
High Temperature Steam Electrolysis: 
Demonstration of Improved Long-Term 
Performance

J. E. O’Brien 1, Xiaoyu Zhang 1, R. C. O’Brien 1, G. Tao2

1. Idaho National Laboratory

w
w

w
.in

l.g
ov

Fuel Cell Seminar and Exposition

Orlando, FL

Oct. 31 – Nov. 3, 2011

1. Idaho National Laboratory
2. Materials and Systems Research inc. (MSRI)



Introduction and Background

• Idaho National Laboratory is studying the use of high-
temperature steam electrolysis (HTSE) for large-scale 
hydrogen production using nuclear energy

• Initial feasibility studies were performed using electrolyte-
supported cells/stacks provided by Ceramatecsupported cells/stacks provided by Ceramatec

• electrode-supported cells represent the state of the art for 
planar SOFCs; these are now being evaluated for the SOEC 
application

• The advanced cells and stacks tested for this study were 
provided by Materials and Systems Research Inc. (MSRI) of 
Salt Lake City 



NGNP Concept for Large-Scale Centralized Nuclear Hyd rogen 
Production based on High-Temperature Steam Electrol ysis

• Directly coupled to high-temperature gas-cooled reactor for electrical power 
and process heat

• 600 MWth reactor could produce ~85 million SCFD hydrogen (similar to a large 
steam methane reforming plant) and 42 million SCFD oxygen

• Potential applications include petroleum upgrading/ refining, ammonia 
production, synthetic liquid fuels, hydrogen as a direct vehicle fuel 



Alternate (early) Deployment Strategies

Distributed biomass-to-liquids with 
supplemental nuclear hydrogen

Distributed H2 Production
• Energy storage
• Load leveling
• Off-peak electric rates  

Hybrid Energy Systems

supplemental nuclear hydrogen



INL HTSE Program Status

• From 2003 – 2009, INL served as the lead laboratory for High-
Temperature Electrolysis (HTE) research and development, under 
the DOE Nuclear Hydrogen Initiative (NHI)

• During FY09, HTE was selected by DOE as the primary nuclear 
hydrogen production technology for early deployment (based on hydrogen production technology for early deployment (based on 
the recommendation of an external independent review team)

• FY10 – FY12 HTE activities have been funded under NGNP



Electrolyte - supported cell 
with screen-printed electrodes

Anode (SOFC) -supported cell, 
with screen-printed cathode

Typical Layer 
thicknesses (µm)

Electrolyte-
Supported Cell 
(Ceramatec)

Electrode-
Supported Cell 
(Julich)

Electrode-
Supported Cell 
(MSRI)

Air/O2 electrode 40 90 70

electrolyte 160 10 10

H2O/H2 Electrode 30 1500 700



INL High Temperature Electrolysis Laboratory



Single-Cell Test Apparatus



Process flow diagram for single cell tests (stack schematic similar)



Hydrogen production/consumption rates are measured 
independently with humidity sensors



Single cell test results 

Initial Vi sweeps, Effect of furnace 
temperature and steam content Vi sweeps, before and after long-term test



long-term test, fuel cell and electrolysis modes 

Single cell test results

Cell was initially operated for 100 hours in the fuel cell mode with stable 
behavior; degradation rate in the electrolysis mode is ~4.3%/khr



Single cell test results 

Initial sweeps, effect of steam content Long-term testing, effect of current density

Notes:
• initial ASR < 0.25
• cell voltages well below Vtn



Stack tests, electrode-supported cells

Test Fixture, showing 
compression apparatusTest Stand



5-cell MSRI stack, internally 
manifolded with compliant seals

Stack compressed 
between inconel current-
collector plates

Cell details:
• 15.2 cm x 15.2 cm, cell active area of 100 cm2

• negative-electrode-supported multi-layer design
• nickel-zirconia cermet negative electrodes
• thin-film YSZ electrolytes, (8 – 10  µm) 
• multi-layer lanthanum ferrite-based positive 

electrodes



Initial sweeps, effect of of steam content 

Stack test results (INL)



Individual cell voltages – long-term testStack voltage and current – long-term test 

• Stack was operated in electrolysis mode at a constant current 
of 20 A (0.2 A/cm2) for > 1100 hrs.

• Ignoring the initial 70 hours of stack conditioning, the overall 
degradation rate for this stack was <3%/khr, based on voltage

• Initial stack apparent ASR value was < 0.6 � cm2

Stack test results (INL)



Stack test results (MSRI)

Comparison of final and initial sweeps, 
MSRI test, SOFC mode 

Results of long-term 1100-hr SOEC 
durability test performed at MSRI, 
<3%/khr degradation 



CFD Simulation Results - MSRI Stack 

Cell temperature profile Steam mole fraction

CFD results provide details of local heat and mass transfer, electric field, 
etc. that cannot be measured directly.  Validation is achieved by 
comparison with experimental results. 



Summary and Conclusions

• INL is investigating the performance of electrode-
supported solid-oxide cells operating in the steam 
electrolysis mode

• Initial performance is very good, but is sensitive to 
steam content and current densitysteam content and current density

• Long-term degradation observed during long-term 
SOEC operation was very low for these tests, compared 
to results obtained with cells developed for the SOFC 
mode

• Degradation mechanisms in SOEC mode need to be 
investigated further and mitigated



FY12 Program Objectives

1) Pressurized test (5 MPa)



FY12 Program Objectives

2) 4 kW test with Advanced 
Technology Stack


