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Items in red are new to this final set of submissions

110.14(A) Terminals (New)
Proposal: Add a third paragraph as follows:

Terminals, lugs, or connectors intended for use with flexible, fine-stranded cables fotherthan

Class B-&C Strandine) shall be marked and listed for such use.

Substantiation:

UL Standard 486 A and B requires that connectors, lugs, and terminals intended for use with
flexible, fine-stranded cables be so marked for use with such cables. Very few connectors and
terminals have been listed for such use and few are so marked. The vast majority of connectors
and terminals are unsuitable for use with flexible, fine-stranded cables. However, the limited
distribution and wording of the standard has resulted in these non-marked connectors being used
improperly with flexible, fine-stranded cables. Connector/conductor failures in several widely
different industries (e.g. uninterruptible power systems, motor drives, electric vehicles,
photovoltaic power systems) have been reported. The existence of the UL Standard alone is not
sufficient to prevent the misuse of these conductors and unmarked connectors, terminals, and
lugs. See the attached article from the IAEI News.
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200.3 Connection to Grounded Systems (New)

Proposal: Add the following new Exception.

Exception: Listed and labeled utility-interactive inverters used in distributed resource
generation systems such as photovoltaic and fuel cell power systems may be connected to
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premises wiring line-to-line without a grounded conductor when the connected premises wiring
or utility system supplies the ground reference.

Substantiation:

In utility-interactive PV systems, the utility grid and its grounded neutral, and the grounded
neutral at the service entrance provide the ground reference and meet the requirement in 200.3 so
that all premises wiring stays referenced to the same ground as the utility.

The 240-volt inverters used in photovoltaic power systems and fuel cell power systems do not
have an output or internal signal point that would be referenced to the grounded ac neutral. They
do, of course, have a grounded chassis (via the ac equipment-grounding conductor). Since most
use an internal or external transformer, the dc side of the system is also ground referenced with
the negative or positive output conductor of the source connected to ground. The output ac
currents from these inverters are injected directly at 240 volts into the premises wiring and into
the utility power system without reference to ground.

All of these inverters have been evaluated for safety against UL Standard 1741 and all are being
installed in compliance with the instructions and labels provided with the product (NEC
110.3(B)) which include the instructions to connect many of them line to line without a grounded
conductor reference. These devices have been operated for more than 20 years without any
safety problems associated with the lack of a grounded conductor reference.

The exception is needed to clarify the situation where safe, listed devices without a ground
reference may safely be connected to premises wiring under specific conditions.
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250.134(B) Exception No. 2

Proposal: Delete Exception No. 2

Substantiation:

When this exception was added to the Code, the drafters correctly realized that pure direct
currents do not have any oscillatory tendencies as do ac currents that would cause transformer-
like heating in metal when the equipment-grounding conductor is separated from the circuit
conductors. They likewise realized that there is no frequency-dependent impedance factor
associated with dc currents that might cause higher than desired reactance in the dc circuits,
which could prevent the operation of overcurrent devices.
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However, with the resurgence of dc power systems (renewable energy systems, fuel cells,
uninterruptible power systems, and various industrial processes), this exception needs to be
reconsidered. IEEE/ANSI Standard 1375, Guide for the Protection of Stationary Battery Systems
provides an excellent tutorial on the issues associated with using overcurrent devices in dc
circuits. One of the many issues that this standard points out is the difficulty in getting proper
overcurrent device operation as the circuit time constant goes above 10 milliseconds (the time-
constant limit of testing in UL Standards 198 and 489). The Guide points out that fuses and
circuit breakers may not operate properly when inductance in the circuit results in a time
constant exceeding 10 milliseconds. Calculations shown in the IEEE Standard indicate that the
normal circuit inductance in many dc systems results in time constants between 5 and 10
milliseconds. It wouldn’t take much additional spacing between the equipment-grounding
conductor and the circuit conductors to increase the fault-circuit time constant to greater than 10
milliseconds. If Exception number 2 in 250.134(B) is followed, the routing of the equipment-
grounding conductor away from the circuit conductors may allow the time constant under
ground-fault conditions to exceed 10 milliseconds. These longer time constants, under ground-
fault conditions, could prevent the dc overcurrent devices from functioning properly.

A second issue is that many dc currents are not pure. Any single-phase dc-to-ac power inverter
will have a 120 Hz sine wave imposed on the dc current that may have a RMS value greater than
the average dc current value. In a similar manner, battery chargers that rectify the ac line to get
dc to charge batteries will have 120 Hz ripple currents. Under fault conditions, these dc ripple
currents act just like ac currents in that they may cause metal heating if the two (or three) circuit
conductors are not routed together. Excess separation leading to increased inductance will also
lead to increased impedance in the fault circuit and may not allow overcurrent devices to
function properly. The impedance is a function of the frequency, and at 120 Hz the increased
impedance will be higher than at 60 Hz. This is another reason why Exception 2 to 250.134(B)
should be deleted.
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250.166 Size of the Direct-Current Grounding Electrode Conductor. (Revised)
Proposal:

Revise 250.166 as follows so that 250.166 (C), (D), and (E) are clearly exceptions to 250.166
(A) and (B) as they were in the /1996 NEC.

250.166 Size of the Direct-Current Grounding Electrode Conductor. The size of the
grounding electrode conductor for a dc system shall be as specified in 250.166 (A) and (B),
except as permitted by 250.166 (C) through (E).

Substantiation:
As Section 250.166 is currently written, sections 250.166 (A) and (B) are in direct conflict with
sections 250.166(C), (D), and (E). Many electricians and inspectors are not able to determine
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which section takes precedence. For example, many dc systems are not as described in Section
260.166 (A), so section 250.166 (B) applies. However, the use of a ground rod electrode would
require Section 250.166(C) to be applied. Sections 250.166 (B) and (C) dictate two different
sizes of grounding electrode conductors. Revising the first sentence in this section as shown will
add clarity to the code. This language parallels the language in 250.66 for ac grounding-
electrode conductors.
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690.4(D) Equipment (Revised)
Proposal: Revise the section as follows:
690.4(D) Equipment. Inverters ermetorgenerators, 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.

Substantiation:

Motor generators are removed from the requirement since motor generators have not been used
in PV systems for more than 10 years. The complexity of PV system equipment and PV system
designs dictate that the PV modules, the combiner boxes, the charge controllers, and the inverters
be identified for use in PV systems and examined for safety (listed) by a third party against
standards established by Underwriters Laboratory (UL). Electrical inspectors, sometimes faced
with systems containing unlisted equipment in these categories, have requested that this complex
equipment be specifically listed to assist them in their jobs. Also the identification and proper
listing of these components would rule out the inappropriate use of electrical components such as
inverters and charge controllers that may be listed to inappropriate standards such as telecom and
marine standards.
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690.5 Ground-Fault Protection (Revised)
Proposal: Revise the section as follows:

690.5 Ground-Fault Protection. |

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.
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Exception 1: Ground-mounted or pole-mounted photovoltaic arrays with not more than two
paralleled source circuits and with all dc source and dc output circuits isolated from buildings
orstructures-shall be permitted without ground-fault protection.

