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SHGR Project Began in 2004
(a.k.a. STCH project)

• Argonne National Laboratory

• General Atomics

• National Renewable Energy Laboratory

• Florida Solar Energy Center

• Sandia National Laboratories

• Savannah River National Laboratory

• University of Colorado, Boulder

• University of Nevada, Las Vegas



• The USA has screened more than 200 thermochemical cycles
• If solar-to-H2 η >18%, there is a chance of significantly beating solar electrolysis
• Sandia’s solar screening method is proposed for IEA Task 25 



More detailed screening performed with 
DOE’s H2A economic methodology

• Design commercial-scale plants that produce 
100,000 kg/day

• Perform case studies for year 2015 and 2025

• Assess ability to achieve ~$3/kg in 2025

• H2A analysis confirmed Sandia’s screening 
method
– Sandia screened out ZnO early in the project

– Subsequent H2A analysis of ZnO predicts 
$5.58/kg in 2015 and $4.14/kg in 2025

• H2A includes cost screening
– Sandia screen includes SI cycle

– H2A screen could exclude SI cycle
• HI decomposition step is very expensive

• Initial results show $4.46/kg in 2025 



Cycles that have survived H2A screening
(yr 2025 H2A cost)

• Hybrid sulfur ($3.2/kg) 

• Cadmium oxide ($3.5/kg)

• ALD-ferrites ($3 to $4/kg)

• Copper chloride ($3.5/kg)





PEM Electrolyzer



INERI Program concluded in April 2009









Solid Particle Receiver is Proposed Interface for 
S-Hy Cycle

• Sandia performed early R&D in mid 1980’s and 
initial on-sun test in 2008

• Falling curtain of “sand” within a windowless cavity
• Low-cost energy storage allows “around-the-clock” 

operation
• A requirement to interface solar with complex 

chemical plant
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Molten-Salt Tower, Electrolysis Particle Tower, Sulfur-Hybrid T/C

Heliostat Mirror Area 1.3 km2 1.3 km2

Receiver Peak Power 700 MWt 700 MWt
Receiver Temperature 550 oC 1000 oC
Process Plant Power 255 MWt 255 MWt
Solar Multiple 2.7 2.7
Storage Size 13 hrs 13 hrs
Annual capacity factor 76% 76%

Electrolyzer size 100 MWe 34 MWe 
Electrolyzer process-power fraction 100% 12%

Solar plant installed cost 380 $M 290 $M
H2 plant installed cost 40 $M 80 $M

Annual Electricity Purchases (@8.7 cents/kWh) 0 25.9 $M

Annual Solar-to-Hydrogen Efficiency 14% 20%

Annual H2 production 14 Mkg 28 Mkg

Levelized H2 Cost 4.7 $/kg 3.0 $/kg

Reference: Journal of Solar Energy Engineering, Vol 129, May 2007, pp. 179-183





• LHV efficiency ~59%
• Quench needed to avoid recombination
• If He used during decomposition, reaction temperature may lower to 1250 oC









Ferrite Cycles



• Ferrite conversion rates are relatively low
• To increase surface area for reaction, use ALD to coat particles with ferrites

Atomic Layer Deposition (ALD) Ferrite Cycle







ALD-Ferrites

• Key to ~$3/kg is low cost (<$10/kg) and durable 
ferrites given multiple thermal cycles

• Must also demonstrate ~70% conversion within 
solar reactor









Solar Two technology can be used to 
provide heat to CuCl cycle

• Solar Two operated from 1996 to 1999

– 40 MWt molten salt receiver with 2-tank molten salt storage system

• Solar Reserve is commercializing this technology

– 540 MWt receiver with large 2-tank salt storage

– 13 hours of salt storage can provide “around-the-clock” 550 oC heat to 
the CuCl cycle (~70% annual capacity factor)
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Conclusions and Future Prospects

• More than 200 cycles reduced to 4 with potential to produce H2 in 
the $3 to $4/kg range

– A possible 5th, FSECs sulfur ammonia cycle, requires H2A scrutiny

• Several technical issues must be resolved for all 4 approaches

• CuCl may be the near-term solar-hydrogen approach

– Existing 565 oC solar technology can be used

– S-Hy, Cadmium Oxide, and Ferrites also require development of hi-T 
(900 to 1400 oC) solar technology

• Obama’s budget recommends $0 for H2-generation R&D

– Obama wants to give primary focus to plug-in hybrids rather than H2

• US Congress can make changes to Obama budget 


