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demonstration (RD&D) activities including projects funded by U.S. Department of Energy’s Hydrogen and Fuel Cell 
Technologies Office (HFTO) within the Office of Energy Efficiency and Renewable Energy (EERE).
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Housekeeping

This webinar is being recorded and will be available on the 
H2IQ webinar archives.

Technical Issues:
• If you experience technical issues, please check your audio settings under the “Audio” tab.
• If you continue experiencing issues, direct message the host, Natasha Nguyen

Questions?
There will be a Q&A session at the end of the presentation.
To submit a question, please type it into the Q&A box on the right-hand side 

of your screen next to the chat box/Chat

This webinar is being recorded.

Presenter Notes
Presentation Notes
Link: Hydrogen and Fuel Cell Technologies Office Webinars | Department of Energy

https://www.energy.gov/eere/fuelcells/hydrogen-and-fuel-cell-technologies-office-webinars
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The #H2IQ Hour
Q&A 

Please type your 
questions into 
the Q&A Box
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Please submit 
your answers to 
our polling 
questions in the 
Polling Box

#H2IQ Hour
Polling Questions



Huyen Dinh, Director of HydroGEN, NREL 
9/16/2022, Virtual 
H2IQ HydroGEN EMN Webinar

HydroGEN Overview: 
A Consortium on Advanced Water Splitting Materials

Presenter Notes
Presentation Notes
Focus  on What/Why/Challenges & Opportunities
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H2@Scale: Enabling affordable, reliable, clean and secure energy

Materials innovations are key to enhancing 
performance, durability, and reduce cost 
of hydrogen generation, storage, 
distribution, and utilization technologies 
key to H2@Scale

Source: DOE Hydrogen and Fuel Cell Technologies Office, https://energy.gov/eere/fuelcells/h2-scale

Large-scale, low-cost hydrogen from diverse 
domestic resources enables an 
economically competitive and 
environmentally beneficial future energy 
system across sectors

Hydrogen can address specific applications 
that are hard to decarbonize

Today: 10 MMT H2 in the US
Economic potential: 2x to 4x more

Transportation and Beyond

“Hydrogen at Scale (H2@Scale): Key to a Clean, Economic, and Sustainable Energy 
System,” Bryan Pivovar, Neha Rustagi, Sunita Satyapal, Electrochem. Soc. Interface 
Spring 2018 27(1): 47-52; doi:10.1149/2.F04181if. 

Presenter Notes
Presentation Notes
H2@Scale is an important guiding concept that shows the flexibility of hydrogen to couple diverse, domestic resources with multiple industrial sectors and enables affordable, reliable, clean and secure energy.Hydrogen can address specific applications that are hard to decarbonize and can help US meet the net zero carbon goal by 2050.Through materials innovations, HydroGEN plays an important role in the H2@Scale vision by enhancing performance, durability, and reducing cost of H2 production.
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HydroGEN Overview

Goal: Accelerating R&D of innovative 
advance water splitting (AWS) 
materials and technologies for 
clean, sustainable and low-cost 
hydrogen production.

National Lab Consortium Team

HydroGEN is advancing Hydrogen Shot goals by 
fostering cross-cutting innovation using theory-guided applied materials R&D to advance all 

emerging water-splitting pathways for hydrogen production

Website: https://www.h2awsm.org/

• Cost 
• Efficiency
• Durability

Barriers

Presenter Notes
Presentation Notes
The goal of the HydroGEN consortium is to Accelerate foundational R&D of innovative materials for advanced water splitting (AWS) technologies to enable clean, sustainable, and low-cost (<$2/kg H2) hydrogen production.This graphic shows the four early-stage water splitting technologies that we’re focused on: LTE, HTE, PEC & STCH.As a consortium, HydroGEN fosters cross-cutting innovation using theory-guided, applied materials R&D to advance all emerging water-splitting pathways for hydrogen production.
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HydroGEN EMN Framework 
Collaboration, Streamline Access

*Field-weighted citation impact (FWCI) indicates how the number of citations received by the 
Publication Set’s publications compares with the average number of citations received by all 
other similar publications in Scopus.

https://www.h2awsm.org/working-with-hydrogen

HydroGEN is vastly collaborative, 
has produced many high value 
products, and is disseminating 
them to the R&D community.

