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While the design and 
installation of PV sys-
tems requires knowl-
edge that lies outside 
of the scope of the 
National Electrical Code, 
its requirements must 
be integrated into over-
all design practices. PV 

system design and installation are therefore affected by the 
many changes in the 2011 NEC.

While we focus mainly on PV-specific changes in the NEC, the Code also 
provides minimum standards for all electrical system installations that PV 
systems must meet, primarily relating to safety. However, merely meeting 
these minimum standards does not ensure that a PV system is efficient, eas-
ily expandable [90.1(B)] or aesthetically pleasing [110.12]. Designers and 
installers should consider these and other parameters in addition to safety. 
For example, the 2008 NEC required additional grounding electrodes at all 
ground- and pole-mounted PV arrays [690.47(D)]; this requirement has been 
removed from the 2011 Code. While no longer mandated, in many cases it is 
still a best practice because of the additional level of protection grounding  
electrodes provide to sensitive electronics.  

The Code also includes Informational Notes (previously called Fine 
Print Notes), which are explanatory and nonmandatory, such as the 
recommendation that voltage drop in branch and feeder circuits not 
exceed 5% [210.19(A)(1) Informational Note No. 4 and 215.2(A)(4) 
Informational Note No. 2]. This is not a safety issue, but rather deals 
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with system efficiency; therefore it is not mandated by Code. 
However, voltage drop is a critical design parameter for PV 
systems and in nearly all cases should not exceed 3% overall. 

Other citations, such as 110.12, “Mechanical Execution of 
Work,” provide the AHJ with latitude to decide what qualifies 
as “neat and workmanlike.” One of the most overlooked but 
fundamental sections of the Code is 110.3(B), “Installation 
and Use,” which states, “Listed or labeled equipment shall 
be installed and used in accordance with any instructions 
included in the listing or labeling.” The use of lay-in lugs that 
are not rated for direct burial for module grounding is one 
common example of misusing a listed 
product. When an indoor-rated lug is 
improperly used outdoors, it invari-
ably results in galvanic corrosion and 
poor grounding continuity.  

PV-Specific Code Changes
While we strive to explain some-
times oblique Code changes, the 
final arbiter is always your local AHJ. 
The NEC is intended to be used by 
AHJs as a source of safety mandates 
for electrical installations. Ulti-
mately, the local AHJ has the final 
authority in interpreting the Code, 
and for deciding which equipment 
and methods meet its requirements 
as per 90.4, “Enforcement.”

690.4, “InstallatIon” 
The majority of 690.4 pertains to mechanical specifics for PV 
installations. Noted Code experts Bill Brooks and Mike Holt 
agree that the changes in 690.4 are among the most important 
for PV system designers and installers to be aware of. (Brooks 
is principal at Brooks Engineering, and Holt is president and 
CEO of Mike Holt Enterprises.)

Identification and grouping. PV source and output circuits 
have historically been allowed to be contained in raceways, 
junction boxes and so on with other non-PV system conduc-
tors—if the conductors for different systems are separated 

by a partition. While this remains 
true, additions in 690.4(B) mandate 
identification and grouping of PV 
system conductors in all installa-
tions for added clarity. 

As explained by Brooks: “The 
added identification and grouping 
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Identification  Section 690.4(B) 
codifies the practice of identifying PV 
source, PV output and inverter input 
circuits at all terminations, connec-
tions and splices. At this Willpower 
Electric installation in Ashland, OR, 
heat shrink is used to preserve the 
numbered and color-coded conductor 
identification means.

Grouping  The intent of 690.4(B)(4) 
is that conductors of more than one 
subarray or inverter be separately 
grouped whenever they occupy the 
same equipment or raceway with 
a removable cover. Using wire ties 
to group conductors within gutters 
is an easy way to meet these new 
requirements.
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Bipolar PV systems  The two 600 
Vdc monopole subarrays feeding this 
AE Solaron inverter are physically 
separated with distinct dc combin-
ers and conduit runs. This meets 
the requirements in 690.4(G), which 
were added to ensure that equip-
ment rated for 600 Vdc does not see 
800–1,200 Vdc in the event of a fault.

requirements found in 690.4(B)(1) through (4) take require-
ments found elsewhere in the NEC and bring them spe-
cifically into 690. These are important changes due to the 
general lack of identification and grouping in existing sys-
tems. These deficiencies have resulted in several fires during 
system commissioning due to mispolarized wiring and poor 
identification practices.”

PV source, output and inverter circuits must now be iden-
tified at all points of termination, connection and splices. 
Per 210.5(C) and 215.12(C), the means of identification can 
be “color coding, marking tape, tagging, or other approved 
means.” Best practice would be to use properly colored PV or 
USE-2 wire for PV source circuits. If using only black PV or 
USE-2 wires, as allowed by 200.6(A)(6), then correct mark-
ing tape is always necessary for grounded and ungrounded 
current-carrying conductors. You should also use callout 
tagging, such as “PV source circuit 1” or “PV inverter output 
circuit 2.” If color-coded tags are used, you should provide a 
key for identifying the color codes. 

In addition, conductors associated with multiple invert-
ers should be grouped using wire ties or other means when 
they occupy the same raceway, junction box or equipment. 
For example, inverter output circuits sharing a common gut-
ter would need to be separately grouped at least once, and 
then at intervals not exceeding 6 feet. There are exceptions 
to 690.4(B)(3) and (4) that permit identification and grouping 
to be omitted if spacing, arrangement or the use of separate 
raceways make their identification obvious. 

Qualified persons. One of the more contentious 2011 NEC  
changes appears in 690.4(E): “The equipment and systems in 
690.4(A) through (D) and all associated wiring and intercon-
nections shall be installed only by qualified persons.” 

As defined in Article 100, a qualified person “has skills 
and knowledge related to the construction and operation 

of electrical equipment and installations and has received 
safety training to recognize and avoid the hazards involved.” 
As it is the job of the local AHJ to enforce Code requirements, 
690.4(E) will undoubtedly be subject to interpretation on the 
local level. At minimum it appears that PV equipment train-
ing and safety training can be mandated. Note also that 705.6 
extends the umbrella requirement for installation by qualified 
persons to any power source operating in parallel with a pri-
mary source, including PV, wind and fuel cells. 

According to Holt, the new language requiring “qualified 
persons” is both surprising and unprecedented. In the analy-
sis that accompanies this section in Mike Holt’s Illustrated 
Guide to Changes to the NEC 2011 (Holt’s Guide), the author 
notes: “Other (arguably, more dangerous) areas of the Code 
have never required this, as it’s typically covered by state or 
local agencies and their applicable licensing regulations. This 
change is considered by many as revolutionary, and may set 
an interesting precedent for future editions of the NEC.”

