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Motivation 

Source: NRC-CNRC Canada 

A	
  smarter	
  grid	
  	
  
using	
  hydrogen	
  	
  
as	
  a	
  storage	
  	
  
increases	
  	
  

the	
  u2liza2on	
  	
  
of	
  renewables	
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Motivation 

µCHP	
  in	
  households	
  
Sources: ABGnova, Firma Valliant GmbH 

Example	
  System	
  with	
  Fuel	
  Cell	
  from	
  Valliant,	
  
running	
  on	
  natural	
  gas	
  or	
  hydrogen.	
  	
  

Power 
Heat 

CHP 
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Virtual Power Plant 
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Virtual Power Plant 
Structure	
  of	
  a	
  Virtual	
  Power	
  Plant 

Main	
  system 

Central/	
   
power	
  plant	
  control 

Database 

Heat	
  /	
  electricity 
prognosis 

Op2miza2on 

Communica2on 

• Monitoring 
• Control 
• Trouble-­‐	
  

shoo2ng 

Human 

• Opera2ng	
  plan 
• Power	
  output/ 

energy	
  demand 
• Opera2ng	
  status 

Decentralized 
fuel	
  cell	
  system 

• Renewable	
  energy	
  
prognosis 

• Consump2on	
  data 
• Billing 

Grid	
  operator/	
   
provider 

• Temperature 
• Wind	
  strength 
… 

Weather	
  forecast 

• Exchange	
  price 
• Offers 
• Demand 

Marke2ng 
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Why Fuel Cell? 

• Direct	
  chemical	
  to	
  electrical/thermal	
  energy	
  
conversion	
  

•  Electr.	
  efficiency	
  between	
  50-­‐68%	
  !	
  System	
  30-­‐45%	
  
• Dynamical	
  load	
  
•  Thermal	
  energy	
  supply	
  (sta2onary	
  &	
  automo2ve)	
  
• High	
  energy	
  density	
  of	
  hydrogen	
  
	
  

PEM	
  Fuel	
  cell	
  stack	
  Anode:	
  
H2→2H++2e-­‐	
  

Cathode:	
  
2H++½	
  O2+2e-­‐→H2O	
  

Total	
  reac2on:	
  
H2	
  +	
  ½	
  O2	
  →H2O	
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PEMFC Function Principle 

Hydrogen      

Load 
 

Oxygen 
or air 

H+: protons 
e- : electrons 

Electrolyte 

Electrodes and 
catalyst 

Bipolar plate 

Water vapour 
(unconsumed air) 

Cathode Anode 

•  Anode:	
  	
  	
  H2→2H++2e-­‐	
  

•  Cathode:	
  2H++½	
  O2+2e-­‐→H2O	
  
•  Total	
  reac2on:	
  H2	
  +	
  ½	
  O2	
  →H2O	
  

•  Advantage	
  over	
  other	
  FCs:	
  
-­‐	
  Dynamic	
  loads	
  
-­‐	
  Quick	
  start	
  

•  Disadvantage:	
  
-­‐	
  Low	
  Temperature	
  (50-­‐85°C)	
  
-­‐	
  Water	
  management	
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Degradation of PEMFCs 

opera2onal	
  management	
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Current Distribution 

 

(right	
  channel)	
  (lef	
  channel)	
  

Self-­‐developed	
  Current	
  distribu2on	
  
board	
  with	
  anode	
  channels	
  marked	
  

Front	
  -­‐	
  view	
  FC-­‐System	
   CDM	
  inside	
  stack	
  

3D	
  -­‐	
  view	
   Channel	
  lenght	
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Current Distribution 
	
  	
  	
  	
   	
  	
  	
  	
  good	
  condi2on	
   	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  bad	
  condi2on	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Reasons:	
  
-  Problem	
  with	
  the	
  water	
  distribu2on	
  /	
  management	
  
-  Condensa2on	
  drops	
  at	
  the	
  output	
  hinder	
  the	
  gas	
  transport	
  
-  Current	
  density	
  drops	
  due	
  to	
  undersupply	
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Results 
§  Comparison	
  of	
  two	
  systems	
  to	
  analyze	
  
impact	
  on	
  life2me	
  by	
  different	
  opera2on	
  
strategies	
  

§  Water	
  Management	
  is	
  Key	
  for	
  PEM-­‐FCs	
  

Component System 1 System 2 
Stack 1. Same initial test procedure; 

2. Identical components and date of production 
Oxygen 1. Ambient air 

2. Passive humidification 
1. Conditioned room air 
2. Active humidification 

Hydrogen 1. No preconditioning 
2. Recirculation 
3. Dynamic purging 

1. Nitrogen purging befo-
 re and after operation 
2.  Recirculation 
3. Fixed interval purging 

Operation 1. Dynamic (0-100%) 
2. Discontinuous 
3. 100 hours per annum 

1.  Stationary (40-100%) 
2.  Discontinuous 
3.  400 hours (per annum) 
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Results 
§  system	
  1	
  was	
  aging	
  faster	
  than	
  system	
  2	
  
§  System	
  1	
  is	
  not	
  working	
  at	
  nominal	
  power	
  anymore	
  
§  Both	
  systems	
  need	
  2me	
  to	
  recover	
  afer	
  long	
  offline	
  periods	
  

	
  	
  
	
  

Power	
  output	
  afer	
  long	
  offline	
  period	
  
(new	
  condi2on	
  and	
  now)	
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Conclusion 

§  Fuel	
  Cells	
  can	
  contribute	
  to	
  the	
  u2liza2on	
  of	
  renewable	
  energies	
  
Ø  controllable	
  genera2on,	
  load	
  and	
  energy	
  storage	
  

	
  
§  Virtual	
  Power	
  Plants	
  allow	
  to	
  combine	
  	
  

FC-­‐CHPs	
  to	
  generate	
  system	
  services	
  	
  
of	
  no2ceable	
  total	
  power	
  output	
  

§  Op2mized	
  Opera2onal	
  Management	
  	
  
is	
  the	
  key	
  to	
  life2me,	
  	
  
maximum	
  power	
  output	
  	
  
and	
  efficiency	
  

Power 

Lifetime 

Operation 

Efficiency 
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5kW	
  System	
  

Autonomous	
  System	
  Student	
  Test	
  System	
  

300	
  W	
  Sta2onary	
  	
  Systems	
  

4kW	
  natural	
  gas	
  
System	
  

Thank	
  you	
  for	
  your	
  ajen2on	
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