grid interconnections

Then (2005)
and Now (2008)

T

he final connection between the photovoltaic (PV) power system and the
electrical utility grid is always an area
of high interest to both inspectors and to the
utility, because both agencies are responsible
for safety. These connections vary significantly from PV system to system due to the size of
the PV system and to the configuration of the
existing service-entrance equipment. These
variations are made more complex because of
differences in Section 690.64 in the National
Electrical Code (NEC) between the 2005 and
2008 editions.
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Load Side Connections

Section 690.64(B) establishes the requirements for connections of the output of utility-interactive inverters on
the load side of the main service disconnect. The key
to understanding this section is in carefully reading
690.64(B)(2) and noting that the ratings of overcurrent
devices supplying a busbar or conductor must be added
so that the sum of these ratings does not exceed the rating of the busbar or conductor. Note that overcurrent
devices supplying loads are not counted. Also note that
the overcurrent-device (normally a circuit breaker) rating is used in this calculation and not the current flowing through the circuit. Overcurrent devices that would
be counted are the main breaker and all breakers being back fed from utility-interactive PV inverters. We
can use an equation of breaker ratings to express this
requirement:

site has a 400-A main service panel with a 400-A main
breaker, then no (zero) PV can be added to the panel. In
many commercial installations, this limitation forces the
installer to a supply-side connection discussed below.
For residential installations a 120% allowance is added and to make the installations somewhat easier. The
equation for residential looks like this:
PV + Main <= 120% Bus or 120% Conductor

In the residential example, a 200-A panel with a 200-A
main breaker could have up to 40 amps of backfed PV
breakers connected.
In the 2008 NEC, 690.64 was rewritten and the
120% allowance was applied to commercial installations
if an additional requirement was met. That requirement
[690.64(B)(7)] says that the PV backfed breakers must
be mounted at the opposite end of the bus from the
main breaker or feeder. This location prevents overloadPV + Main <= Bus or Conductor
ing the busbar. If this requirement cannot be met, then
In the 2005 NEC, this requirement applies to com- the sum of the breakers will be limited to no more than
mercial (nonresidential/dwelling unit) PV installations. the busbar rating on commercial installations. Note that
The requirement essentially says that if, for example, the the requirements apply to both the busbars in a panel or

Figure 1. Section 690.64(B)(2) requirements in the 2005 NEC
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load center and to any conductor that is fed by overcurrent devices from multiple sources.
In figure 1, the requirements in the 2005 NEC are
applied to a multi-story building where a PV system
requiring a 15-A circuit breaker is needed in a 100-A
main lug panel on the tenth floor. This panel is fed
through a 100-A breaker in a 400-A main lug panel on
the fourth floor which is, in turn, fed by a 400-A circuit
breaker in the 1000-A main distribution panel, which
has a 1000-A main disconnect. Since this is a load-side
connection, 690.64(B) applies to each panelboard and
conductor supplied through an overcurrent device from
multiple sources. To meet the requirement in the top
floor panel, the panel would have to be removed and
replaced with at least a 115-A panel. The feeder between
the 100-A panel and the 100-A breaker would also be
required to have an ampacity of at least 115 amps. If
that top floor panel had a 100-A main breaker, then the
feeder would need to be rated at 200 amps to meet the
690.64(B)(2) equation.
At the fourth floor panel, the sum of the rating of
the breakers is 100 + 400 = 500 and this exceeds the
panel rating of 400 amps. The panel would have to be

replaced with a panel having a rating of at least 500
amps. The feeder between the fourth floor panel and
the main panel would also have to be rated at 500 amps
with a main lug panel. If that fourth floor panel had a
400-A main breaker, then the feeder would be required
to be rated for 800 A. Now look at that 1000-A main
service panel. The sum of the rating of breakers supply
it is 400 + 1000 = 1400, which is significantly larger
than the 1000-A rating. It needs to be replaced with at
least a 1400-A rated panel.
Yes, life is tough and seemingly unfair, but these requirements were established in 1984 with the concept
that they would protect those buses and conductors
from overloads even when the PV system was enlarged,
the panels had excessive loads placed on them or when
the feeders were unknowingly tapped. The 2008 NEC
provides some relief as shown in figure 2 and even
more relief might come in the 2011 NEC.
In figure 2, the 120% allowance is put in the calculations for this commercial installation as allowed by
690.64(B)(2) in the 2008 NEC. That 100-A panel on
the top floor is OK, because 100 + 15 = 115 which is less
than the allowed 120 amps. The same equation applies