The qualified persons wording was proposed and sup-
ported by representatives of the International Brotherhood 
of Electrical Workers, the National Electrical Contractors 
Association and the National Joint Apprenticeship and Train-
ing Committee. The NEC definition of qualified person does 
not preclude installation of PV systems by individuals not 
licensed as electrical contractors, and jurisdictions have vary-
ing requirements. For more information on state-specific 
solar contracting requirements, consult the Database of State 
Incentives for Renewables and Efficiency (see Resources). 

Circuit routing. Section 690.4(F) is an entirely new sub-
section written to ensure that maintenance personnel or 
firefighters can easily locate PV source and output circuits. 
When located inside a building, these circuits must be routed 
along structural members “where the location of those struc-
tural members can be determined by  C o N t i N u E d  o N  PA g E  6 8 
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observation.” In addition, if circuits outside the perimeter of 
the array are embedded in roof material, their locations have 
to be clearly marked. 

Multiple inverters. The last addition to this section is 
690.4(H), which permits multiple inverters on a single build-
ing. It mandates, however, that a directory showing the 
location of all PV system disconnects be installed at dc, ac 
and main service disconnecting means if the inverters are 
remotely located from one another. 

690.7, “MaxIMuM Voltage” 
PV system designers know that having accurate cold- 
temperature data is critical for calculating maximum array 
open-circuit voltage and designing PV source circuits (series 
strings) of the correct length. Array voltage should never 
exceed inverter dc voltage parameters or equipment voltage 
ratings. There is no standard dataset for these temperatures, 
and many designers resort to weather.com or other sources 
of almanac data for record low temperatures. However, the 
record low temperature for a location is extremely conser-
vative for design purposes. Reasons for this include module 
voltage degradation over time and the very low likelihood 
of significant irradiance occurring at the same time as the 
record low temperature.

When the system designer uses a conservative cold- 
temperature value, the maximum number of modules in series 
is likely to be fewer than may otherwise be possible. Shorter PV 
source circuits means that more circuits are necessary to attain 
the same power as longer ones; this increases system cost. A 

lower array design voltage, resulting from shorter series strings, 
also causes the maximum power point voltage to be lower in 
the inverter voltage window, which may reduce energy harvest 
over the life of the system. 

An Informational Note added to this section in the 2011 
Code cycle provides design temperature guidance. It refers 
to the Extreme Annual Mean Minimum Design Dry Bulb 
Temperature data published in ASHRAE Handbook—Fun-
damentals as “statistically valid lowest-expected ambient 
temperatures.” These temperatures are not record lows, 
but expected lows that will be exceeded 50% of the years 
on average. The inclusion of this Informational Note in the 
Code should help designers feel comfortable using these 
new numbers, which are often quite different from record 
lows, as shown in Table 1. While the data do not represent 
every locale, an interactive map to help designers select a 
microclimate similar to the site location is available, along 
with the ASHRAE data, on the permitting page of the Solar 
ABCs website (see Resources). For a detailed discussion of 
PV source-circuit sizing, see “Array Voltage Considerations,” 
October/November, 2010, SolarPro magazine. 

690.8(B), “aMpacIty and oVercurrent deVIce ratIngs”  
Section 690.8(B), which details requirements for sizing con-
ductors and overcurrent devices, has received a major update 
in the 2011 cycle. According to Holt’s Guide: “Although the con-
ductor and overcurrent device rules of Chapters 1 through 4 
already apply [90.3], some installers of PV systems may not be 
that proficient with them. In order to make it easier for these 
people, the rules have been, more or less, copied and pasted 
into this section.” 

Overcurrent devices. 690.8(B)(1)(a) through (1)(d) apply 
to overcurrent protective devices (OCPDs). As described in 
690.8(B)(1)(a), overcurrent devices shall be rated to carry 
not less than 125% of the maximum currents as calculated in 
690.8(A). For PV circuits, this means not less than the rated 
short-circuit current multiplied by 1.25 twice (Isc x 1.25 x 
1.25). For grid-direct inverter output circuits, it is not less than 
the inverter continuous output current multiplied by 1.25. For 
stand-alone inverter input circuits, it is calculated, according 
to 690.8(A)(4), using the inverter’s continuous input current 
rating “when the inverter is producing rated power at the low-
est input voltage.” 

According to 690.8(B)(1)(b), terminal temperature limi-
tations must also be observed, as required by 110.3(B) and 
110.14(C). New language in 310.15(B) is relevant to this 
requirement: “The temperature correction and adjustment 
factors shall be permitted to be applied to the ampacity for 
the temperature rating of the conductor, if the corrected 
and adjusted ampacity does not exceed the ampac-
ity for the temperature rating of the termination.” Note 
that rules for ampacity and OCPD   C o N t i N u E d  o N  PA g E   7 0

Location
ASHRAE 

Low 
Record 

Low

Boston, MA -17 -34

Chicago, IL -22 -32

Dallas, TX -9 -22

Miami, FL 5 0

Newark, NJ -15 -26

Phoenix, AZ 1 -9

Portland, OR -6 -19

Raleigh, NC -12 -21

Sacramento, CA -3 -8

Seattle, WA -6 -18

Low Design Temperature Data Comparison (°C)

Table 1  According to the Informational Note added to 
690.7(A), the ASHRAE Extreme Annual Mean Minimum Design 
Dry Bulb Temperature—listed above in the “ASHRAE Low” 
column—is statistically valid as the lowest expected ambient 
temperature for a variety of locations.
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ratings specifically for utility-interactive inverters also 
appear in 705.60(B).

The addition of 690.8(B)(1)(c) is especially relevant to PV 
combiner boxes. This section explicitly states that the manufac-
turer’s temperature correction factors be applied to the rated 
ampacity of an OCPD when it is operated above 40°C (104°F). 
This is one of several reasons that it is not advisable to put 
overcurrent devices in hot locations, such as on a roof. While 
reduced overcurrent device ampacity does not put conductors 
at risk, it can lead to nuisance tripping. Brooks, an alternate on 
Code-Making Panel No. 4, says: “In general it is best practice for 
PV source circuits to specify fuses according to the module’s 
maximum series fuse rating. This provides the greatest margin 
above the operating conditions of the modules.” If installing 
overcurrent devices in hot locations is unavoidable, Brooks rec-
ommends that designers try to source “a fuse that works better 
under higher temperature conditions.”