4 community benchmarking workshops

33 project NDAs, 2 MTAs

118 Publications, Impact factor* = 2.20
2,783 citations, 436 authors

46 capabilities utilized across 6 labs

STEM Work Force Development

2 R&D 100 Awards

Presenter Notes
Presentation Notes
Within the EMN framework, HydroGEN is highly collaborative, with many universities, companies, national labs involved in this map, and has produced many high value products and is disseminating them to the R&D community.Accelerating AWS Materials R&D to enable < $2/kg H2Leveraging & streamlining access to world-class capabilities & expertiseProviding a robust, secure, searchable, & sharable data hubDeveloping universal standards & best practices for benchmarking & reportingFostering cross-cutting innovation A summary of the effectiveness of the HydroGEN Data Hub, collaboration and streamline access are listed here. PublicationsHPC uses at NREL: 9,859,850 aus total: (FY17 – FY20): Across 3 AWS technologies: STCH (95%), HTE, LTE; 15 total HPC requestsTest protocolsNDAs & MTAsA FWCI of 1.00 indicates that the Publication Set’s publications have been cited exactly as would be expected based on the global average for similar publications. A FWCI of more than 1.00 above average citations; for example, 2.11 means 111% more than the world average.

https://www.h2awsm.org/working-with-hydrogen
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Diverse HydroGEN Leadership and Community 
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HydroGEN-AWSM Consortium Capabilities Network

Website: https://www.h2awsm.org/capbilities

Comprising more than 60 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 
system for electrode 

fabrication

LLNL

SNL
LLNL

SNL

INL

NREL

HydroGEN fosters cross-cutting innovation using theory-guided applied materials R&D to advance all 
emerging water-splitting pathways for hydrogen production

LLNL

Presenter Notes
Presentation Notes
As an example, shown in the bottom right, the HydroGEN capabilities include world-class characterization facilities to evaluate kinetics of catalytic materials under real-world operating conditions (including the extreme temperatures in high-temperature electrolysis and solar thermochemical water splitting)Other shown examples of research nodes include:Cutting edge multi-physics modeling of solid-liquid interfaces, specifically relevant to electrochemical and photoelectrochemical water splittingAdvanced atomic layer deposition (ALD) synthesis capabilities for precise nano-engineering of catalytic surfaces
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HydroGEN EMN Collaborates with Projects

https://www.h2awsm.org/capabilities

DOE
EMN

HydroGEN
Core labs 
capability 

nodes

Data Hub

FOA Proposal 
Process

• Proposal calls 
out capability 
nodes

• Awarded 
projects get 
access to 
nodes
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HydroGEN Labs Support FOA-Awarded Projects
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Capability Nodes on the User-Friendly Node Search Engine 
for Stakeholders

Stakeholders can search for relevant materials synthesis, characterization, analysis, and 
modeling capabilities to meet their needs

Node Readiness Category (NRC) Chart

Node is fully developed and has been 
used for AWSM research projects

Node requires some development for 
AWSM

Node requires significant development 
for AWSM

> 60 current 
capability nodes
• 44 PEC capabilities
• 28 STCH capabilities
• 39 LTE capabilities
• 35 HTE capabilities
• 7 Hybrid thermal (HT) 

capabilities
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HydroGEN Capabilities Website/Search Engine - Demo
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Demo
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STCH: Characterization Capabilities - Demo
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PEC: Characterization 
Capabilities - Demo



HydroGEN: Advanced Water Splitting Materials 18



HydroGEN: Advanced Water Splitting Materials 19

HydroGEN Capability Nodes By Water Splitting Technologies/Projects
(LTE, HTE, PEC, STCH projects)

Presenter Notes
Presentation Notes
Capability can support multiple water splitting technologiesIn the next few slides, I will give a few examples of STCH & PEC projects using HydroGEN world class capabilities to achieve their project goals and be successful.
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Goal: Computational discovery of STCH materials with simultaneously reduceable cations on 
separate sublattices.

