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This article covers installation of
one or more electric ac power
production sources operating in
parallel with a primary source(s)
of electricity.

Courtesy of NREL/DOE

Informational Note: Examples of the
types of primary sources include a
utility supply or an on‐site electric
power source(s).
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Microgrid Interconnect Device (MID).
A device that enables a microgrid system to separate from and
reconnect to operating in parallel with a primary power source.

Microgrid System.
A premises wiring system that has generation, energy
storage, and load(s), or any combination thereof, that
includes the ability to disconnect from and parallel with
the primary source.
Power Source Output Circuit.
The conductors between power production equipment and the
service or distribution equipment.
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• Microgrid Interconnect Device (MID).
• A device that enables a microgrid system
to separate from and reconnect to
operating in parallel with a primary
power source.
• Informational Note: Microgrid controllers
typically are used to measure and
evaluate electrical parameters and
provide the logic for the signal to initiate
and complete transition processes.

Courtesy of NREL/DOE
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A permanent plaque or directory shall be
installed at each service equipment location,
or at an approved readily visible location. The
plaque or directory shall denote the location
of each power source disconnecting means for
the building or structure and be grouped with
other plaques or directories for other on‐site
sources. The plaque or directory shall be
marked with the wording "CAUTION:
MULTIPLE SOURCES OF POWER".
Exception: Installations with multiple co‐located power
production sources shall be permitted to be identified
as a group(s). The plaque or directory shall not be
required to identify each power source individually.
8
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SECTION BREAK
705.11 SUPPLY SIDE SOURCE
CONNECTIONS
Presented by:
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An electric power production source, where
connected on the supply side of the service
disconnecting means as permitted in 230.82(6), shall
comply with 705.11(A) through (G).
(A) Output Rating. The sum of the power source
continuous current output ratings on a service, other
than those controlled in accordance with 705.13,
shall not exceed the ampacity of the service
conductors.
(B) Conductors. The power source output circuit
conductors from the service conductors to the first
overcurrent protection device shall be sized in
accordance with 705.28 and in no case sized smaller
than 6 AWG copper or 4 AWG Aluminum. These
conductors shall be installed in accordance with
230.30 or 230.43.
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The power source output circuit conductors shall be protected from
overcurrent in accordance with 705.30…. Where the power source output
circuit conductors make their connection to the service inside a building,
they shall be protected with one of the following methods:
(1) With an overcurrent device located within 3 m (10 ft) of conductor
length in dwelling units and 5 m (16.5 ft) in other than dwelling units from
the point of connection to the service
(2) In other than a dwelling unit, with an overcurrent device located within
20 m (71 ft) of conductor length from the point of connection to the service,
provided that cable limiters installed in all ungrounded conductors are
located within 5 m (16.5 ft) of conductor length from the point of
connection to the service.
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• Follow 250.25 that
refers to 250.24
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• The connection of power source output
circuit conductors to the service conductors
shall be made using listed connectors as
described in 110.14 and comply with all
enclosure fill requirements. Any
modifications to existing equipment shall be
made in accordance with the manufacturer’s
instructions or the modification must be
evaluated for the application and have a
field label applied. For meter socket
enclosures or other equipment under the
exclusive control of the electric utility, only
connections approved by the electric utility
shall be permitted.
14
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• The power source
disconnecting means
requirements are in
705.20.
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SECTION BREAK
705.12 LOAD SIDE SOURCE
CONNECTIONS
Presented by:

Bill Brooks

16

8

10/15/2021

• The output of an … electric power source shall be
permitted to be connected to the load side … at any
distribution equipment on the premises.
• Where distribution equipment or feeders are fed
simultaneously by a primary source … and one or
more other power source, and are capable of
supplying multiple branch circuits or multiple
feeders, or both, the interconnecting equipment
shall comply with 705.12(A) through (E).
• Where a PCS is installed in accordance with 705.13,
the setting of the PCS controller shall be considered
the power‐source output circuit current in 705.12(A)
through (E).
17