Per 690.8(B)(1)(d), it is also permitted to round up the size 
of the OCPDs to the next standard size—even if it exceeds the 
ampacity of the conductors being protected. This is in accor-
dance with 240.4(B), which applies to overcurrent devices below 
800 A, based on the standard sizes in 240.6(A). Note, however, 
that 690.9(C) specifically states: “Standard values of supple-
mentary overcurrent devices allowed by this section shall be 

in one ampere size increments, starting at one ampere up to 
and according 15 amperes.” For values above 15 A, the standard 
sizes in 240.6(A) apply. In addition, the maximum overcurrent 
device sizes for small conductors specified in 240.4(D) apply. 
(See above example for calculations and logic.) 

Conductor ampacity. Section 690.8(B)(2) clarifies that con-
ductors be sized to carry whichever is greater: 125% of the 
maximum current without correcting for conditions of use, 
which is the same value as the minimum overcurrent device 
size; or the maximum current after applying conditions-of-use 
correction factors—such as the number of current-carrying 
conductors in the conduit, ambient temperature and elevated 
temperatures due to proximity to the rooftop. 

Further, 690.8(B)(2)(c) states that overcurrent devices, 
where required, must protect their associated conductors 
after conditions-of-use factors are applied to the conduc-
tor ampacity. Large adjustments due to high-temperature 
operation and multiple current-carrying conductors can 
result in greatly reduced ampacity under conditions of 
use. Often the conditions-of-use factors result in a larger 
required ampacity than 125% of the maximum current. 
Applying these same factors to the unadjusted, rated 
ampacity of the selected conductor can result in a cor-
rected conductor ampacity that is less  C o N t i N u E d  o N  PA g E  7 3 

two paralleled PV source circuits (isc per circuit = 8.4 A, total = 16.8 A)
Conductor insulation rating = 90°C
terminal temperature rating = 75°C 
67°C total operating temperature (0.58 correction factor, table 310.15(B)(2)(a))
Four current-carrying conductors in conduit (0.8 adjustment factor, table 310.15(B)(3)(a))

Minimum overcurrent device size [690.8(B)(1)(a)]
= 16.8 A x 1.25 x 1.25 = 26.25 A
Round up to 30 A [240.4(B)]

Minimum conductor ampacity (greater of 690.8(B)(2)(a) or (B)(2)(b))
= 16.8 A x 1.25 ÷ 0.58 ÷ 0.8 = 45.26 A (> 16.8 A x 1.25 x 1.25)
= 8 AWg conductor (90°C insulation rating, table 310.15(B)(16))

Ampacity under conditions of use [690.8(B)(2)(c)]
= 55 A x 0.58 x 0.8 = 25.52 A
Permitted to be protected by 30 A overcurrent device [240.4(B)]

terminal temperature [310.15(B)]
8 AWg with 75°C insulation rating = 50 A [table 310.15(B)(16)]
50 A > 26.25 A and 45.26 A ✓

(For more examples, see “Code-Compliant Conductor Sizing” on pp. 14–22.) {

PV Output-Circuit Sizing Example
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The original document that became the NEC was first 
developed in 1897; the 2011 version is the 52nd edi-

tion. the National Electrical Code Handbook, which con-
tains supplemental interpretive text as well as the Code, 
is in its 12th edition. Article 690, “Solar Photovoltaic (PV) 
Systems,” first appeared in 1984. 

Publishing a new version of the NEC every 3 years is a 
standardized process. the first step is the call for proposals, 
currently underway for the 2014 Code. Proposals, which 
are accepted from the general public, outline suggested 
changes in the text of the NEC along with substantiation for 
the changes. in order to be considered for the 2014 Code 
cycle, proposals must be received no later than Novem-
ber 4, 2011. Forms are available in the back of the NEC 
or online. the website for the international Association of 
Electrical inspectors also has links to the form for submit-
ting a proposal, as well as guidelines for developing a good 
proposal (see Resources). 

once the proposal acceptance 
period has closed, the National 
Electrical Code Committee meets. it 
consists of a technical Coordinating 
Committee and 19 Code-Making 
Panels (CMPs), which act on sub-
mitted proposals, prepare proposals 
of their own, vote on all propos-
als and generate the Report on 
Proposals. the report for the 2014 
edition of the NEC will be available 
in June 2012 for public review and 
comments. Proposals regarding 
Articles 690 and 705 will be posted 
to the Solar ABCs website (see 
Resources). CMP No. 4 covers 
Articles 690 and 705 (previously 
CMP No. 13), and its members at 
the time the final 2011 document 
was balloted are listed on  
page 11 of the NEC. 

Public comments on the propos-
als are due by october 17, 2012, 
after which the committees meet to 
review the comments and prepare 
comments of their own, vote on 
the comments and generate the 
Report on Comments, which will 
be available in March 2013. After 
the technical report session and the 
NFPA annual meeting in June 2013, 

the Standards Council will decide whether to issue the new 
Code. if approved, the 2014 NEC will be released in Septem-
ber 2013.

States (and local jurisdictions where applicable) adopt 
and implement the Code at different times. For example, 
although ohio and Massachusetts began implementing 
the 2008 Code on January 1, 2008, most other states did 
not adopt it until mid-2008, sometime in 2009, or later. 
As of July 6, 2010, 34 states had adopted the 2008 NEC; 
10 states had local adoption, meaning local jurisdictions 
operated under different versions of the Code and had their 
own cycles for adopting it; and six were still using earlier 
versions—most notably California, which was scheduled to 
start enforcing the 2008 Code on January 1, 2011. Expect 
similar timelines for adoption of the 2011 NEC, and consult 
your state or local building department for information about 
adoption and enforcement in your jurisdiction. {

Overview of the Code-Making Process
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Development process  The NFPA updates and revises the NEC every 3 years. 
The development process takes approximately 2 years to complete.
Reproduced with permission from the NFPA website at www.nfpa.org, copyright © 2010, National Fire 

Protection Association. 
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than the overcurrent device rating as sized in 690.8(B)(1). 
If this is the case, a larger conductor has to be selected, 
unless the roundup allowance in 240.4(B) applies. 