ASU Seedling Project: Incorporate Second Redox Active Sublattice to 
Modify STCH Cycle Thermodynamics

• Three HydroGEN nodes collaborated with ASU.
– Controlled Material Synthesis (NREL)
– Advanced Electron Microscopy (SNL)
– Virtually Accessible Laser Heated Flow Reactor (SNL)

• NREL: Synthesized and characterized crystal 
structure and identified redox active cations.
– Confirmed dual-cation reduction mechanism by XAS

• SNL: Characterized water splitting and A-site 
cation redox activity.
– Confirmed Ce(4+/3+) redox in CCXY phase as predicted
– Confirmed CCXY splits water at low pO2

https://www.hydrogen.energy.gov/pdfs/review21/p168_stechel_2021_p.pdf

synergy and information 
exchange between nodes 

enhanced collaboration with ASU 
and facilitated project’s success

Presenter Notes
Presentation Notes
There are many examples over the years where access to HydroGEN capability nodes facilitated the success of a STCH seedling project’s R&D objectives. We have time in this webinar presentation to focus on two. This slide highlights the depth of collaboration between Arizona State University and the three HydroGEN consortium nodes listed here; Controlled Material Synthesis at NREL, and Advanced Electron Microscopy and the Virtually Accessible Flow Reactor at Sandia.ASU’s objective was to computationally discovery STCH materials with simultaneously reduceable cations on separate sublattices, using a first principles approach. They hypothesized that they could tune STCH material behavior by finding a suitable perovskite structure that both lowers the temperature required for thermal reduction and increases the reduction entropy (by allowing for more configurational degrees of freedom on two redox-active sublattices). If their hypothesis proved out, it would be the first example of a dual-cation redox active system known to STCH. It would also be the first example of an A-site redox active STCH perovskite.In the end, their computational workflow produced a substituted perovskite called CCXY (the composition is guarded until papers we have in review are published). One of the C’s in CCXY is the element cerium.The NREL team was able to synthesize a sufficiently phase pure sample of CCXY for their own testing, as well as for distribution to the other characterization nodes at Sandia. Efficient water-splitting behavior was verified using the Sandia flow reactor as shown in the graph at lower left. (CCXY proved to have high efficacy for water-splitting amongst most other known STCH perovskites.) Advanced characterization carried out by NREL using x-ray absorption spectroscopy (XAS) at Stanford’s SLAC facility, and Electron Energy Loss spectroscopy (EELS) at Sandia’s HR-STEM facility, confirmed ASU’s hypothesis. Both XAS and EELS data (data shown in graphs at center and top of slide) agree and identify that the A-site cerium atom is redox active and so is one of the B-site cations (data not shown).This is an example of how strategic partnerships buoyed by synergy and information exchange between nodes and ASU facilitated the project’s success in achieving their milestones.
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Goal: Modulate oxygen reduction enthalpy and increase oxygen reduction entropy using 
high entropy perovskites oxides (HEPOs).

UCSD Seedling Project: High Entropy Perovskite Oxides with Increased 
Reducibility for STCH

• Three HydroGEN nodes collaborated with UCSD.
– First Principles Materials Theory (NREL)
– Advanced Electron Microscopy (SNL)
– Virtually Accessible Laser Heated Flow Reactor (SNL)

• NREL: Explored configurational disorder via 
Monte-Carlo simulations of defect structures.
– Cobalt redox activity modulated by coordination with O 

vacancies

• SNL: Characterized water splitting and cation redox 
activity.
– Small compositional variation greatly impacts redox behavior
– Dual cation reduction (Mn, Co) observed via EELS