Exception 2: PV arrays mounted on other than dwelling units shall be permitted without
ground-fault protection if each equipment-grounding conductor has an ampacity of at least two
(2) times the temperature and conduit fill corrected circuit conductor ampacity.

Substantiation:

Recent ground-fault events and analyses of different types of PV systems, possible types of
ground faults, and circulating ground-fault currents have revealed the necessity of requiring these
ground-fault protection devices (fire hazard reduction) on nearly all PV arrays, not just PV arrays
on the roofs of dwellings. Ground faults in PV source and output circuits can result in
continuously circulating full output short-circuit currents that do not trip overcurrent devices. It
is not possible to place an overcurrent device in a circuit conductor (either grounded or
ungrounded) that can interrupt these ground-fault currents without affecting the ability of the
circuits to carry normal and expected operating currents. The current-limited characteristic of
PV modules, sub arrays, and arrays and the ability to generate sustained ground-fault currents
dictate that these ground-fault currents are sensed and interrupted at current levels depending on
the system size to eliminate the need for significant over sizing of equipment-grounding
conductors. Over-sizing of equipment-grounding conductors is also an option on installations
that do not involve dwelling units. UL listing of the applicable equipment (inverters, charge
controllers, and separate ground-fault devices) will determine the fault detection level. Ground
faults involving arcing fault currents will also be interrupted at this value. Related proposals are
also being made for 690.5(A) and 690.45. See attached analysis and diagram.

UL is developing parallel requirements in UL Standard 1741 for PV inverters. The ground-fault
protective device will be integral with utility-interactive inverters and any inverter that has the
output of the PV array connected directly to the inverter (for example, some inverters that have
battery back up capabilities). Stand-alone PV systems (usually 12-48 volts nominal) will use the
separate ground-fault protective devices already available.

The first exception is added because there is little danger of fire (either in the PV array wiring or
in a building) on a ground-mounted or pole-mounted PV array with the dc circuits isolated from
any building where there are not more than two parallel-connected source circuits.

The second exception applies to non-dwelling unit installations. All dwelling unit installations
must have ground-fault protection to reduce fire hazards. In other than dwelling unit
installations, the use of equipment-grounding conductors with an ampacity two times the
ampacity of the circuit conductors will provide adequate safety for the possibly large circulating
ground-fault currents discussed above.
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690.5(A) Ground-Fault Detection and Interruption. (Revised)
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Proposal: Revise the section as follows:

690.5(A) Ground-Fault Detection and Interruption. 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 seuree 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.

Substantiation:

The second paragraph is moved from 690.5(B) to 690.5(A) because it describes the various
optional methods of interrupting the fault current as required by 690.5(A). A minor grammatical
error was corrected.

The addition of the third paragraph establishes requirements that prevent interconnecting the
main dc PV disconnect with the ground-fault protection device that could leave the PV array
ungrounded when the PV disconnect was opened manually during normal service operations or
in other situations. The intent is to keep a grounded PV system solidly grounded under all
normal operating conditions including when the main PV or other disconnect is opened. This
procedure minimizes the hazards of having white-colored grounded conductors possibly floating
and energized. Only during automatic ground-fault actions (an abnormal condition) should these

conductors be allowed to be ungrounded to deal with the ground fault.
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690.5(B) Disconnection of Conductors (Revised)

Proposal: Revise the section as follows:

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

following methods.

(1) The ungrounded conductors of the faulted circuit shall be automatically disconnected.
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(2) The inverter or charge controller fed by the faulted circuit shall automatically cease to export
supply power to output circuits.

Substantiation:

Revising the title from “Disconnection of Conductors” to “Isolating Faulted Circuits” more
accurately reflects the intent and requirements of the section. An inverter that ceases to supply
power provides the desired effect: The faulted PV circuit (including the inverter) produces no
power, is essentially isolated from other circuits in the system, and the lack of output power
provides additional safety and an additional indication that there is a problem. UL is currently
listing inverters that cease to supply power under ground-fault conditions as meeting this
requirement as written in the 2005 NEC. These utility-interactive inverters do not fully shut
down or turn off because they must continually provide an indication of the ground fault. A
similar requirement would apply to charge controllers if option (1) were not used. The
rewording allows the code requirements to agree with the existing listed hardware that has been
deemed to meet safety standards.

The last two sentences in this section are moved to 690.5(A) where they properly describe
options for interrupting fault currents. These sentences do not deal with isolating faulted circuits.

690.5(C) Labels and Markings (Revised)
Proposal: Revise the Section as follows:

(C) Labels and Markings. A warning label Eabels-and-markings shall appear on the utility-
interactive inverter or be apphed by the 1nstaller near the ground—fault mdlcator at a visible
location stating th ndica ally o s be

enefgized—aﬂd—m%gfeﬁnded the followmg

WARNING
ELECTRIC SHOCK HAZARD
IF A GROUND FAULT IS INDICATED, ALL 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.

Substantiation:

A ground fault in a PV system and the response of the required ground-fault protection device
modify the normal grounding of the system. The need for an appropriate warning label on the
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inverter containing the ground-fault device or an installer-applied label on those systems with a
separate ground-fault device must be clearly defined. Requiring specific wording and a second
label on the battery banks (if installed and usually operating at or less than 48 volts, nominal)
will increase user/operator awareness and is required since the battery banks may also become
ungrounded during ground faults.

690.7(A) Maximum Photovoltaic System Voltage (Revised)
Proposal:

Add the following sentence to this section as a second paragraph and completely replace the
Table 690.7 as follows:

When open-circuit voltage temperature coefficients are supplied in the instructions for listed PV

modules, they shall be used to calculate the maximum photovoltaic system voltage as required
by 110.3(B) instead of using Table 690.7.

Table 690.7 Voltage Correction Factors for Crystalline and Multicrystalline Silicon
Modules

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

Ambient Factor Ambient
Temperature (°C) Temperature (°FK)
24 to 20 1.02 76 to 68
19to 15 1.04 67 to 59
14 to 10 1.06 58 to 50
9to 5 1.08 49 t0 41
4t00 1.10 40 to 32
-1to-5 1.12 31to23
-6 to -10 1.14 22to 14
-11to-15 1.16 13t05
-16 to -20 1.18 41to0 -4
-21to -25 1.20 -5to-13
-26 to -30 1.21 -14 to -22
-31to -35 1.23 -23 to -31
-36 to -40 1.25 -32 to -40
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Substantiation:

Some PV module manufacturers are supplying the necessary open-circuit voltage temperature
coefficients in the instruction manuals for their modules. The use of these coefficients to
determine the maximum system voltage at temperatures below 25°C (77°F) will be more
accurate than using Table 690.7. Section 110.3(B) requires that these instructions be followed
for listed products.

