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Project Goals

Goal: H2NEW will address components, materials integration, and manufacturing R&D to enable 
manufacturable electrolyzers that meet required cost, durability, and performance targets, 
simultaneously, in order to enable $2/kg hydrogen (by 2025 on way to H2 Shot target, $1/kg by 2031).

H2NEW has a clear target of establishing and utilizing experimental, analytical, and modeling tools 
needed to provide the scientific understanding of electrolysis cell performance, cost, and durability 
tradeoffs of electrolysis systems under predicted future operating modes

Low-Temperature Electrolysis (LTE)
Polymer Electrolyte Membrane (PEM) 
Liquid Alkaline (LA)

High-Temperature Electrolysis (HTE)
Oxygen-ion-conducting solid oxide (O-SOEC)Water

H2 production
target <$2/kg

Hydrogen
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H2NEW Task 2: Performance and Benchmarking Overview

• Start date (launch): October 1, 2020
• Awarded through September 30, 2025
• FY22 DOE funding for Task 2: $1.75M
• Planned FY23 DOE funding for Task 2: $2.9M
• Task 2 funds expected by end of FY’23: $6.1M

Timeline and Budget 

• Capital Cost
• Performance

Barriers

Consortium Task Team  

Deputy Director:
Debbie Myers (ANL)
Task Liaisons: 
Guido Bender (NREL)
Adam Weber (LBNL)

Subtask Leads: 
Rajesh Ahluwalia (ANL)
Siddharth Komini Babu (LANL)
James Young (NREL)
Dave Cullen (ORNL)
Ethan Crumlin (LBNL) 
Daniel Hussey (NIST)

Discretionary Leads:
Svitlana Pylypenko (Mines)
Shawn Litster (CMU)
Iryna Zenyuk (UCI)
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• Task 2 “performance” activities 
specifically focus on the capital cost 
and efficiency targets:
 Membrane selection and 

crossover characterization to 
improve efficiency and reduce 
capital cost

 Catalyst selection and 
screening to reduce capital cost 
and help improve lifetime

• Modeling and characterization work 
within Task 2 cross cuts with Tasks 1 
and 3 and help address the 
durability/lifetime target.

Relevance and Impact

Source: https://www.energy.gov/eere/fuelcells/technical-targets-proton-exchange-membrane-electrolysis
For details on footnotes a-i see above-referenced website.

https://www.energy.gov/eere/fuelcells/technical-targets-proton-exchange-membrane-electrolysis
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Approach: Task 2 Breakdown

Task 2a: Performance benchmarking, baselining, validation
i. Coordination with domestic (HydroGEN Topic 2b) and international partners (IEA)

• Development of protocols, reference cells, round robin
• Development of reference materials and standardized tests for cell material evaluation

Task 2b: Cell performance testing in support of electrode development
i. In-situ cell testing independent of durability testing

• Advanced diagnostics, operating condition studies, segmented cell
ii. In-operando (beam-line) characterization of cells for performance enhancement 

& degradation studies
Task 2c: Ex-situ studies focused on performance factors

i. Advanced characterization of structure, morphology and properties of inks, catalysts, cell 
components and electrodes

Task 2d: Cell level model development



H2NEW: Hydrogen from Next-generation Electrolyzers of Water 6

Approach: Task 2 Quarterly Progress Measures

Milestone 
Name/Description Criteria End Date Status

(Tasks 1 and 2) Membrane 
swelling impact on performance 
and durability

Quantify the impact of membrane swelling processes at the 
membrane/anode and PTL/anode interfaces on cell performance, (via 
voltage breakdown and impedance analysis), and assess potential 
impact on durability, by systematically varying at least one material or 
processing variable (such as membrane equivalent weight, 
membrane pretreatment, membrane thickness, membrane 
reinforcement, or PTL modification). (NREL, LBNL)

9/30/2022

Complete, see 
slides #17, #21 

and Task 1 
poster

(Task 2bi) Baselining conditioning 
procedure.

