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ABOUT H2ELECTRO
H2Electro was founded in 2021 and is a deep-tech start-
up company that is developing and producing core
technology for high-temperature electrolysers (HTEs),
enabling the replacement of fossil fuels with renewable
energy.

On 01.09.2021, H2Electro initiated a collaboration with the
University of Tartu to develop an electrolyser demo
stack and to test the proof-of-concept of all-ceramic
fuel electrodes.
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COMPARISON OF SOLID OXIDE 
ELECTROLYSERS WITH OTHER TECHNOLOGIES
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I d e a l  E n e r g y  D e m a n d  i n  W a t e r  E l e c t r o l y s i s  a s  a  F u n c t i o n  o f  T e m p e r a t u r e

* A d a p t e d  f r o m :  G .  F l i s e  G .  

W a k i m ,  « S o l i d  O x i d e  

E l e c t r o l y s i s :  A  T e c h n o l o g y  

S t a t u s  A s s e s s m e n t » .
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Asko Ant Silver Sepp

NH3: 1…2%

Producing 1 kg of H2 using SMR emits on average 11.43 kg CO2
eq in contrast to on average 1.16 kg CO2 eq. emitted from the
electrolysis of water using wind energy.
Antonio Valente, et al Comparative life cycle sustainability assessment of renewable and conventional

hydrogen, Science of The Total Environment, Volume 756, 2021,
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AMMONIA PRODUCTION and CO-ELECTROLYSIS  

Hauch, A., et al., Recent advances in solid oxide cell technology for electrolysis, Science 09 Oct 2020: Vol. 370, Issue 6513

• Efficiency
• High-Purity
• Medium-Pressure

Hydrogen
• Waste Heat Utilization
• Durability
• Impurity Tolerance
• Modularity
• Sustainability

N2

e.g. NH3
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⚬3 0 %  I N C R E A S E D  E F F I C I E N C Y

⚬N O  R E L I A N C E  O N  P R E C I O U S  M E T A L S

⚬U T I L I Z E  I N D U S T R I A L  W A S T E  H E A T  

⚬M O D U L A R  D E S I G N  

⚬A D V A N C E D  C E R A M I C  E L E C T R O D E  M A T E R I A L S

⚬P R O D U C E  S Y N G A S  ( H  +  C O )  F R O M  H  O  A N D  C O

⚬ I M P R O V E D  R E D O X  S T A B I L I T Y

⚬A  L A R G E R  A C T I V E  S U R F A C E  A R E A

⚬H I G H E R  R E S I S T A N C E  T O  C O N T A M I N A N T S

2 22

SCHEME OF SOEC
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⚬N i - C e r m e t s e x h i b i t :
⚬N i  c o a r s e n i n g

⚬N i  a g g l o m e r a t i o n

⚬N i  d e p l e t i o n

⚬L o w  r e d o x  s t a b i l i t y

⚬M i x e d  I o n i c - E l e c t r o n i c  C o n d u c t o r s  
( M I E C s )  e x h i b i t :

⚬R E S I L I E N C E  T O  S U L F U R  A N D  C A R B O N

⚬L A R G E R  A C T I V E  S U R F A C E  A R E A

⚬H I G H E R  R E D O X  S T A B I L I T Y

Fuel electrode: Ni-Cermet vs MIEC

(a) Yang Wang et al, “Ni migration of Ni-YSZ electrode in solid oxide electrolysis cell: An integrated model study”, J. Power Sources, 516 (2021), 230660. 
https://doi.org/10.1016/j.jpowsour.2021.230660.
(b ) M. Trini et al, “Comparison of microstructural evolution of fuel electrodes in solid oxide fuel cells and electrolysis cells”, J. Power Sources, 450 (2020), 227599. 
https://doi.org/10.1016/j.jpowsour.2019.227599.
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Id ea l  r out es  f or  pr odu ci n g sy ng a s in  S O EC s

Hou et al, Chemical Reviews  2024, 124, 8, 5119-5166 DOI: (10.1021/acs.chemrev.3c00760) 

Sabatier reaction:

CO2 + 4H2 →CH4 + 2H2O 

Reverse methane steam reforming 

CO + 3H2 CH4 + H2O 

Reverse dry reforming 

2CO + 2H2 CH4 + CO2

Boudouard reaction on Ni catalyst:

2CO CO2 + C

CO + H2 C + H2O
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H2ELECTRO’S SOLID OXIDE 
ELECTROLYSIS CELLS 

*Presuming a specific energy consumption of 39 kWh/kg of H 2
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SEM images of the cell

Air electrode

Electrolyte

Electrolyte

Fuel electrode

Barrier layer

Barrier layer

11



Commercial barrier layer

Commercial barriers, being porous, thicker, 
and with higher resistance, result in lower 

SOEC efficiency.

H2Electro's barrier layer

H2E's barrier layer is dense, thinner, and has 
lower resistance, achieving higher SOEC 

efficiency.

COMPARISON OF H2ELECTRO’S CELL 
LAYER WITH COMMERCIAL CELL LAYER
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I - V  c u r v e s  i n  d i f f e r e n t  h u m i d i t y  ( H 2 O / H 2 = 2 5 / 7 5 ,  5 0 / 5 0 ,  7 5 / 2 5 )  

a n d  a t  d i f f e r e n t  m e a s u r i n g  t e m p e r a t u r e s .
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S t a b i l i t y  r e s u l t  o f  S o l i d  O x i d e  e l e c t r o l y s i s  c e l l i n  5 0 %  H 2 +  5 0 %  H 2 O  

a t m o s p h e r e  a t  8 5 0  
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I - V  a n d  I - P  c u r v e s  a n d  s t a b i l i t y  r e s u l t s  o f  S o l i d  O x i d e  F u e l  C e l l  t e s t  

i n  9 8 . 3 %  H 2 +  1 . 7 %  H 2 O  a t m o s p h e r e  a t  8 5 0  
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S E M  r e s u l t  o f  c r o s s - s e c t i o n s  f r o m  s e l e c t e d  s y m m e t r i c a l  c e l l s  b e f o r e  a n d  

a f t e r  1 0 0  h  s t a b i l i z a t i o n  a t  8 0 0 ℃ i n  9 8 . 3 %  H 2 +  1 . 7 %  H 2 O  a t m o s p h e r e

B e f o r e  t h e  

t e s t

A f t e r  t h e  t e s t
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TO F -S IM S  re s ult s  

E l e c t r o d e  s i n t e r e d  a t  1 2 5 0 ° C E l e c t r o d e  s i n t e r e d  a t  1 2 0 0 ° C

Total+ Total+Sr+ Sr+
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PROJECT WITH ENEFIT SOLUTIONS
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Concl u s i o n

• S O E C s  c a n  b e  u s e d  i n  d i f f e r e n t  a p p l i c a t i o n s

• M I E C s  h a v e  f u n d a m e n t a l  a d v a n t a g e s  o v e r  t h e  t r a d i t i o n a l  N i - C e r m e t  

f u e l  e l e c t r o d e s

• P r o d u c t i o n  i s  a f f o r d a b l e  a n d  f l e x i b l e

• S O E C  M a r k e t  s i z e  a n d  i t s  g r o w t h  p a c e  f a v o u r s  H 2 E l e c t r o

• E x c e l l e n t  t e a m  w i t h  t e c h n i c a l  c a p a c i t y
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