Table 690.7 has been expanded to provide more resolution in the look-up procedure. This
expansion can result in more accurate maximum system voltage calculations.

The temperatures in the table have been rounded to whole numbers and the °F values have been
adjusted to provide continuous ranges with no gaps.
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690.10(A) Inverter Output. (Revised)
Proposal: Revise the section as follows:

(A) Inverter Output. The ac #rverter output from the stand-alone inverter(s) system shall be
permitted to supply ac power to the building or structure service disconnecting means at current
levels below-therating-of that-disconneeting-means- less than the calculated load connected to
that disconnect. The inverter output rating or the rating of an alternate energy source shall be
equal to or greater than the load posed by the largest single utilization equipment that may be
connected to the system. Calculated, general lighting loads shall not be considered as a single

load.

Substantiation:

Some AHIJs are requiring that the PV system have an output rated equal to the rating of the
service entrance equipment and/or calculated loads. For example, some AHJs are requiring a PV
system with a 240-volt, 200-amp ac output.

Stand-alone PV systems (PV array, inverters, batteries) are designed and operated based on the
available solar energy. Energy conservation by the users permits the supplied buildings or
structures to be operated on significantly less power and energy than would normally be used in
similar buildings. While the building wiring meets all Code requirements from the main service
disconnect through the branch circuits for safety reasons as required by 690.10, the power and
energy supplied by the stand-alone system need meet only the actual use requirements of the
building as controlled by the user.
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Article 702, Optional Standby Systems, also allows for the standby source to be sized for the
supply of all equipment intended to be operated at one time

702.5 Capacity and Rating. An optional standby system shall have adequate capacity and rating for the supply of
all equipment intended to be operated at one time. Optional standby system equipment shall be suitable for the
maximum available fault current at its terminals. The user of the optional standby system shall be permitted to
select the load connected to the system.

Although not a safety issue, good system design ensures that the electrical system is able to start
and run the largest load on the site. This largest load may remain disconnected or turned off
until needed by the user. The largest load might be a well pump, microwave oven, vacuum
cleaner, furnace blower or the like. This large load may be either hardwired or plug connected.
Many systems have an alternate energy source (for example, backup or standby generator, wind
system, or hydro system) that is used routinely to start and run larger loads. Either the inverter or
the alternate energy source should be rated to start that single largest load. The inverter may be
sized to start smaller loads than the alternate energy source can start. Because calculated lighting
loads (3 watts/square foot) are under the direct control of the users, are intermittent in nature, and
may be reduced to zero as desired, they should not considered a single load in the operation of a
stand-alone PV system.
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690.10(D) Energy Storage Requirements (New)
Proposal: Add the new section as follows:

690.10(D) Energy Storage Requirements. This code neither requires nor specifies the size of
any energy storage system in a stand-alone photovoltaic power system.

Substantiation:

Some AHJs are requiring an energy storage source with any PV system, even where such energy
storage sources are not necessary (such as water pumping systems). Other AHJs are requiring a
minimum sized energy storage system that is not based on any particular knowledge of how the
PV system is going to be used.

Stand-alone PV systems (PV array, inverters, batteries) are designed and operated based on the
available solar energy. Some stand-alone PV systems are directly connected to the loads without
any energy storage (for example, water pumping systems). When energy storage systems are
employed, energy conservation by the users permits the supplied buildings or structures to be
operated on significantly less power and energy than would normally be used in similar
buildings. Users of these systems manually adjust energy usage to match available solar energy
and the size of the energy storage system. Energy use may be reduced to zero or near zero during
extended periods of cloudy weather, or a back-up energy supply may be used. Specifying some
specific minimum size in the Code for the energy storage system is not practical given the
numerous variables, nor is such a specification an electrical safety issue. This section should be
added to the Code because some AHJs are trying to require a minimum size of battery bank.
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690.10(E) Backup Power System (New)
Proposal: Add the new section as follows:

690.10(E) Backup Power System. This code neither requires nor specifies the size of any
backup power system in a stand-alone photovoltaic power system.

Substantiation:

Some AHIJs are requiring that stand-alone, off grid PV systems have backup generators. This
requirement is not consistent with the design of many stand-alone PV systems.

Stand-alone PV systems (PV array, inverters, batteries) are designed and operated based on the
available solar energy. Many stand-alone PV systems do not employ backup power systems.
Energy conservation by the users allows the supplied buildings or structures to be operated on
significantly less power and energy than would normally be used in similar buildings. Users of
these systems manually adjust energy usage to match available solar energy and the size of the
energy storage system. Energy use may be reduced to zero or near zero during extended periods
of cloudy weather. Specifying the requirement in the Code for a backup power system is not
practical given the numerous variables, would commonly entail the use of non-renewable fuels,
nor is such a requirement an electrical safety issue. This section should be added to the Code
because some AHJs are trying to require a backup power system for stand-alone PV systems.
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690.13 Switch or Circuit Breaker (Revised)

Proposal: Revise as shown:

690.13 All Conductors.

Means shall be provided to disconnect all current-carrying conductors of a photovoltaic power
source from all other conductors ina burldrng or other structure. A switch, c1rcu1t breaker, or

1nsta11ed in a grounded conductor if operatron of that switch, circuit breaker or other device may
leave the marked, grounded conductor in an ungrounded and energized state.

Exception: A switch or circuit breaker that is part of a ground-fault detection system required by
690.5 may be permitted to open the grounded conductor when that switch or circuit breaker is
automatically opened and indicated only as a normal function of the device in responding to

ground faults.
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Substantiation:

Other sections of the Code (240.22) allow a multi-pole overcurrent device to open a grounded
conductor. This allowance is acceptable in a load circuit where the disconnected and the now
ungrounded conductor becomes unenergized when it is disconnected from the source of energy.
However, in many power source circuits such as dc PV source circuits and ac generator or
inverter output circuits, the grounded circuit conductor is usually bonded to ground at a central
location on the load side of any disconnecting means. If the disconnecting means or overcurrent
device opens the grounded circuit conductor, then that conductor (usually marked white as a
grounded conductor) on the source side of the disconnect may be energized and ungrounded.
This is an unsafe condition and should only occur under abnormal conditions such as during a
ground fault. This proposal addresses the issue for PV source/supply circuits (ac and dc), where
these types of circuits may be more common than load circuits that are used (and ungrounded) in
other electrical systems, and prevents the ungrounded conductor from being opened under
normal operation.

