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Project Goals

▪ Create a balanced portfolio of standards and protocols for Advanced Water 
Splitting Materials testing, from screening of fundamental material characteristics, 
to device or system level benchmarking in controlled and real-world operating 
conditions 

▪ Engage the community and create more awareness and dialogue between the 
technology areas and for better leveraging of technical advancements and 
understanding 

▪ Work on protocol development for bench-scale, sub-scale and higher levels, and on 
protocol verification and validation

▪ Develop a Round Robin testing verification plan. 

▪ Work with H2NEW Consortia to assist in accelerated aging protocol development
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Overview

Timeline Project Partners

• Project Start Date: 10/20/2021

• Project End Date: 9/30/2022

Budget

• FY22 Planned DOE Funding: $1M 

• Total DOE Funds Received to Date: $1M

• Pacific Northwest National Laboratory, 

Project Lead 

• Nel

• Arizona State University

• Caltech

• H2TechConsulting
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Innovation

• Develop a framework of protocols/standards for testing performance of 
materials, components, devices, and systems

• Facilitate community-wide acceptance of protocol and benchmarking 

• Establish an annual International Workshop to; share learnings, stimulate 
participation, and develop recommendations within/across technology areas

• Assess capabilities and identify gaps for development of advanced water 
splitting technologies

• Develop and implement a plan for Protocol Validation

• Promote acceptance of protocols and methodologies including cost and 
performance assessments and database comparisons

• Assemble roadmaps to further development of each technology pathway
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Relevance and Impact

Test Protocol Table of Contents

1.Procedures

a. Scope and Applicability

b. Summary of Method

c. Definitions

d. Health & Safety Warning

e. Cautions

f. Interferences

g. Personnel Qualifications / Responsibilities

h. Equipment and Supplies

i. Step by Step Procedure

• Instrument or Method Calibration and 

Standardization

• Sample Collection

• Sample Handling and Preservation

• Sample Preparation and Analysis

• Troubleshooting

• Data Acquisition, Calculations & Data 

Reduction Requirements

• Computer Hardware & Software

j. Data and Records Management

2.Quality Control and Quality Assurance Section

3.General Notes

4.Reference Section

Standardized Test Methods and Benchmarks

▪ Decrease development cycle times through common comparison

▪ Allow for direct comparisons of materials and water splitting 
technologies

▪ Revisions to draft test protocols with feedback from EMN and 
International experts

▪ Released finalized version of protocols and prioritized plans for 
validation

▪ Initiation of new protocol drafts

Community Engagement and Outreach

▪ Annual workshop with international participation

▪ Publications of protocols in open journals and on the NREL 
Hydrogen-AWSM openpoint website.

▪ Presentations at scientific conferences
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Approach

Project 

Frameworks

DOE Project 

Management

Protocol 

Publications
Workshops

HydroGEN Steering 

Committee

Community 

Participants

New Protocols
Protocol

Validation

Protocol 

Publication

Round Robing 

Testing
Roadmaps

Success Metrics

Inputs:

Deliverables:

Primary Organization Tool:

(Living Document)

Project Team
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Budget Period Project Tasks

Task Timing Goal

1.0 Subcontracts
February Finalized 4 PI subcontracts: Nel, ASU, Caltech, and H2TechConsultling

2.0 2022 Workshop May Completed with over 120 participants.

3.1 Bench Scale Protocols
January –

October
Continue developing new-next level bench/sub-scale testing protocols 

for each water splitting pathway

3.2 Next Generation Protocols

January –

October
Ensure protocols and Best Practices are created to meet higher levels

of device development including accelerated ageing test protocols.

4.1 Protocol Verification & 

Validation

January –

October
Apply protocols within the community to validate the approach and 

incorporate changes needed in protocols. This will include round-robin

testing and identification of lessons learned.

4.2 Protocol Modification
January –

October
Based on Validation results, updates to protocols will be made and 

published in an accessible forum.