The power source output circuit current multiplied by 125 percent shall be used in
ampacity calculations for 705.12(B)(1) through (B)(3):
(1) Feeders. Where the power source output connection is made to a feeder, the feeder
shall have an ampacity greater than or equal to 125% of the power source output
circuit current.
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The power source output circuit current multiplied by 125 percent shall be used in
ampacity calculations for 705.12(B)(1) through (B)(3):
(1) Feeders. Where the power source output connection is made to a feeder, the feeder
shall have an ampacity greater than or equal to 125% of the power source output
circuit current.
Where the power source output connection is made to a feeder at a location other than
the opposite end of the feeder from the primary source overcurrent device, that portion
of the feeder on the load side of the power source output connection shall be protected
by one of the following:
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Where the power source output connection is made to a feeder at a location other
than the opposite end of the feeder from the primary source overcurrent device, that
portion of the feeder on the load side of the power source output connection shall be
protected by one of the following:
• (1) The feeder ampacity shall be not less than the sum of the primary source
overcurrent device and 125 percent of the power source output circuit current.
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Where the power source output connection is made to a feeder at a location other
than the opposite end of the feeder from the primary source overcurrent device, that
portion of the feeder on the load side of the power source output connection shall be
protected by one of the following:
• (2) An overcurrent device at the load side of the power source connection point shall
be rated not greater than the ampacity of the feeder.
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• “One of the methods that follows
shall be used to determine the
ratings of busbars in
panelboards.
— (1) The sum of 125 percent of the
power source(s) output circuit
current and the rating of the
overcurrent device protecting the
busbar shall not exceed the
ampacity of the busbar.
• Informational Note: This general rule
assumes no limitation in the number
of the loads or sources applied to
busbars or their locations.
23

• (2) Where two sources, one a
primary…source and…another power source,
are located at opposite ends of a busbar that
contains loads, the sum of …the power
source(s)…and the rating of the overcurrent
device protecting the busbar shall not exceed
120 percent of the ampacity of the busbar.
• The busbar shall be sized for the loads
connected in accordance with Article 220.
• A permanent warning label shall be applied to
the distribution equipment adjacent to the
back‐fed breaker from the power source that
displays the following or equivalent wording:
•

WARNING: POWER SOURCE OUTPUT
CONNECTION—DO NOT RELOCATE THIS
OVERCURRENT DEVICE.
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705.12(3)(2)

120% of Busbar Rule
100 A (bus) x 1.2 = 120 A
120 A – 100 A (main) = 20 A (max)
Minimum Overcurrent Device
Inverter Max Current = 157.5 A
Min OCPD = 157.5 A x 1.25 = 197 A (200 A)

WARNING: POWER SOURCE OUTPUT CONNECTION—
DO NOT RELOCATE THIS OVERCURRENT DEVICE.
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• (3) The sum of the ampere ratings
of all overcurrent devices on
panelboards, both load and supply
devices, excluding the rating of the
overcurrent device protecting the
busbar, shall not exceed the
ampacity of the busbar.
• The rating of the overcurrent
device protecting the busbar shall
not exceed the rating of the busbar.
26
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705.12(3)(3)
Sum of Breakers Option
200 A (bus) = 30A+30A+30A+40A+40A (either load or supply)

WARNING
THIS EQUIPMENT FED BY MULTIPLE SOURCES
TOTAL RATING OF ALL OVERCURRENT DEVICES,
EXCLUDING MAIN SUPPLY, SHALL NOT EXCEED
AMPACITY OF BUSBAR

Load
Load
Load
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• (4) A connection at either
end of a center‐fed
panelboard in dwellings shall
be permitted where the sum
of 125 percent of the power
source(s) output circuit
current and the rating of the
overcurrent device protecting
the busbar does not exceed
120 percent of the current
rating of the busbar.
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• (5) Connections shall be
permitted on switchgear,
switchboards, and
panelboards in
configurations other than
those permitted in
705.12(B)(3)(1) through
(B)(3)(4) where designed
under engineering
supervision that includes
available fault current and
busbar load calculations.
30
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• (6) Connections shall be
permitted on busbars of
panelboards that combine lugs
connected to feed‐through
conductors. The feed‐through
conductors shall be sized in
accordance with 705.12(B)(1).
• Where an overcurrent device is
installed at the supply end of the
feed‐through conductors, the
busbar in the supplying
panelboard shall be permitted to
be sized in accordance with
705.12(B)(3).
31