Changes in Article 310. Conductor and OCPD sizing are 
also impacted by significant changes made in 310, “Con-
ductors for General Wiring.” New Tables 310.15(B)(2)(a) and 
(b) contain ambient temperature correction factors that 
apply to the allowable ampacity of conductors, and they 
have greater granularity in the higher temperature ranges.  
Conductor-allowable ampacity now begins with Table 
310.15(B)(16). Tables for adjusting for more than three  
current-carrying conductors [310.15(B)(3)(a)] and for con-
duit exposed to sunlight on a roof [310(15)(B)(3)(c)] are 
numbered differently. More subtle changes are also included, 
such as the ampacity of a 90°C rated 1 AWG copper conduc-
tor, which was reduced from 150 A to 145 A.

690.9, “oVercurrent protectIon” 
Section 690.9 covers the requirements for overcurrent protec-
tion for PV circuits and equipment, referencing Article 240. 
The Exception to 690.9(A) allows conductors in very specific 
situations to be exempted from the Article 240 requirements 
for overcurrent protection, such as where the ampacity of 

the conductor cannot be exceeded by short-circuit currents 
from all sources. The 2011 Code  includes a terse but critical 
change in the 690.9 Exception, adding the words PV source. 
Specifying source circuits means that there are now no clear 
exceptions for overcurrent protection for PV output circuits. 
PV output circuits could be mandated to follow all require-
ments of overcurrent protection in 240, including 240.15(A), 
which states that each ungrounded conductor must have an 
overcurrent device connected in series. 

In the reality of PV field installations, this change could 
prove tricky to understand and implement. If a system 
includes an inverter-integrated fused combiner, such as a 

The 2011 Code includes a 

terse but critical change in the 690.9 

exception, adding the words PV 

source. specifying source circuits 

means that there are now no clear 

exceptions for overcurrent protection 

for pV output circuits.
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Fronius or SMA string inverter, then the PV output circuit 
is UL listed as part of the assembly and therefore an OCPD 
would not be needed. If the PV combiner is not listed as part 
of the inverter assembly, or a separate external combiner is 
used, then the AHJ could mandate overcurrent protection 
for the PV output circuit regardless of whether the conduc-
tor ampacity cannot be exceeded by the short-circuit cur-
rent from all sources. Blake Gleason, director of engineering 
at Sun Light & Power, notes that a literal interpretation of 
240.21 would require this OCPD at the supply or source end 
of the circuit. “This could result in a large fuse with no physi-
cal purpose at the output of the combiner,” he says. If the 
inverter is UL listed to not backfeed current, an argument 
could be made that series string fuses provide overcurrent 
protection for the PV output circuit. This will be a local juris-
dictional interpretation and decision.

690.11, “arc-Fault cIrcuIt protectIon  
(dIrect current)” 
Likely the least-understood new provision of the 2011 NEC 
is the requirement for a listed arc-fault protection device 
on dc source and output circuits on or penetrating a build-
ing, where PV system maximum voltage is above 80 Vdc as 
calculated per 690.7(A). This requirement follows in the 
footsteps of requirements for arc-fault protection devices 
on ac circuits and dc ground-fault protection, which have 
both been expanded in recent Code cycles. NEC provisions 
are focused on safety and fire prevention, and arcing faults 
and ground faults in PV arrays are primary causes of PV-
related fires. According to Brooks: “690.11 is by far the 
most contentious change in NEC 2011. Arc-fault detectors 
will definitely improve system safety eventually, but it will 
take some time to iron out operating issues that are likely 
to happen in early field applications.”

There are two possible types of arc faults that can occur 
in a PV system: series or parallel. The 2011 Code mandates 

only the use of devices that detect series faults. A parallel arc 
fault is a short between two current-carrying conductors or 
between a current-carrying conductor and the equipment 
grounding conductor, conduit or other grounded objects, 
whereas a series arc fault occurs in line with one current- 
carrying conductor. For example, compromised conductor 
insulation, an internal module defect or a loose connection—
at a plug connection on a roof or at a termination in a junction 
or combiner box—can interrupt the continuity of the conduc-
tor and produce a dc arc that is difficult to extinguish, poten-
tially starting a fire in adjacent materials. 

Section 690.11 mandates that the arc-fault detection 
device perform several functions in addition to detecting the 
fault. The device must disconnect inverters, and charge con-
trollers or other “system components within the arcing cir-
cuit.” The equipment cannot then automatically restart but 
must be manually restarted. There also must be a visual indi-
cation that the arc-fault device has operated, and it cannot 
reset automatically. 

Where will the arc-fault device be located in a system? 
For battery-based systems with charge controllers that 
can handle input voltages higher than 80 Vdc, the arc-fault 
device will likely either be integrated into the charge control-
ler or combiner box. For grid-direct systems, the device will 
be inverter-integrated, module-integrated, integrated into 
module-level dc-to-dc converters or located in a combiner 
box. If it is integrated within an inverter or combiner box, 
it may have a similar appearance to an ac arc-fault breaker. 
Once the UL standard for dc arc-fault protection is defined, it  
is expected that dc-to-dc module–level products like those 
from SolarEdge or Tigo will meet the standard. 

Microinverter systems will for the most part be exempted 
from arc-fault protection requirements because they oper-
ate under 80 Vdc. Microinverters for very-high-voltage 
modules—like certain thin-film products or Sanyo HIP mod-
ules—are possible exceptions. In those cases, dc arc-fault 
protection would likely be integrated into the microinverter. 
Section 690.11 includes a reference to “system components 
listed to provide equivalent protection,” which leaves the 
door open to devices like modules with integrated protec-
tion or other system solutions. 

PV integrators undoubtedly need to pay close attention 
to the development and availability of arc-fault protection 
devices so that systems can be designed to meet the 2011 
NEC requirements. Eaton has been working on the design and 
testing of a device over the last year and likely will be early 
to market with a listed external device. Combiner box man-
ufacturers also claim to have solutions at the ready. While 
some members of Code-Making Panel No. 4 expressed con-
cern about including a requirement in the Code for a device 
that did not yet exist, UL representative Timothy Zgonena, 
principal engineer for distributed energy  C o N t i N u E d  o N  PA g E  7 6 
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resources equipment and systems, assured the panel that UL 
would quickly develop and publish safety requirements that 
would allow the commercial release of listed devices. While 
this standard was not available prior to the publication of 
the 2011 NEC, it is expected to be available in the next few 
months, before many jurisdictions adopt the new Code.

Fortunately, not having listed products available is no 
problem for installers. Section 90.4 states: “This Code may 
require new products, constructions, or materials that may 
not yet be available at the time the Code is adopted. In such 
event, the authority having jurisdiction may permit the use 
of the products, constructions, or materials that comply with 
the most recent previous edition of this Code adopted by the 
jurisdiction.” Note, however, that as soon as one listed device 
becomes available, an AHJ may mandate that PV systems 
include that specific device, which could narrow the flexibility 
of system design until other options come to market.