https://www.hydrogen.energy.gov/pdfs/review22/p194_luo_2022_p.pdf

nodes explained why small variation in Co fraction impacts STCH functionality

Presenter Notes
Presentation Notes
The next example I will highlight is the depth of collaboration between the UCSD seedling project and HydroGEN consortium. UCSD’s objective was to develop a STCH material composed of a highly disordered polycation perovskite oxide. They hypothesized that they could tune STCH material behavior by lowering the reduction enthalpy, and thus the temperature required for thermal reduction, and maintain high reduction entropy via configurational disorder.Here, UCSD formulated and synthesized material samples for distribution to HydroGEN’s characterization nodes. The SNL Virtually Accessible Flow Reactor node was used to confirm and explore the water-splitting functionality of a high-entropy oxide perovskite formulation discovered by UCSD in a flow reactor study. The topmost graphs display H2 and O2 produced during STCH cycling measured by mass spectrometry in the flow reactor.Another experimental node at Sandia, the Advanced Electron Microscopy node, was used to definitively determine which cations are redox active in this poly-caiton system using EELS (electron energy loss spectroscopy).NREL’s DFT capability node was used to deduce why the Co cation in this system is redox active when (preferentially) coordinated with local oxygen vacancies. More importantly, the HydroGEN lab nodes were critical to determining why a subtle compositional variation in the Co atomic fraction in the oxide positively impacted water-splitting functionality.
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Goal: Develop Si-based low cost tandem photoelectrodes to achieve high efficiency (>15%) 
and stable (>1,000 hrs) water splitting systems.

U. Michigan Seedling Project: Monolithically Integrated Thin-Film/Si 
Tandem Photoelectrodes 

• Three HydroGEN nodes at three National Labs.
– In situ and operando/Probing corrosion (LBNL)
– Interface Modeling (LLNL)
– Surface modification/Surface Analysis (NREL)

• LBNL: Performed microscopy and spectroscopy 
analysis of the photoelectrodes.
– Confirmed presence of a new oxynitride species

• LLNL: Performed DFT calculations to understand 
the stability and activity of the oxynitride phase.
– substitution of N with O yields the lowest surface free 

energy among of all the reported GaN m-plane structures

• NREL: Performed co-catalyst deposition on GaN
surface to lower kinetic barrier for H2 evolution

https://www.hydrogen.energy.gov/pdfs/review20/p163_mi_2020_p.pdf

Collaboration 
enabled 

discovery of 
protection 

mechanism and 
self-

improvement of 
GaN on Si 

photocathodes
Beginning After 10 hours

c-plane m-plane

Nature Materials doi.org/10.1038/s41563-021-00965-w

Presenter Notes
Presentation Notes
In the next few slides, I will talk through a few examples of PEC seedling projects to show you how you can use the HydroGEN capabilities, and where the synergy between your team and the lab capability experts can broaden the impact of the project.The first example is from the University of Michigan (Prof. Zetian Mi). They proposed to develop Si-based, low cost tandem photoelectrodes to achieve efficiency > 15% and stability > 1000 h. (The peculiarity of this Si photoelectrode is a GaN coating that yields stability.)The project used capability nodes at LBNL, LLNL, and NREL. The combined experimental and theoretical approaches shined light on the mechanism of protection and self-improvement of GaN coating on the Si photoelectrode. Through SEM and XPS, the team discovered that over time a new Ga oxynitride phase formed on the sidewall of GaN. This phase shows higher photocurrent when locally probed by photoconductive atomic force microscopy. The team at LLNL performed theoretical calculations that supported the experimental results and explained the origin of increased stability and activity of this material. The team at NREL provided support in catalyst deposition. This project originated several publications and it’s testament to how utilization of state-of-the-art capabilities at National Labs can provide fundamental insights to use-inspired science.
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Goal: To develop unassisted water splitting devices with protective/catalytic MoS2 barriers 
for durable, high-efficiency PEC water splitting

U. Stanford Seedling Project: Protective Catalyst Systems on III-V and 
Si-based Semiconductors for Efficient, Durable PEC Water Splitting Devices

• Five HydroGEN nodes at two National Labs:
– III-V Semiconductor Synthesis (NREL)
– Characterization of bulk and interfacial properties (NREL)
– Corrosion Analysis of Materials (NREL)
– On-Sun Efficiency Benchmarking (NREL)
– Photophysical Characterization (LBNL)

• NREL: Design/synthesis of III-V photocathodes, 
applied PtRu cocatalysts, evaluated durability, 
performed on-sun photoreactor tests

