log #498  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

The turbine disconnecting means shall consist of not more than six switches or
six circuit breakers mounted in a single enclosure, in a group of separate enclosures, or in or on a switchboard.
Rest of section to remain as is.

Switchboard is by definition not intended to be enclosed.  See definitions.
I do not believe it was the code panel's intent to allow this.
Maybe the intent was to allow this installed in a metal-enclosed switchgear or metal-enclosed switchboard.

The turbine disconnecting means shall consist of not more than six switches or
six circuit breakers mounted in a single enclosure, or in a group of separate enclosures, or in or on a switchboard.
Remainder of current NEC section to remain as written.

The panel additionally added the word "or" to improve clarity.
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_______________________________________________________________________________________________
4-364a     Log #CP406  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

694.23 Turbine Shutdown.
(A) Manual Shutdown. Wind turbines shall be required to have a readily accessible manual shutdown button or switch.

Operation of the button or switch shall result in a parked turbine state which shall either stop the turbine rotor, or allow
limited rotor speed combined with a means to de-energize the turbine output circuit.
Exception: Turbines with a swept area of less than 50 m2 shall not be required to have a manual shutdown button or

switch.
(B) Shutdown Procedure. The shutdown procedure for a wind turbine shall be defined and permanently posted at the

location of a shutdown means, and at the location of the turbine controller or disconnect, if different.

This proposal combines the recommendations in Proposals 4-365 and 4-366 and was developed to
address turbine shutdown.

_______________________________________________________________________________________________
4-365     Log #3160  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Add new paragraph 694.23 as follows:
694.23 Turbine Shutdown Switch.  Wind turbine systems shall be provided with an accessible manual shutdown switch

that when actuated, results in cessation of rotor motion, yaw motion and de-energization of the turbine output circuit.
Exception - Upon activation of the shutdown switch a turbine with a wind-swept area less than 40 m2, is permitted to

transition to a idle state where it rotates at a slower speed and de-energizes the turbine output circuit.
There is a need for a manual shutdown of all turbines to bring them to a safe operating condition and

stop the export of power.  The shutdown switch needs to be located in an accessible location.
This proposed requirement is consistent with the existing published IEC 61400-2, Design Requirements for Small Wind

Turbines as well as the upcoming UL 6142 Standard for Small Wind Turbine System.

See panel action on Proposal 4-364a which addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-366     Log #2928  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Revise text to read as follows:

Open circuiting, short circuiting, or mechanical brakes shall be used to disable a turbine for
installation and service.

For turbines with a swept area greater than or equal to 40 m2, there shall be a manual
shutdown button/switch, and shutdown procedures. The manual shutdown button/switch shall override the automatic
control system and result in a parked machine for all normal operating
conditions.
For turbines with a swept area less than 40 m2, the manual stop button/switch is not required, but shutdown procedures
shall be specified. For these turbines, a manual stop button/switch is recommended.

The new text is similar to the international requirements for wind turbines as defined in IEC 61400-2.
This proposed addition to Article 694 has been requested by electrical inspectors and others.

See panel action on Proposal 4-364a which addresses the submitter's concerns.

_______________________________________________________________________________________________
4-367     Log #3120  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Combine Parts IV and V into a single Part IV entitled “Wiring Methods and Grounding.”
Renumber 694.30 as 694.41 entitled “Wiring Methods Permitted”. To correlate with this, change the reference in

694.22(C)(1) Exception from 694.30(C) to 694.41(C)
Renumber 694.40 as 694.43 entitled  “Grounding”.

Although Article parts customarily employ a decade numbering rule, in this case the section numbering
has been made to agree with parallel numbering in related articles, especially Article 690. The NEC Style Manual
encourages this at 2.4.1. This was accepted by CMP 4 for 2011 but the action was lost.

“Wiring Methods” and “Grounding” are completely different topics. The proposal does not add clarity
or improve the article. There is no technical justification for the proposal.
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_______________________________________________________________________________________________
4-368     Log #1515  NEC-P04

_______________________________________________________________________________________________
Vince Baclawski, National Electrical Manufacturers Association (NEMA)

Add  the following sentence to the end of 694.30(B)
Flexible, fine-stranded cables shall be terminated only with terminals, lugs, devices, or connectors in accordance with

110.14(A).
This statement is copied from 690.31F for solar photovoltaic (PV) systems. Conductors more finely

stranded than class B or C, need to be terminated by devices identified for the stranding type.

Flexible, fine-stranded cables shall be terminated only with terminals, lugs, devices, or connectors in accordance with
110.14.

The correct reference is 110.14 not 110.14(A).

_______________________________________________________________________________________________
4-369     Log #3121  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows [Note that this will become 694.41(B)].:
Flexible cords and cables, when used to connect the moving parts of turbines or used

to permit ready removal for maintenance and repair, shall comply with Article 400 400.4 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, and
water resistant. Cables exposed to sunlight shall be sunlight resistant.

This avoids a whole-article-reference violation and points to the section where the cord characteristics
are detailed. Other provisions of Article 400 apply whether or not cited because they are not further amended in this
article. This was accepted by CMP 4 for 2011 but the action was lost.

Reference to only 400.4 could imply that other parts of 400 do not apply, especially due to 694.3.
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_______________________________________________________________________________________________
4-370     Log #3122  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows; note that this will be numbered 694.41(C).
When direct-current turbine output circuits are run

inside a building or structure, they shall be contained in metal raceways, Type MC metal-clad cable that complies with
250.118(10), or metal enclosures from the point of penetration of the surface of the building or structure to the first
readily accessible disconnecting means. The wiring methods shall comply with the additional installation requirements of
(1) through (4).

Wiring methods shall not be installed within 25 cm (10 in.) of the roof decking or sheathing.
Circuits shall be run perpendicular to the roof penetration point to supports a minimum of 25 cm (10 in.) below the roof
decking.
Informational Note: The 25 cm (10 in.) requirement is to prevent accidental damage from saws used by firefighters for
roof ventilation during a structure fire.

Where flexible metal conduit (FMC) or smaller than metric designator 21 (trade size ¾)
or Type MC cable smaller than 25 mm (1 in.) in diameter containing direct-current turbine output 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.

The following wiring methods and enclosures that contain photovoltaic power
source conductors shall be marked with the wording “DC Turbine Output Power Source” by means of permanently
affixed labels or other approved permanent marking:
(1) Exposed raceways, cable trays, and other wiring methods.
(2) The covers or enclosures of pull boxes and junction boxes.
(3) Conduit bodies in which any of the available conduit openings are unused.

The labels or markings shall be visible after installation. The power
circuit labels shall appear on every section of the wiring system that is separated by enclosures, walls, partitions,
ceilings, or floors. Spacing between labels or markings, or between a label and a marking, shall not be more than 3 m
(10 ft). Labels required by this section shall be suitable for the environment where they are installed.

This is 690.31(E) (the obvious model for much of the article wording) as it was been changed during
the 2011 NEC cycle, and as it is recommended to be editorially modified in a companion comment by this submitter that
was held for action in this code cycle, all as modified to apply to small wind turbine sources. This wording assumes that
a turbine might be placed on a roof, and therefore retains most of the roof provisions added to 690.31(E). With the
exception of the Type MC cable insertion, this was accepted by CMP 4 for 2011 but the action was lost. The reason the
MC cable was not accepted had to do with insufficient public review and that is not a factor at this point.

1)  The panel accepts the addition of Type MC to the requirement
2) Change current 694.30(C) text as follows:

Direct-current turbine output circuits installed inside a
building or structure shall be enclosed in metal raceways or installed in metal enclosures, or run in Type MC metal-clad
cable that complies with 250.118(10), from the point of penetration of the surface of the building or structure to the first
readily accessible disconnecting means.
3) Reject all other changes.

This language from Article 690, apart from the allowance of MC cable, is not applicable to Article
694 as wind turbines are not installed directly on roofs. They will always be installed on a pole or tower. In addition,
unlike PV, wind turbines can typically be disabled or de-energized by mechanical or electrical means. The requirements
of 690.31(E) apply to devices mounted on roofs (PV modules) that cannot be disabled.
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_______________________________________________________________________________________________
4-370a     Log #CP405  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

694.40 Equipment Grounding:
(A) General. Exposed non-current-carrying metal parts of towers, turbine nacelles, other equipment, and conductor

enclosures shall be grounded between the source and the first disconnect, overcurrent device or conversion equipment
in accordance with 250.35, and thereafter, shall be grounded in accordance with 250.134 or 250.136(A), regardless of
voltage.  Direct current sources shall comply with Article 250 Part VIII.  Turbine output circuits shall be permitted to be
grounded but shall not be required to be grounded.  Attached metal parts such as turbine blades and tails that have no
source of electrical energization are not required to be grounded or bonded.
(B) Tower Grounding and Bonding
(1) Auxiliary Grounding Electrodes and Grounding Electrode Conductors. A wind turbine tower shall be connected to

one or more auxiliary grounding electrodes to limit voltages imposed by lightning. The auxiliary grounding electrodes
shall comply with 250.52(A) in form and 250.54 for connections using a grounding electrode conductor that complies
with 250.166 for dc systems and 250.62 through 250.70 for ac systems.
Electrodes that are part of the tower foundation and meet the requirements for concrete encased electrodes in

accordance with 250.52(A)(3) shall be acceptable. A grounded metal tower support shall be considered acceptable
where meeting the requirements of 250.136(A). Where installed in close proximity to galvanized foundation or tower
anchor components, galvanized grounding electrodes shall be used.
Informational Note: Copper and copper-clad grounding electrodes, where used in highly conductive soils, can cause

electrolytic corrosion of galvanized foundation and tower anchor components.
(2) Tower Bonding. An equipment grounding conductor or supply side bonding jumper shall connect a turbine to the

main or system bond and premises grounding system in accordance with 250.110.
(3) Tower Grounding Connections. Equipment grounding conductors and grounding electrode conductors, where used,

shall be connected to the metallic tower by exothermic welding, listed lugs, listed pressure connectors, listed clamps, or
other listed means. Devices, such as connectors and lugs, shall be suitable for the material of the conductor and the
structure to which the devices are connected. Where practicable, contact of dissimilar metals shall be avoided anywhere
in the system to eliminate the possibility of galvanic action and corrosion. All mechanical elements used to terminate
these conductors shall be accessible.
(4) Lightning Protection.  Where a lightning protection system is present, its ground terminals shall be bonded to the

tower grounding electrode system as required by 250.106. Where the tower is remote from the building or structure
served, the tower grounding electrode system shall be permitted to be made a part of the lightning protection system.
Informational Note: See NFPA 780-2011, Standard for the Installation of Lightning Protection Systems, Informative

Annex N, Wind Turbine Generator System
(5) Guy Wires. Guy wires used to support turbine towers shall not be required to be connected to an equipment

grounding or bonding conductor or to comply with the requirements of 250.110.
Informational Note: Guy wires supporting grounded towers are unlikely to become energized. Grounding of metallic

guy wires may be required by lightning codes. See 694.40(B)(4).

(A) The proposal clarifies that wind turbine generators should use supply-side bonding jumper
requirements rather than equipment grounding conductors between the turbine generator and first disconnect, or turbine
power conversion equipment, identifies the requirements for dc systems, and also clarifies that the turbine output circuit
may be grounded but is not required to be grounded.. The reference to 250.35 covers both separately derived and non
separately derived systems.

(B)(1) This incorporates the change of title and first two sentences of proposal 4-372.
(B)(2) Was changed in title to better indicate its intent, and also indicated that the connection should be to the main or
system bond.

(B)(5) Guy wires was moved to the end of the tower section to improve readability. The word adequately was removed
from the informational note.

These changes satisfy the intent of proposals 4-371 and 4-372.
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_______________________________________________________________________________________________
4-371     Log #3123  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows; this will be numbered:694.43(A).
Exposed non–current-carrying metal parts of towers, turbine nacelles, other equipment, and conductor

enclosures shall be grounded in accordance with 250.134 or 250.136(A) .. bonded to the system bonding jumper for dc
systems and to the supply side bonding jumper for ac systems, regardless of voltage Attached metal parts such as
turbine blades and tails that have no source of electrical energization are not required to be grounded..

This change is major and was not accepted by CMP 4 during its action on this material in the prior
code cycle. The new wording correlates with a decision to approach these connections as bonding connections on the
supply side of a point-source separately derived system. This is an interesting point of departure from Article 690. PV
arrays are typically large in area and not thought of in the sense of a point source such as a generator, although
everyone will agree they are separately derived systems. In addition, there is usually some form of overcurrent
protection at the arrays. Therefore, Article 690 is generally organized around the terminology of an equipment grounding
conductor. A wind turbine is a point source, and so it seemed more user-friendly to organize this portion of the article
around system bonding jumpers. Where a generator is outside a building and the first disconnect is at the building,
Article 250 has highly evolved terminology for the grounding connections between the two locations, and “equipment
grounding conductors” are not used, because they are on the line side of any overcurrent protection. That is the case
here, so the approach in this comment is the more technically correct. The submitter requests that this proposal be
referred to CMP 5 for comment.