690.13, “dIsconnectIng Means, all conductors” 
Section 690.13 requires means to disconnect “all current- 
carrying dc conductors of a photovoltaic system from 
all other conductors in a building or other structure.” It 
also states, however, that the grounded current-carrying  
conductor cannot be switched if this leaves it energized 
and ungrounded. The portion of the grounded conduc-
tor on the array (line) side of a dc disconnect, for example,  
is energized and ungrounded with the switch in the  
open position. 

In previous editions of the Code, a bolted or terminal 
(non-switched) connection could be used to disconnect the 
grounded conductor, but Exception No. 2 under 690.13 now 
allows for a switch on the grounded conductor, provided cer-
tain conditions are met: the switch is accessible only to quali-
fied persons for the express purpose of array maintenance, and 
it is rated for the maximum dc voltage and current that could 
be present in the event of a fault. Furthermore, Exception No. 1 
allows the now-mandated arc-fault detection and circuit inter-
ruption systems to open the grounded conductor, in addition 
to the ground-fault protection device (GFPD).

The primary reasons to disconnect both current- 
carrying conductors in a grounded PV array are maintenance 
and fault troubleshooting. A switch is safer for servicing the sys-
tem than having to lift a bolted or terminal connection, because 
the connection may be energized in reference to ground. This 
would be the case if the GFPD activated and removed the 
system ground connection. However, with both grounded 
and ungrounded current-carrying conductors disconnected, 
tests can be performed more safely to locate faults. (For more 
information on ground-fault troubleshooting, see “PV System 
Ground Faults,” August/September, 2009, SolarPro magazine.)

Disconnecting the grounded conductor also allows 
for testing to see if a grounded conductor-to-ground fault 
condition exists. If this situation is undetected, it could be 
catastrophic if a second fault were to occur. In many PV 
systems, a grounded conductor-to-ground fault condition 
may not cause the GFPD to activate.  C o N t i N u E d  o N  PA g E  7 8 
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Accessible to qualified persons 
only  As a rule, a disconnect may 
not open a grounded current-
carrying conductor in a PV system 
[690.13]. However, this is allowed 
if the disconnect is accessible only 
to qualified persons for the express 
purpose of PV array maintenance 
[Exception No. 2]. This locked dis-
connect at a fenced utility-operated 
site in St. George, UT, would qualify. 
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Tests for this type of fault cannot be completed with the 
grounded conductor connected to the GFPD, regardless of 
whether the fuse is in place. With both conductors discon-
nected, an unfaulted array is floating and has little or no 
potential to ground.  However, if a fault exists, the newly 
ungrounded conductor may be at hundreds of volts rela-
tive to ground and must be treated with caution.

Note that this grounded conductor disconnecting means 
must not include overcurrent protection, such as a fuse, on 
the grounded conductor. Fusing the grounded conductor in 
this manner would violate the requirements in 240.22. Also 
note that a multiple-pole disconnect serving as an equip-
ment disconnect cannot be used to switch both the grounded 
and ungrounded conductors simultaneously, as 690.13 
Exception No. 2(2) states that the grounded conductor 
switch is to be accessible only by qualified personnel for PV 
array maintenance and thus cannot serve the dual purpose 
of an equipment disconnect. Since the switch may have to 
be operated during fault conditions, it has to be rated for the 
maximum dc current and voltage that could be present per 
690.13 Exception No. 2(3). 

Installing a switch on the grounded conductor there-
fore means purchasing additional 600 Vdc-rated switches, 
which increases the serviceability of the system but also the 
cost. Locating a maintenance disconnecting means for the 
grounded conductor near the inverter is an obvious choice, 
as in many cases it may need to switch only a single PV 
output circuit. A properly rated three-pole switch could be 
used in the same manner it is for the ungrounded conduc-
tors of multiple PV output circuits. The switch could also be 
included in an inverter-integrated disconnect, if it operated 
separately from the ungrounded conductor disconnect and 
was accessible to qualified persons only.

Surprisingly, the 2011 Code does not specify labeling for 
this disconnecting switch. Section 690.5(C) specifies label-
ing for dc ground-fault protection devices, and similar lan-
guage could be used for this switch. For example:

WARNING
FOR MAINTENANCE ONLY
BY QuALIFIEd PERsONs.

ELECTRIC SHOCk HAZARD
IF THIS SWITCH IS OPEN.

NORMALLY GROUNDED CONDUCTORS
MAY BE UNGROUNDED AND ENERGIZED.

690.16, “Fuses”
Section 690.16(A) requires that a disconnecting means  
be provided for fuses energized from both directions, and 
that it must be possible to disconnect “all sources of sup-
ply.” In addition, when fuses are installed in PV source 
circuits, that it must be possible to disconnect each one 

independently of any other fuses. Previously this section 
required disconnecting means only if the fuses were acces-
sible to unqualified persons. 

Section 690.16(B), an addition to the Code, further 
addresses fuse servicing specifically for PV output circuits. 
When paralleled at an array combiner or subcombiner,  
PV output-circuit fuses are energized from two directions: 
from the fused circuit and from the other circuits they are in 
parallel with. As described in Holt’s Guide: “Replacing a fuse 
under load is obviously an unsafe work practice, but unfor-
tunately, this often occurs when the inverter has internal 
PV source and output combining fuses on the input circuits 
connected directly to the inverter input terminals. When 
this is the case, an external disconnecting means must be 
installed to ensure worker safety.”

Brooks considers the new language in 690.16(B) to be 
one of the most important changes and points out that it 
applies to PV source-circuit fuses as well. (See “The New 
NEC 690.16(B) Fuse-Servicing Requirements and Combiner 
Boxes” on pp. 24–26 for more information.) A PV source-
circuit fuse in a combiner box is exposed to power from the 
PV string it protects and from all other source circuits it is in 
parallel with. While these fuses are often installed in touch-
safe holders, the fuse holders themselves are not load-break 
rated. Opening such a fuse holder under load results in an 
arc being drawn, which could start a fire. Therefore, fuse 
holders should be opened only after the output of the com-
biner box has been disconnected and the absence of current 
has been verified with a clamp-on ammeter. 

On two- or three-string PV systems, running each source 
circuit to a ground-level location in the immediate proxim-
ity of the inverter can allow for a single disconnect to meet 
both 690.13 and 690.16 disconnecting requirements. This 
also improves serviceability, as individual source circuits 
can be tested from the ground without the need for ladders 
and fall protection. 