The exception is slightly reworded to allow the grounded conductor to be opened when and only
when opened as an automatic function of a code-required ground-fault device. This clarified
requirement will ensure that 690.5 ground-fault protection devices are not included as part of the
main user-accessible PV disconnect switch that could open a grounded conductor or unground
the PV array under normal, manual shutdown operations.

690.14 Additional Provisions (Revised)
Proposal: Revise the section as follows:

690.14 Additional Provisions. The main, direct-current (dc) photovoltaic output circuit
disconnecting means shall comply with 690.14(A) through 690.14(D).

Substantiation:

The proposal clarifies the intent of this section to apply to the main (primary) dc PV disconnect
and not to any secondary dc disconnects, or ac disconnects that may be installed in the same
system, such as PV source-circuit combiner disconnects, PV disconnects between charge

controllers and batteries, equipment servicing disconnects, or the ac disconnect on the output of a
utility-interactive inverter.

690.31(A) Methods Permitted (Revised)
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Proposal: Revise the section as follows:
690.31 Methods Permitted.

(A) Wiring Systems. All raceway and cable wiring methods included in this Code and other
wiring systems and fittings specifically intended and identified for use on photovoltaic arrays
shall be permitted. When Where wiring devices with integral enclosures are used, sufficient
length of cable shall be provided to facilitate replacement.

When PV source and output circuits operating at system voltages greater than 50 volts are
installed in readily accessible locations, circuit conductors shall be installed in a raceway.

FPN: 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.

Substantiation:

PV source and output circuits may operate at dc voltages up to 600 volts. Voltages greater than
50 volts are deemed to be more dangerous than lower voltages. Single-conductor, exposed
cables as allowed by 690.31(B) in readily accessible locations are subject to ready access by the
unqualified public and are not generally designed to resist casual contact and/or abuse, either
inadvertent or intentional. Public safety considerations dictate that they be afforded added
physical protection by being installed in raceways. These same conductors in more protected
areas that are not readily accessible (such as a close-to-roof mounted PV array) are not subject to
casual contact and are afforded more physical protection by the location of the installation.
These cables do not need to be installed in raceways.
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690.31(B) Single-Conductor Cable (Revised)
Proposal: Revise the section as follows:

(B) Single-Conductor Cable. Single-conductor cable types SE; U USEand 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. where-installed-in-the-same-manneras-aType
UE-multiconductor-eable-inaceordance-with- Part H-of Artiele 340- Where-exposed-to-sunlight;
Fype UF-eableidentifiedassunlight-resistant-shall- beused.

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

Substantiation:
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Type USE cable was removed from the list of acceptable cables because it does not have the
necessary 90°C, wet-rated insulation required in PV module wiring. Type UF cable was
removed from the list because it is not readily available as a single conductor, and even when
available, is restricted in the Code (340.8) and in the UL White Book (General Equipment
Directory-2005) to a 60°C temperature rating. Type SE was removed from the list because it is
commonly available only as a multi-conductor cable and may have only a 75°C insulation. A
listed and labeled Photovoltaic (PV) Wire, complying with a new UL Subject 4703 for such
cable, was added and is available for these installations. This cable has a 90°C, wet-rated
insulation that is more durable than SE and USE cable insulation and it has passed the long-
duration 720-hour accelerated sunlight/UV exposure tests. Passing such a test will allow the new
PV wire to be marked “Sunlight Resistant.” This PV Wire will also meet the requirements for
PV cables on the ungrounded PV systems allowed by 690.35. The revised sentence restricts the
use of these exposed cables to module interconnections within the PV array, and that should
prevent them from being used away from the PV array (as some installers are doing). The
reference to Article 340 is removed because connecting and routing conductors between modules
has little relationship to the wiring requirements in 340 II. Long series-connected strings of PV
modules and the marked grounding points on PV module frames (at the sides of the modules and
away from the module junction boxes) preclude routing all conductors of a circuit together inside
the PV array as required in 340 II. All conductors routed away from the PV array will be
grouped together as a normal NEC Chapter 3 wiring system. See a related proposal for 690.43.

The new Exception is added to comply with the restrictions established for exposed conductors
in readily accessible areas that are made in a proposal for 690.31(A).
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690.31(E) Direct-Current Photovoltaic Source and Output Circuits Inside a Building. (Revised)

Proposal: Revise the section as follows:

690.31(E) Direct-Current Photovoltaic Source and Output Circuits Inside a Building.
Where When direct current photovoltaic source or output circuits of a utility-interactive inverter
from a building-integrated or other photovoltaic system are run inside a building or structure,
they shall be contained in metallic raceways, metallic cable assemblies, or metallic 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
690.14(D).

Substantiation:
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This proposal adds metallic cable assemblies to the list of allowable raceways. For new
construction, the preferred wiring method is type MC cable or EMT for direct-current
photovoltaic source circuits or the output circuits of a utility-interactive inverter from a building-
integrated or other photovoltaic system run inside a building or structure. Other flexible
metallic raceways or cable assemblies can be used that can meet the installation conditions

(concealed spaces, length, etc.).
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690.31(F) Fine Stranded Cables (New)

Proposal: Add the new section as follows:

690.31(F) Flexible, Fine-Stranded Cables. Flexible, fine-stranded cables shall only be
terminated with terminals, lugs, or connectors that are identified and listed for such use.

Substantiation:

UL Standard 486 A and B requires that connectors, lugs, and terminals that are intended for use
with fine-stranded cables be so marked for use with such cables. Very few connectors and
terminals have been listed for such use and few are so marked. The vast majority of connectors
and terminals are unsuitable for use with flexible, fine-stranded cables. However, the limited
distribution and wording of the standard has resulted in these non-marked connectors being used
improperly with flexible, fine-stranded cables. Failures in several widely different industries
have been reported. See the attached article from the IAEI News.

A similar proposal has been submitted for 110.14(A).

690.33(C) Type (Revised)
Proposal: Add a second sentence to this section as follows:

Connectors that are readily accessible in circuits operating at over 50 volts (maximum system
voltage for dc circuits or nominal voltage for ac circuits) shall require a tool to open.