Figure 2. Section 690.64(B)(2) requirements in the 2008 NEC
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Photo 1. Combination meter/load center

to the cable when the top floor panel is a main lug panel
and the feeder does not need to be changed. If the top
floor panel had a 100-A main breaker, then the equation
for the feeder conductors would still be 15 + 100 = 115
<= 120 A, and the conductor would remain unchanged
because a new sentence in 690.64(B)(2) requires that
only the first overcurrent device connected to the inverter output be counted in subsequent equations.
At the fourth-floor 400-A panel, the allowance would
be 480 A (120% of 400 = 480), but the additional rule
in 690.64(B)(2) requires that only the first overcurrent
device connected to the inverter output be counted in
subsequent equations. The equation becomes 15 + 400
<= 480 and no changes in the panel are required. With
a main lug 400-A panel, the same equation applies to
the feeder to the main panel. Also, even if a 400-A main
breaker were installed in that 400-A panel, then the
cable ampacity would not need to be changed.
Even with the allowances in the 2008 NEC for the
load-side connections in 690.64(B), many systems are
large enough that ripping out existing load centers and
feeders is required and that becomes costly. The supplyside connections allowed by 690.64(A) are used.

Supply Side Connections

The supply-side connection is essentially a second service entrance on the facility that is connected on the
load side of the existing meter to allow for net metering. See “Perspectives on PV” in the September/October
2005 and January/February 2006 IAEI News for more
details on the Code requirements for these connections
found in Article 230.
Section 240.21 tap rules don’t apply to these serviceconductor taps, because the 240.21 requirements were
developed over a number of years for a circuit with currents flowing one way from a single source protected by
an overcurrent device. The service-entrance tap with a
utility-interactive PV inverter may have currents flowing both directions from two sources, and one of them
(the utility) has very limited overcurrent protection.
Actually making the tap will depend on the type of
equipment involved. Many load centers do not have adequate space to splice to the incoming service conductors. The same holds true for the limited space in meter
sockets. In these cases, the supply-side tap will require
that a new enclosure be added between the meter and
the separate load center.
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Photo 2. Much space but tap would violate the listing on the device

Combined meter/load centers like the one shown in
photo 1 can only be tapped with permission and instructions supplied by the manufacturers. The cables
and busbars (photo 2) may be exposed with plenty of
room for the tap, but in most cases, the manufacturer
will not allow them to be tapped because it would violate the UL listing on the device. To add a supply-side
tap to this type of installation may require adding a new
external meter socket and a tap enclosure before the existing meter. Then the existing meter is bypassed with
an appropriate set of jumper bars.
One situation that arises in many parts of the country is the dwelling that has a main-lug-only panel (see
photo 3). There is no single main breaker feeding the
panel, but up to six main breakers are allowed. Where
these panels have one or more empty breaker positions,
they can be used as a supply-side connection. The basic
restriction (not in the Code—wait for 2011) that would
apply to this type of main service panel is that the sum
of the overcurrent devices from the PV inverter(s) not
exceed the rating of the panel bus or the rating of the
service-entrance cables.
www.iaei.org

Photo 3. Main-Lug-Only Panel
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Summary

Connections from the PV system to the utility are still
somewhat complex. However, the requirements in the
2008 NEC have allowed smaller systems to be more
easily connected in the commercial environment. In
either residential or commercial PV installations, the
requirements of the Code should be studied in some detail to ensure that a safe and durable system is planned
and installed.