Establish the correlation of the in-situ performance (polarization 
curve, EIS, CV) to the changes in morphology on the different break-in 
procedures. (LANL, ANL, ORNL, NREL)

03/31/2023 Complete, see 
slide #12

(Task 2bii) PTL coating and PTL 
oxidation state with anode 
potential

Report on impact of anode potential on the Pt PTL coating and Ti PTL 
using ex-situ and operando X-ray absorption spectroscopy and other 
techniques. (ANL, NREL, LANL, ORNL)

03/31/2023 Complete, see 
slide #14

(Task 2c) Ionomer impact on OER 
kinetics

Report on impact of PFSA on OER kinetics for Alfa Aesar IrOx and 
Umicore Ir/TiOx core-shell catalyst by comparing micro-cavity and 
RDE kinetics. Visualize differences in ionomer distribution by cryo-
EM. (ANL, LBNL, ORNL)

09/30/2023 In preparation
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Approach for LTE Performance in Detail
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Accomplishments: Expanded Single Cell Test Capabilities

• Performance testing for Task 1, Task 2, & Task 3
• Majority of test stations can do single cell ambient/ambient testing
• 7 / 14 NREL test station have H2Xover capabilities
• 2x can do high pressure
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Task 2a: Accomplishments – High Pressure LTE Hardware 

• Developed 30 barg rated LTE hardware with 25 cm2

• Mask down cell area for sizes < 25 cm2

• Research hardware: PTLs & GDLs of various thicknesses 
can be used (unlike existing commercial options)

• Drawings will be released as open source on H2NEW 
website

• 50 cm2 cell version under development

• High pressure sealing enabled by:
− Stringent tolerances for flatness and 

parallelism
− O-seal fittings (>2000 psi) for 

inlets/outlets (see picture at right)
− Increased flow field thickness for 

reduced deflection
O-seal fitting
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Task 2a: Accomplishments – International Benchmarking

Lab1 stable for Runs #1-4
Lab2 and Lab3 stable for Runs #2-4

Runs #1-4 from All Labs Runs #2-4 from All Labs

-> Conditioning not complete until after 
at least one polarization curve is taken

< 20 mV X-Lab 
variation is 

possible

60C

80C

Lab2&3 Run#1

In-house reproducibility of < 10 mV (2 A/cm2) typical
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• Several test iterations dramatically 
improved comparability across labs 
using traveling cell hardware

• Improvement from 200 mV variation 
down to 4 mV
Removal of water quality issues
Protocol expansion to include 

reconditioning between separate 
experiments

• In-situ experimental results are fully 
reproducible across labs

• Cell assembly & fabrication are next

200 mV
@ 4 A/cm2

Initial baselines

Phase 1 traveling cell

All after re-
conditioning:

4 mV

All: 19 mV

Task 2a: Accomplishments
– H2NEW Internal Benchmarking
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Task2bi: Accomplishments 
– Determined Effects of Different Cell Conditioning Protocols

80 °C, 5 cm-2, 10 ml min-1; Membrane: N115;  Anode: IrO2 0.1 mg cm-2; Cathode: Pt/C, 0.1 mg cm-2
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Task 2bi: Accomplishments 
– Elucidated Effects of Pressure Cycling

• Studied impact of differential pressure cycling on ambient 
pressure VI performance and H2 crossover

• Cell voltage decreased after cell exposure to increasing ∆p
 In contrast to expectations from Nernst equation
 A second process is occurring
 We are suspecting a decrease in membrane thickness as 

cathode pressures force CCM intrusion into the PTL

FuGeMEA
80C wet/dry

Pressure cycle test plan

• H2 crossover increases 
dramatically after exposure to 
elevated pressures
 This supports the 

membrane thinning theory
• Future work will include EIS to 

enable a full voltage breakdown 
analysis
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Operando Pt X-ray Absorption Spectra of PTL Coating as a function of Anode Potential

Task 2bii: Accomplishments 
– Elucidated Effects of Anode Potential on Pt-coated PTL
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Task 2bii: Accomplishment – Determined extent of Ir oxidation using 
Operando X-ray Absorption Spectroscopy
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Task 2bii: Accomplishments – Further Developed & Demonstrated 
Operando Characterization of Ir with Ambient Pressure XPS



