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~10-15 years

~15-30 years

Decarbonization

Accelerate economy-wide, low-carbon
solutions

Electric sector decarbonization
Transmission and grid flexibility:
storage, demand, EVs

Efficient electrification

Achieve a net-zero clean energy system

Ubiquitous clean electricity:
renewables, advanced nuclear,
CCUsS

Negative-emission technologies
Low-carbon resources: hydrogen
and related, low-carbon fuels,
biofuels, and biogas
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Economy-Wide Low-Carbon Energy Pathways - LCRI

Primary Energy Conversion Storage and Delivery Energy End-Use

Distributed Resources
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New Targets for Hydrogen

ENERGY

Hydrogen Energy Earthshot

“‘Hydrogen Shot”

Launched June 7, 2021 J \\
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https://www.energy.gov/articles/secretary-granholm-launches-hydrogen-energy-earthshot-accelerate-breakthroughs-toward-net
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Electrolyzer Projects Took off Worldwide - LCRI

IEA Projects Oct 2020
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Changing Generation
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Image: Visual Capitalist, January 2019

7

www.lowcarbonLCRIl.com

U.S. Photovoltaic Solar Resource
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U.S. Biomass Resource
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CARBON-FREE ENERGY FOR MANUFACTURING AND INDUSTRY

Slide borrowed from
Clifford Ho, SNL
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Commercial Electrolysis Technologies

Alkaline Proton Exchange Membrane (PEM)

Hydrogen

Cathode Anode Hydrogen electrode (cathode) I Oxygen electrode (anode)
1L R N yd .
“‘ : : Hydrogen X Process water, heat
9 )
. . 9 ’ Protonic water .
Liquid KOH Solid
electrolyte polymer
(-) N 1 (+) Process water eIeCtrOIVte

1.25 MW

2.25 MW
PEM Stack

alkaline stack
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Major Elecirolysis Technology Types

Alkaline Electrolysis

O; H:

spacers

electrocatalyst

H:0

Separator: Asbestos (past)
Zirfon® (current)
50-80°C
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PEM Electrolysis
(Proton Exchange Membrane)

SOEC Electrolysis
(Solid Oxide Electrolyzer Cell)

\LCRI
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AEM Electrolysis
(Anion Exchange Membrane)

electrocatalyst

electrocatalyst

H:0

gas tight solid oxide
(ceramic) electrolyte
700-1000°C

solid polymer electolyte
membrane
60-100°C
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Status of Major Technology Types - LCRI

RESOURCES INITIATIVE

Research Development Demonstration Deployment Mature Technology

Investment x Risk

Solid Oxide PEM Alkaline
Electrolyzer Electrolyzer Electrolyzer Electrolyzer
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Electrolytic Hydrogen Production Bt
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Research Questions, Drivers, and Project Plan to Investigate

Scale

(System Size and Deployments)

Larger scale systems
and projects

Baseload Operation
Today — Near Term

Flexible Operation
Future — Longer Term

Role for Distributed
Hydrogen Production
to avoid Moving

Timeline

(Near term versus in a future Low-Carbon Energy System)

1. Balance of Plant
Components

2. Power Quality — Grid
Integration

3.  Vendor Presentations

on Product Systems
4. Operations and

Maintenance Overview

5. Water Siting and Use
Considerations

6. Safety Considerations

7.  Technoeconomic
Analysis

8. Hydrogen Production

Performance

(Baseload and Flexible)

9. System Degradation
10. Flexible Operations
11. Technology Scouting
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Working to Understand Electrolytic Hydrogen - JLCRI
Production

PERFORMANCE COST LIFETIME

In the context of member decision making.

To meet future Low-Carbon goals.

.
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Enabling the Pathway
to Economy-Wide Decarbonization
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