Adoption of 2008 National
Electrical Code® Gains
Momentum

P

For Additional Information

If this article has raised questions, do not hesitate to
contact the author by phone or e-mail. E-mail: jwiles@
nmsu.edu Phone: 575-646-6105
A color copy of the latest version (1.8) of the
150-page, Photovoltaic Power Systems and the 2005 National Electrical Code: Suggested Practices, published by
Sandia National Laboratories and written by the author, may be downloaded from this web site: http://
w w w.nmsu.edu/~tdi/Photovolta ics/Codes-Stds/
PVnecSugPract.html
The Southwest Technology Development Institute
web site maintains a PV Systems Inspector/Installer
Checklist and all copies of the previous “Perspectives
on PV” articles for easy downloading. Copies of “Code
Corner ” written by the author and published in Home
Power Magazine over the last 10 years are also available
on this web site: http://www.nmsu.edu/~tdi/Photovoltaics/Codes-Stds/Codes-Stds.html
The author makes 6–8 hour presentations on “PV
Systems and the NEC” to groups of 40 or more inspectors, electricians, electrical contractors, and PV professionals for a very nominal cost on an as-requested basis.
A schedule of future presentations can be found on the
IEE/SWTDI web site.
John Wiles works at the Institute for Energy and
the Environment (IEE) (formerly the Southwest
Technology Development Institute) at New Mexico
State University. IEE has a contract with the US
Department of Energy to provide engineering support to the PV industry and to provide that industry,
electrical contractors, electricians, and electrical inspectors with a focal point for Code issues related to PV systems. He
serves as the secretary of the PV Industry Forum that is formulating
proposals for the 2011 NEC. He provides draft comments to NFPA
for Article 690 in the NEC Handbook. As an old solar pioneer, he
lived for 16 years in a stand-alone PV-power home in suburbia with
his wife, three dogs, and a cat—permitted and inspected, of course.
The PV system on his home is a 5 kW (dc) utility-interactive with a
full-house battery back up.
This work was supported by the United States Department of Energy under
Contract DE-FC 36-05-G015149
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ublic officials in several states have embraced
new safety standards, voting to adopt the 2008
National Electrical Code® (NEC) with minimal
or no amendments, and America’s heartland has taken the lead on acceptance.
The Code is scheduled to take effect in Arkansas,
Colorado, South Dakota and Wyoming within the
next two months; enforcement began in North Dakota and in several Illinois jurisdictions April 1.
Though not in the Midwest, New Mexico accepted the Code for July enforcement, and it’s already
been implemented in Idaho, Massachusetts, Oregon
and parts of Alabama. Additionally, Code enforcement is scheduled to commence by the beginning of
2009 in Texas, Iowa and Utah.
The governing bodies from each of these states
have accepted the NEC with Article 406.11 intact,
requiring the majority of all 125-volt, 15- and 20-ampere electrical outlets (receptacles) in new residential
construction to be tamper-resistant receptacles.
Tamper-resistant receptacles have built-in shutter
systems that prevent children from inserting foreign
objects into the outlets, but cord caps can be inserted
and removed just as with standard devices. Unlike
plastic outlet caps, which can be removed or forgotten, tamper-resistant receptacles offer automatic, continuous and permanent protection against electrical
burns.
Code adoption marks a great advancement for
child electrical safety. According to U.S. Consumer
Product Safety Commission data, approximately
2,400 children suffer electrical injuries each year-about
seven children every day-from inserting metal objects
into electrical outlets.
“While change sometimes creates uncertainty,
these states have adopted the Code with few or no
objections,” said Jeff Fecteau, Midwest field representative for the National Electrical Manufacturers
Association (NEMA). “We commend these public
officials for acknowledging home electrical hazards
and the need for greater safety measures.”
NEMA has advocated Code adoption through its
Real Safety campaign, generating awareness about Code
requirements and educating audiences on child electrical dangers. Web site: www.childoutletsafety.org.
www.iaei.org
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