Substantiation:

Circuits with operating voltages above 50 volts (either dc maximum systems voltages or ac
nominal voltages) pose shock hazards when the energized conductors are exposed. Note the
grounding requirement established at this voltage limit in 690.41. Connectors are allowed in PV
systems (690.33), and they are commonly used in PV source circuits where the voltages typically
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range from 27 volts to 600 volts. Most of the currently used connectors are of the latching type
and may be opened by just pulling them apart. Although these existing connectors are
manufactured as “touch safe,” they are not designed to be opened under load. If inadvertently
opened under load, the resulting arc (particularly on dc circuits) may disable the “touch-safe”
feature by carbonizing the insulation. The carbonized connector part now has a conductive tip, is
energized, and represents a shock hazard. Where these connectors are installed in readily
accessible locations, they should be of a type that requires a tool to open. In not-readily-
accessible locations, it is doubtful that the unqualified person will have access to these areas and
the “tool-required” feature is not needed. The “tool” may be a connector-specific opening device
or merely the blade of a screwdriver or other pointed instrument. In some cases, the connector
may consist of a latching connector with a locking shell that prevents the connector from being
pulled apart. UL is developing changes to UL Standard 1703 that will apply these requirements
to the connectors attached to listed PV modules. This proposal will ensure that other field-
installed connectors used in the system will meet the same safety requirement. An Exception is
being proposed for 690.33(E) that will require a warning label on these connectors.

690.33(E) Exception (New)
Proposal: Add the new exception as follows:

690.33(E) Interruption of Circuit. The connectors shall be capable of interrupting the circuit
current without hazard to the operator.

Exception: Connectors marked: “Do Not Disconnect Under Load” or “Not for Current
Interrupting”

Substantiation:

All existing latching type and locking type (locks are releasable by hand) connectors
used in PV systems today suffer damage if disengaged under load and may present a
shock hazard even though the basic design is “touch safe”. Therefore, all of them have
to be labeled as mentioned in the exception as a matter of fact. The exception
establishes the requirement that will apply to all connectors available today while the
basic 690.33(E) remains unchanged and can be applied when new connectors are
developed.

690.35(C)(3) Revised

Proposal: Revise the section as follows:

3) Automatically disconnects the all conductors and/ershuts-efftheutiity-interactive
inverter-orcharge-controlerfor that pertion-of the faulted-array or causes the inverter or charge
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controller connected to that-pertien-of the faulted array circuit to automatically cease experting
supplying power to output circuits.

Substantiation:

Aligns the text for these ungrounded systems with the text in 690.5 dealing with grounded PV
systems. Establishes that the faulted circuit may be isolated by disconnecting the conductors
(typically done on low-voltage systems (12, 24, and 48)) or by causing the connected inverter or
charge controller to cease supplying power (typically done on higher voltage systems). Either of
these methods serves the purpose of ceasing power production and providing an additional
indication that something has happened that needs attention.
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690.35(D) (Revise)

Proposal: Revise the section as follows:

690.35(D)

The photovoltaic source and-eutput conductors shall consist of (1) sheathed (jacketed) multi-

conductor cables, (2) conductors installed in raceways, or (3) conductors listed and identified as
Photovoltaic (PV) Wire installed as exposed, single-conductor cable.

Substantiation:

In addition to jacketed, multi-conductor cables and conductors in raceways, a new single-
conductor cable is added to the allowable wiring methods.

UL has developed a new cable specification/standard (UL Subject 4703) for a cable type
specifically designed for PV installations where exposed, single-conductor cable is used. The
cable is intended to meet the safety requirements associated with cables used in the ungrounded
PV installations permitted by 690.35. This cable has a 90°C, wet-rated insulation that is more
durable than SE and USE cable insulation, and it has passed the long-duration, 720-hour
accelerated sunlight exposure tests. It has the necessary durability to meet both the longevity and
safety requirements required in ungrounded PV systems when used as a single-conductor
exposed cable. Additionally, if the PV Wire also qualifies (by the listing agency) as type USE-2
and is so marked, it will automatically fall under the provisions of 690.31(B). The reverse is not
true, and cables marked only with the USE-2 designation will not be acceptable for use in
ungrounded PV source circuits.

The PV output conductors are deleted from this section because they are typically in the circuits
routed away from the PV combiner boxes and would not be included in these wiring provisions.
A proposal for 690.31(B) restricts the use of single-conductor cable to the area within the PV
array.
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690.35(F) Ungrounded Photovoltaic Power Systems (Revised)
Proposal: Revise the section as follows:

(F) The photovoltaic power source shall be labeled with the following warning at each junction
box, combiner box, disconnect, and device where when energized, uninsulated terminals or

connections the-ungrounded-eirenits may be exposed during service:

WARNING
ELECTRIC SHOCK HAZARD.
THE DC BDIRECT
CURRENT-CIRCUIT CONDUCTORS OFE-THIS
PHOTOVOLTAIC POWER SYSTEM ARE
UNGROUNDED AND MAY BE ENERGIZED
WITH RESPECT TO GROUND DUE TO
LEAKAGE PATHS AND/OR GROUND FAULTS.
Substantiation:

The section is modified to indicate that the label shall be required only where there are exposed,
uninsulated, energized terminals. Pull boxes where there are no exposed, energized terminals
would not require the label. The Warning is simplified to reduce the space needed for
installation, while keeping the intent clear.

690.42 Exception (New)

Proposal: Add the new Exception as follows:

690.42 Point of System Grounding Connection.

Exception: Systems with a 690.5 ground-fault protection device, either as a separate device or
as a part of the inverter, may have the required grounding point (bond) made by the ground-fault

protection device. This bond, if internal to the ground-fault equipment, shall not be duplicated
with an external connection.

Substantiation:

Section 690.5 ground-fault protection devices actually make the grounded conductor-to-ground
bond for the entire dc system. It is important that no additional bond (as required by 690.42) be
made in a system employing one of these devices. While many PV systems employ such a
device, there are still numerous ground-mounted PV systems that do not require them. A
proposal (690.5) has been submitted to require a ground-fault protection device on all PV
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systems. The basic 690.42 is still required but may be deleted in future revisions of the Code if
the ground-fault protection device becomes a requirement on all PV systems.

690.43 Equipment Grounding (Revised)
Proposal: Add a second and third paragraph to the existing section as follows:

Devices listed and identified for grounding the metallic frames of PV modules are permitted to
ground the exposed metallic frames of PV modules to grounded mounting structures. Devices
identified and listed for bonding the metallic frames of PV modules are permitted to bond the
exposed metallic frames of PV modules to the metallic frames of adjacent PV modules.

Equipment-grounding conductors for the PV array and structure (when required) shall be
contained within the same raceway or cable, or otherwise run with the PV array circuit
conductors when those circuit conductors leave the vicinity of the PV array.

