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High Temperature Electrolysis Plant
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Porous Anode, Strontium-doped Lanthanum Manganite

Gastight Electrolyte, Yttria-Stabilized Zirconia

Porous Cathode, Nickel-Zirconia cermet

2 H20 + 4 e- → 2 H2 + 2 O=

2 O= → O2 + 4 e-

2 O=

↓

H2O
↓

↑
H2

O2
↓

4 e-→

0.10 mm                  0.01 mm

0.05 mm                    1.500 mm

0.05 mm                    0.05 mm

90 v/o H2O + 10 v/o H2  25 v/o H2O + 75 v/o H2

Typical thicknesses
Electrolyte- Cathode-
supported      supported

Interconnection
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High Temperature Electrolysis:  from Button Cells 
to the Integrated Laboratory Scale Experiment

Button cell (2003) 3.2 cm2 10-cell stack (2004)  640 cm2

Integrated Laboratory Scale (operational 8-22-07)
720 cells, 3 modules (2008) 46,080 cm2

120-cell half-module (2006) 7,680 cm2

CFD and Flowsheet Analyses

Temperature profile of cell

Research Goals:
• Develop efficient solid-oxide electrolysis cells, building on solid-oxide 

fuel cell research
• Decrease cost, increase durability
• Determine reasons for long-term cell degradation
• Optimize plant designs  
• Co-electrolyze CO2 and steam to CO and H2
• Develop designs to apply nuclear heat and H2 to heavy petroleum and oil 

sand upgrading 
• Integrate nuclear energy sources and fossil/biomass carbon sources for 

hydrocarbon synthesis  

Process Flowsheet for 
Reactor-driven commercial plantl
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25-cell stack used in 
1000-hour test

Jan. 4 – Feb. 16, 2006

2 x 60-cell stacks 
tested at

Ceramatec, SLC

Initial rate: 1.2 Nm3 H2/hr
final: 0.65 Nm3 H2/hr

2040 hours, ended 9-22-06
>800 hrs in co-electrolysis



Herring 4-01-08  7

Assembled ILS Components
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High-Temperature Electrolysis
Integrated Laboratory Scale Experiment July 16, 2007
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ILS Module Installation
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ILS Module Installation
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ILS Module Installation
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ILS Module Sweep Data
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Overall ILS Data
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One additional experimental 
problem:

Bias voltages arising from intra-stack 
instrumentation

Not a problem for short stacks

Next iteration – separate DAC for 
intra-stack instrumentation
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Inevitable Comparison:
Liquid hydrocarbons are very good fuels for transportation

• Liquid over range of ambient temperatures
• Pumpable: gas pump: 20 liters/min = 11 MWth

• Energy dense:  34 MJth/liter at 0.1 MPa
– H2  gas: 9.9 MJth/liter at 80 MPa,
– H2 120 MJth/kg, gasoline: 40 MJth/kg

• Storable: little loss, explosion hazards understood
• Transportable by pipeline: 0.91 m oil pipeline: 70 GWth

Hydrogen will be used primarily to enhance gasoline, 
diesel and jet fuel production until the on-board storage
problem can be solved. 
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500 scf H2 = 1.2 kg H2
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Co-Electrolysis

• Primarily a “proof-of-principle” research project
• Investigate the feasibility of producing syngas

2H2 and CO

• using high-temperature co-electrolysis of H2O and CO2

2 H2O + CO2 → 2 H2 + CO + 1.5 O2

• while taking advantage of solid oxide fuel cell technology.
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SYNTHETIC FUELS
• Nothing New About Synfuels

– Produced via the Fischer-Tropsch process

• nCO + (2n+1)H2 → CnH2n+2 + nH2O

• Discovered before WWII
• Pressure primarily determines n

• Production of Synfuels requires Syngas
– Previous H2 production releases large amounts of CO2
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Co-electrolysis in an solid oxide cell
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INL Coelectrolysis Experiment
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Progressive steps in the use of hydrogen 
produced through nuclear energy

• Upgrading of current heavy crude oils for the production of gasoline

• Upgrading of the Athabasca Oilsands for the production of diesel 
and gasoline

• Catalytic addition of H2 to coal (hydrogenation) to produce gasoline

• Fischer-Tropsch synthesis of diesel and jet fuel using CO from coal 
gasification  and H2 from nuclear energy 

• Co-electrolysis of CO2 from biomass and steam to produce CO and 
H2 for synthetic, GHG-neutral, gasoline, diesel and jet fuels

• Nuclear production of H2 for use in fuel-cell-powered vehicles.
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Conclusions
• Conventional electrolysis is available today
• High temperature electrolysis is under development and will be more efficient 
• HTE Experimental results from 25-cell stack and 2x60-cell half-module, 

fabricated by Ceramatec, 
– Hydrogen production rates in excess of 160 normal liters/hour were 

maintained with a 25-cell solid-oxide electrolysis stack for 1000 hours
– Hydrogen production greater than 800 normal liters/hour was achieved in 

the half-module test for a 2040 hr test
– An Integrated Laboratory Scale experiment is now being build, has 

produced 1320 normal liters/hour and is designed for >5 normal m3/hour
• In the near-term hydrogen from nuclear energy will be used to upgrade crude 

and later to synthesize conventional gasoline and diesel fuel from renewable 
carbon sources

• In the long-term pure hydrogen from nuclear energy may power vehicles 
directly through fuel cells 