• LBNL: Performed transient absorption 
spectroscopy and in-situ Raman measurements 
to evaluate band gaps and materials defects

https://www.hydrogen.energy.gov/pdfs/review21/p161_jaramillo_2021_p.pdf

ACS Energy Letters 10.1021/acsenergylett.0c01132

Collaboration 
achieved 6x 
greater PEC 
durability with 
non-precious 

MoS2 catalysts 
(vs. PtRu)

Presenter Notes
Presentation Notes
The second project I will talk about is from (Prof. Tom Jaramillo) Stanford University. This project involves the synthesis of III-V and Si-based semiconductors for efficient and durable PEC Water splitting, with the goal to use non-precious MoS2 catalysts to improve stability of high-efficiency hydrogen-generating photoelectrodes.The collaboration between NREL and LBNL enabled the synthesis and characterization of these devices and made good progress in extending the durability of PEC systems operating at short circuit. NREL has a unique facility for the synthesis of III-V semiconductors, which combined with the characterization expertise present at NREL and LBNL enabled the fabrication of high efficiency devices with greater durability. 



HydroGEN: Advanced Water Splitting Materials 24

Goal: Develop tandem perovskite absorbers that exceed 20% STH efficiency with low cost 
and high durability.

Rice Seedling Project: Highly Efficient Solar Water Splitting Using 3D/2D 
Hydrophobic Perovskites with Corrosion Resistant Barriers

• Three HydroGEN nodes at three National Labs:
– In situ and operando/Probing corrosion (LBNL)
– On-Sun Efficiency Benchmarking (NREL)
– Hybrid Organic Inorganic Perovskite Synthesis (NREL)

• LBNL: Performing efficiency measurements, cell 
design and fabrication, and corrosion analysis.
– Confirmed 100% faradaic efficiency

• NREL: Performing perovskite synthesis, on-sun 
testing, and cell reactor design
– Design novel cell with dual-anode for accurate STH 

efficiency.

https://www.hydrogen.energy.gov/pdfs/review22/p193_mohite_2022_p.pdf

Collaboration 
enabled 

achievement of 
Solar-to-

Hydrogen η = 
20.8% and 102 

hours of 
durability

Deutsch, Toma, Mohite, et al. 2022, submitted

Presenter Notes
Presentation Notes
Finally, the Rice University project (Prof. Aditya Mohite) is focused on the fabrication of Highly Efficient Solar Water Splitting Using 3D/2D Hydrophobic Perovskites with Corrosion Resistant Barriers. The goal is to develop tandem perovskite absorbers that exceed 20% STH efficiency with low cost and high durability. To achieve this goal, Prof. Mohite collaborates with Dr. Zhu, Dr. Deutsch and Dr. Toma at NREL and LBNL. Dr. Zhu synthesized halide perovskite light absorbers for PEC water splitting. Thanks to developments pushed by Deutsch and Toma, Prof. Mohite can now utilize a new cell to perform faradaic efficiency measurements. Additionally, LBNL was able to confirm 100 % faradaic efficiency for hydrogen production. The devices, based on perovskite-Si tandem, show higher than 20% STH and prolonged stability over 100 hours.This project specifically benefitted from nodes’ development that is ongoing in parallel to the seedlings’ support and the PI was able to perform measurements, with experts in the field and with state-of-the art instrumentation, that it would have otherwise taken years to be able to perform at his own lab.
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Hybrid organic inorganic perovskite (HOIP) support

NREL HOIP capability supports several 
HydroGEN projects on PEC H2 production, 
covering perovskite materials, devices, and 
characterizations:

• Rice Univ: (1) Co-planar all perovskites 
photocathode-photoanode device achieved STH 
~13%, and lifetime ~23h;  (2) Stacked 
perovskite/Si tandem device achieved STH ~20%, 
and lifetime ~100h (see schematics).

• Univ of Toledo: Stable perovskite/perovskite 
tandem electrodes for efficient PEC water 
splitting for H2 production 

Schematics of 
unassisted PEC 
water-splitting 
system using 
HOIP/Si 
tandem
(Aditya Mohite, 
Rice Univ)

Perovskite absorbers are promising for high-efficiency and low-
cost PEC water splitting to produce hydrogen.
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NREL High Flux Solar Furnace (HFSF)

Key Features:
• NREL’s HFSF consists of a tracking heliostat and 25 

hexagonal slightly concave mirrors to concentrate solar 
radiation. 