See panel Proposal 4-370a which clarifies that wind turbine generators should use supply-side
bonding jumper requirements rather than equipment grounding conductors between the turbine generator and first
disconnect, or turbine power conversion equipment, identifies the requirements for dc systems, and also clarifies that
the turbine output circuit may be grounded but is not required to be grounded.  The reference to 250.35 covers both
separately derived and non separately derived systems.
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_______________________________________________________________________________________________
4-372     Log #3124  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Combine these two topics into a single heading and revise the content, as follows; note that the
section number will be 694.43:

Guy wires used to support turbine towers shall not be required to be connected to an equipment
grounding conductor or to comply with the requirements of 250.110.
Informational Note: Guy wires supporting towers that are adequately grounded are unlikely to become energized.

Grounding of metallic guy wires may be required by lightning codes. See 694.40(C)(4)

A wind turbine tower shall be connected
to one or more auxiliary grounding electrodes to limit voltages imposed by lightning. The auxiliary grounding electrodes
shall comply with 250.52(A) in form and 250.54 for connections using a grounding electrode conductor that complies
with 250.166 for dc systems and 250.62 through 250.70 ac systems. shall be permitted to be installed in accordance
with 250.54. Electrodes that are part of the tower foundation and that meet the requirements for concrete encased
electrodes in accordance with 250.52(A)(3) shall be acceptable. A grounded metal tower support shall be considered
acceptable where meeting the requirements of 250.136(A). Where installed in close proximity to galvanized foundation
or tower anchor components, galvanized grounding electrodes shall be used.
Informational Note: See NFPA 780-2008, , Informative

Annex N, Wind Turbine Generator Systems, for information on lightning protection of wind turbines.
An equipment

grounding conductor shall be required between a turbine
and the system grounded conductor in accordance with
250.110. A system bonding jumper or supply-side bonding jumper shall connect the turbine to the first system

disconnecting means, sized and run in accordance with 250.168 for dc systems and 250.62 through 250.70 for ac
systems.

Equipment grounding conductors and grounding electrode conductors, where
used, shall be connected to the metallic tower by exothermic welding, listed lugs, listed pressure connectors, listed
clamps, or other listed means. Devices such as connectors and lugs shall be suitable for the material of the conductor
and the structure to which the devices are connected. Where practicable, contact of dissimilar metals shall be avoided
anywhere in the system to eliminate the possibility of galvanic action and corrosion. All mechanical elements used to
terminate these conductors shall be accessible.

Where a lightning system is present, its ground terminals shall be bonded to the
tower grounding electrode system as required by  250.106. Where the tower is remote from the building or structure
served, the tower grounding electrode system shall be permitted to be made a part of the lightning protection system.
Auxiliary electrodes and grounding electrode conductors shall be permitted to act as lightning protection system

components where meeting applicable requirements. If separate, the tower lightning protection system grounding
electrodes shall be bonded to the tower auxiliary grounding electrode system. Guy wires used as lightning protection
system grounding electrodes shall not be required to be bonded to the tower auxiliary grounding electrode system.
Informational Note: See NFPA 780-2008, , Informative

Annex N, Wind Turbine Generator Systems, for information on lightning protection of wind turbines.
Guy wires used to support turbine towers shall not be required to be connected to the system bonding

jumper or to a grounding electrode. Where included in a lightning protection system, the ground terminals for the guy
wires shall not be required to be bonded to the one or more auxiliary grounding electrodes for the tower.

The tower grounding rules are far more complicated than those for guy wires, and in addition the guy
wire rules (as modified in this comment) depend on references to the tower they support. Since the tower rules can be
simplified by appropriate references to other code material, it makes sense to combine the two subsections. The specific
substantiation follows:
(1) This is essentially the same as in the present text but better correlated with the work recently completed by CMP 5

for the previous code cycle, and with Article 250 in general. Specifically, the actual electrodes must qualify under
250.52(A) and any such electrode should be suitable in this case. Note that as proposed the tower support reference to
250.136(A) is incorrect and should be to 250.52(A)(8), but this proposal uses generic language that avoids this problem.
This proposal also adds appropriate dc system references as they will frequently apply. The note made a part of the
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article scope clearly indicates both system types are covered. This proposal also adds requirements for the grounding
electrode conductors that were missing in the current NEC text.
(2) As also mentioned at 694.40(A) [to become 694.43(A)], this is an interesting point of departure from Article 690. PV

arrays are typically large in area and not thought of in the sense of a point source such as a generator, although
everyone will agree they are separately derived systems. In addition, there is usually some form of overcurrent
protection at the arrays. Therefore, Article 690 is generally organized around the terminology of an equipment grounding
conductor. A wind turbine is a point source, and so it seemed more user-friendly to organize this portion of the article
around system bonding jumpers. Where a generator is outside a building and the first disconnect is at the building,
Article 250 has highly evolved terminology for the grounding connections between the two locations, and “equipment
grounding conductors” are not used, because they are on the line side of any overcurrent protection. That is the case
here, so the approach in this comment is the more technically correct. Note that the citation of 250.30(A)(2) is the new
location for this conductor, now named for ac systems as a “supply-side bonding jumper.” For dc systems the reference
is in Part VIII of Article 250. The reference to 250.168 is particularly robust, since it brings in parts of 250.28 that in turn
bring in 250.8.
(3) This part is somewhat troublesome because lightning protection systems are outside of the scope of the NEC,

however, there is a precedent for limited coverage in 675.15. The second sentence accomplishes the original
submitter’s objective when the new article was submitted of allowing the auxiliary grounding system to be a lightning
protection system electrode, however, only for remote towers under the terms of this proposal. This Chapter 6
amendment of 250.60 should not apply to a tower on the roof of the supplied premises.
(4) This part is intended to meet the objectives of the original article submitter on guy wires. The informational note that

came with this is deleted because it contained mandatory language as well is impermissible terminology (“adequately
grounded”). It also is unnecessary because the NEC doesn’t need to comment on whether they might be part of a
lightning protection system, it is enough to say what to do in terms of the wiring system in the event they are so
included. The implicit Chapter 6 waiver of 250.106 for ground terminal bonding on these items is retained. The
informational note on NEPA 780 is also proper and has also been retained.
This proposal was acted on during the comment phase of the 2011 NEC, but it was rejected. The submitter believes it

is far superior to the current text and requests that the Correlating Committee refer it to CMP 5 for comment.

1)  The intent of this proposal is met in part by panel action on Proposal 4-370a.
2)  There was no justification given for the proposed change to 694.43.
3)  Guy wires were not made part of Tower Grounding section as guy wires are not part of tower.  The section on guy
wires was moved to end as proposed to improve clarity.
4)  The panel accepts the change of title and first two sentences of proposed (B)(1).  The proposed deletion of
sentences regarding tower foundations, supports and the use of galvanized components (and Informational Note) are
rejected as no technical justification was given for their removal.
5)  The submitter gave no justification for deleting (B)(3). The importance of maintaining reliable tower grounding
connections cannot be overstated.
6)  The panel accepted the addition of the word “protection” at the beginning of (B)(4) .
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_______________________________________________________________________________________________
4-373     Log #1010  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in two places within 694.80.

The panel clarified the specific location(s) for the proposed change(s).

_______________________________________________________________________________________________
4-374     Log #1042  NEC-P04

_______________________________________________________________________________________________
James T. Dollard, Jr., IBEW Local Union 98

Replace 600V with 1000V.
This proposal is the work of the “High Voltage Task Group” appointed by the Technical Correlating

Committee. The task group consisted of the following members: Alan Peterson, Paul Barnhart, Lanny Floyd, Alan
Manche, Donny Cook, Vince Saporita, Roger McDaniel, Stan Folz, Eddie Guidry, Tom Adams, Jim Rogers and Jim
Dollard.
The Task Group identified the demand for increasing voltage levels used in wind generation and photovoltaic systems

as an area for consideration to enhance existing NEC requirements to address these new common voltage levels.  The
task group recognized that general requirements in Chapters 1 through 4 need to be modified before identifying and
generating proposals to articles such as 690 specific for PV systems. These systems have moved above 600V and are
reaching 1000V due to standard configurations and increases in efficiency and performance.  The committee reviewed
Chapters 1 through 8 and identified areas where the task group agreed that the increase in voltage was of minimal or no
impact to the system installation.  Additionally, there were requirements that would have had a serious impact and the
task group chose not to submit a proposal for changing the voltage.  See table (supporting material) that summarizes all
sections considered by the TG.
Note:  Supporting material is available for review at NFPA Headquarters.

Replace the number "600" with the number "1000" in the title of Article 694, Part IX.

The panel clarified the specific location(s) for the proposed change(s).
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_______________________________________________________________________________________________
4-375     Log #2917  NEC-P04

_______________________________________________________________________________________________
Robert H. Wills, Intergrid, LLC

Move common language on Storage Batteries (Section VIII)  in Articles 690, 692 & 694 to a new
common Article 69X.
Rename this article “Energy Storage Systems”:

The provisions of this article apply to energy storage systems such as batteries, ultra-capacitors,
flywheels, etc. Energy storage systems can be ac or dc devices, and can include inverters and converters to transform
from one form to the other.

Whenever the requirements of other articles of this and Article 69X differ, the requirements
of Article 69X shall apply.

Storage batteries in an energy storage system shall be installed in accordance with the provisions of
Article 480. For photovoltaic power sources, the storage system shall be considered to be grounded when the
connected power source is installed in accordance with 690.41.

Energy storage systems for dwellings shall be configured so as to operate at less than 50 60
volts nominal. Lead-acid storage batteries for dwellings shall have no more than twenty-four 2-volt cells connected in
series (48-volts nominal).

Live parts of energy storage systems for dwellings shall be guarded to prevent accidental
contact by persons or objects, regardless of voltage or type.
Informational Note: Batteries in energy storage systems are subject to extensive charge–discharge cycles and typically
require frequent maintenance, such as checking electrolyte and cleaning connections.

A listed, current-limiting, overcurrent device shall be installed in each circuit adjacent to the energy
storage system where the available short-circuit current from a source exceeds the interrupting or withstand ratings of
other equipment in that circuit. The installation of current-limiting fuses shall comply with 69x.20.

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 material
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
operation.

Battery circuits 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 disconnects
shall be permitted.

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 disconnecting
means shall not disconnect the grounded circuit conductor(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.

On energy storage 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
operate with ungrounded conductors, provided the following conditions are met:
(1) The photovoltaic array source and output circuits shall comply with 690.41.
(1) The dc and ac load circuits shall be solidly grounded.
(2) All main ungrounded energy storage system input/output circuit conductors shall be provided with switched
disconnects and overcurrent protection.
(3) A ground-fault detector and indicator shall be installed to monitor for ground faults in the system.

Means shall be provided to disconnect a fuse from all sources of supply if the fuse is energized from
both directions and is accessible to other than qualified persons. Switches, pullouts, or similar devices that are rated for
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the application shall be permitted to serve as a means to disconnect fuses from all sources of supply.

Equipment shall be provided to control the charging process of the energy storage system. Charge control
shall not be required where the design of the energy source is matched to the voltage rating and charge current
requirements of the energy storage system. For battery systems, this requirement can be met if 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 thermal
failure when overcharged.

An energy storage system employing a diversion charge controller as the sole
means of regulating charging shall be equipped with a second independent means to prevent overcharging.

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 current rating of the diversion load charge
controller. The voltage rating of the diversion load shall be greater than the maximum energy storage system voltage.
The power rating of the diversion load shall be at least 150 percent of the power rating of the energy source.
(2) The conductor ampacity and the rating of the overcurrent device for this circuit shall be at least 150 percent of the
maximum current rating of the diversion charge controller.

Systems using utility-interactive inverters to control
energy storage 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 69X.30(B)(2). The charge regulation circuits used shall comply
with the requirements of 690.8. Energy system currents shall be considered to be continuous.
(2) These systems shall have a second, independent means of controlling the energy storage system charging process
for use when the utility is not present or when the primary charge controller fails or is disabled.

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 following
requirements must be met:
(1) The ampacity of the conductors in output circuits shall be based on the maximum rated continuous, output current of
the charge controller or converter for the selected output voltage range.
(2) The voltage rating of the output circuits shall be based on the maximum voltage output of the charge controller or
converter for the selected output voltage range.

Flexible cables, as identified in Article 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 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 only be used with terminals, lugs, devices, and connectors that are listed and marked for such use.

This proposal was developed by a subgroup of the NEC DC Task Force of the Technical Correlating
Committee. The Task Force is chaired by John R. Kovacik, Underwriters Laboratories. The subgroup members are
Robert Wills, Intergrid, LLC - subgroup lead), Audie Spina (Armstrong Industries) and David Geary (Starline DC
Solutions).
The same language for stand-alone systems is included in the three renewable energy Articles (690, 692 and 694).
It makes sense to eliminate redundancy and to move it to a general Article so that common language can serve all
three.
We are already seeing significant divergence in the requirements for energy storage systems for PV, fuel cells and wind
as it is difficult to coordinate the proposals for all of the technologies.
It is possible to write a generic Article that addresses the issues raised in the existing Articles.
Further, energy storage in renewable energy systems has gone beyond storage batteries. For example, ultra capacitors
are now commonly used, and facility-scale hydraulic and compressed air energy storage systems are being developed.
By creating a new Article in Chapter 6 titled “Energy Storage Systems”, we have a place to address emerging
technologies such as facility energy storage, ultra-capacitors, compressed air storage, bi-directional electric vehicle
charging (V2G) etc.
The language above is based on that of Article 690.71-74, but with the specific references changed to the generic term
“energy storage system”. The language was also changed to make it compliant with the NEC Style Manual.

