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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.	  

• http://www.nrel.gov/docs/fy15osti/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	  



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	  





690.12	  Rapid	  Shutdown	  of	  PV	  
Systems	  on	  Buildings	  

• 2	  main	  proposals	  considered	  by	  CMP4	  
(SEIA	  and	  IAFF)	  

• CMP4	  merged	  these	  proposals	  for	  the	  
1st	  Draft	  of	  2017	  NEC	  690.12.	  
• 	  NFPA	  Fire	  Fighter	  Safety	  and	  PV	  
Systems	  Task	  Group	  has	  met	  
consistently	  for	  over	  6	  months	  to	  
refine	  1st	  language.	  



Current	  Version	  of	  690.12	  for	  2nd	  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	  (1	  ft)	  
from	  the	  array	  in	  all	  directions.	  



10	  

ARRAY	  BOUNDARY	  



(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	  
field	  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	  of	  the	  building	  or	  structure	  shall	  
be	  limited	  to	  not	  more	  than	  80	  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	  it	  is	  in	  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:	  



For	  PV	  systems	  that	  only	  shutdown	  
conductors	  leaving	  the	  array:	  



INITIATION	  DEVICE	  MARKING	  