Substantiation:

The proposed second paragraph is added because module grounding clips and other devices are
being developed and listed that will effectively penetrate the oxide or anodizing on aluminum
framed PV modules and ground them to grounded PV array mounting structures or effectively
bond them to adjacent PV modules which, in turn, may be grounded. The existing grounding
and bonding requirements in Sections 250.134 or 250.136 do not specifically or generally allow
the use of such devices. Nor do they prohibit the use of such devices. Clarification is needed in
Article 690.

The proposed third paragraph is required because Section 250.134(B) Exception 2 allows dc
equipment-grounding conductors to be routed separately from the circuit conductors. A proposal
has been submitted to remove this exception.

With the resurgence of dc power systems (renewable energy systems, fuel cells, uninterruptible
power systems, and various industrial processes), the routing of dc equipment-grounding
conductors needs to be reconsidered. IEEE/ANSI Standard 1375, Guide for the Protection of
Stationary Battery Systems provides an excellent tutorial on the issues associated with using
overcurrent devices in dc circuits. One of the many issues that this standard points out is the
difficulty in getting proper overcurrent device operation as the circuit time constant goes above
10 milliseconds (the time constant limit of testing in UL Standards 198 and 489). The Guide
points out that fuses and circuit breakers may not operate properly when inductance in the circuit
results in a time constant exceeding 10 milliseconds. Calculations shown in the IEEE Standard
indicate that the normal circuit inductance in many dc systems results in time constants between
5 and 10 milliseconds. It wouldn’t take much spacing between the equipment-grounding
conductor and the circuit conductors to increase the fault-circuit time constant to greater than 10
milliseconds. If Exception number 2 in 250.134(B) is followed, the routing of the equipment-
grounding conductor away from the circuit conductors may allow the time constant under
ground-fault conditions to exceed 10 milliseconds. These longer time constants, under ground-
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fault conditions, could prevent the dc overcurrent devices from functioning properly and possibly
affect the operation of 690.5-required dc ground-fault protection equipment.

PV module frames are commonly large rectangles of aluminum (1’ x 4’ to 4’ x 6’ or larger) that
are generally grounded by equipment-grounding conductors at one point on the frame. In PV
arrays with modules mounted side by side, the UL-designated grounding points on the modules
allow one equipment-grounding conductor to be connected to a number of modules, grounding
all at one time. The junction boxes on the modules for the dc power leads are some distance (1-3
feet) away from the grounding points on the same modules. Since the grounded frames are in
close proximity to the junction boxes, the equipment-grounding conductors are effectively close
to the circuit conductors throughout the array field. However, once the circuit conductors leave
the vicinity of the PV array, the equipment-grounding conductor(s) should be routed with the
circuit conductors to minimize the time constant described above.
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690.45 Size of Equipment-Grounding Conductor (Revised)

Proposal: Revise 690.45 as follows:

tor—Where not-protected-by-the-ground-fault

690.45 Size of Equipment-Grounding Conductor. Equipment-grounding conductors in

photovoltaic source and photovoltaic output circuits shall be sized in accordance with Table
250.122. When no overcurrent protective device is used in the circuit, an assumed overcurrent
device rated at the photovoltaic rated short-circuit current shall be used in Table 250.122. If
equipment-grounding conductors sized per 690.5(A) Exception 2 are used, the above sizing
requirements are not to be used. Increases in equipment-grounding conductor size to address
voltage drop considerations shall not be required. The equipment-grounding conductor shall be
no smaller than 14 AWG.

Substantiation:

This proposal is a result of the proposed new ground-fault protection device requirements in
690.5 and 690.5(A). The language simplifies and clarifies the requirement. The ground-fault
protective devices will interrupt any dc ground-fault currents that are in excess of a maximum
value determined by Underwriters Laboratories based on the size of the utility-interactive
inverter. Values of 1 amp or lower per 10 kW are being used. This means that the equipment-
grounding conductor will never have to carry but a small fraction of the available short-circuit
current as circulating ground-fault current on a continuous basis. Requiring the size to be based
on Table 250.122 (or an assumed overcurrent device rated at the short-circuit current where there
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are no overcurrent devices in the circuit) will size the equipment-grounding conductors to an
acceptable size that will minimize physical/mechanical abuse when being installed along with
circuit conductors sized at 1.56 times the short-circuit current. Because even a 20 AWG
conductor can carry the 1 amp maximum current on a smaller system, there is no increase in size
required by 250.122(B) where circuit conductors have been increased in size for voltage drop.
Also, there are no overcurrent devices that need a low-impedance equipment-grounding
connection for proper operation because the ground-fault device will activate at a significantly
lower current level than any overcurrent device in the circuits. Typically, inverters up to about
10 kW are using 0.5-1.0 amp ground-fault trigger levels and higher power inverters will have the
value set at 1 amp per 10kW or lower. UL Standard 1741 will establish the ground-fault
detection/interruption limits. Oftf-grid, stand-alone systems are commonly using a 1-amp
ground-fault-protection-device-trip level. The 690.5(A) Exception 2 that allows equipment-
grounding conductors to be sized to twice the size of the circuit conductors will result in a
suitable equipment-grounding conductor that is significantly larger than that required here.
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690.47(C) Systems with Alternating and Direct-Current Grounding Requirements

Proposal: Revise the section as follows:

690.47(C) Systems with Alternating and Direct-Current Grounding Requirements. Utility-
interactive and stand-alone inverters employing either an internal or external power transformer
shall require both alternating-current (ac) and direct-current (dc) grounding systems.

Alternating Current PV modules are not included in this requirement. For utility-interactive
inverters, the permises grounding system serves as the ac grounding system. Photovoltaic power

systems with both ac alternating-eurrent and dc direet-eurrent{de) grounding requirements shall
be permitted to be grounded as described in (1) or (2):

Substantiation:

The existing language, while stating how to provide both ac and dc grounding, did not establish
any requirement or guidance as to when it should apply.

The power transformer in either a utility-interactive or standalone inverter effectively isolates the
grounded, dc-circuit conductor from the grounded, ac-circuit conductor. This isolation dictates
that each of these circuits be properly grounded. In many cases, the ac output of these inverters
is effectively grounded outside the inverter through the existing ac distribution system, however
standalone systems must establish the ac bond, as there is no existing distribution system. The
dc circuit system being isolated from the grounded ac system must be properly grounded. In
most utility-interactive inverters, the dc grounded-conductor-to-ground bond is made in the
inverter as part of the ground-fault detection device. However, a code-compliant dc grounding
electrode conductor terminal and appropriate path for surge currents is still required external to
the inverter. While the ac and dc equipment-grounding conductors meet at the inverter chassis,
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the size requirements may differ between them due to different ac and dc circuit currents and
overcurrent protection. The sizes, routing, and multiple splices allowed for equipment-
grounding conductors do not meet the requirements for a dc grounding-electrode conductor.
These grounding requirements make the code consistent with UL Standard requirements for the
internal construction of the inverters.