• The solar furnace can quickly generate over to 1,800°C 
over a 1-cm2 area and up to 3,000°C with specialized 
secondary optics to generate concentrations greater than 
20,000 suns.

• Flux levels and distributions can be tailored to the needs of 
a particular research activity.

• The operational characteristics and size of the facility make 
it ideal for testing over a wide range of technologies with a 
diverse set of experimental requirements. 

• The facility can provide a platform for testing prototypes 
for solar-electric and solar-chemistry applications.

Purpose: NREL’s HFSF is ideally suited for small-scale 
feasibility studies. It is available for on-sun functional 
component performance and materials testing for photo-
electrochemical (PEC) cell and solar thermochemical (STCH) 
solar receiver.

Aerial view of facility

https://www.nrel.gov/csp/facility-hfsf.html
https://www.nrel.gov/news/features/2020/high-flux-solar-furnace.html

High Flux Solar Furnace | HydroGEN Consortium (h2awsm.org)

https://www.nrel.gov/csp/facility-hfsf.html
https://www.nrel.gov/news/features/2020/high-flux-solar-furnace.html
https://h2awsm.org/capabilities/high-flux-solar-furnace
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National Solar Thermal Test Facility (NSTTF)

Key Features:
• Operated by Sandia National Laboratories for the 

U.S. Department of Energy (DOE), the National Solar 
Thermal Test Facility (NSTTF) is the only test facility 
of this type in the United States

• The NSTTF’s primary goal is to provide experimental 
engineering data for the design, construction, and 
operation of unique components and systems in 
proposed solar thermal electrical plants planned for 
large-scale power generation.

16kW
solar furnace

6 MW
power tower

High-flux solar simulator

http://energy.sandia.gov/energy/renewable-energy/solar-energy/csp-2/nsttf/

National Solar Thermal Test Facility (NSTTF) | HydroGEN Consortium (h2awsm.org)

https://h2awsm.org/capabilities/national-solar-thermal-test-facility-nsttf


HydroGEN: Advanced Water Splitting Materials 28

Tips

• At proposal stage:
– Go to HydroGEN capabilities website to search for lab capability 
– Email h2awsm@nrel.gov for capability suggestions and/or connect to capability 

experts
– Engage with capability experts to better understand the capability and how to 

collaborate with them
• e.g., modeling, synthesis, characterization, analysis

– Work with the capability expert on the potential work scope to support the project
– Choose 3-4 nodes to support your project to be most effective

mailto:h2awsm@nrel.gov
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Tips

• At awarded project stage:
o Be ready to work with capability node experts at the beginning of project
o Hold regular project team meetings with all so all have a big picture of the project & 

how each team member contributes to the work
o Use the secure HydroGEN SharePoint project site to communicate with team 

members 
• share information: literature, background info, milestones 
• schedule meetings, take meeting notes
• work on quarterly reports, AMR & conference presentations, and papers 

together
o Share data in the secure HydroGEN Data Hub

• Raw or processed data
• Experimental & computational data
• Synthesis & characterization data
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Questions?
Email questions about HydroGEN capabilities to 

h2awsm@nrel.gov

Email questions about FOA to 
HFTOFOA@ee.doe.gov

mailto:h2awsm@nrel.gov
mailto:HFTOFOA@ee.doe.gov
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The #H2IQ Hour
Q&A 

Please type your 
questions into 
the Q&A Box
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The #H2IQ Hour

Thank you for your participation!