H2NEW: Hydrogen from Next-generation Electrolyzers of Water 17

Task 2bii: Accomplishments – Operando Characterization 
of Effect of PTL Morphology
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Task 2c: Accomplishments
– Studied Effects of PTL Coatings using New Techniques
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Task 2c: Accomplishments
– Characterized PTL surfaces; added capabilities
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Task 2c: Accomplishments
– Measured Conductivity of Humidified Catalyst Layer
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Task 2c: Accomplishments
– Measured Nafion Creep with Hydration and Temperature
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Task 2d: Accomplishments – Developed and Utilized Model 
for Cation Contamination and Recombination Layer
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Task 2d: Accomplishments – Developed and Utilized Model 
for Cation Contamination and Recombination Layer
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Task 2d: Accomplishments – Developed Model for Hydrogen and  
Oxygen Crossover and Effects of Mitigated Membranes
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Task 2d: Accomplishments – Developed Model for Hydrogen and 
Oxygen Crossover and Effects of Mitigated Membranes
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Collaboration and Coordination

H2NEW Consortium Partners:
NREL Team:  Shaun Alia, Guido Bender, Chang Liu, Elliot Padgett, Makenzie Parimuha, Bryan Pivovar, Abi Schmeiser, Sam Ware, Jacob Wrubel, 

James Young, Jason Zack

LBNL Team:  Ethan Crumlin, Arthur Dizon, Rebecca Hamlyn, Jason Keonhag Lee, Jiangjin Liu, Adam Weber

ANL Team:  Rajesh Ahluwalia, Luke Johnson, Nancy Kariuki, Samuel J. Kazmouz, A. Jeremy Kropf, Debbie Myers, Jae Hyung Park, 
Jui-Kun (Michael) Peng, Xiaohua Wang

LANL Team:  Siddharth Komini Babu, Rangachary Mukundan, Jacob Spendelow, Abdurrahman Yilmaz

ORNL Team:  David Arregui-Mena, Jefferey Baxter, Dave Cullen, Neus Domingo, Xiang Lyu, Harry Meyer, Shawn Reeves, Alexey Serov,
Hanyu Wang, Haoran Yu, Michael Zachman

NIST Affiliate Team:  Daniel Hussey, David Jacobson, Jacob LaManna

Discretionary Partners:
Colorado School of Mines Team:  Svitlana Pylypenko (PI), Genevieve Stelmacovic, Lonneke van Eijik, Max Shepherd

Carnegie Mellon University Team:  Shawn Litster (PI)

University of California, Irvine, NFCRC Team:  Iryna Zenyuk (PI), Devashish Kulkarni, Cliff Wang, Jack Todd Lang, John Stansberry

Other Partnerships and Collaborations:
MIT, B. Khaykovich; FZ Jülich, Germany; Fraunhofer ISE, Freiburg, Germany; Paul Scherrer Institute, Aargau, Switzerland, IEA Annex 30 Working Group



H2NEW: Hydrogen from Next-generation Electrolyzers of Water 27

Proposed Future Work

Any proposed future work is subject to change based on funding levels

Task 2a: Performance benchmarking, baselining, validation
• Complete development of 50 cm2 high pressure research hardware and publish as open source
• Benchmark FuGeMEA performance with various state-of-the-art single and multi-layer PTL materials and close 

structure property relationships
Task 2b: Cell performance testing in support of electrode development

• Continue to support Tasks 1 and 3 through capability development, performance & operando experiments
• Close molar flow balance of H2 with crossover diagnostics to enable in-depth recombination catalyst studies
• Include EIS in studies of effects of pressure cycling to enable full voltage breakdown analysis

Task 2c: Ex-situ studies focused on performance factors
• Continue to support all Tasks with characterization capabilities through
• Determine impact of ionomer content on OER kinetics using various diagnostics
• Measure NafionTM creep with PTLs present
• Probe permittivity and conductivity of PTL-catalyst interfaces using advanced spectroscopy capabilities
• Study native structure of ionomer-catalyst interfaces and their degradation using neutron reflectometry

Task 2d: Cell level model development
• Utilize cell model to determine optimum placement and loading for of recombination layer
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Summary―Task 2

• The Task 2 effort focuses on cell performance and characterization with the goal 
of achieving higher cell efficiency, as well as supporting Task1 and Task 3 with its 
capabilities

• Benchmarking efforts improved the capability to compare results within the 
domestic as well as the international community

• Expansion of test capabilities with regards to throughput and portfolio
• Effects of operating conditions on conditioning and H2 crossover determined 
• Detailed studies on the role of PTL properties and PTL interfaces conducted
• Electrode resistance and membrane creep investigated in ex-situ studies
• Cell modeling expanded to include H2 crossover processes
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