The panel recognizes that this recommendation is under the purview of the Technical Correlating
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Committee.  The panel requests the that Technical Correlating Committee consider the inclusion of this new article into
the NEC.

_______________________________________________________________________________________________
4-375a     Log #CP403  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

Revise 705.12(D) to read:
(D) Utility-interactive Inverters. The output of a utility-interactive inverter shall be permitted to be connected to the load

side of the service disconnecting means of the other source(s) at any distribution equipment on the premises. Where
distribution equipment including switchboards and panelboards is fed simultaneously by a primary source(s) of electricity
and one or more utility-interactive inverters, and where this distribution equipment is capable of supplying multiple
branch circuits or feeders or both, the interconnecting provisions for the utility-interactive inverter(s) shall comply with
(D)(1) through (D)(7).
(1) Dedicated Overcurrent Protection and Disconnect. The source interconnection of one or more inverters installed in

one system shall be made at a dedicated circuit breaker or fusible disconnecting means.
(2) Bus or Conductor Ampere Rating. For all bus and feeder ampacity calculations, 125% of the inverter output circuit

current shall be used. In systems where inverter output connections are made at feeders, any load taps must be sized
based on the sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the
feeder conductors as calculated in 240.21(B).
One of the methods in (a)-(d) shall be used to determine the ratings of busbars in panelboards:
(a) The sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the

busbar shall not exceed the ampacity of the busbar.
Informational Note: This general rule assumes no limitation in the number of the loads or sources applied to a busbar or
their locations.
(b) Where two sources, one utility and the other an inverter, are located at opposite ends of a busbar that contains

loads, the sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the
busbar shall not exceed 120% the ampacity of the busbar. The busbar shall be sized for the loads connected in
accordance with Article 220. A permanent warning label shall be applied to the distribution equipment adjacent to the
backfed breaker from the inverter with the following or equivalent wording:
WARNING: INVERTER OUTPUT CONNECTION, DO NOT RELOCATE THIS OVERCURRENT DEVICE

The warning sign(s) or label (s) shall comply with 110.21(B).
Exception: Equipment with multiple ampacity busbars or center fed panelboards are not addressed by this provision.

(c) The sum of the ampere ratings of all overcurrent devices on panelboards, both load and supply devices, excluding
the rating of the overcurrent device protecting the busbar, shall not exceed the ampacity of the busbar. The rating of the
overcurrent device protecting the busbar shall not exceed the rating of the busbar.  Permanent warning labels shall be
applied to distribution equipment with the following or equivalent wording:
WARNING: THIS EQUIPMENT FED BY MULTIPLE SOURCES. TOTAL RATING OF ALL OVERCURRENT

DEVICES, EXCLUDING MAIN SUPPLY OVERCURRENT DEVICE, SHALL NOT EXCEED AMPACITY OF BUSBAR.
The warning sign(s) or label (s) shall comply with 110.21(B).

(d) Connections shall be permitted on multiple ampacity busbars, or center fed panelboards where designed under
engineering supervision that include fault studies and busbar load calculations.

(7) Wire Harness and Exposed Cable Arc Fault Protection - Utility interactive inverter(s) that have a wire harness or
cable output circuit, rated 240V, 30A or less, that is not installed within an enclosed raceway, shall be provided with
listed AC AFCI protection.

There are multiple options to connect to the load side of the service disconnecting means.  These
changes were made to provide a safe and systematic approach for the design and installation of these connections.
Existing code language was reorganized for clarity.
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_______________________________________________________________________________________________
4-375b     Log #CP404  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

705.2  Hybrid System.  A system comprised of multiple power sources.  These power sources could include
photovoltaic, wind, micro-hydro generators, engine-driven generators, and others, but do not include electric power
production and distribution network systems.  Energy storage systems such as batteries, flywheels, or superconducting
magnetic storage equipment shall not constitute a power source for the purpose of this definition.   The energy
regenerated by an overhauling (descending) elevator shall not constitute a power source for the purpose of this
definition.

There has recently been some confusion regarding elevators and whether they make up part of a
hybrid system.  Elevators are not a power producing source but are consumers of energy.  Most modern elevators are
driven by an adjustable speed drive.  These drives use power from a source (utility or possibly distributed generator) to
operate a motor to raise the elevator.  During ascending operation, electricity flows from the supply through the drive to
the motor.  In the descending mode, the motor becomes a generator of electricity.  Many elevator systems divert this
energy to a braking resistor that dissipates the energy in the form of heat.  Some elevators are equipped with adjustable
speed drives that can convert and return the electricity back to the line side of the drive.  This regeneration mode is a
very limited time condition that occurs only when the elevator is descending.
Typically, the small amount of energy that is regenerated is immediately consumed by lighting, control, and ventilation

systems of the elevator, as well as by any other elevators in the system that are ascending.  The net result is energy
consumption by the elevator system, not energy generation, with no power returned to the utility grid.
Additionally, 620.91(A) specifically deals with regenerative power.  As part of the elevator installation, it is a

requirement to verify that the power source is able to absorb the regenerative power under overhauling  elevator load
conditions.  In the (rare) case where this is not possible, 620.91(A) requires a means to absorb this power to be
provided

_______________________________________________________________________________________________
4-376     Log #1275  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   A system comprised of multiple power sources. These power sources could include photovoltaic,

wind, micro-hydro generators, engine-driven generators, and others, but do not include electric power production and
distribution network systems. Energy storage systems such as batteries, flywheels, or superconducting magnetic
storage equipment do not constitute a power source for the purpose of this definition.

These power sources could include photovoltaic, wind, micro-hydro generators, engine-driven
generators, and others, but do not include electric power production and distribution network systems. Energy storage
systems such as batteries, flywheels, or superconducting magnetic storage equipment do not constitute a power source
for the purpose of this definition.

Energy storage systems such as batteries, flywheels, or superconducting magnetic storage
equipment do not constitute a power source for the purpose of this definition.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.
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_______________________________________________________________________________________________
4-377     Log #3360  NEC-P04

_______________________________________________________________________________________________
Joseph Della Porta, Otis Elevator Co.

Add new text to read as follows:

A system comprised of multiple power sources. These power sources could include photovoltaic,
wind, micro-hydro generators, engine-driven generators,
and others, but do not include electric power production and distribution network systems. Energy storage systems such
as batteries, flywheels, elevators, or superconducting magnetic storage equipment do not constitute a power source for
the purpose of this definition.

Add elevators to the definition to exclude them from being defined as a power producing source.

The panel action on Proposal 4-375b addresses the submitter's concerns.

_______________________________________________________________________________________________
4-378     Log #2216  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following new definition

Equipment having capabilities of both the utility-interactive inverter and the stand-alone inverter.
The utility-interactive output is separate from the stand-alone output allowing code compliant connections for both
circuits.

This more precise definition is needed to define how the multi-mode inverter operates in order to clarify
some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals related definitions for stand-alone inverter and utility-interactive inverter.

Equipment having capabilities of both the utility-interactive inverter and the stand-alone inverter.
The second sentence is not necessary, does not add clarity and describes only one type of

implementation.

_______________________________________________________________________________________________
4-379     Log #1160  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Delete Point of Common Coupling.
Point of Common Coupling. The point at which the power production and distribution network and the customer

interface occurs in an interactive system. Typically, this is the load side of the power network meter.
This term is not used in Article 705.  Per the NEC style manual this term must be used twice to warrant

a definition.
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_______________________________________________________________________________________________
4-380     Log #1276  NEC-P04

_______________________________________________________________________________________________
Marcelo M. Hirschler, GBH International

Revise text to read as follows:
   The point at which the power production and distribution network and the customer

interface occurs in an interactive system. Typically, this is the load side of the power network meter.
Typically, this is the load side of the power network meter.

The NFPA Manual of Style requires definitions to be in single sentences. The information provided in
the subsequent sentences is not really a part of the definition; it is further information that is best placed in an
informational note.

There is no requirement in the NEC Manual of Style that definitions be only one sentence.

_______________________________________________________________________________________________
4-381     Log #1568  NEC-P04

_______________________________________________________________________________________________
David Clements, International Association of Electrical Inspectors

Delete text as follows:
The point at which the power production and distribution network and the customer

interface occurs in an interactive system. Typically, this is the load side of the power network meter.
This term is not used in Article 705, and should therefore be deleted from the list of definitions in this

article.

_______________________________________________________________________________________________
4-382     Log #3128  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Delete the “Point of Common Coupling” definition.
This term is not used ion Article 705, and therefore its inclusion in 705.2 contravenes the NEC Style

Manual. The NEC is not supposed to be a glossary of electrical terms. The term was included in a proposal in the 2008
cycle in order to support proposed language in 705.12 that used it, but the form in which CMP 4 advanced that proposal
did not include the modification. The definition can now be deleted.
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_______________________________________________________________________________________________
4-383     Log #2217  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following definition:

Equipment that is used to change voltage level or waveform, or both, of electrical energy.
Commonly, a stand-alone inverter is a device that changes dc input to an ac output and is able to change output power
in response to the loads placed on the system. Stand-alone inverters may also use alternating current from another
source and convert it into direct current for charging energy storage devices. Stand-alone inverters are not dependent
on having an outside source, such as a utility connection, for an AC reference. The AC output terminals can be
energized anytime the stand-alone inverter is in operation.

This more precise definition is needed to define how the stand-alone inverter operates in order to
clarify some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals for related definitions for utility-interactive inverter and multimode inverter.

The submitter has presented language that is more appropriate for a product standard or an
instruction manual.

_______________________________________________________________________________________________
4-384     Log #2218  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add this new definition to 705.2

Equipment used to change the dc input voltage and current from a PV array to an ac
output current and voltage that matches the waveform, voltage and frequency of the connected utility supply system.
This output has no stand-alone capabilities and must be connected to a utility supply system or other stable source of an
ac reference.

This more precise definition is needed to define how the utility interactive inverter operates in order to
clarify some of the connection and critical safety requirements in this article.
This definition needs to be in both Article 690 and Article 705 because this equipment can interface with other

equipment covered by requirements in both articles.
See proposals for related definitions for stand-alone inverter and multimode inverter.

The definition is already present in Article 100.
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_______________________________________________________________________________________________
4-385     Log #1593  NEC-P04

_______________________________________________________________________________________________
David Clements, International Association of Electrical Inspectors

Add new text to Table 705.3 as follows:
Small Wind Electric Systems                     694

Add article 694 to table since it can also be an interactive system.

1) Delete the word "small" from the proposed text.
2)  Accept the remainder of the proposal.

The word "small" was deleted to remain consistent with actions taken on other proposals.  See
panel action on Proposal 4-345 for the direction taken by the panel.

_______________________________________________________________________________________________
4-386     Log #2219  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise the section as follows

.  Interconnected electrical power production sources shall comply with this article and also with
applicable requirements of the other articles in Table 705.3.
Where the requirements pertaining to listed utility-interactive inverters in Article 705 differ from requirements elsewhere

in this Code, the requirements of Article 705 shall apply.
Listed utility-interactive inverters have unique characteristics associate with their limited current and

power output and their response to conditions on the output circuit and in the connected utility systems.  These
characteristics are addressed by the requirements established in Article 705.  Applying contrary requirements from other
articles in the Code may result in safety issues and hazardous conditions.

It is already clear that the requirements in Article 705 apply to utility interactive inverters as they are
in Chapter 7 they take precedence over other NEC articles.
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_______________________________________________________________________________________________
4-387     Log #494  NEC-P04

_______________________________________________________________________________________________
Joel  A. Rencsok, Scottsdale, AZ

The output of a utility interactive-inverter shall be permitted to be connected to the
load side of the service disconnecting means of the other source(s) at any distribution equipment on the premises.
Where distribution equipment including metal-enclosed switchgears or switchboards and panelboards is fed
simultaneously by a primary source(s) of electricity and one or more utility-interactive inverters, and where this
distribution equipment is capable of supplying multiple branch circuits or feeders or both, the interconnecting provisions
for the utility-interactive inverter(s) shall comply with (D)(1) through (D)(7).
Rest of section to remain as is.

Switchboard is by definition not intended to be enclosed. See definitions.
I do not believe it was the code panel's intent to allow this.
Maybe the intent was to allow this installed in a metal-enclosed switchgear or metal-enclosed switchboard.

The output of a utility interactive-inverter shall be permitted to be connected to the
load side of the service disconnecting means of the other source(s) at any distribution equipment on the premises.
Where distribution equipment, including switchgear, switchboards, or panelboards, is fed simultaneously by a primary
source(s) of electricity and one or more utility-interactive inverters, and where this distribution equipment is capable of
supplying multiple branch circuits or feeders or both, the interconnecting provisions for the utility-interactive inverter(s)
shall comply with (D)(1) through (D)(7).
Rest of section to remain as is.