On larger arrays the output of multiple combiner boxes 
are paralleled either at the inverter dc input or an array com-
biner box. The safety of servicing PV source-circuit fuses in 
these systems is dramatically enhanced when a disconnect-
ing means is located at the combiner box, either as a separate 
switch or by using one of the many UL-listed combiner boxes 
with built-in disconnects. This disconnect can also allow for 
individual combiner boxes to be isolated from the output of 
other paralleled combiner boxes and taken off-line for ser-
vice, rather than having to shut down the entire system at the 
inverter. The disconnect also allows emergency personnel to 
segment the array, possibly disconnecting circulating cur-
rents from continuing to flow into a fault.

Integrated dc disconnects in inverters typically discon-
nect the paralleled output of the PV circuits from the inverter, 
meaning the circuits are still energizing one another on the load 
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(inverter) side of the fuses and are also energized on the array 
side via the circuit they are protecting. Large inverters may have 
input combiners with 10 to 20 or more fuses, ranging from 50 A 
to 300 A. To remove power from both sides of any one fuse, each 
PV output circuit has to be disconnected. This can be accom-
plished via disconnects at the combiner box level, though on 
a large array this can require detailed instructions and a lot of 
time walking the field to the various combiners. Furthermore, 
690.16(B) requires the disconnecting means to be within sight 
of—defined in Article 100 as “visible and not more than 15 m (50 
ft) distant”—and accessible to the fuse. Depending on the site 
layout, this often is not possible if the disconnect is at a com-
biner box and not at the inverter. Section 690.16(B) also requires 
that a directory be installed at the overcurrent device showing 
the location of each disconnect if it is more than 6 feet away.

Fuse servicing procedures vary considerably from site 
to site. As an example, a single externally fused three-pole 
disconnect used as a disconnecting means on a system with 
only three PV output circuits renders the fuses safe for ser-
vicing. However, if the output of the disconnect is in paral-
lel with other disconnects, then all the disconnects have to 
be switched off in order to remove power from both ends of 
the fuses being serviced. Note that some fused disconnects, 
such as the Eaton Fusible Solar Switch, isolate a single fuse 
between the poles of the disconnect. Opening the switch 
removes power from both ends of the fuse regardless of 
whether it is in parallel with other PV circuits.

690.31, “WIrIng Methods perMItted”  
Notable changes in this section relate to: PV Wire conduit fill 
calculations, the use of metal-clad cable for dc PV circuits 
inside a building, clearance between dc PV circuits and the 
roof deck, and the marking and labeling of these circuits.

PV Wire. Section 690.31(B) has a new Informational 
Note addressing Photovoltaic (PV) Wire, also known as PV 
Cable. Because PV Wire has a nonstandard outside diam-
eter, designers must consult NEC Chapter 9, Table 1 for 

Fuse servicing  
This fusible 600 Vdc 
solar switch from 
Eaton features a 
fused center pole 
that is electrically 
isolated from all 
sources of supply 
when the switch  
is opened.
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calculating conduit fill, as specifications are not contained 
in Informative Annex C. UL 4703 dictates the standards for 
PV Wire, which has a wet rating of 90°C and a dry rating of 
90°C to 150°C. PV Wire can have a 1,000 or 2,000 volt rat-
ing and is the only single conductor that can be used for PV 
source circuits in ungrounded PV systems per 690.35(D).

Dimensions of insulated conductors can be found in 
Chapter 9, Table 5, but you have to obtain specifications for 
PV Wire from the manufacturer. Diameters are not standard, 
and there are differences between various PV Wire brands, 
as is obvious when consulting a few specification sheets. 
Southwire PV Wire is listed for 600 V, 90°C wet or dry, and in 
10 AWG has an outside diameter of 0.231 inches. AmerCable 
also makes a USE-2/Type PV Cable conductor with the same 
ratings but an outside diameter of 0.238 for 10 AWG and a 
1,000 volt–rated PV Cable with an outside diameter of 0.282 
inches for 10 AWG. A similar cable from Allied Wire and 
Cable has an outside diameter of 0.288 inches.

Metal-clad cable. The new provision in 690.31(E) is a use-
ful addition to the 2011 Code. It allows Type MC metal-clad 
cable to be used for dc PV source or output circuits inside a 
building prior to the first readily accessible disconnect. The 
use of metal raceways was already mandated for these cir-
cuits to provide additional physical and fire protection, as 
well as a ground-fault path for these conductors since they 
are at a high voltage potential whenever there is ambient 
light. Type MC is not metal raceway, but it is now deemed 
acceptable as long as it complies with 250.118(10), which 
requires that it contain an equipment-grounding conduc-
tor or have a metal sheath listed as an equipment-grounding 
means. Note that for circuits over 250 volts to ground, as 
exist in nearly every grid-direct PV array, bonding bushings 
or jumpers must be installed on metal raceways per 250.97.

Clearance beneath roof. Section 690.31(E) continues in 
690.31(E)(1) to state that wiring must be installed more 

than 10 inches from roof decking or sheathing, if not directly 
below the array. As explained in the accompanying Informa-
tional Note, this clearance is intended “to prevent accidental 
damage from saws used by fire fighters for roof ventilation 
during a structure fire.”  

Marking and labeling. Sections 690.31(E)(3) and (4) cover the 
new requirement that the label “PV Power Source” be applied 
to exposed raceways, cable trays or other wiring methods, 
pull boxes, junction boxes and conduit bodies that contain PV 
power-source conductors. The label must be visible after instal-
lation, and it must appear every 10 feet and wherever the wiring 
system is separated by floors, walls, ceilings or other barriers 
to lines of sight. Gleason at Sun Light & Power notes that this 
requirement will not always sit well with architects and build-
ing owners who want things to blend in and disappear. “If the 
owner wants the exterior  conduit painted, the required visible 
labels will have to go on afterwards,” he says.

690.43, “equIpMent groundIng” 
Section 690.43 offers additional clarification on equipment 
grounding, particularly as it applies to PV arrays. The major-
ity of the 2011 section was contained in the previous version, 
but now it has been broken out into a list of requirements (A) 
through (F). Requirement (C) addresses the use of mount-
ing structures—typically the mounting rails or a metal rack-
ing system—as the equipment-grounding conductor (EGC). 
It specifically states: “Metallic mounting structures, other 
than building steel, used for grounding purposes shall be 
identified as equipment-grounding conductors or shall have 
identified bonding jumpers or devices connected between 
the separate metallic sections and shall be bonded to the 
grounding system.”  C o N t i N u E d  o N  PA g E  8 2
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The new provision in 

690.31(e) is a useful addition to 

the 2011 Code. It allows type Mc 

metal-clad cable to be used for dc 

pV source or output circuits inside 

a building prior to the first readily 

accessible disconnect.

