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Reasons for Exploring Hydrogen Production through
Concentrated Solar Energy and Electrolysis

« CO,-free energy and feedstock
— Needs only solar energy and water

» Potentia for sharply reduced costs of hydrogen production from arenewable resource---
hybrid technology uses both solar thermal energy and phovoltaic electricity.

— One of 4 fundamental technological and economic challengesidentified by NRC/NAE
(“The Hydrogen Economy” 2004)
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Two Photovoltaic Pathways for
Producing Hydrogen by Electrolysis
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Multijunction Concentrators
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HSC System Layout
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Hybrid (Heat plus Electricity) Solar Concentrator
System for Hydrogen Production

» Spectrum splitter for point focus reflecting
concentrator from Australia’ s Solar Systems
P/L sends reflected infrared solar radiation
through fiber opticslight pipe---held by J.
Lasich.

« Experimentsfor their patents showed a 40%
augmentation of hydrogen production above
that from solar electricity alone---at T = 1000
°C.




Solid Oxide Electrolyser/Fuel Cell

Electrolyser/Fuel Cell Stack

High Temperature (1000°C)
Solid Oxide Electrolysis

hydrogen
ydrogen

~

electrolyte
o* (ZrO, doped
with Y203>



Solid Oxide Electrolyser/Fuel Cell

* Regenerative solid oxide electrolyser/fuel cell system uses both
heat and electricity to produce hydrogen----and can produce
electricity from hydrogen

e Excellent match with hybrid solar concentrator system
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HSC System Description

e Consists of 4 major components

— Concentrator Photovoltaic (CPV)

— Spectral Splitter




Component & System Cost

Component Cost

Current Cost for a

10 MW System Est.

(per kW) 1 kW System Cost per kW (Yr. 2020)
CPV* $10,000 $800.00
Dichroic Filter 500 10.50
Light Pipe** 990 2475
SOEC*** 2,000 400.00
Unknown Cost 5,000 5.00
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Hydrogen Cost

10 MW System
System Cost $1,240 / kW %
Hydrogen Produced in 1 hour* 4,045 kg
Hydrogen Produced in 1 year** 14,766,075 kg

Hydrogen Cost (per kg) $3.63 /kg +/- 25%




How Does CPV Electrolysis
Compare to Other Methods

Hydrogen Production

Process Cost (per kg)
Gas Reformation* $1.15
Wind Electrolysis* 3.10
CPV Electrolysis 3.63 +25%
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Discussion

* Economic analysis has considerabl e uncertainty due to technology innovation

— Need to use agreed-upon economic framework to evaluate potential for this technology to compete
with other hydrogen production technologies (H2A)

*  Concentrator PV systems are just beginning to enter distributed power generation markets---
1 MW/year worldwide.

— Long-term cost potential of 3 cents’kWh with systems costs less than $800/kW

— High efficiency solar cells already in large-scale production for satellites---equivalent to 500 MW
annually for 500X concentrators

* Time-frame to demonstrate hydrogen production costs for concentrator PV systemsis 5 years
: - u SRR )




The Hybrid Solar
Concentrator (HSC) H, Potential

« HSCisapotentia “leap frog” technology that could rapidly lower the cost of
clean hydrogen because of technology advancesin high efficiency PV cells and

solar thermal boost

* 40% conversion of solar energy to hydrogen possible with today’s
component technologies---with 50% on the horizon




On-Site HSC
Hydrogen Production
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On-Site HSC
Hydrogen Production




On-Site HSC
Hydrogen Production

Hydrogen Underground Storage Tanks and Fueling Station
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