The panel recognizes the print line section reference should be 705.12(D).  The panel accepts the
addition of the word "switchgear".  The panel rejects "metal-enclosed" to align the text with the definition. Editorial
changes were made for readability.

The panel requests that the TCC correlate this action with the actions taken by CMP-9 on the definition of
"switchgear".

_______________________________________________________________________________________________
4-388     Log #1161  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Revise first sentence to read ….(A),(B),(C), or (D) and shall comply with 705.12(E)
New paragraph 705.12(E)  Interconnecting Provisions
(1)  Move paragraph 705.12(D) (1) to  NEW 705.12(E) (1)
(2)  Move paragraph 705.12(D) (3) to NEW 705.12(E) (2)
(3) Move paragraph 705.12(D) (4) to NEW 705.12(E) (3)
(4)  Move paragraph 705.12(D) (5) to NEW 705.12(E) (4)
Renumber  existing (D) (1) to (7) Accordingly

These provisions currently only apply to Utility interactive inverters connected to the load side of the
service disconnect.  They apply  equally to All Interconnected Electrical Power Production Sources regardless of where
they are connected.

Section 705.12(D), (D)(1) and (D)(2) ONLY apply to listed utility-interactive interface that comply
with the requirements of UL-1741 and provide voltage, frequency, and anti-islanding protection as required by IEEE
1547.  Unlisted power sources may not provide the same anti-islanding protection as the UL-1741 requirements.
Therefore, these other systems shall interconnect on the supply side of the service.
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_______________________________________________________________________________________________
4-389     Log #816  NEC-P04

_______________________________________________________________________________________________
Marcel Renson, Trinity Solar

Add text as follows:
When it is physically impossible to tap ahead of the main service disconnecting means (cold sequencing metering) as

an example. A solar line tap shall be allowed as long as it is ahead of an additional Main Breaker added or existing. This
new solar line tap shall be considered a line tap under the rule 705.12(A). The main service that was tapped cannot be
tapped again and must be permanently labeled to prevent a new tap.

When a solar installation cannot be line tapped the size of the solar installation is severely limited. If
you install a load side installation you are limited to 20% of the size of the service. In today's green energy effort this will
allow larger solar installations. And still allow for safety. By permanently labeling the service conductors and the
permitting and inspecting process will prevent the possibility of an overload or a violation from occurring. When you read
690.64(B). Load side the code book states. And where this distribution equipment is capable of supplying multiple
branch circuits or feeders, or both, the interconnecting provisions for the utility-interactive inverter(s) shall comply with
(B)(1) through (B)(7). OK if that is when we have to use (B)(1) through (B)(7).  Now if we install a second breaker either
in a MLO panel or before the MLO panel that should prevent anyone from over loading that service. If that does not
prevent this problem can you give me an example of what does.
Note: Supporting material is available for review at NFPA Headquarters.

Current wording in the existing NEC allows for reconfiguring service to allow connection ahead of
the service disconnecting means.
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_______________________________________________________________________________________________
4-390     Log #2220  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise Section 705.12(A) as follows:

.  An electrical power production source shall be permitted to be connected to the supply side of the
service disconnecting means as permitted in 230.82(6) in accordance with 705.12(A)(1) through 705.12(A)(5). The sum
of the ratings of all overcurrent devices connected to power production sources shall not exceed the rating of the
service.
(1) The sum of the ratings of all overcurrent devices connected to power production sources shall not exceed the rating

of the service.
(2) The service conductor connection shall comply with the requirements established for services in Article 230.
(3) The Tap Rules of Section 240.21 shall not be applied.
(4) Where a main-lug-only main service panel is used, the sum of the ratings of all overcurrent devices in the panel

supplied from power production sources shall not exceed the rating of the service panel.
(5) Where a multimode inverter is connected, the maximum load of this inverter shall be added to the calculations of

Article 230 for sizing the service.
Supply side connections of PV equipment are becoming more frequent as the size of these PV

systems exceeds the allowances for load side connections.  Requirements for these supply-side connections must be
established which are not found elsewhere in the Code.
NFPA has ruled informally that these supply side utility interactive inverter connections are equivalent to a second

service entrances on the building or structure and as such must comply with Art 230 requirements.2014
(1) Moved from last line of existing text.
(2) Self explanatory
(3) The Section 240.21 Tap Rules have been developed over many years with a carefully controlled system where

there is only one source of current and that source is protected by an overcurrent device.  With a service tap, and a PV
utility-interactive inverter, there are two sources of current and one (the utility-source) is effectively not protected at
anywhere near the ampacity of the conductors.  Tap rules have not been developed for this type of system, and the
allowances of Section 240.21 should not be applied.
(4) In some installations, a main-lug-only main service panel may be used that has one or more open breaker positions

(of the allowed six) that can be used for the connection of utility-interactive inverter(s).  This requirement limits the output
of the added power production sources to the rating of the service panel.  Without this requirement, installers may
inadvertently connect two 60-amp utility-interactive inverters to a 100-amp panel.
(5) Multimode inverters have a energy storage-charging mode that becomes a load on the service entrance

conductors.  In the larger systems, these loads can be hundreds of amps. That load is in addition to the load presented
by the existing service entrance load center.  The service entrance conductors may have to be resized per Art 230
requirements.

The proposed language in items 2-5 are not necessary as they are covered elsewhere in the Code.
The panel has addressed the location of current-limiting devices for a supply side connection in Proposal 4-410a.  See
action on 4-410a for the direction taken by the panel.
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_______________________________________________________________________________________________
4-391     Log #66  NEC-P04

_______________________________________________________________________________________________
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John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV
Industry Forum

The PV Industry Forum requests that CMP 4 revisit this proposal in its original form, consider the
additional substantiation below, and accept it as submitted with a slight correction (with double underlines) in
705.12(D)(2) in the following section that is substantiated below.  We have repeated the proposed language for Panel
ease in reviewing the substantiations.

The PV Industry Forum offers the following additional substantiation:  Please keep in mind that where
Article 690 and another article conflicted, Article 690 took precedence (see Section 690.3).  Aside from minor changes in
the , Section 690.64(B)(now 705.12(D)) has remained largely unchanged since 1984, the first year PV was in
the code.  The initial requirement was based on the principle submitted as 705.12(D)(2)(a) and the FPN below it.  This is
a solid, but overly restrictive requirement.  If applied, it offers unrestricted protection for a busbar or conductor with any
number and location of connected sources or loads. However, the requirement is not well understood by all PV
installers, electricians, and electrical inspectors and these groups are sometimes mistakenly applying less restrictive
interpretations to the requirements that have resulted in unsafe electrical systems.
For example, some systems are installed using the tap rules of Art 240, that were developed for load circuits with only

one source (the utility), instead of applying the sum of the overcurrent devices required to the ampacity of the conductor.
See definition of taps and that they apply only to load circuits in 240.2.  Other systems are being installed and passing
inspections in such a manner that loads could be added to panelboards that allow the internal busbar to be overloaded
with no breakers tripping.  The requirement needs revision for clarity (for example, read 705.12(D)(7) in the 2008 NEC)
and safety.

The continuous current output of the inverter(s) shall not exceed the
ampere rating of the busbar or conductor to which they are connected. In systems where panelboards are connected in
series, the ampere rating of the first overcurrent device connected directly to the inverter(s) shall be permitted to be
used in the calculations for all busbars and conductors. The busbar or conductor shall be sized for the loads connected
in accordance with Article 220. One of the methods in (a)-(e) shall be used to determine the ratings of busbars in
panelboards or the ampacity of conductors:
705.12(D)(2).  The addition of the permissive requirement in this sentence is to allow this requirement to be used

optionally where panelboards are connected in series.  In a new installation where PV ac combing panelboards (with no
loads are connected), the downstream (toward the utility) overcurrent device actually provides better and lower
overcurrent protection than an overcurrent device that would be calculated from the ratings of overcurrent devices
connected directly to the inverter outputs.   In either case, the calculations resulting from using or not using the ratings of
the breakers connected directly to the inverters results in protected busbars and conductors.
Example:
A dwelling has a 200-amp main service panel with a 200-amp main breaker and there is an empty 2-pole breaker

position at the bottom of the panel. The utility requires an external disconnect switch and it is desired to install a PV
system that has a 3500-watt and a 4500-watt inverter. A PV ac panel will be used to combine the outputs of the two
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inverters and the output of that PV ac panel will be routed through the utility disconnect and then to a single backfed
breaker in the main service panel.

The ratings of the output circuits of each inverter are:

3500/240 = 14.58 amps, 1.25 x 14.58 = 18.2 amps; use a 20-amp breaker and 12 AWG conductors.

4500/240 = 18.75 amps, 1.25 x 18.75 = 23.43 amps; use a 25-amp breaker and 10 AWG conductors.

The 20 and 25-amp breakers are mounted in the bottom of a PV main-lug only ac panel. Normally, no loads will be
connected to this subpanel. It will be dedicated to the PV system.
The next step is to calculate the backfed breaker that must be placed in the main service panel to handle the combined

output of both inverters from the PV ac subpanel and to protect the conductor carrying those combined outputs under
fault conditions from high utility currents.
The combined currents from both inverters are: 14.58 + 18.75 = 33.33 and the overcurrent device (OCPD) should be

35 amps.
The ratings of OCPD the conductor from the PV ac subpanel to the 35-amp breaker, the utility disconnect

switch, and supplying that PV ac panel are now defined as 35, 20, and 25 amps.
The existing (as written) 705.12(D)(2) requires that the breakers connected directly to the inverter outputs (20 and 25

amps) be used in calculating the minimum size of the main panel.  These total 45 amps, which exceeds the allowance of
40 amps (120% of the 200 amp panel rating =40 amps).
However, the proposed change to a permissive requirement for how the series panel connection requirements are

calculated allows the 35-amp breaker to be used and this is less than 40 amps allowed by the 120% allowance.
The ac inverter panel rating and the ampacity of the conductor are controlled by 705.12(D)(2) and it would be incorrect

to guess that the answer might be 35 amps as it would be a in a normal load subpanel.

35 + 20 + 25 <= 120% R    where R is the panel rating or the ampacity of the conductors.    80 <= 1.2 R,   R >= 80/1.2
= 66.67 amps.

The panel and conductor to the main panel must have at least this rating and this is an example of the restrictive
nature of the first requirement in 705.12(D)(2)(a) that is addressed by the proposed 705.12(D)(2)(b).
705.12(D)(2)(a) The sum of the ampere ratings of the overcurrent devices supplying power to the busbar or conductor

shall not exceed the ampacity of the busbar or conductor.
FPN: This general rule assumes no limitation in the number of the loads or sources applied to a busbar or their

locations.
This is based on the original (1984) requirements and was the essence of D(2) in the 2008 NEC and no changes were

proposed other than the addition of the FPN.
705.12(D)(2)(b) Where two sources are located at opposite ends of a conductor that contains no taps, the ampere

rating of the largest overcurrent device supplying power to the conductor shall not exceed the rating of the conductor.
Permanent warning labels shall be applied to conductor access points, and at 2.8m (10 ft) intervals along raceways, with
the following or equivalent wording:
WARNING THIS EQUIPMENT FED BY MULTIPLE SOURCES  DO NOT TAP CONDUCTOR.
If we apply the general requirement of (a) to a conductor with a source at each end protected by overcurrent devices,

the ampacity of the conductor must be the sum of the two over current protective device (OCPD) ratings.  See Figure 1
below.  If the two OCPD were 50 amps connected to a PV inverter and 60 amps from the utility, the conductor would
have to have an ampacity of 110 amps to comply with 705.12(D)(2)(a).  It should be evident, that if the conductor has no
other connected sources or load taps, the maximum current that can flow through it under fault conditions would be 60
amps, the higher of the two OCPD.  This requirement modifies the more stringent requirement in 705.12(D)(2)(a) in a
safe and understandable manner.  It cannot be applied to a busbar in panelboards because numerous load/supply taps
(breakers) are allowed.
705.12(D)(2)(c). Where two sources, one utility and the other an inverter, are located at opposite ends of a busbar or

conductor that contains loads, the sum of the ampere ratings of the overcurrent protection supplying power to the
busbar or conductor shall not exceed 120% the ampacity of the busbar or conductor. A permanent warning label shall
be applied to the distribution equipment with the following or equivalent wording:

This requirement (a combination of 705.12(D)(2) and 705.12(D)(7) for clarity) modifies 705.12(D)(2)(a) primarily for
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panelboard busbars, but can also be applied to conductors with taps. The total of load OCPD in a typical residential or
commercial load center will normally be significantly larger than the rating of the busbar.  The main breaker protects the
busbar from over loads.  This modification of (a) is based on the calculations and modifications done by CMP 5 for
690.64(B)/705.12(D) in the 2008 NEC.      In Figure 2a below, the utility source breaker (100A) is located at one end of a
panelboard and a PV source (50A) is located adjacent to it. There is no restriction on the number of load taps or the
magnitude of the loads.  If the loads were sufficient, the busbar at A (rated at 100A) could be carrying the sum of
currents from both sources (150A) and no breaker would trip.  The busbar would be overloaded.
In Figure 2b, the PV breaker is at the opposite end of the busbar from the main breaker.  Since any one section of the

bus bar or conductor can carry current from only one source or the other source, the two sources do not combine in any
one section of the bus bar or conductor as they would if the two sources were side by side as shown in Figure 2a.   CMP
5, using the diversity of residential and commercial loads, established that it was safe to allow the sum of the ratings of
the two OCPD to not exceed 120% of the busbar or conductor ampacity.  However, as shown on the left, if the two
sources are not at opposite ends of the busbar or conductor, there is the possibility that the busbar at A can be
overloaded if the loads exceed the rating of the busbar.  In the case where the two sources cannot be placed at opposite
ends of the busbar, then the requirement reverts back to the general requirement in (a).
The Exception indicates that multiple ampacity busworks are too complex to be handled with this simple provision.
705.12(D)(2)(d). The sum of the ampere ratings of all overcurrent devices on panelboards, both load and supply

devices, excluding the main supply overcurrent device, shall not exceed the ampacity of the busbar. The ampere rating
of the main supply overcurrent device shall not exceed the rating of the busbar. Permanent warning labels shall be
applied to distribution equipment with the following or equivalent wording:

WARNING THIS EQUIPMENT FED BY MULTIPLE SOURCES
TOTAL RATING OF ALL OVERCURRENT DEVICES, EXCLUDINGMAIN SUPPLY OVERCURRENT DEVICE, SHALL

NOT EXCEED AMPACITY OF BUSBAR.
This new requirement is based on the simple fact that as long as the sum of the ratings of all OCPD in panelboad, not

counting the main breaker, do not exceed the rating of the busbar in the panelboard, then it is not possible to overload
the panelboard.  This requirement will be used to combine the ac outputs of several utility-interactive inverters in a single
panelboard and not have the panelboard rated excessively high due to the general requirement.  If we had a panelboard
with six 50 amp breakers from utility-interactive inverters connected to the bus bar and a 300 amp main breaker,
705.12(D)(2)(a) would require the panelboard to be rated at 600 amps (6 x 50 + 300 = 600).  If we assume no load
breakers, the panel board busbar would be asked to handle no more than 300 amps and that 300 amps should be the
rating.  If the total of load and supply breakers (excluding the main breaker) does not exceed the panel busbar rating,
then there is no positioning of load and PV breakers that can result in overloading the panel.  In all cases the main
breaker would be rated no higher than the busbar rating.  Another extreme example would be a 400-amp panel with a
400 amp main.  300 amps of load breakers are located near the bottom of the panel and this requirement would limit
any installed source breaker to100 amps.  Under full the full load of 300 amps, the busbar between the main breaker
and the source breaker would see the 300 amps load current, well within its 400-amp rating.  Note that this requirement
would primarily apply to new panels used for combining the outputs of PV utility interactive inverters since existing
panels are typically loaded (sum of the ratings of load breakers) above the bus bar rating.
705.12(D) The interconnection point shall be on the line side of all ground-fault protection

equipment.

A recent (August 2009), unpublished study/survey by Salt River Project (SRP), a Phoenix, AZ area utility, was unable
to identify any manufacturers of ground fault protection main circuit breakers (200A and up) that were willing or able to
certify that the ground fault device attached to those circuit breakers was suitable and had been listed for back feeding.
The breakers were not marked “Line and Load” and had been evaluated for current flow in both directions, but the action
of the attached ground fault detectors is apparently uncertain.  In utility-interactive PV applications, both the line and
load terminals of a ground-fault breaker may be energized for a short period after the breaker has opened.  The
durability of the ground fault detector/device under these conditions does not seem to have been evaluated.  UL has not
responded to a query on this subject.  As a minimum, the Code requirement, as written, to have these devices identified
and listed for backfeed is necessary.  Based on this uncertainty, Phoenix area utilities, both SRP and Arizona Public
Service, are allowing only supply side connections (705.12(A)) to the service entrance where main ground fault breakers
are involved.
The deleted text should be removed, because there is no clear understanding in the engineering community of how
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ground fault currents sourced from multiple supplies (utility and PV inverters) divide between the two sources and how
the separate ground fault sensors will respond to that current division.
Examples and Figures for 4-269, 705.12(D)
Note:  Supporting material is available for review at NFPA Headquarters.

The held proposal is addressed by the panel by accepting a set of similar proposals that address
many of the principles of the original proposal.  The panel action taken on 4-375a addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-392     Log #2221  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 705.12(D) as follows:

The output of a utility-interactive inverter shall be permitted to be connected to the
load side of the service disconnecting means of the other source(s) at any distribution equipment on the premises.
Where distribution equipment including switchboards and panelboards is fed simultaneously by a primary source(s) of
electricity and one or more utility-interactive inverters, and where this distribution equipment is capable of supplying
multiple branch circuits or feeders or both, the interconnecting provisions for the utility-interactive inverter(s) shall
comply with (D)(1) through (D)(6 7).

. Each source interconnection shall be made at a dedicated circuit breaker
or fusible disconnecting means.
Informational Note:  The circuit carrying the ac output of a utility interactive inverter is not subject to high fault currents

from the inverter.  The inverter output current and power are limited to the rated values with no long-term surge
capability.  These ac output circuits are similar to branch circuits in terms of circuit protection and the overcurrent device
should be at the utility source end, and is typically a backfed circuit breaker.

The continuous current output of the inverter(s) shall not exceed the ampere
rating of the busbar or conductor to which they are connected.  In systems where panelboards are connected in series,
the ampere rating of the first overcurrent device connected directly to the inverter(s) shall be used in the calculations for
all busbars and conductors. The busbar or conductor shall be sized for the loads connected in accordance with Article
220. One of the methods in (a)-(e) shall be used to determine the ratings of busbars in panelboards or the ampacity of
conductors:
(a) The sum of the ampere ratings of the overcurrent devices supplying power to the busbar or conductor shall not

exceed the ampacity of the busbar or conductor.
Informational Note: This general rule assumes no limitation in the number of the loads or sources applied to a busbar

or their locations.
(b) Where two supply sources are located at opposite ends of a conductor that contains no taps, the ampacity of the

conductor shall not be less than the ampere rating of the largest overcurrent device supplying power to the conductor.
Permanent warning labels shall be applied at conductor access points, and at 2.8m (10 ft) intervals along accessible
raceways, with the following or equivalent wording:

WARNING
THIS CIRCUIT FED BY MULTIPLE SOURCES

DO NOT TAP CONDUCTOR.

(c) Where two sources, one utility and the other an inverter, are located at opposite ends of a busbar or conductor that
contains loads, the sum of the ampere ratings of the overcurrent protection supplying power to the busbar or conductor
shall not exceed 120% the ampacity of the busbar or conductor. A permanent warning label shall be applied to the
distribution equipment adjacent to the backfed breaker from the inverter with the following or equivalent wording:

WARNING
INVERTER OUTPUT CONNECTION

DO NOT RELOCATE
THIS OVERCURRENT DEVICE

(d) The sum of the ampere ratings of all overcurrent devices on panelboards, both load and supply devices, excluding
the main supply overcurrent device, shall not exceed the ampacity of the busbar. The ampere rating of the main supply
overcurrent device shall not exceed the rating of the busbar.  Permanent warning labels shall be applied to distribution
equipment with the following or equivalent wording:
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WARNING
THIS EQUIPMENT FED BY MULTIPLE SOURCES

TOTAL RATING OF ALL OVERCURRENT DEVICES, EXCLUDING MAIN SUPPLY
OVERCURRENT DEVICE, SHALL NOT EXCEED AMPACITY OF BUSBAR.

(e) Connections shall be permitted on feeders where designed under engineering supervision that includes, but is not
limited to, fault studies and conductor damage curves.

The interconnection point shall be on the line side of all ground-fault protection
equipment. Equipment requiring ground fault protection shall comply with either a or b.

a. The interconnection point shall be on the line side of all ground-fault protection equipment.
b. The interconnection shall be permitted to be made on the load side of ground-fault protection where the following

requirements are met:  Ground-fault protection is provided for all equipment from all ground-fault current sources;
Ground-fault protection devices used with supplies connected to the load-side terminals shall be identified and listed
suitable for backfeeding; Engineering assessments shall be made to determine distribution of fault currents between the
ground fault devices and the trip settings of each ground fault protection device.

Equipment containing overcurrent devices in circuits supplying power to a busbar or conductor supplied
from multiple sources shall be marked to indicate the presence of all sources.

Circuit breakers, if backfed, shall be suitable for such operation. Fused disconnects, unless
otherwise marked, are suitable for backfeeding.
FPN: Circuit breakers that are marked “Line” and “Load” have been evaluated only in the direction marked. Circuit

breakers without “Line” and “Load” have been evaluated in both directions.
Listed plug-in-type circuit breakers backfed from utility-interactive inverters that are listed and identified

as interactive shall be permitted to omit the additional fastener normally required by 408.36(D) for such applications.
Unless the panelboard is rated not less than the sum of the ampere ratings of all

overcurrent devices supplying it, a connection in a panelboard shall be positioned at the opposite (load) end from the
input feeder location or main circuit location. The bus or conductor rating shall be sized for the loads connected in
accordance with Article 220. In systems with panelboards connected in series, the rating of the first overcurrent device
directly connected to the output of a utility-interactive inverter(s) shall be used in the calculations for all busbars and
conductors. A permanent warning label shall be applied to the distribution equipment with the following or equivalent
wording:

WARNING
INVERTER OUTPUT CONNECTION

DO NOT RELOCATE THIS
OVERCURRENT DEVICE

690.64(B)(2) 705.12(D) was edited extensively
during code making panel meetings for 2008 and was not changed in 2011.  Subparagraph (D)(7) is very difficult to read
and understand.  New, and safe methods or connecting utility-interactive inverters to conductors and panelboards have
been identified and defined.  This proposed revision addresses those items and others as noted.
(D) Introduction—No change except in the numbering of the paragraph that was changed from 7 to 6 because (7) has

been included in (2).
(D)(1) No change
The Informational Note is added to ensure that the ac output circuit overcurrent protection is positioned at the proper

location, not at the inverter end of the circuit, where it has no affect and places the circuit under 705.12(D) sizing
restrictions.
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(D)(2) Substantial changes to allow additional safe and cost effective methods of connecting the output of

utility-interactive inverters to a panelboard bus bar or a conductor.
The second sentence is extracted from 690.64(B)(2) in the that was omitted in error during the transition to

705.
(a) This general rule as explained by the FPN ensures that any conductor or bus bar with multiple sources and multiple

loads will be protected.  The position on the busbar or conductor of either the supply or the load overcurrent devices
does not affect the protection under this general requirement.
(b) With these restrictions on the location of sources at each end, it is not possible to overload a conductor through the

connection of any load in any position.
(c) This is a revision of 705.12(D)(7) for clarity.  It belongs under (D), as it is a method of determining bus rating and

protection.  The warning is self-explanatory.
The exception is required because multiple ampacity busworks center tapped bus bars cannot be protected by this

method.
(d) This new allowance protects the busbar or conductor by limiting the sum of the ratings of all (source and load)

overcurrent devices, except the overcurrent device on the main (largest) source.    For example:  With a 100 amp bus,
the method would allow 100 amps of supply breakers and no load breakers, 100 amps of load breakers and no supply
breakers, or any combination of the two adding to 100 amps or less.  The rating of the main breaker need not be
counted in protecting the busbar except that its rating must also not exceed the bus bar rating.
(e) This new allowance lets engineering evaluations be made by qualified people in making taps where multiple

sources of power are involved.
Exception: Combinations of loads in a panel board or load center and multimode inverters frequently do not consider

the fact that the multimode inverters can act as loads when operating in the battery-charging mode.  This last line draws
attention to that frequently overlooked fact.
(3) The section is revised with the exception being deleted and replaced by two more restrictive requirements.
When a PV inverter feeds a load side connection, ground faults on load circuits that were previously protected by a

main breaker ground fault protective device (GFP) and sourced by the utility may now be sourced by both the utility and
the inverter.  Stiff grids on large service entrances may hold line voltages up preventing the inverter’s anti-islanding
systems from shutting the inverter down when a ground fault occurs.   Ground fault currents will be divided between the
utility and the inverter and inverter supplied fault currents may prevent the main breaker GFP from activating at the
desired set point.   Engineering assessments are needed to determine circuit impedances for the division of fault
currents between multiple sources and the appropriate settings for multiple ground fault protective devices.
Manufacturers maintain most new main breaker GFPs are OK for backfeeding, but cannot say about older units and for

some the manufacturer may be out of business
The listing requirement has been deleted because accessories like GFP attachments to circuit breakers are not tested

and listed for backfeeding.  The manufacturer identifies which units are suitable for backfeeding.
(4) and (5) no change.
(6) Needed for clarity because many AHJs bring up this as an issue.
(7) is deleted, the requirements revised for clarity, and placed in (D) (2).

The proposal is addressed by the panel by accepting a set of similar proposals that address many
of the principles of the original proposal.  The panel action taken on 4-375a addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-393     Log #3129  NEC-P04

_______________________________________________________________________________________________
Frederic P. Hartwell, Hartwell Electrical Services, Inc.

