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Energy Materials Network (EMN)
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Caloric materials for efficient cooling and heat pumping 
technologies.

Catalytic materials for commercial bioenergy 
applications

Durable module materials that reduce the levelized cost 
of energy of photovoltaic systems.

Lightweight materials for automotive manufacturing.

Platinum group metal-free catalysts for automotive fuel 
cells 
Hydrogen storage materials by providing capabilities 
and foundational understanding.
Advanced water splitting technologies for clean, 
sustainable hydrogen production.

Current EMN Consortia Overview
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Goal: Widespread H2 Production & Delivery

Hydrogen enables domestic energy & environmental security, with large-scale 
market potential & with job creation and economic growth opportunities

Diverse Sources Diverse Applications

Growing industrial demand for H2

>$100B global market and expanding

~65M  
metric ton*

worldwide



HydroGEN: Advanced Water Splitting Materials 5

HydroGEN Consortium Launch

Visit the HydroGEN website at https://www.h2awsm.org

From drawing-board to consortium full deployment in 6 months!
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Accelerating discovery & development of innovative materials critical to advanced 
water splitting technologies for sustainable H2 production, including:

HydroGEN: Advanced Water-Splitting 
Materials (AWSM) Consortium

Photoelectrochemical
(PEC)

Solar Thermochemical 
(STCH)

Low- and High-Temperature 
Advanced Electrolysis (LTE & HTE)

H H

Water

Hydrogen

Website: 
www.h2awsm.org/
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Cross-Cutting Multiple Advanced Water Splitting 
Material (AWSM) Technologies

Cathode (-)

Anode (+)

Solid oxide
electrolyte

𝑶𝑶𝟐𝟐− → �𝟏𝟏 𝟐𝟐𝑶𝑶𝟐𝟐 + 𝟐𝟐𝒆𝒆−

𝑯𝑯𝟐𝟐𝑶𝑶+ 𝟐𝟐𝒆𝒆− → 𝑯𝑯𝟐𝟐 + 𝑶𝑶𝟐𝟐−

𝑶𝑶𝟐𝟐−

H2O
H2

1/2O2
Sweep Gas

Sweep
Gas

Power
Supply

2e-

Polymer Electrolyte Membrane 
Electrolysis (LTE) 

Solid Oxide Electrolysis 
(HTE)

Solar Thermochemical 
(STCH)

Hybrid Sulfur Cycle 
(HT)

𝑯𝑯𝟐𝟐𝑶𝑶 → 𝟐𝟐𝟐𝟐+ + 𝟐𝟐𝒆𝒆− +
⁄𝟏𝟏 𝟐𝟐𝑶𝑶𝟐𝟐

𝟐𝟐𝟐𝟐+ + 𝟐𝟐𝒆𝒆− → 𝑯𝑯𝟐𝟐

Photoelectrochemical
(PEC)

Electrolysis + STCHHybrid =
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Cross-Cutting Technologies and Collaboration 
Can Enable Reduction in H2 Production Cost

RD&D from different water splitting pathways is 
critical to reducing renewable H2 production cost

H2 Cost at Pump
<$4/gge
<$7/gge (early market)

Production 
target <$2/gge
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Collaborations: HydroGEN Steering Committee

Eric Miller and Katie Randolph, FCTO

Huyen Dinh
(Director)

Adam Weber
(Deputy Director)

Anthony McDaniel 
(Deputy Director)

Richard Boardman Tadashi Ogitsu Héctor Colón-Mercado
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Comprising more that 80 unique, world-class capabilities/expertise in: 

Materials Theory/Computation Advanced Materials Synthesis Characterization & Analytics

Conformal ultrathin TiO2 ALD 
coating on bulk nanoporous gold

TAP reactor for extracting 
quantitative kinetic data

Stagnation flow reactor 
to evaluate kinetics of 

redox material at high-T

LAMMPS classic molecular dynamics 
modeling relevant to H2O splitting

Bulk & interfacial 
models of aqueous 

electrolytes

High-throughput spray 
pyrolysis system for 

electrode fabrication

LLNL

SNL
LLNL

SNL

INL

NREL

HydroGEN: Advanced Water-Splitting Materials 
(AWSM) Consortium

Cross technology collaboration opportunities
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HydroGEN Website – Enhanced Capability Search

https://www.h2awsm.org/index.html

https://www.h2awsm.org/index.html


HydroGEN: Advanced Water Splitting Materials 12

HydroGEN Data Hub: Making digital data accessible

HydroGEN Data Hub Home Page 
(https://datahub.h2awsm.org/)
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Technology Transfer Activities 

Non-Disclosure 
Agreement (NDA)

Information 
Disclosure

Intellectual Property 
Management Plan 

(IPMP)

IP Protection

Materials Transfer 
Agreement (MTA)

Freedom to 
Operate

Cooperative 
Research and 
Development 

Agreement (CRADA)

Collaboration 
(nearly 

complete)

 Developed a catalog of pre-approved, 
mutual agreements between all 
consortium partners

 Facilitating rapid IP, NDA, and contract 
agreements  

 Streamlined Access
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High Impact Publication

Steering Committee Member (Tadashi) owns a FCEV and chooses a unique license plate 
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• Filed provisional patent on “PASSIVATING WINDOW AND CAPPING LAYER FOR PHOTOELECTROCHEMICAL CELLS.” on August 16, 2016 
at the United States Patent & Trademark Office (USPTO) and has received Application No. 62/375,718. 

• Filed a non-provisional patent on “Devices and Methods for Photoelectrochemical water splitting” March 23rd, 2016 based on our IMM 
for high efficiency work. United States Patent Application 20160281247. Awaiting examination. 

High Impact Publications & Patents

High Impact Publications and Patent Applications

World-record Photoelectrolysis
Efficiency with Inverted 

Metamorphic Multi-junction 
Semiconductors 

Mass-spectrometer based 
Faradaic efficiency system

Protected Layer to Enhance 
Durability
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19 Proposals Selected, Negotiated, and Awarded
44 unique capabilities being utilized across 6 core labs

NEW HydroGEN Seedling Project

To learn more, check HydroGEN website or contact huyen.dinh@nrel.gov 

Advance Electrolysis (8)
LTE (5)    
HTE (3)

PEC (5) STCH (5)
2-Step MOx(4)    

Hybrid cycle (1)
Benchmarking & 

Protocols (1)
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HydroGEN EMN

HydroGEN is enabling innovative, world-class research of water-splitting materials and 
catalysts.

Comprising more than 80 unique, world-class capabilities/expertise in materials 
theory/computation, synthesis,  and characterization & analysis:

Materials Theory/Computation Advanced Materials Synthesis Characterization & Analysis

Conformal ultrathin TiO2 ALD 
coating on bulk nanoporous gold

TAP reactor for extracting 
quantitative kinetic data

Stagnation flow reactor to 
evaluate kinetics of redox 

material at high-T

LAMMPS classic molecular dynamics 
modeling relevant to H2O splitting

Bulk and interfacial 
models of aqueous 

electrolytes

High-throughput spray 
pyrolysis system for 
electrode fabrication

Core Labs

LLNL

SNL

SNL

INL

NREL

Website: 
www.h2awsm.org/
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