Learn more:

energy.gov/fuelcells
hydrogen.energy.gov
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First Principles Materials Theory

• Electronic structure prediction
– Electronic structure prediction for transition metal oxides, 

complex large-scale systems (disorder, interfaces)
– Band-structure, effective masses, density of states, ionization 

potential, band offsets, optical properties 

• Defects and alloys
– Advanced defect equilibria for non-dilute interacting defects, 

high-temperature redox processes, reduction entropies
– Small-polaron transport vs band-like transport
– Ionic diffusion pathways, energy barriers
– Monte-Carlo simulations of disordered systems 

• Materials Design and Discovery
– Crystal structure predictions for bulk materials and interfaces
– Convex hull analysis and phase diagrams 

Ti2ON2 (sg 139)
Eg = 1.74 eV
me* = 1.4 m0
mh* = 4.7 m0

Chem Mater
34, 519 (2022)

JCP 154, 234706 
(2021)

PRX 5,
021016
(2015)
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SNL Laser heated stagnation flow reactor for characterizing 
redox materials under extreme conditions

Measure reduction and 
oxidation rates under 
high radiative flux and 
rapid heating rates to 

resolve detailed 
kinetics under extreme 

conditions

Laser-SFR reactor 
platform is 

automated and 
virtually 

accessible
through remote 

windows desktop
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PI: Kathy Ayers, Proton OnSite (LTE)
Co-PIs: Ellen B. Stechel, ASU (STCH); 

Olga Marina, PNNL (HTE); 
CX Xiang, Caltech (PEC)
Consultant: Karl Gross

Benchmarking and Protocol Development for AWS Technologies

Goal: Development of best practices in materials 
characterization & benchmarking critical to accelerate 
materials discovery & development

Accomplishments:
• 3rd Annual AWS community-wide benchmarking 

workshop (ASU, Oct. 29–30, 2019)
• 36 test protocols drafted and reviewed
• 40 additional protocols in drafting process
• Relevant operational conditions were assessed for each 

of the water splitting technologies
• Engaged with new projects at March 2020 kickoff 

meeting and organized breakout meetings
• Quarterly newsletters disseminated to AWS community

Development of best practices in materials characterization and benchmarking: 
critical to accelerate materials discovery and development

Presenter Notes
Presentation Notes
Talk about membranes, interfaces, catalysts are cross-cutting; can be applied to all of these technologiesEcosystem enables collaboration & acceleration2B workshop collaborationInterfaces & Degradation are things we are working on & they have been identified as key things by BES Round Table
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A Balanced AWSM R&D Portfolio

PEM Electrolysis AEM Electrolysis 

• PEME component integration
• PGM-free OER catalyst
• Reinforced membranes

• PGM-free OER and HER catalyst
• Novel AEM and ionomers
• Bipolar membranes
• Electrodes

Low Temperature Electrolysis (LTE)
(8 Projects) 

High Temperature Electrolysis (HTE)
(8 Projects) 

Photoelectrochemical (PEC)
(7 Projects) 

Solar Thermochemical (STCH)
(7 Projects) 

STCH
Hybrid 

ThermochemicalSemiconductors Perovskites

• Solar driven sulfur-based 
process (HyS)

• Reactor catalyst material

• Computation-driven discovery and 
experimental demonstration of 
STCH materials

• Perovskites, metal oxides 

• PGM-free catalyst
• Earth abundant catalysts
• Layered 2D perovskites
• Tandem junction

• III-V and Si-based 
semiconductors

• Chalcopyrites
• Thin-film/Si
• Protective catalyst system
• Tandem cell

PEME = proton exchange membrane electrolysis;
AEME = alkaline exchange membrane electrolysis

PGM = platinum group metal
SOEC = solid oxide electrolysis cells

O2- conducting SOEC H+ conducting SOEC

• Degradation mechanism at high 
current density operation

• Nickelate-based electrode and 
scalable, all-ceramic stack design

• Neodymium and lanthanum 
nickelate

• High performing and durable 
electrocatalysts

• Electrolyte and electrodes
• Low-cost electrolyte deposition
• Metal supported cells

Presenter Notes
Presentation Notes
HFTO has a well-balanced R&D portfolio that is looking for "near term gains to accelerate adoption" and "long term investments for energy security".Because HydroGEN is focused on materials development, I summarized here the various materials that we are working on for the 4 different AWS technologies: from PGM & PGM-free catalysts to polymers, to ceramics, to metal oxides, to light absorbers & semiconductors, perovskites,We are focused on material discovery via machine learning, performance, durability, and cost.
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