Alternating Current PV modules have no external dc circuitry and are grounded via the ac
equipment-grounding conductor.

690.47(C)(3) DC Grounding-Electrode Conductors for Multiple Inverter Installations (NEW)

Proposal: Add the new section as follows:

690.47(C)(3) DC Grounding-Electrode Conductors for Multiple Inverter Installations
(NEW)

A single, direct-current common grounding electrode conductor shall be permitted with tap
conductors to each separate inverter in grounded, multi-inverter systems. The tap conductors for
each inverter and the common-grounding electrode conductor shall each be sized in accordance
with 250.166. The taps shall be made with a listed irreversible connector or exothermic welding.

Also: Add the number (3) to the end of 690.47(C) to include this proposal in that list.
Substantiation:

Utility interactive PV systems using multiple smaller inverters (i.e. 1000-6000 watts) are
frequently installed to provide additive power at much higher levels. Systems with multiple
small inverters up to nearly 100 kW have been installed in the US, and larger systems are being
planned. Each inverter normally has an internal transformer and, therefore, the dc side of the
system must be grounded. Since each PV inverter represents a separate PV system for the
building or structure, faults in the dc PV array for one inverter do not affect any of the other
inverter systems. For this reason, the size of the common equipment-grounding conductor
should be no larger than that required for a single inverter and should be based on 250.166.
There is no technical or safety reason to have the common, dc grounding-electrode conductor
any larger than the sizes required by 250.166 as is required for ac multiple separately derived
systems in 250.30(A)(4)(a).
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690.47(D) Additional Grounding Electrodes (New)
Proposal: Add the new section as follows:

690.47(D) Additional Grounding Electrodes for Equipment Grounding. Additional,
supplementary grounding electrodes for equipment grounding shall be installed in accordance
with the methods described in 250.54 as modified by (1) and (2). They are not required to be
bonded to the main dc grounding electrode.

(1) A grounding electrode shall be installed at the location of ground-mounted or pole-mounted
PV arrays.

(2) A grounding electrode shall be installed at the location of any PV array that is mounted on a
building or structure that is separate from the building or structure containing other power
equipment in the system.

Substantiation:

PV arrays may be mounted in locations that are some distance from the structure that holds the
other power equipment in the system (inverters, batteries, interface equipment, etc.). To
maintain the potential of the exposed metal surfaces as close to the potential of the local earth as
possible, supplementary grounding electrodes are required at the remote locations where the PV
arrays are located. These grounding electrodes do not have to be bonded directly to other
grounding electrodes in the system. The equipment-grounding conductors, however, indirectly
connect them to other grounding electrodes in the systems. The installation provisions of 250.54
are appropriate, but these grounding electrodes are required, not permissive.

690.53 Direct-Current Photovoltaic Power Source (Revised)
Proposal: Revise the section as follows:
690.53 Direct-Current Photovoltaic Power Source.

A marking permanent label for the direct-current photovoltaic power source indicating items (1)
through €45 (5) shall be provided by the installer at the photovoltaic disconnecting means for-this

power-sotree:

(1) Operating-eurrent. Rated maximum power-point current

(2) Operating-voltage: Rated maximum power-point voltage
(3) Maximum system voltage (690.7)
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(4) Maximum shert-eirentit current (690.8)
(5) Maximum rated output current of the charge controller (if installed)

Substantiation:

The basic paragraph is reworded to indicate that a label is required rather than a marking and to
eliminate unnecessary words. The term “rated” is added to items (1), (2), and (4) to clarify
exactly what values should be on the label. This term is not required on item (3) because
Maximum System Voltage is defined in 690.7. Item (5) is added to identify the maximum rated
output of the charge controller since that device, where installed, may significantly increase the
current from the PV array. The PV disconnecting means must be readily accessible per 690.14.
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690.54 Interactive System Point of Connection (Revised)
Proposal: Revise the section as follows:

690.54 Interactive System Point of Interconnection. All interactive system(s) points of
interconnection with other sources shall be marked at an accessible location at the disconnecting
means as a power source and with the rated maximum ac output eperating current and the
nominal operating ac voltage.

Substantiation:

Clarifies the required marking to show the rated ac-output current (of the inverter), which is the
current upon which conductors and overcurrent devices are based (690.8, 690.9). The existing
text is sometimes interpreted as the maximum operating current for the installed system, which
may be considerably less than the rated output current. Some installers were also marking a
range of ac voltages. Both changes provide inspectors with better information to use in
determining if Code requirements have been met.
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690.62 Ampacity of Neutral Conductor (New)

Proposal: Add the following second paragraph:

A neutral conductor connection to a single-phase or 3-phase utility-interactive inverter used

solely for instrumentation or voltage or phase detection purposes and not for power transmission
shall be permitted to be as small as 14 AWG.

Substantiation:
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Many utility interactive inverters have a 240V, 208V, or 480V output that requires no connection
to a neutral conductor for power transmission. However, due to various IEEE Standards and
local jurisdiction requirements, a connection to the electrical power system neutral conductor is
required to detect a loss of phase and/or to monitor unbalanced line-to-neutral voltages of the
inverter. This neutral connection, used only for phase detection or instrumentation, carries no
appreciable power and can safely be made very small. A minimum requirement of 14 AWG
ensures that this conductor is physically robust enough to be pulled through conduits with the
power conductors.

690.64 Point of Connection (Revised)
Proposal: Revise the section as follows:

690.64 Point of Connection. The output of a pheteveltaie-pewerseuree utility-interactive
inverter shall be connected as specified in 690.64(A) or 690.64(B).

Substantiation:

Over the evolution of article 690 since 1984, the definition of Photovoltaic Power Source has
referred to the dc output of a PV array. All of Part VII in 690 has always referred to the ac
output of utility-interactive inverters. The terms “photovoltaic power source” was used
incorrectly in this section. The wording change makes the section consistent with the intent of
Part VII and removes any ambiguity.

690.64 (A) Supply Side (Revised)

Proposal: Revise the section as follows:

(A) Supply Side. A-photoveltaic-pewerseuree The output of a utility-interactive inverter shall
be permitted to be connected to the supply side of the service disconnecting means as permitted

in 230.82(6).