Bonding jumper  New language appearing in 690.43(C) 
states that when mounting structures other than building steel 
are used for grounding purposes, they must be identified as 
equipment-grounding conductors or have bonding jump-
ers—like the WEEB bonding jumper shown here—installed 
between sections.
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According to John Wiles of the Southwest Technology 
Development Institute: “Many AHJs equate identified with 
listed, since they do not rely on manufacturers doing the 
identifying. Also, ‘identified for the purposes of use and 
listed’ is written in many places in the Code.” It is no surprise 
then that the two terms are easily conflated. To this end,  
the new UL Standard 2703, “Rack Mounting Systems  
and Clamping Devices for Flat-Plate Photovoltaic Mod-
ules and Panels,” is being developed, with the first outline 
issued in October 2010. The scope of UL 2703 will pertain to  
“bonding paths, mechanical strength and suitability of 
materials only.”

Devices such as Wiley Electronics’ Washer Electrical 
Equipment Bonding (WEEB) clips are already widely used to 
meet 690.43(D), which requires identified devices to ground 
module frames. However, the mechanical and thermal expan-
sion characteristics of module racking systems make it diffi-
cult to create low-resistance, long-lasting bonds between the 
rack components to which the modules are grounded. Rack 
manufacturers may elect to have their equipment listed to the 
forthcoming UL 2703. Alternately, listed equipment meeting 
the requirements of 250.8(A), “Connection of Grounding and 
Bonding Equipment,” and 250.102, “Bonding Conductors and 
Jumpers,” will have to be installed. 

690.47, “groundIng electrode systeM” 
As expected, this section underwent substantial changes, 
both through addition and subtraction.

DC system requirements. Section 690.47(B) requires that 
all dc PV systems have a grounding electrode system, regard-
less of whether the system has a dc grounded conductor. 

The 2011 Code added a provision for sizing and installing 
a common grounding electrode conductor (GEC) and tap 
conductors for systems with multiple inverters. According 
to Holt’s Guide: “Section 690.47(B) has been revised to clarify 
that a common grounding electrode conductor can be used 
to ground multiple inverters. This concept isn’t new to the 
Code, as similar provisions can be found in 250.30 for sepa-
rately derived systems.”

The common GEC is the portion that runs directly to the 
grounding electrode, and the tap conductors branch off from 
the common GEC to the inverters. Taps must be connected to 
the common GEC so that splices or joints are not introduced  
to the common GEC. Note that 690.47(B) does not man-
date that these connections be irreversible, just that listed 
grounding and bonding equipment be used. Both the dc tap 
conductors and the common GEC are sized in accordance 
with 250.166. This Code section states that these GECs 
shall not be smaller than the largest conductor supplied by 
the dc system and never smaller than 8 AWG copper wire;  
fortunately, a maximum size is also specified. Systems with 
ground rods, pipes or plates only do not need a GEC larger 
than 6 AWG copper, and for systems with concrete-encased 
electrodes only the maximum size is 4 AWG copper. If using 
8 AWG copper for grounding electrode tap conductors,  
note that per 250.64(B) the conductor must be protected in 
conduit, whereas a 6 AWG conductor can be run along the 
surface of a building without other protection as long as it  
is not exposed to physical damage. Using 6 AWG copper 
conductors for all taps and the common GEC on systems 
with ground rods only is a straightforward way to comply 
with these sizing provisions.  C o N t i N u E d  o N  PA g E  8 4
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Mechanical integration matters  
While ac PV modules are specifically 
exempted in the 2011 NEC from the 
requirement to bond the dc grounding 
system to the ac grounding system 
[690.47(C)], microinverter systems— 
like this Enphase installation in Austin, 
TX—are not. 
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Systems with ac and dc requirements. Section 690.47(C) has 
changed extensively over the past few Code cycles. It covers 
the requirements for grounding electrode systems for PV 
systems with both ac and dc circuits, where there is no direct 
connection between the ac and dc grounded conductors. A 
connection between dc and ac grounded conductors hap-
pens via the installation of the grounding electrode system, 
but generally does not exist otherwise.

The National Fire Protection Association (NFPA) Report of 
Proposals details the 2011 change and substantiation submit-
ted by John Wiles, explaining that the 2008 NEC did not require 
the ac and dc grounding systems to be bonded together; in 
addition, the 2008 Code outlined only one method for bonding, 
which was not applicable to all PV systems. The 2011 NEC clari-
fies the mandate to bond ac and dc grounding systems. It also 
clearly presents three acceptable methods to accomplish this, 
which are outlined in 690.47(C)(1) through (3). 

Separate but bonded. The first acceptable method 
(Option 1 in Diagram 1), in 690.47(C)(1), is to install sep-
arate dc and ac grounding electrodes that are bonded 
together. Article 250, Part III covers the requirements for 
grounding electrode systems and conductors, and several 
of these sections are relevant to this methodology. Section 
250.53(3)(B) mandates that multiple grounding electrodes 
be greater than 6 feet apart. Section 250.53(3)(C) details 
requirements for bonding jumpers—the conductor that 
connects the grounding electrodes—including sizing this 
jumper per 250.66. 

Common grounding electrode system. The second approved 
method (Option 2 in Diagram 1), in 690.47(C)(2), is to  
terminate both the ac and dc GECs on one common ground-
ing electrode. Both the dc and ac GEC must be continuous 
and follow the requirements of 250.64(C). Also note that 
250.70 lists the acceptable methods for connecting mul-
tiple GECs to the electrode. For example, if a single clamp 
is used, it must be listed for multiple conductors. If the PV 
system is being retrofitted into existing construction and 
the electrode itself is not accessible—as with a Ufer ground, 
for instance—250.64(C)(1) allows the use of an irreversible 
crimp connection or exothermic weld to connect the dc GEC 
to an accessible portion of the ac GEC. 