• (C) Marking. Equipment containing overcurrent
devices in circuits supplying power to a busbar
or conductor supplied from multiple sources
shall be marked to indicate the presence of all
sources.
• (D) Suitable for Backfeed. Fused disconnects,
unless otherwise marked, shall be considered
suitable for backfeed. Circuit breakers not
marked “line” and “load” shall be considered
suitable for backfeed. Circuit breakers marked
“line” and “load” shall be considered suitable for
backfeed or reverse current if specifically rated.
32
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(E) Fastening. Listed plug‐in‐type
circuit breakers backfed from
electric power sources that are
listed and identified as interactive
shall be permitted to omit the
additional fastener normally
required by 408.36(D) for such
applications.
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SECTION BREAK
705.13 POWER CONTROL
SYSTEMS
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A power control system (PCS) shall be listed and evaluated to
control the output of one or more power production sources,
energy storage systems (ESS), and other equipment. The PCS
shall limit current and loading on the busbars and conductors
supplied by the PCS.
For the circuits connected to a PCS, the PCS shall limit the
current to the ampacity of the conductors or the ratings of the
busbars to which it is connected in accordance with 705.13(A)
through (E).
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shall monitor all currents within the
PCS. Any busbar or conductor on
the load side of the service
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(A) Monitoring. …Where the PCS is
connected in accordance with
705.11, the PCS shall monitor the
service conductors and prevent
overload of these conductors.

37

(C) Overcurrent Protection. The PCS shall
provide overcurrent protection either by
overcurrent devices or by the PCS including the
functionality as an overcurrent device in the
product listing.
Informational Note: Some PCS are listed to provide overcurrent
protection.

(D) Single Power Source Rating. The rating of
the overcurrent device for any single power
source controlled by the PCS shall not exceed
the rating of the busbar or the ampacity of the
conductors to which it is connected.
(E) Access to Settings. The access to settings of
the PCS shall be restricted to qualified personnel
in accordance with the requirements of
240.6(C).
38
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SECTION BREAK
KEY SECTIONS OF ARTICLE 705
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Means shall be provided to disconnect power source output circuit conductors of
electric power production equipment from conductors of other systems. The
disconnecting means shall comply with the following:
(1) Be one of the following types:
(a) A manually operable switch or circuit breaker
(b) A load‐break‐rated pull‐out switch
(c) A power‐operated or remote‐controlled switch or circuit breaker that is manually
operable locally and opens automatically when control power is interrupted
(d) A device listed or approved for the intended application
Essentially the same as 690.13, PV System Disconnecting Means
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(A) Calculation of Maximum
Circuit Current. Where not
elsewhere required or permitted
in this Code, the maximum
current for the circuit shall be the
continuous output current rating
of the power production
equipment.
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(2) Neutral Conductor for
Instrumentation, Voltage, Detection
or Phase Detection. A power
production equipment neutral
conductor used solely for
instrumentation, voltage detection, or
phase detection shall be permitted to
be sized in accordance with 250.102.
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(C) Power Transformers. Transformers
with sources on each side shall be
provided with overcurrent protection
in accordance with 450.3. The primary
shall be the side connected to the
largest source of available fault
current. Secondary protection shall
not be required for a transformer
secondary that has a current rating not
less than the sum of the rated
continuous output currents of the
power sources connected to that
secondary.
43

• Stand-Alone Inverters: Operate from batteries,
independent of the electric utility. Can provide
control/protection functions for hybrids.
• Interactive or Grid-Connected Inverters: Operate only in
conjunction with the electric utility or other primary source,
synchronizing the output phase, frequency and voltage with
the utility. Directly connected to the PV array.
• Interactive with Backup Power Mode: Can operate in
conjunction with utility but provide backup power if utility or
other primary source fails.
• Microgrid: Interactive inverters working inside a microgrid
segmented by a Microgrid Interconnect Device (MID)
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Missing Image
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• Review of characteristics of some grid‐tied inverters
with backup/energy storage system (ESS) capabilities

—Outback Power SkyBox
—Schneider Conext
—Tesla
—Many new products being introduced
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•
•
•
•
•
•

5 kVA40‐66 Vdc ESS input
Up to 600Vdc PV array input
94% weighted efficiency
120/240 Vac split‐phase
Forced air cooling
Outdoor enclosure
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• 6 kVA ac rating, 12 kVA surge capability
• 92.5% weighted eff.
• 240 Vac split‐phase
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• 5.8 kVA ac rating, 7.2 kVA surge capability
• 92.5% weighted eff.
• 240 Vac split‐phase
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• New section 705.13, Power Control
Systems can allow far more than 120% rule
allows for load‐side connections—
necessary for ac coupled ESS.
• Article 705 completely reorganized and
half deleted for clarity and to remove
redundancy.
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•
•
•
•

Weather‐related power outages
Terrorist attacks on power system
Unfriendly utility rate structures for PV and ESS
Growth of the EV market and “All Electric
Lifestyle” powered by PV
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