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Codes	
  for	
  Photovoltaic	
  	
  
Arc-­‐Fault	
  Protec5on	
  

	
  



PV	
  Arc-­‐Fault	
  Types	
  

Single failure in intended conduction path. 
Covered in NEC 690.11 

Series Arc-Fault 

Two failures create new conduction path.  
Not Covered in NEC 

Parallel Arc-Fault 

Single failure to equipment ground.  
(Fault current passes through GFPD) 
Covered in NEC 690.5 

Arcing Ground-Fault 

Two failures create new conduction path.  
(Fault current passes through equipment ground but not GFPD) 
Not Covered in NEC 

Parallel Arc-Fault 

GFPD = Ground-Fault Protection Device. 



Arc-­‐Fault	
  Detec5on	
  and	
  Mi5ga5on	
  
Mi#ga#on	
  (De-­‐energiza#on)	
  Measures	
  

•  Series:	
  Open	
  the	
  faulted	
  conduc#on	
  
path	
  

•  Parallel:	
  No	
  consensus	
  

–  Op#on	
  A:	
  Short	
  the	
  system	
  

–  Op#on	
  B:	
  Open	
  connec#ons	
  between	
  
all	
  modules	
  

Arc-­‐fault	
  noise	
  	
  
propaga#on	
  (movie)	
  

Series arc-
fault noise.  
Parallel noise 
is similar. 



Summary	
  of	
  2011	
  NEC	
  and	
  2014	
  Proposals	
  

2011	
  NEC	
  

2014	
  NEC	
  
Report	
  of	
  
Proposals	
  

2014	
  NEC	
  690.11	
  
Task	
  Force	
  
Sugges5on	
  

Ideal	
  Protec5on	
  (with	
  
Appropriate	
  Mi5ga5on	
  

Technology)	
  

Series	
  arc-­‐faults	
   ü ü	
   ü	
   ü	
  
Parallel	
  arc-­‐faults	
   ü ü	
  
RooOop	
  systems	
   ü	
   ü	
   ü	
   ü	
  
Ground	
  mount	
  
systems	
   ü	
   ü	
   ü	
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Parallel	
  Arc-­‐Fault	
  Challenges	
  
•  Parallel	
  arc-­‐fault	
  protec5on	
  is	
  needed	
  for	
  100%	
  safe,	
  fire-­‐free	
  PV	
  systems	
  so	
  why	
  

didn’t	
  the	
  NEC	
  690.11	
  task	
  subcommiSee	
  recommend	
  it	
  for	
  this	
  code	
  cycle?	
  
•  Detec#on	
  and	
  differen#a#on	
  of	
  series	
  and	
  parallel	
  arc-­‐faults	
  is	
  technically	
  feasible	
  

and	
  not	
  the	
  issue.	
  
•  The	
  subcommiPee	
  hesita#on	
  is	
  because	
  the	
  current	
  mi#ga#on	
  op#ons	
  have	
  

limita5ons!	
  
–  Shor5ng	
  the	
  array	
  has	
  caused	
  at	
  least	
  one	
  fire	
  on	
  a	
  rooRop	
  system.	
  	
  	
  
–  A	
  shorted	
  system	
  is	
  also	
  difficult	
  to	
  repair:	
  either	
  covering	
  the	
  modules	
  or	
  wai#ng	
  for	
  night	
  

is	
  necessary	
  to	
  de-­‐energize	
  the	
  array	
  to	
  begin	
  work.	
  
–  Opening	
  connec5ons	
  between	
  each	
  module	
  does	
  not	
  eliminate	
  parallel	
  arc-­‐faults	
  in	
  the	
  

modules,	
  junc#on	
  boxes,	
  or	
  module	
  leads.	
  
–  Opening	
  between	
  each	
  module	
  adds	
  communica5on	
  and	
  control	
  complexity.	
  

•  Mi5ga5on	
  methodologies	
  need	
  addi5onal	
  tes5ng	
  and	
  parallel	
  arc-­‐faults	
  are	
  rare*,	
  
so	
  it	
  will	
  likely	
  be	
  2017	
  before	
  there	
  are	
  requirements	
  for	
  parallel	
  arc-­‐fault	
  protec#on	
  
in	
  PV	
  systems.	
  

•  Stay	
  tuned	
  for	
  the	
  NEC	
  Code	
  Making	
  Panel’s	
  decision!	
  

*Based on http://www.pv-brandsicherheit.de/ results and SEIA data. 


