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HQ

Leading Fuel Cell technology built on 
25 years of R&D & IP

Spin-out from the Volvo Group in 2009

Listed on NASDAQ since 2014 

HQ in Sweden with global presence
Planned establishments in UK & US

Strategic partners & customers
to drive business
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Fuel Cell Applications
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PowerCell Aviation Projects
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Industrialized Products

V-Stack
30 kW / 1kW/kg

H2 from Diesel reforming

P10-Stack
up to 130 kW / 3 kW/kg

Clean H2

25 years of experience with metal bi-polar plate stacks

MegaWatt
Up 300 kW / 5kW/kg

(Newborn)

Fuel Cell Stacks

RNNEWB LH2

Gra n t  Ag re e m e n t  No . 10 110 19 6 7 



Parallel  or serial  connection
up  to 1500V / ~1400 cells in series
Common media supply

Fuel Cell Stack Modules



Key  c o m p o n e n t s o f a  Fu e l C e ll S t a c k

An o d e  c a t a lys t  

C a t h o d e  C a t a lys t

Ga s  Diffu s io n  La ye r (GDL)

Me m b ra n e
Me m b ra n e  re in fo rc e m e n t

En d  Pla t e
In s u la t io n  Pla t e
C urre n t  C o lle c t o r Pla t e  (C C P)
Mo n o p o la r Pla t e  (MPP)

Bip o la r Pla t e  (BPP, liq u id  c o o lin g )

Me m b ra n e  Ele c t ro d e  As s e m b ly (MEA)

Po s it ive  
Po w e r 
Te rm in a l
(C a t h o d e )

N e g a t ive  
Po w e r 
Te rm in a l
(An o d e )

Ga s  Diffu s io n  La ye r (GDL)



Working principle of a Fuel Cell Stack
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FIRE
 Internal  short circuit , caused  by

- Insufficient fuel supply 
- Insufficient cooling
- Insufficient humidification
- Short circuit on the external electric 

circuit  high current through stack
- High voltages applied to stack

 External short circuit , caused by
- Mechanical deformation of BPP ¥s 
- Particles, dust, media ingress

 Leakage :
- External  H2 in ambient / enclosure
- Anode  to Cathode  H2 in exhaust
- Anode to Coolant  H2 in coolant

Safety risks of a fuel cell stack

Potential 
explosion!



Safety risks of a fuel cell stack
Electrical  hazard
 Isolation fault

- C le a ra n c e , c re e p a g e

- C o o la n t  le a ka g e
- C o o la n t  c o n t a m in a t io n
- Ma t e ria l d e g ra d a t io n

 Direct  contact
- d u rin g  s e rvic e / m a in t a in a n c e

- d u rin g  o p e ra t io n



Mitigation of hazardous risks
 Design acc . to existing  standards and guidelines

- IEC  6 228 2- 2- 10 0  a s  a  p rin c ip a l s t a n d a rd  o n  fu e l c e ll s t a c k d e s ig n  a n d  va lid a t io n
- AIR 6 4 6 4
- AS  6 8 58
- Is o la t io n  c o o rd in a t io n : IEC  6 0 6 6 4 - 1
- …

 Ventilation!
- En s u re  s u ffic ie n t  ve n t ila t io n  a ro u n d  t h e  s t a c k a n d  in s id e  e n c lo s u re
- En s u re  s a fe  re le a s e  o f c a t h o d e  e xh a u s t  g a s  in t o  o p e n  a t m o s p h e re
- N o  ig n it io n  s o u rc e s  o r h o t  s u rfa c e s

 Proper system design and control
- En s u re  o p e ra t io n  c o n d it io n s  w it h in  t h e  lim it s
- Pre ve n t io n  o f flo o d in g  a n d  d ryo u t
- C e ll Vo lt a g e  Monitoring as a supporting method to detect and mitigate hazardous 

operation conditions



Avoidance and Detection of hazardous situation
 Cell Voltage  Monitoring  (CVM)

The CVM acts prior to safety criticality to avoid hazardous situation before they occur
- C VM c a n  h e lp  t o  d e t e c t  c rit ic a l o p e ra t io n  a s  flo o d in g  o r d ryo u t a n d  c a n  b e  u s e d  t o  m it ig a t e  t h e  

p ro b le m  b y a d a p t in g  o p e ra t in g  c o n d it io n s , in it ia t e  c o rre c t ive  a c t io n s  o r re d u c in g  p o w e r o u t p u t . 
- Ve ry lo c a l e ffe c t s  le a d in g  t o  h o t s p o t s  c a n  b e  c rit ic a l t o  b e  d e t e c t e d  e a rly e n o u g h  t o  a vo id  

d a m a g e  o f t h e  s t a c k.
- Ext e rn a l s h o rt  c irc u it s  c a n n o t  b e  d e t e c t e d

 Critical sensors to detect hazardous situations 
- C o o la n t  o u t le t  t e m p e ra t u re  s e n s o r  o ve rh e a t in g , s h o rt  c irc u it  
- An o d e  / C a t h o d e  in le t  p re s s u re  s e n s o r  le a ka g e , u n d e rs u p p ly
- Po w e r O u t p u t  Mo n it o rin g  (c u rre n t  a n d  vo lt a g e )  u n d e rs u p p ly, o ve rh e a t in g
- Is o la t io n  m o n it o rin g   e le c t ric a l h a za rd
- H2- s e n s o rs  in  t h e  a m b ie n t   e xt e rn a l le a ka g e
- H2- s e n s o r in  c a t h o d e  e xh a u s t  a n d  c o o la n t  t a n k  in t e rn a l le a ka g e
- S m o ke  / Fire  d e t e c t o r  fire
- Am b ie n t  / En c lo s u re  t e m p e ra t u re  s e n s o r  fire



Key lessons from ~20 aviation projects

 Proper system development  is crucial  for both , safety , performance  and 
durability  of  the fuel  cell stack

 Close cooperation  between  system integrator  and stack supplier  is key

 Existing standard test procedures for validation of aviation equipment need 
adaptation to meet relevant fuel cell and fuel cell system safety aspects

 Further need: certification processes for 

• fuel cell stacks as single component 

• Fuel cell systems as part of an electric powertrain or as APU



Together  we  fly!
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