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Purpose of the Field Guide

* Provide practical guidance to field technicians on how best
to perform testing on PV systems with known and

unknown ground faults.

* Discuss need for residual current monitors on grounded PV
systems to improve ground fault detection to a safe level.

* Discuss equipment and methods of installation for residual
current monitors that can be retrofitted to any grounded
PV system.

* Discuss need for arc fault detection equipment to complete
the safety hardware necessary to cover remaining known

fire hazards.




Key Points

* Existing PV system owners need to consider
retrofits to reduce fire risk.

* Many current designs still have the ability to start
fires.

* Properly applying the NEC will lead to selecting
products that will dramatically reduce the likelihood
of ground fault and arc faults fires.

e http://www.nrel.gov/docs/fyicosti/61018.pdf




Other Equipment to Mitigate Fires

* Arc fault detectors are available in most string inverters.

* Arc fault products that are independent of inverters are
slow in coming. Products must be evaluated with each

inverter.

* The combination of high resolution ground fault detection
and arc fault detection will help reduce the probability of a
PV system fire to nearly zero.




PHASE 2:
Establish PV Grounding
Related NEC Proposed
Revisions
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Proposed changes to the 2017 NEC related
to PV System Grounding and Ground Fault
Protection

* 1. Remove separate section in Article 690.35 for Ungrounded
PV Systems.

* 2. Make all PV systems (with very limited exception of small
solidly grounded PV systems) installed exactly the same way.

* A) One fuse per circuit
B) Disconnecting means in both positive and negative conductors
C) Exposed cables PV Wire only
D) Ground Fault protection required for all systems
E) Arc Fault protection required for all systems
F) Warning labels about ground fault voltages removed (no longer necessary)

G) PV Systems do not need dc grounding electrode conductors
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9.4 Safety in the

2014 National

7 by Bill Brocks and Jim Rogers

s PV systems become increasingly safer,
ANFPA has targgted firefighter safcty in
the 2014 NEC for PV systems, In addi-
thon to several raquirements inchaded in the 2011
NEC for firefighter safety — [690.4(F), which
peovided speatic IV conductor installation
requrremants; 690,11, which provides a require-
mant for d: arc-fault peotecticn; and 66031 (E),
which peovides further installation and marking

requrremants for PV conductors in a balding| —

NFPA established a tagk group n Code-Making
Panxl 4 (CMP4) to adcress patential proposals
fioe the 2014 NEC, The pimary outccens of the
firefighter safiey task group wis the devdopenant
of  new cocke section 66012, entitled “Rapid

Shutderwen of PV Systems on Buildings.” The focus

of this new ectica is to alkow fiest responders to
quickly and easily coatrel the PV systern cirours
leaving an amay na PV system. Akhough the
most peedomninant issue of concem was ‘rooftop
systems,” the rRquirement would also extend to
ground-meanted systems if the conductors enter
aballding for mees than 5 feet. Multiple math.
ods to achwve rpid shutdown were dsassed &

lerygthrrduring the propeeal ind comment perk

ods, resulting in the linguage that v currently
nthe 2004 NEC,

Aswith any new code linguags, it isbalpful
to understand what the commnittes was at-
tempting to accomplish with the laoguage so
that those iewalved in ither the installation of
TV systerns or the electrical codk enforcenant
fee the installaticn can appropeiataly under-
stand and apply the electrical code requrre
mants to the unigoe system installatica. This
artide is ntendad to explain the kinguage of
the new sectica 690,12 and provide cootert
and examphs ofhow to understand and
enforce the reqarrenants, These cxamgles that
are peetrayed inthis artide are net intended to
bs an exhacstive treatmant of how'ta comply
with 630,12, bat rather are intended to show
that there are umerous ways, wih exiting PV
peoducts, to mest the regqurrements of 630,12
and enprove safety foe emeegency responders.

Background

Emargency respondirs are becoming meee
aware of the prasence of PV systems as wdl

s somie of their inherent safety hazards, This
awareness bs pacticalarly true in areas of the
country whare PV syetems are common such
o California, New Jersey, Hawall, Massa.
chusatty, kst o name 4 fow, One of the first
questions a Erefghter or cther emeegency
responder aks 15, “Hone do 1shut the system
down so [ wea't get shocked?” This amgle
question may hawe a complicated answer foe
many PV systems, Thinking that a PV system
s sinilar to utiley eketrizal servizes, many fire
departmants have requrred i rocitop discon.
mRcting means so that refghters can burn off
a PV systern swrch during rooftop operations
believing that onze they cpen the disconnaect
thar concems are allewated.

o am
JERTT 7
B ) 1M




690.12 Rapid Shutdown of PV
Systems on Buildings

*2 main proposals considered by CMP4
(SEIA and |IAFF)

*CMP4 merged these proposals for the

15t Draft of 2027 NEC 690.12.

* NFPA Fire Fighter Safety and PV
Systems Task Group has met
consistently for over 6 months to
refine 1t [anguage.




Current Version of 690.12 for 2"4 Draft
submittal

*(A) Controlled Conductors.
Requirements for controlled
conductors shall apply only to PV

circuits supplied by the PV system.

*The use of the term, array boundary, in
this section is defined as 30 cm (a ft)
from the array in all directions.




ARRAY BOUNDARY
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(1) Outside the array boundary

*Controlled conductors located outside
the boundary or more than 1 m (3 ft)
from the point of entry inside a
building shall be limited to not more
than 30 volts within 10 seconds of
rapid shutdown initiation.




(2) Inside the array boundary

*2 OPTIONS

*(a) The PV array is listed and labeled or
eld labeled as a rapid shutdown PV

array

*(b) Controlled conductors located inside
the boundary or not more than 1 m (3 ft)
from the ]point of penetration of the
surface ot the building or structure shall
be limited to not more than 8o volts
within 10 seconds of rapid shutdown
Initiation.

*The requirement of 690.12(B)(2) shall
become effective January 1, 2018.




(C) Initiation Device

*The rapid shutdown initiation device(s)
shall consist of at least one of the
following.

*(1) Service disconnecting means.
*(2) PV system disconnecting means.

*(3) Readily-accessible switch that
plainly indicates whether itisin the
“off” or “on” position.




(D) Equipment

*Equipment that performs the rapid
shutdown functions, other than
initiation devices such as listed
disconnect switches, circuit breakers,
or control switches, shall be listed and
labeled for providing rapid shutdown
protection.




MARKINGS
690.56(c) (C) Buildings with
Rapid Shutdown.

*(1) Rapid Shutdown Type. The type of
PV system rapid shutdown shall be
labeled as described in a) or b):

*(a) For PV systems that shutdown the
array and conductors leaving the
array:

*(b) For PV systems that only shutdown
conductors leaving the array:




For PV systems that shutdown the array
and conductors leaving the array:

EMERGENCY RESPONDER
THIS SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

TURN RAPID
SHUTDOWN SWITCH
TO THE "OFF"
POSITION TO
SHUTDOWN ENTIRE
PV SYSTEM




For PV systems that only shutdown
conductors leaving the array:

EMERGENCY RESPONDER
THIS SOLAR PV SYSTEM EQUIPPED
WITH RAPID SHUTDOWN

TURN RAPID SHUTDOWN
SWITCH TO THE "OFF"
POSITION.

ONLY CONDUCTORS
INSIDE BUILDING
OR OFF THE ROOF
WILL SHUT DOWN




INITIATION DEVICE MARKING

RAPID SHUTDOWN SWITCH
FOR SOLARPV SYSTEM