Revise as follows:
The output of an interconnected electric power

production source that is a utility-interactive inverter of any rating, or a source qualifying under 705.12(C), shall be
permitted to be connected to the load side of the service disconnecting means of the other source(s) at any distribution
equipment on the premises. Where distribution equipment including switchboards and panelboards is fed
simultaneously by a primary source(s) of electricity and one or more utility-interactive inverters or sources qualifying
under 705.12(C), and where this distribution equipment is capable of supplying multiple branch circuits or feeders or
both, the interconnecting provisions for the interconnected electric power production source utility-interactive inverter(s)
shall comply with (D)(1) through (D)(7).
In addition, retitle 705.12(D)(7) as “Bus Connection Points.”

This is effectively a resubmittal of Proposal 4-268 in the prior cycle, but reformatted so as to not disturb
the list format in 705.12(C). It broadens (D) to include other inputs that will have a comparable impact on the insertion
bus. There are many large cogeneration projects being connected downstream of the service. Remember this is any
form of cogeneration, including internal combustion engines that turn large induction generators while creating hot water
from their cooling systems that is used for other purposes. Such systems use electronic controls to synchronize their
output to the utility network, in accordance with 705.14. These systems do not begin with the production of dc current,
and therefore their connections do not involve a utility-interactive inverter.
These source connections have never been correlated with (D) with respect to the size limitation and the connection

location limitations that apply where utility-interactive inverters connect to conventional panelboards. A non-inverter
connection is presently not limited in those ways, even though the potential current injection is far higher, which makes
the problem potentially far worse. This proposal places these sources of current injection on the same footing as those
from inverters. Note that 705.12(C) downstream connections are emphatically not limited to medium voltage, as implied
in the latest CMP 4 rejection of this concept (Comment 4-127 in the prior cycle.). This submitter has wired a number of
these projects into whatever panel was closest through a breaker positioned at random, fat dumb and happy when he
was blissfully unaware of the potential consequences to busbar loading and equipment heating burdens. It was only
after serving on CMP 9 and dealing with NEMA concerns on this topic that it became apparent in retrospect that there
was a significant opportunity to create a hazard. This issue must be addressed.

Section 705.12(D), (D)(1) and (D)(2) ONLY apply to listed utility-interactive interface that comply
with the requirements of UL-1741 and provide voltage, frequency, and anti-islanding protection as required by IEEE
1547.  Unlisted power sources may not provide the same anti-islanding protection as the UL-1741 requirements.
Therefore, these other systems shall interconnect on the supply side of the service.
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_______________________________________________________________________________________________
4-394     Log #2647  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Revise text to read as follows:
. Each source interconnection shall be made at a dedicated

circuit breaker or fusible disconnecting means. No load circuits shall be permitted between the inverter output and the
overcurrent protection device.
Informational Note:  The circuit carrying the ac output of a utility interactive inverter is not subject to high fault currents

from the inverter.  The inverter output current and power are limited to the rated values with no long-term surge
capability.  These ac output circuits are similar to branch circuits in terms of circuit protection and the overcurrent device
should be at the utility source end, and is typically a backfed circuit breaker.

This proposal is to clarify that the interconnection point of a utility-interactive inverter must not contain
loads between the inverter output and the overcurrent protection device. Multiple inverters could be connected to the
same circuit, as with micro-inverters or ac modules. The Informational Note is added to ensure that the ac output circuit
overcurrent protection is positioned at the proper location—the utility source end of the circuit, not at the inverter end of
the circuit, where it has no affect.

The panel rejects the change to the title, the addition of the informational note and the addition of
the second sentence.  The informational note is unnecessary as it is instructional material.  The first sentence was
revised to address the submitter's concerns under the panel action taken on Proposal 4-375a.

_______________________________________________________________________________________________
4-395     Log #1315  NEC-P04

_______________________________________________________________________________________________
Abel Lampa, Innovative Engineering Inc.

Please replace the whole article.
The ampere rating of the overcurrent device of the PV inverter shall not be more than the difference

between the capacity of the busbar rating & 125% of the maximum demand registered in the switchboard or panelboard.
If I have say, 3000A Busbar & being fed with 3000A Main Circuit Breaker which normally

is, and I have say 1500A maximum demand registered, 1500 X 1.25 = 1875 A.
3000A minus 1875A equals 1,125 Amperes. I can actually install a 1000A circuit breaker for my new PV, instead of

600A only with your existing requirements.
This is also parallel to Art. 220.87.

The proposal is not in accordance with the Manual of Style or Section 4.3.3(c) of the Regulations
Governing Committee Projects.  The requested change is insufficient to address many of the ways a connection should
be made. See panel action on Proposal 4-396 for the direction taken by the panel.
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_______________________________________________________________________________________________
4-396     Log #2654  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Add text to read as follows:
Move the text from 705.12(D)(2) to 705.12(D)(7) for organizational clarity.

The output of a utility-interactive inverter shall be permitted to be connected to the
load side of the service disconnecting means of the other source(s) at any distribution equipment on the premises.
Where distribution equipment including switchboards and panelboards is fed simultaneously by a primary source(s) of
electricity and one or more utility-interactive inverters, and where this distribution equipment is capable of supplying
multiple branch circuits or feeders or both, the interconnecting provisions for the utility-interactive inverter(s) shall
comply with (D)(1) through (D)(7)(6).
(2) Bus or Conductor Ampere Rating. For all bus and feeder ampacity calculations, 125% of the inverter output circuit

current shall be used. In systems where inverter output connections are made at feeders, any load taps must be sized
based on the sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the
feeder conductors as calculated in 240.21(B).
One of the methods in (a)-(d) shall be used to determine the ratings of busbars in panelboards:
(a) The sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the

busbar shall not exceed the ampacity of the busbar.
Informational Note: This general rule assumes no limitation in the number of the loads or sources applied to a busbar or
their locations.
(b) Where two sources, one utility and the other an inverter, are located at opposite ends of a busbar that contains

loads, the sum of 125% of the inverter(s) output circuit current and the rating of the overcurrent device protecting the
busbar shall not exceed 120% the ampacity of the busbar. The busbar shall be sized for the loads connected in
accordance with Article 220. A permanent warning label shall be applied to the distribution equipment adjacent to the
backfed breaker from the inverter with the following or equivalent wording:
WARNING: INVERTER OUTPUT CONNECTION, DO NOT RELOCATE THIS OVERCURRENT DEVICE
Exception: Panelboards with multiple ampacity busworks or center fed panel boards are not addressed by this

provision.
(c) The sum of the ampere ratings of all overcurrent devices on panelboards, both load and supply devices, excluding
the rating of the overcurrent device protecting the busbar, shall not exceed the ampacity of the busbar. The rating of the
overcurrent device protecting the busbar shall not exceed the rating of the busbar.  Permanent warning labels shall be
applied to distribution equipment with the following or equivalent wording:
WARNING: THIS EQUIPMENT FED BY MULTIPLE SOURCES. TOTAL RATING OF ALL OVERCURRENT

DEVICES, EXCLUDING MAIN SUPPLY OVERCURRENT DEVICE, SHALL NOT EXCEED AMPACITY OF BUSBAR.
(d) Connections shall be permitted on multiple ampacity busworks, or center fed panelboards where designed under

engineering supervision that include fault studies and busbar load calculations.
Exception:  Where the photovoltaic system has an energy storage device to allow stand-alone operation of loads,

125% of the rated utility-interactive current from the multimode inverter shall be permitted to be used in the calculation of
bus rating or conductor ampacity instead of the rating of the overcurrent device between the inverter and the bus or
conductor.
(7) Inverter Output Connection. Unless the panelboard is rated not less than the sum of the ampere ratings of all

overcurrent devices supplying it, a connection in a panelboard shall be positioned at the opposite (load) end from the
input feeder location or main circuit location. The bus or conductor rating shall be sized for the loads connected in
accordance with Article 220. In systems with panelboards connected in series, the rating of the first overcurrent device
directly connected to the output of a utility-interactive inverter(s) shall be used in the calculations for all busbars and
conductors. A permanent warning label shall be applied to the distribution equipment with the following or equivalent
wording:
WARNING INVERTER OUTPUT CONNECTION DO NOT RELOCATE THIS OVERCURRENT DEVICE

This proposal allows connections of utility-interactive inverters to busbars or feeders. 125% of the
inverter rated current is used for all ampacity calculations since that current is considered continuous. The previous
version used the overcurrent protection device rating connected to the inverter, but this rating could be significantly
higher than 125% of the inverter rating, unnecessarily overestimating required feeder ampacity. The proposal also
requires that feeder taps be sized to account for the higher available feeder current by adding 125% of the inverter
current rating to the feeder overcurrent protection rating to calculate minimum tap sizes in 240.21(B). A corresponding
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proposal is required in 240.21(B) to notify of the need to add this current to the calculation.
This proposal also moves the provisions of 705.12(D)(7) into 705.12(D)(2) so that all ampacity calculations are

together. The proposal also adds 3 additional methods to making connections in ac distribution equipment.
(a) This general rule as explained by the FPN ensures that any conductor or bus bar with multiple sources and multiple

loads will be protected.  The position on the busbar or conductor of either the supply or the load overcurrent devices
does   not affect the protection under this general requirement.
(b) This is a revision of 705.12(D)(7) for clarity.  It belongs under (2), as it is a method of determining bus rating and

protection.  The warning is self-explanatory.
The exception is required because multiple ampacity busworks center tapped bus bars cannot be protected by this
method.
(c) This new allowance protects the busbar or conductor by limiting the sum of the ratings of all (source and load)

overcurrent devices, except the overcurrent device on the main (largest) source. For example:  With a 100 amp bus, the
method would allow 100 amps of supply breakers and no load breakers, 100 amps of load breakers and no supply
breakers, or any combination of the two adding to 100 amps or less.  The rating of the main breaker need not be
counted in protecting the busbar except that its rating must also not exceed the bus bar rating.
(d). This new allowance lets engineering evaluations be made by qualified people for connections to multiple ampacity

busworks, or center fed panelboards where multiple sources of power are involved.

The panel chose this proposal and Proposals 4-394 and 4-401 as the template for changes to
705.12(D) in Proposal 4-375a.  The panel action taken on Proposal  4-375a addresses the submitter's concerns.

_______________________________________________________________________________________________
4-397     Log #1162  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Add exception No 2 to read as follows: Where the sum of the OCPD supplying power to loads is
less than or equal to the rating of the bussbars or conductors.

Kirchhoff’s current law states that the current that can flow into a conductor  or bussbar, (node) cannot
exceed the current that flows out.
Where the sum of the OCPD’s feeding loads is less than the bussbar ratings, the bussbar cannot be overloaded.
A  600A distribution section with a 600a main, and 3-200a feeder breakers could receive power from a utility interactive

inverter with a ocpd sized up to 600amps.
Note:  Supporting material is available for review at NFPA Headquarters.

The panel action taken on Proposal 4-375a addresses the submitter's concerns.
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_______________________________________________________________________________________________
4-398     Log #3028  NEC-P04

_______________________________________________________________________________________________
D. Jerry Flaherty, Electrical Inspection Service, Inc.

Add new text as follows:

The service panel and sub- panels in one and two family dwellings are based on the calculated load
determined by Article 220.  If the photovoltaic system is smaller than the calculated per Article 220 than the bus bars will
not be overloaded.
Article 690.7 and 690.8)A)(1) require the PV input has been reduced by 20% (100%/125%) in the unlikely event that

the  solar radiation is 1000w/m2, another reduction of 20% for continuous current and finally, in this example, by 14%
reduction for the next larger size circuit breaker. A total derating of 34 to 54%.
Ex. Using Annex D Example D1(a) of the NEC would have a calculated load of 61 amps requiring a 100 amps service.

A PV system to satisfy 100% of the energy would be a 5kW system requiring a 30 amp circuit breaker. Allowing only
120% of the main service disconnect and the inverter would require a connection on the line side of the service
disconnect.
In the example above assuming1000w/m2 and the array was the maximum wattage permitted by the inverter input

power, the most amount of current would be 21 amps. The busbar would not be overloaded, also, the 21 amps would be
coming from the service anyway and (remainder of text not received at NFPA).

Performing a load calculation as per Article 220 does not ensure the ampacity requirements of the
busbar will not be overloaded with the addition of a PV source sized to the load calculations.

_______________________________________________________________________________________________
4-399     Log #1163  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Add exception no 3. For switchboards and  panelboards over 600amps and under engineering
supervision, where it is determined based on the existing loads per NEC section 220.87, that the busbars will not be
overloaded.

Many large distribution boards and service sections are loaded at less than 50% of their ratings.  This
information is readily available from the serving utility company.  To limit the size of the inverter, require the main to be
downsized, or force the installation of a line side tap adds an unnecessary expense and may create a greater hazard.

Performing a load calculation as per Article 220 does not ensure the ampacity requirements of the
busbar will not be overloaded with the addition of a PV source sized to the load calculations.
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_______________________________________________________________________________________________
4-399a     Log #3520  NEC-P04

_______________________________________________________________________________________________
Vince Baclawski, National Electrical Manufacturers Association (NEMA)

Revise text to read as follows:

The word “identified” creates confusion when the GFPE device is a circuit breaker.  UL 489 requires
that all circuit breakers that are not suitable for backfeeding be marked “line” and “load”, thus it is the absence of
identification that means that the device is suitable for backfeeding.  The Informational Note in 705.12(D)(5) clears this
up, but sometimes people stop reading at (D)(3).