5.0 Program Management

January –

October
The team will manage the technical work within the program schedule, 

budget, and technical scope and will prepare and submit interim and 

final reports.
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Accomplishments and Progress

Conducted 2022 Workshop to Engage Technology Experts

• Updated the distribution list

• Distributed Save the date fliers 

• Assembled agenda, breakout sessions, 

invited plenary speakers

• Community engagement in 

• Strategy and plans on protocol validation and 

Round Robin testing

• Monitor synergistic international efforts in 

harmonization of protocols 

• Identify new protocols to be written and 

revisions
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Accomplishments and Progress

12 Protocols Submitted for Publication in Frontiers in Energy

Review of 
Frameworks

Brainstorm 
Protocols to 

Support 
Frameworks

Prioritize and 
Assign Writers

Peer Review
Release to 

Public
Validation

Review/Revise 
as Needed

Test Protocol Development Process

• Materials level test protocols were prioritized
• Future protocols will include device level and accelerated testing

Thank you to our test protocol contributors and expert reviewers!
Thanks for workshop input from many national and international researchers! 

Authors: LTE
Shaun Alia

Chulsung Bae

Chris Capuano

Nem Danilovic

Kelly Meeks

Sarah Park

Alexey Serov

Hui Xu

HTE
John Hardy

Jeff Stevenson

Yeong-Shyung Chou

Fengyu Shen 

Dong Ding 

Mike Tucker

Hanping Dong

Ani Kulkarni

PEC
James Young
Todd Deutsch
Adam Weber
Nem Danilovic
Charles Dismukes
Shu Hu
Burt Simpson
Jason Cooper
Dave Palm

STCH
Andrea Ambrosini

Bob Bell

Eric Coker

Dave Ginley

Chris Muhich

Anthony McDaniel

Michael Sanders

Jonathan Scheffe
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Accomplishments and Progress

36 Test Protocols for Review and Validation

LTE: HTE: PEC: STCH:

• 36 test protocols were drafted, reviewed and prioritized for validation

• 40 additional protocols in drafting process
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• Wide-ranging and collaborative effort within and beyond the Advanced Water 
Splitting Community.

– LTE, HTE, STCH, and PEC technologies
– Significant engagement from universities, national labs, and international 

subject matter experts
– Feedback has been positive and enthusiastic throughout

• Workshops, newsletters, symposia, and now publications used to spread 
information and solicit input

• Continue engaging with world experts and new project teams as they 

participate in creating new protocols and validating current protocols

Collaboration and Coordination
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Milestones
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Publications and Presentations

• OA Marina, High Temperature Electrolysis: Challenges and Opportunities of H2 Production, Workshop: Where Is Energy 

Storage Headed? Challenges of Degradation in Long-term Operation, Boston University, February 11, 2022. 

• K Ayers, Challenges and Opportunities for Large Scale PEM Electrolysis, Invited lecture, The H2 Economy Program, 

University of Houston, March 7, 2022.

• OA Marina, High Temperature Electrolyzers for Hydrogen and Chemicals Production, Invited lecture, The H2 Economy 

Program, University of Houston, March 7, 2022.

• OA Marina, Current Status and Future Focus of SOEC Manufacturing, Plenary presentation at the DOE SOEC 

Manufacturing Workshop, March 8, 2022.
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Remaining Challenges and Barriers

• Validation sites are likely to require financial support to cover the costs and 
labor
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Proposed Future Work

• Continue engaging technology experts to create new high-priority protocols
and prepare manuscripts for publishing in Frontiers in Energy

• Initiate manuscript submission into a journal issue; Identify reviewers; Assist
with fee coverage, when needed

• Prepare technical report to establish criteria for sub-scale test hardware and
facility requirements for testing protocols

• Continue engaging the community in identifying and writing advanced testing
protocols for bench-scale, sub-scale and higher levels

• Assess the existing expert sites within DOE and international programs and
identify at least 2 potential validation centers per technology

• Identify community accepted standards for round-robin/validation testing and
potentially a curator for these standards Any proposed future work is subject to change based on funding levels.
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Response To Reviewer Comments

• This project was not reviewed last year