Combined dc GEC and ac EGC. The third method (Option 3 in 
Diagram 1) allowed for bonding the ac and dc grounding elec-
trode system, in 690.47(C)(3), is straightforward but requires 
attention to detail. In this method, the dc GEC is the same 
conductor as the ac EGC. It is landed at the terminal intended 
for the dc grounding electrode conductor in the inverter. The 
Code specifically allows this dc GEC to be terminated on the 
grounding busbar in associated ac equipment and not on the 
grounding electrode as is typically the case for GECs. How-
ever, the conductor must be continuous and connections to 
it—such as an equipment ground in an ac disconnect—must 
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Main panel

OPTION 1: Separate but bonded dc and ac 
grounding electrodes [690.47(C)(1)]

Main panel

OPTION 2: Common dc and ac grounding 
electrodes [690.47(C)(2)]

Main panel

OPTION 3: Combined dc GEC and ac EGC
[690.47(C)(3)]

Diagram 1  Because the ac and dc sides of a PV system are 
usually electrically isolated by a transformer, two separate 
grounding systems must be installed. The three approved 
methods for bonding these separate grounding systems 
together are illustrated here.
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grounding electrodes [690.47(C)(1)]

Main panel

OPTION 2: Common dc and ac grounding 
electrodes [690.47(C)(2)]

Main panel

OPTION 3: Combined dc GEC and ac EGC
[690.47(C)(3)]

Main panel

OPTION 1: Separate but bonded dc and ac 
grounding electrodes [690.47(C)(1)]

Main panel

OPTION 2: Common dc and ac grounding 
electrodes [690.47(C)(2)]

Main panel

OPTION 3: Combined dc GEC and ac EGC
[690.47(C)(3)]
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be irreversibly spliced as the conductor cannot be broken and 
landed on busbars as per 250.64(C). 

If using this third method, note that per 250.166 the mini-
mum size for the dc GEC is 8 AWG copper, in many cases larger 
than what is required for the ac EGC per 250.122. The conduc-
tor, fulfilling two roles, must be the larger of the two sizes that 
would be required. Also note that solid bare conductors larger 
than 10 AWG are not allowed in conduit per 310.106(C). 

In addition, Holt’s Guide notes: “To prevent inductive 
choking of grounding electrode conductors, ferrous race-
ways and enclosures containing grounding electrode con-
ductors must have each end of the raceway or enclosure 
bonded to the grounding electrode conductor in accor-
dance with 250.92(B) [250.64(E)]. Nonferrous metal race-
ways, such as aluminum rigid metal conduit, enclosing the 
grounding electrode conductor aren’t required to meet the 
‘bonding each end of the raceway to the grounding elec-
trode conductor‘ provisions of this section.” The Guide adds 
in a cautionary note: ”A single conductor carrying high-
frequency induced lightning current in a ferrous raceway 
causes the raceway to act as an inductor, which severely 
limits (chokes) the current flow through the ground-
ing electrode conductor. ANSI/IEEE 142, Recommended 

Practice for Grounding of Industrial and Commercial Power 
Systems (also known as the IEEE Green Book) states: ‘An 
inductive choke can reduce the current flow by 97%.’” To 
avoid this problem without installing bonding bushings, 
Holt’s Guide advises that it is probably easiest to install a 
combined GEC/EGC in PVC conduit. 

Additional electrodes. The 690.47(D) requirement for addi-
tional electrodes for array grounding has been removed from 
the 2011 NEC. Holt’s Guide notes: “This requirement was 
added in the 2008 edition and was intended to be optional. 
The Code language that was used, however, made it manda-
tory. By removing the rule altogether, it’s still optional, but 
now isn’t mandatory.”

690.64, “poInt oF connectIon”
Another notable disappearance in NEC 2011 is the text previ-
ously found in Section 690.64. While it may be gone, it is not 
to be forgotten. In fact, it has simply moved, along with some 
other sections, as discussed below.

Interconnected Electric Power Sources 
Article 705 contains the general requirements for connecting 
any electric power production source operating in parallel 
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with the utility. Brooks explains why so much content was 
moved from Article 690 to 705: “The grid-connected ac side 
of a PV system is no different from any other inverter-based 
generator. Until recently, PV inverters were the predominant 
source for these inverters. Although this is still the case, fuel 
cells, micro-turbines and other distributed generators are 
also becoming more popular. It became logical to put the 
requirements in one location rather than repeating the infor-
mation in numerous sections. Article 705, ‘Interconnected 
Electric Power Production Sources,’ is the logical place to put 
this information.” 

There are few noteworthy changes in the content that 
moved to Article 705. Some sections were moved with minor 

wording modifications, others with no changes. There are 
even some sections that are duplicated in 690 and 705. All 
of this is intentional, according to Brooks: “The 2008 NEC 
copied 690.64(B) into 705.12(D) in preparation for making 
the transition in the 2011 NEC in which 690.64(B) now has 
been deleted with only a reference to 705.12(D). The same 
was done for 690.63, ‘Unbalanced Interconnections,’ being 
moved to 705.100.”

Maximum interconnection.  A much-needed addition to the 
2011 Code, Section 705.12 defines the size limits of parallel 
production sources on the supply side of a service (or, by log-
ical extension, on the load side): “The sum of the ratings of 
all overcurrent devices connected to the power production 
sources shall not exceed the rating of the service.” For exam-
ple, a 400 A service could not have a combination of PV and 
wind generators that exceeded 400 A of interconnected over-
current devices. The generators’ overcurrent devices would 
be sized according to 705.60. Holt’s Guide notes, “Although 
common sense seems to indicate that the production equip-
ment shouldn’t exceed the rating of the service, there wasn’t 
a rule that gave such guidance.” Now there is.

Neutral conductor ampacity. Section 705.95(B) is an addition 
to the 2011 NEC that allows downsizing the neutral conductor 
if it does not carry current but is used only for instrumenta-
tion, voltage or phase detection. The neutral conductor must 
still in all cases be at least as large as the EGC. This allows 
potential cost savings on large commercial installations. 
However, note that inverter manuals may require a minimum 
gauge output wire, which would take precedence over this 
allowance per 110.3(B).
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Exception to the 120% rule Interconnection breakers for 
utility-interactive battery-based inverters are usually sized 
to accommodate ac pass-through current for battery charg-
ing. For example, the SMA Sunny Island 4248-US typically 
interconnects via a 70 A single-pole breaker, even though its 
maximum continuous output current is 35 A. An Exception to 
705.12(D)(2)—previously 690.64(B)(2)—clarifies that 125% of 
the rated utility-interactive current from the inverter is to be 
used for interconnection evaluation and design purposes and 
not the rating of the breaker.

C
o

u
rt

e
sy

 H
o

n
e

y 
E

le
c

tr
ic

 S
o

la
r