See panel action on Proposal 4-401 which addresses the submitter's concern.

_______________________________________________________________________________________________
4-400     Log #1164  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Delete this section in it’s entirety.
This section is redundant and the requirement is covered under section 705.32.
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_______________________________________________________________________________________________
4-401     Log #2648  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Revise text to read as follows:
The interconnection point shall be on the line side of all ground-fault protection

equipment. Equipment requiring ground fault protection shall comply with either a or b.

a. The interconnection point shall be on the line side of all ground-fault protection equipment.
b. The interconnection shall be permitted to be made on the load side of ground-fault protection where the following

requirements are met:  Ground-fault protection is provided for all equipment from all ground-fault current sources;
Ground-fault protection devices used with supplies connected to the load-side terminals shall be suitable for
backfeeding; Engineering assessments shall be made to determine distribution of fault currents between the ground
fault devices and the trip settings of each ground fault protection device.

The section is revised with the exception being deleted and replaced by two more restrictive
requirements.
When a PV inverter feeds a load side connection, ground faults on load circuits that were previously protected by a

main breaker ground fault protective device (GFP) and sourced by the utility may now be sourced by both the utility and
the inverter.  Stiff grids on large service entrances may hold line voltages up preventing the inverter’s anti-islanding
systems from shutting the inverter down when a ground fault occurs.   Ground fault currents will be divided between the
utility and the inverter and inverter supplied fault currents may prevent the main breaker GFP from activating at the
desired set point.   Engineering assessments are needed to determine circuit impedances for the division of fault
currents between multiple sources and the appropriate settings for multiple ground fault protective devices.
Manufacturers maintain most new main breaker GFPs are OK for backfeeding, but cannot say about older units and for
some the manufacturer may be out of business.
The listing requirement has been deleted because accessories like GFP attachments to circuit breakers are not tested
and listed for backfeeding.  The manufacturer identifies which units are suitable for backfeeding.

The interconnection point shall be on the line side of all ground-fault protection
equipment. Equipment requiring ground fault protection shall comply with either a or b.

a. The interconnection point shall be on the line side of all ground-fault protection equipment.
b. The interconnection shall be permitted to be made on the load side of ground-fault protection where the following

requirements are met:  Ground-fault protection is provided for all equipment from all ground-fault current sources;
Ground-fault protection devices used with supplies connected to the load-side terminals shall be listed as suitable for
backfeeding.
Informational Note:  Listed ground-fault protection devices without line and load marking are suitable for backfeeding.

Engineering assessments were rejected as they are currently covered in 110.9 and 110.10.  The
Informational Note was added for clarity.  The revised section is placed in 705.32.
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_______________________________________________________________________________________________
4-402     Log #2649  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Add text to read as follows:
Circuit breakers, if backfed, shall be suitable for such operation. Fused disconnects, unless

otherwise marked, are suitable for backfeeding.
The section adds the sentence for clarity because many AHJs bring question whether fused

disconnects can be backfed.

Informational Note: Fused disconnects, unless otherwise marked, are suitable for backfeeding.

The proposed text is suitable for an informational note.

_______________________________________________________________________________________________
4-403     Log #898  NEC-P04

_______________________________________________________________________________________________
Michael J. Johnston, National Electrical Contractors Association

Add a new last sentence after the warning text as follows:
The warning sign(s) or label(s) shall comply with 110.21(B).

This proposal is one of several coordinated companion proposals to provide consistency of danger,
caution, and warning sign or markings as required in the NEC. The proposed revision will correlate this warning marking
requirement with proposed 110.21(B) and the requirements in ANSI Z 535.4.

_______________________________________________________________________________________________
4-404     Log #3162  NEC-P04

_______________________________________________________________________________________________
Timothy P. Zgonena, Underwriters Laboratories Inc.

Add Paragraph 705.12 (D)(8)
(8) Wire Harness and Exposed Cable Arc Fault Protection - Utility interactive inverter(s) that have a wire harness or

cable output circuit, rated 240V, 30A or less, that is not installed within an enclosed raceway, it shall be provided with
listed AC AFCI protection.

Single and multiple utility interactive inverter systems such as ac modules and micro inverters can
have significant amounts of exposed PV AC wiring (harnesses and cables) that are often  exposed to movement, abuse
and degradation due to weathering and rodents.  Other types of generation could make use of similar cables or
harnesses and be exposed to similar degradation in the field. These factors can lead to insulation breakdown and
broken conductors that can lead to series and parallel arc faults.  AC AFCI equipment and requirements are being
developed that include existing AC AFCI protection combined with additional backfeed requirements for this specific
purpose.   These new requirements and certified equipment are expected to be available by the time of publication of
the 2014 NEC.  This is an extension of existing requirements and is a significantly easier undertaking in comparison to
the development of PV DC AFCIs.

See panel action on Proposal 4-375a  which addresses the submitter’s concern.
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_______________________________________________________________________________________________
4-405     Log #3331  NEC-P04

_______________________________________________________________________________________________
Steven Goble, Olathe, KS

Insert the following new requirement.
A Type 1 listed SPD shall be installed at the point of connection of all interconnected electric

power production sources.
Throughout its history, the NEC® has mandated the practical safeguarding of persons and property

from hazards arising from the use of electricity. However, one of the hazards that is often overlooked is damage to
property, such as fire, or the destruction of appliances and electronic equipment, due to surges caused by (1) the
starting and stopping of power electronic equipment, (2) direct or indirect lightning strikes, and (3) imposition of a higher
voltage on a lower voltage system. While NFPA 70 has
long recognized the practical application of surge protective devices as evidenced by several NEC® Articles, including
but not limited to, 285, 694 and 708, the vast majority of equipment is not required to be protected from damage by
surges. This lack of required protection results in, as the State Farm Insurance Company notes on their web site, " ...
power surges are responsible for hundreds of millions of dollars of property damage every year ... Over time, surges can
also cause cumulative damage to your property, incrementally decreasing the lifespan of televisions, computers, stereo
equipment, and anything else plugged into the wall."
This proposal is intended to expand protection against damaging surges through the use of listed surge protective

devices. While progress has been made in this area, it is evident that expanded use of listed surge protective devices
will be a step function improvement to the practical safeguarding of persons and property.
Some very recent specific examples of events that call attention to this need include the documented destruction of a
house due to electrical surge as a result of a transformer fire. This occurred in Kings County California in October of
2011.
In the UK in 2010, 71 incidents were caused by electrical power surges according to the fire inspector. In fact, the cause
of the surge was related to the theft of a copper component in a substation. Of the 71 incidents, 48 resulted in damage
to electrical equipment, including 36 panel boards, a number of televisions, washing machines and other electrical
appliances.
In Dallas, Texas, a utility electric crew repairing a transformer in front of a residence caused a significant surge. The

transformer was seen to be arcing with the subsequent destruction of equipment in nearby homes. This included Central
Heat and Air units, refrigerators, washers, dryers .... and the like.
Another recent event in Carthage, MO, occurred in October of 2011. Lightning hit the Jasper County Jail and the

resultant surge knocked out the security system as well as fire alarms, locks and other key systems. The same event
also resulted in a small fire at a Carthage home. Only because of an alert homeowner and quick response by the local
fire department was extensive damage and possible loss of life prevented.
Studies by recognized authorities including NEMA, IEEE, and UL, all substantiate the fact that surges can and do

cause significant damage. Nationwide Insurance recognizes the need for effective surge protection as well and has
published recommendations that include point-of-use surge protectors and installation of main service panel
suppressors.
Unprotected surges do cause catastrophic damage to industrial, commercial and residential electronic equipment and

residential appliances, sometimes resulting in fire and loss of life. Surge protective devices are readily available to
protect against these common surges, but have simply not been required in most applications. This Code Making Panel
has the opportunity to take a significant step toward better protection of persons and property by accepting this
proposal.

Surge protection is permitted to be installed and should not be required, as surge probabilities vary
by locality, and different types of electrical loads have differing surge protection requirements.  Surge protection must
also be periodically maintained or replaced.  The user should make the decision to install this protection.
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_______________________________________________________________________________________________
4-406     Log #1121  NEC-P04

_______________________________________________________________________________________________
Kamalasanan Kunjukutty, Saudi Arabian Saipem Co. Ltd.

Include the proposed drawings attached with explanation in the same section for the
interconnected electrical power generation from two - eight generators and legal standby generator with cent % safe
operation method.
Power generation and distribution system with changeover switches and distribution panels from two generator to 8

generators (with standby generator).
1) Page 1/8. Drawing for two generator connections (one line diagram) with tow Changeover switches and two

distribution panels. When, there is fewer loads, any one Generator can take rest and can feed supply to both section
and when there is more Load both generator can take load from individual sections. Note: capacity of Equipments,
based on load. Note: 100% safe operation.
2) Page 2/8. Schematic diagram for the above said two generator connections with Changeover switches and

Distribution panels.
3) Page 3/8. (a) Any one generator can take rest at any time. (b) Any two generators can take full load at any time. (c)

When there is less any one generator can feed supply to both distribution section and two generators can take rest.
Note: 100% safe operation. Drawing no. 2 & 3, one generator can take load and one rest at all times. Note: 100% safe
operation.
4) Page 4/8 Drawing no 1, any three generator on duty and any one on rest at all times with seven changeover

switches and three distribution panels. Generator #3 and 4 can feed supply to three distribution sections independently
and together (two sections on one generator and one section on other generator. Drawing #2, two generators with three
changeover switches and one distribution panel. One generator on duty and one on rest. Note: 100% safe operation.
5) Page 5/8. Drawing #1, 2 and 3, any one generator on duty and any one generator can feed supply to all distribution

panels, when there are fewer loads. Note: 100% safe operation.
6) Page 6/8. Generators with fifteen changeover switch and seven distribution panels. (a) Any one generator can rest

at all times. Generator 3 and 4 can feed supply to complete sections. (b) Each two generator, nearby can feed supply
independently to their sections, when there are fewer loads, such as 1 & 2, 3 & 4, 5 & 6, 7 & 8. Note: 100% safe
operation.
7) Page 7/8. Two transformers with two standby generator seven changeover switches and two distribution panels.

Each transformer and each generator (on emergency), can feed supply separate/independently, and together, depend
on load to both distributions panels. Note: 100% safe operation.
8) Page 8/8. Two transformers and two standby generators, seven changeover switches and four distribution panels.

Each transformer and each generator (on emergency), can feed supply separate/independently, and, depend on load to
all the section. Note: 100% safe operation.
Note: capacity of equipments is depend on load.

***Insert Table Here***

***Insert Diagrams 1-10 Here***

Drawings and books are now available for power generation and distribution with change over
switches for more than two generators of different capacity without synchronizing panel.
I wish to share my experience with the technical board of NEC, about AC power generation and its distribution systems

covering the below mentioned articles of NEC.
1) Installation, power production, operation in parallel and manual with basic safety requirement approval article 705.1
2) Equipment approval article 702.4
3) Manual transfer equipment article 702.5
4) Capacity of power source article 708.22
5) Transfer equipment article 702.6
6) Synchrononous generator 705.153
In gulf countries, always the construction company camps are in desert with different manpower capacities, like 500 to

5000 persons. We required generators with different capacities and it will be difficult to get synchronizing panels as per
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the available capacities of generators. In this particular condition we have to connect the generators with changeover
switches and the distribution panels for power distribution.
Presently, no books are available in the market for power generator and distributions with change over switches for

more generators. Example: two generators on duty and any one generator on rest, three generators on duty and any
one generator on rest, four generators on duty and any one generator on rest, and so on.
Even if synchronizing panels are available, the following practical difficulties are there to face:
1) Supply the breaker and reverse power must suit for generators.
2) AVR of generator must suit each other
3) Engine governor must have same speed dropping characteristic from no load to full load.
In this condition, most of the time we have to select power supply distribution systems with change over switches for

camps in desert area.
In view of the above please see drawings of power generation and distrutions with change over switches and

distribution panels.
Note:  Supporting material is available for review at NFPA Headquarters.

The submitter's proposal includes design information and drawings. The National Electric Code is
not a design manual. The proposal does not meet Section 4.3.3(c), Regulations Governing Committee Projects.
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_______________________________________________________________________________________________
4-407     Log #67  NEC-P04

_______________________________________________________________________________________________

Dan Leaf, Seneca, SC
Accept the proposal with the following revisions:

The disconnecting means for ungrounded conductors shall be a manually or power operable switch(es) or circuit
breaker(s) in accordance with the following:
(1)  Readily accessible.
(2)  Externally manually operable.
(3)  Plainly marked with an open (off) and closed (on) position.
(4)  Rated not less than the load and the available fault current at its terminals.
(5)  If backfed, plainly and durably marked to indicate such connection.
Informational Note No. 1 to (5):  No change
Informational Note No. 2 to (4):  No change
(6)  Simultaneous disconnection of all ungrounded conductor of the circuit it controls.
(7)  Having approved permanent integral means for locking in the open (off) position.

Externally manually operable should apply whether or not there is a power failure.  "Backfed" is more
specific than "both sides"  (usual connections are at top and bottom not sides).