Substantiation:
Over the evolution of article 690 since 1984, the definition of Photovoltaic Power Source has

referred to the dc output of a PV array. All of Part VII in 690 has always referred to the ac
output of utility-interactive inverters. The terms “photovoltaic power source” was used
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incorrectly in this section. The wording change makes the section consistent with the intent of
Part VII and removes any ambiguity.
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690.64(B) Load Side (Revised)

Proposal: Revise the section as follows:

(B) Load Side. A-phetoveltaic- pewerseuree 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, provided that all of the following
conditions are met:

Substantiation:

Over the evolution of article 690 since 1984, the definition of Photovoltaic Power Source has
referred to the dc output of a PV array. All of Part VII in 690 has always referred to the ac
output of utility-interactive inverters. The terms “photovoltaic power source” was used
incorrectly in this section. The wording change makes the section consistent with the intent of
Part VII and removes any ambiguity.

690.64(B)(2) (Revised) IMPACT:

Proposal: Revise the section as follows:

690.64(B)(2)

The ampere rating of the backfed PV supply overcurrent /disconnect device shall not exceed the
rating of the busbar or conductor when, and only when, the busbar or conductor has the feeder or
service connected to only one end.

When the busbar or conductor is not end-fed, the sum of all overcurrent devices supplying the
busbar or conductor shall not exceed the rating of the busbar or conductor except in dwelling unit
installations where the sum of all overcurrent devices supplying the busbar or conductor shall not
exceed 120 percent of the busbar or conductor rating.

Substantiation:

The changes proposed for 690.64(B)(2), 690.64(B)(4), and 690.64(B)(6) will clarify the
interconnection requirements and make the code requirements for residential (dwelling unit) and
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commercial installations similar and more easily installed and inspected. The proposal for
690.64(B)(2) establishes the requirement that will limit the PV supply overcurrent devices to a
value that is not greater than the rating of the busbar or the conductor. This requirement only
applies when that busbar or conductor is fed from one end and would not apply to center fed
busbars or busbars or conductors fed from some intermediate point.

When a busbar or conductor is fed from one end and a PV system feeds it from the farthest end
(the opposite end) as required by the new proposal for 690.64(B)(6), there is no place on the
busbar or conductor where any loads may be connected that can draw current from either source
that can overload any portion of the busbar. From any point on the busbar or conductor, currents
up to the busbar rating may be supplied from either the utility source or the PV source or both.
However, the overcurrent devices for each of these sources are limited to the busbar rating and
will prevent the busbar between either source and the load from being overloaded.

The second paragraph merges the exception into the code text, essentially repeats the existing

code, and continues the existing requirements when the busbar is not end fed. All other
requirements established by (1) and (3)-(6) will also apply to this situation.
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690.64(B)(3) (Revised)

Proposal: Revise the Section as follows:

Exception: Connection shall be permitted to be made to the load side of ground-fault protection,
provided that there is ground-fault protection for equipment from all ground-fault current
sources. All ground-fault protection devices used with supplies connected to the load-side
terminals shall be identified and listed as suitable for backfeeding.

Substantiation:

To comply with the first sentence of the exception, some sort of ground-fault equipment must be
connected to the output of the utility-interactive inverter. Any such equipment will be backfed
by the inverter when it is processing power. Additionally, the existing main ground-fault
protection device between the utility service or feeder may be subject to backfeeding. Therefore,
the second sentence is required to ensure that all ground-fault devices that may have load-side
connections to possible sources are suitable (identified and listed) for backfeeding.

Ground-fault protection devices (5 ma sensing GFCI 15-20 amp circuit breakers, 30 ma sensing
15-60 amp equipment protection breakers, and 15-200 amp feeder protection equipment), will
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generally be damaged if tripped by a ground fault while being backfed. This damage will disable
the ground-fault protection mechanism of the device while still allowing normal operation
(circuit breaker operation and current flow). This damage has been confirmed by testing the
smaller devices at the Southwest Technology Development Institute and Sandia National
Laboratories and by information obtained from manufacturers of the larger equipment. The
damage may not be visible or obvious. Ground-fault protection equipment should never be
backfed unless the equipment is specifically designed, identified, and listed to allow
backfeeding.
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690.64 (B)(4) Revised

Proposal: Revise the section as follows:

690.64(B)(4) Equipment containing more than one circuit supplying power to a busbar or
conductor shall be marked at the overcurrent device for each supply. The following permanent
plaque shall be installed at the PV supply connection or circuit breaker location.

WARNING: THIS PV SUPPLY CONNECTION MUST REMAIN CONNECTED OR
INSTALLED AT THIS LOCATION, WHICH IS FARTHEST FROM THE FEEDER OR
SERVICE CONNECTION.

Substantiation:

The changes proposed for 690.64(B)(2), 690.64(B)(4), and 690.64(B)(6) will clarify the
interconnection requirements and make the code requirements for residential (dwelling unit) and
commercial installations similar and more easily installed and inspected. Section 690.64(B)(2)
establishes the requirement that will limit the PV supply overcurrent device(s) to a value that is
not greater than the rating of the busbar or the conductor. This requirement only applies when
that busbar or conductor is fed from one end and would not apply to center-fed busbars or
busbars or conductors fed from some intermediate point.

When a busbar or conductor is fed from one end and a PV system feeds it from the farthest end
(the opposite end) as required by the new proposal for 690.64(B)(6), there is no place on the
busbar or conductor where any loads may be connected that can draw current from either source
that can overload any portion of the busbar. From any point on the busbar or conductor, currents
up to the busbar rating may be supplied from either the utility source or the PV source or both.
However, the overcurrent devices for each of these sources are limited to the busbar rating and
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will prevent the busbar between either source and the load from being overloaded. The exception
has been merged into the wording of the revised text.

The permanent plaque required by this proposal will ensure that the PV supply connection or
breaker location will not be moved.

690.64(B)(5) (Revised)

Proposal: Revise the section and add the Fine Print Note as follows:

(5) Circuit breakers, if backfed, shall be identified for such operation. Dedicated circuit breakers
backfed from listed utility-interactive inverters complying with 690.60 shall not be required to be
individually clamped to the panelboard busbars. A front panel shall clamp all circuit breakers to
the panelboard busbars. Main circuit breakers connected directly to energized feeders shall alse
be individually clamped.

FPN. Circuit breakers that are not marked “Line” and “Load” are identified as suitable for
backfeeding.

Substantiation:
The inclusion of the word “also” is grammatically incorrect. There is no antecedent.

UL Standard 489 is the reference for testing and marking molded-case circuit breakers suitable
for backfeeding. The limited distribution of the standard and the allowance for backfeeding
based on the absence of a marking is resulting in many circuit breakers being used improperly
for backfeeding. Conversely, the absence of the marking causes many inspectors to not allow
backfed circuit breakers. Also see the UL Marking Guide for Molded Case Circuit Breakers.
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690.64(B)(6) New
Add the new section as follows:

690.64(B)(6) The PV supply overcurrent/disconnect device shall be installed in a panel board or
connected to a conductor at the location farthest from the feeder or service connection.

Substantiation:
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