The existing language covers the submitter's concern.  The proposed changes are editorial and
make not substantive changes to the requirement.
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_______________________________________________________________________________________________
4-408     Log #1316  NEC-P04

_______________________________________________________________________________________________
Abel Lampa, Innovative Engineering Inc.

Please add 705.22 to read as follows:
(1) Readily accessible.

(add) At the point of connection, between the inverter & the main electric Switchboard or Panelboard, the fused
disconnecting means or circuit breaker can be located just outside the electric wall if there are no space inside the
electric room or at the switchboard or Panelboard.

Explanation. Some AHJ I encounter have different interpretation on the location of this device. This
clarification will save a lot of money to the owner or contractor, if this is clarified like this. One of my inspector asked me
to relocate the fuse disconnect means inside the electric after the device is installed.

This section does not limit locating the disconnecting means remote from the equipment.  The
location of disconnecting means is already defined in Articles 230, 225, and 705.  The submitter has not presented any
defined technical rationale for adding this language.

_______________________________________________________________________________________________
4-409     Log #1502  NEC-P04

_______________________________________________________________________________________________
Abel Lampa, Innovative Engineering Inc.

Revise 705.22 to read as follows:
Disconnecting Device. (1) Readily accessible. (add) At the point of connection, between the inverter & the main electric

switchboard or Panelboard, the AC PV fused disconnecting means or circuit breaker can be located just outside the
electric wall if there are no space inside the electric room or at the switchboard or Panelboard.

Some AHJ's I have encountered, have different interpretation on the location of this device. This
clarification will save a lot of money to the owner or contractor, if this is clarified like this. One of my inspector asked me
to relocate the AC fuse disconnect means of the PV system inside the electric room after the fuse disconnecting means
is installed. He said, that the fuse disconnecting means shall be installed line of site to the connection of the main
busbar.
I believe this device can be installed just outside the electric room and install a sign that indicating the location of the

PV Fuse disconnecting means.

This section does not limit locating the disconnecting means remote from the equipment.  The
location of disconnecting means is already defined in Articles 230, 225, and 705.  The submitter has not presented any
defined technical rationale for adding this language.
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_______________________________________________________________________________________________
4-410     Log #2222  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Delete 705.22(6).

The disconnecting means for ungrounded conductors shall consist of a manually or power operable switch(es) or
circuit breaker(s) with the following features:
(1) Located where readily accessible
(2) Externally operable without exposing the operator to contact with live parts and, if power operable, of a type that

could be opened by hand in the event of a power-supply failure
(3) Plainly indicating whether in the open (off) or closed (on) position
(4) Having ratings not less than the load to be carried and the fault current to be interrupted. For disconnect equipment

energized from both sides, a marking shall be provided to indicate that all contacts of the disconnect equipment might
be energized.
FPN No. 1 to (4): In parallel generation systems, some equipment, including knife blade switches and fuses, is likely to

be energized from both directions. See 240.40.
FPN No. 2 to (4): Interconnection to an off-premises primary source could require a visibly verifiable disconnecting

device.
(5) Simultaneous disconnect of all ungrounded conductors of the circuit
(6) Capable of being locked in the open (off) position

The lockable disconnect requirement is a utility requirement imposed by some, but not all utilities.
There is no safety reason that would require a lockable disconnect requirement in the for utility interconnected
systems. Most utility-interactive inverters below about 50 kW use circuit breakers for the required disconnecting means.
Lock-out and tag-out procedures are not commonly used in residential and commercial electrical systems and, if

needed, lockout devices can be added to the switchgear as required.

The requirement to have a lockable disconnect present for lock out/tag out procedures is a basic
safety issue.  The ability to lock a device is necessary when addressing multiple power sources at a site. This provision
applies to all interconnected systems, not just utility-interactive inverters.
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_______________________________________________________________________________________________
4-410a     Log #CP402  NEC-P04

_______________________________________________________________________________________________
Code-Making Panel 4,

705.31 Location of Overcurrent Protection.  Overcurrent protection for electric power production source conductors,
connected to the supply side of the service disconnecting means per 705.12(A), shall be located within 3m (10 ft) of the
point where the electric power production source conductors are connected to the service.
Informational Note:  This overcurrent protection protects against short-circuit current supplied from the primary

source(s) of electricity.
Exception:  Where the overcurrent protection for the power production source is located more than 3 m (10 ft) from the

point of connection for the electric power production source to the service, cable limiters or current limited circuit
breakers for each ungrounded conductor shall be installed at the point where the electric power production conductors
are connected to the service.

Often, when connections are made to, or ahead of, existing service entrance equipment, space
limitations do not allow for a disconnecting means with overcurrent protection to be adjacent to the service entrance
equipment and still have proper working clearances.  Consequently, many of the required disconnects with overcurrent
protection are being installed remote from the service entrance equipment.  These unprotected conductors from the
service entrance equipment to the remote disconnect with overcurrent protection are a safety hazard since they do not
have adequate short-circuit current protection.  These conductors are subject to the available fault current from the utility
and are not really “protected” by the utility transformer primary overcurrent protective device(s).  A fault on these
conductors will likely result in a violent, explosive conductor vaporization and potential equipment damage or complete
burndown.  This proposal would require short-circuit protection (cable limiters) whenever the length of unprotected cable
exceeded 3m (10 ft).

_______________________________________________________________________________________________
4-411     Log #2223  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise Section 705.60(A) and add the Informational Note as follows:

The maximum current for the specific circuit shall be calculated in
accordance with 705.60 (A)(1) and (A)(2).

The maximum current shall be the connected PV output circuit maximum
current in accordance with 690.8(A) rated input current of the inverter.
Informational Note:  The inverter input circuit is sized based on the connected array output. There is no direct

relationship between the inverter maximum input current specification and the maximum rated current from the PV array
which is based on the module short-circuit current.  UL Standard 1741 requires that the inverters have internal
protection from excessive input currents.  Inverter manufacturers typically recommend over sizing the array to account
for the fact that array power drops below the rated power under operating conditions due to array heating.

The maximum current shall be the inverter continuous output current rating.
The title of 705.60(A)(1) is modified to reflect that the section is talking about the inverter input current

since the term “inverter source circuit currents” has no meaning. There is only one current so the plural “s” is removed.
This input circuit to the inverter is sized based on the short-circuit current output of the connected PV array and this

current is calculated in the referenced 690.8(A).
The Informational Note is self explanatory

The requirement applies to more than PV systems.
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_______________________________________________________________________________________________
4-412     Log #1165  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Revise Title to read “Inverter input Circuit Currents."
Revise text to read “Inverter input circuits shall be calculated per 690.8."

Inverter Source Circuits are not defined. Article 690 Identifies these as “Inverter input circuits” see
figure 690.1.B.
690.8(2) and (4) provide information for calculating inverter input circuit currents.  As it is now written 705.60(A)(1) is in

conflict with these sections.

1) Accept the title change.
2) Reject the remainder of the proposal.

The submitter refers to improper reference to 690.8 when 705.60(A) encompasses all utility
interactive inverters.

_______________________________________________________________________________________________
4-413     Log #2224  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Add the following Informational Note after 705.60(B)

Informational Note:  The ac output circuit of utility-interactive inverters and AC PV modules from the inverter to the first
overcurrent device on that circuit is similar to a branch circuit.   The circuit is sized at 125 percent of the continuous
currents it carries.  The circuit is protected from overloads and faults sourced from the utility by that overcurrent device
that is typically located at the utility supply end of the circuit.  The circuit responds in the same way when the overcurrent
device activates—it becomes de-energized as the utility supply is removed and the inverter shuts down through actions
of the internal anti-islanding system.

The Informational Note is added to provide useful, factual information that will clarify how these circuits
may be treated in the Code.  UL Standard 1741 requires the anti-islanding function in all utility-interactive inverters and
AC PV modules.

The NEC is not an instruction manual for untrained persons.  This information is not necessary for
proper enforcement.
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_______________________________________________________________________________________________
4-414     Log #1166  NEC-P04

_______________________________________________________________________________________________
James C. Willey, James C. Willey PE, PLLC

Add new paragraph
(B) Ground-Fault Protection.  Feeders serving only Utility Interactive- inverters are permitted but not required to have

Ground Fault protection.
The issue concerns large inverters rated greater than 150 v to ground and 1000a or more.  Sections

230.95, 215.10, 690, and 705 are not clear on this issue. It is suggested that Code panels 2 and 4, form a task group to
study the issue, and make appropriate revisions to the code.

Ground fault protection issues must be addressed.  As stated in submitter's substantiation the
requirements for GFPE based on the size of the circuit are adequately covered in the applicable articles.
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_______________________________________________________________________________________________
4-415     Log #2225  NEC-P04

_______________________________________________________________________________________________
John  C. Wiles, Southwest Technology Development Institute, New Mexico State University / Rep. PV

Industry Forum
Revise 705.95(A) as follows:

The ampacity of the neutral conductors shall comply with either (A) or (B)
If a single-phase, 2-wire inverter output is

connected to the neutral conductor and one the ungrounded conductor (only) of a 3-wire or of a 3-phase 4-wire,
wye-connected system, the maximum load connected between the neutral conductor and any one ungrounded
conductor plus the inverter output rating shall not exceed the ampacity if the neutral conductor. Where the outputs of
single or multiple single-phase inverter(s) are connected between the neutral conductor and one or more of the
ungrounded conductors of a 3-phase 4-wire, wye-connected system or a 120/240V single-phase system, the ampacity
of the neutral conductor shall be no less than the greater of  (1) or (2)
(1) 125% of the continuous load plus 100% of the noncontinuous load on that neutral conductor or
(2) 125% of the sum of the rated output current of all inverters considering worst-case unbalance.

NO CHANGE.
This section applies to the neutral of a feeder (note the word “system” in the existing text). These two

currents ((1) and (2)) are additive in this requirement because they may exist separately at different times. The
existing requirement, as written, is incorrect in requiring the sum of these two currents to be used.  Since the currents
(power) will generally flow in opposite directions, the sum may be near zero at times.
If the inverters are not operating, the neutral must be able to carry any connected load currents.   The operation of the

inverters in the presence of load currents will tend to decrease currents in the neutral.  If there are no loads, then the
circuit must carry the full rated output of the inverter(s).   Where multiple inverters are installed and connected
phase-to-neutral, consideration must be given to situations where one or more inverters could fail, be turned off, or the
connected array shaded thus eliminating any balance between the phases and increasing the neutral currents.   The
125% of rated output is needed to ensure that the neutral conductor ampacity is consistent with the ampacity calculated
elsewhere in the Code.
The circuit should be sized for the largest of the two currents.
Example:
480/277V, 3-phase, 4-wire, wye system:  Existing maximum, connected, unbalanced load current in the neutral is 40

amps.  Two 7 kW inverters are connected between each phase and neutral. A total of six inverters are connected.
Rated output current of each inverter is 27.3 amps.  When all six inverters are producing rated current, the neutral
currents from the inverters are near zero.   In a worst-case situation, only two inverters connected on one phase are
working at rated output and the others are shut off or have failed.  The currents in the neutral from these two inverters
would total 2 x 27.3 amps or 54.6 amps, and this should be used to calculate the required ampacity for the neutral, since
it is larger than the 40 amps of load current.

The existing language accurately addresses neutral ampacity.
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_______________________________________________________________________________________________
4-416     Log #2650  NEC-P04

_______________________________________________________________________________________________
William F. Brooks, Brooks Engineering

Revise text to read as follows:
705.100 Unbalanced Interconnections.
(A) Single Phase. Single-phase inverters for hybrid systems and ac modules in interactive hybrid systems shall not be

connected to 3-phase power systems unless the interconnected system is designed so that significant unbalanced
voltages in excess of 3% do not result. For utility-interactive single-phase inverters, unbalanced voltages shall be
prevented by the same methods used for single-phase loads on a 3-phase power system.

The current language in 705.100(A) is unenforceable by any means other than prohibiting
single-phase generators on 3-phase power systems altogether. This is due to the undefined nature of the term
“significant imbalance.” Single phase generators are routinely applied to 3-phase power systems successfully and
without special phase voltage sensing equipment. This is accomplished with utility-interactive inverters by applying the
well-understood methods used for single-phase loads for 3-phase systems. Single-phase loads are evenly distributed
among the phases unless the single phase loads are not divisible by 3. In the event that a 3-phase circuit has extra
single-phase loads, those loads are applied to the least loaded phases, therefore reducing imbalance rather than
increasing imbalance. With utility-interactive single-phase generators, extra single-phase generators are applied to the
most heavily loaded phases, reducing imbalance. Many jurisdictions have been prohibiting the use of single-phase
utility-interactive generators on 3-phase systems thinking that these inverters had to be capable of sensing all three
phases to prohibit imbalance. Since single-phase loads are not required to monitor all three phases and imbalance is
prevented by design, utility-interactive inverters should follow the same, well-understood process. The only method to
resolve an unbalanced voltage not caused by the utility system is to balance loads and generation on the building
distribution system. Both single-phase load distribution and single-phase generator distribution can be effective means
of mitigating unbalanced phase currents that contribute to unbalanced voltages.

The substantiation is insufficient for the proposed change to the current text.
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