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Experimental capabilities to accelerate advances from fundamental, single cell research 
to integrated systems research; with industry relevant scale and operation conditions
Images: NREL
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Growing Electrolyzer Capability at NREL
From Watts to Multi-MegaWatts
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From Powders to Power—Fundamental Science 
to Large-Scale Validation

Electrochemical 
Characterization:

RDE & RRDE stations 
for Mass & Specific 
Activity, ECA, ORR; 

EQCMB, Seiras

Manufacturing Lab
QC Diagnostic Development, 

Areal characterization, Roll-to-roll 
demonstration
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Electrolyzer; Single Cell, Stacks, Spatial

MEA integration
Coating, Spraying, Painting, 

Electrospinning, Lamination, Hot 
Press Transfer, Edge protection 

Material Synthesis:
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Membrane Development

Roll-to-roll manufacturing:
Micro-gravure coating,

Slot die coating

Powders Power
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From Powders to Power—Fundamental Science to 
Large-Scale Validation
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NREL’s Hydrogen Infrastructure Testing 
and Research Facility (HITRF)

Goal: Accelerate development of a distributed wind-
electrolysis system through use of NREL testing 
facilities.

Industry partners: Giner (electrolysis), GE 
Research (wind), HYGRO (integration, and Plug 
Power (stack supplier) 
Initial de-risk testing to understand fast-control 
effects that the PEM electrolyzer will have on 
wind turbine controls

Target data: NREL’s 750-kW stack test bed to 
obtain high-fidelity data (~40 ms) to assess closely 
integrated system
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Integrated testbed for distributed wind-electrolysis system
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• What: An international working group on offshore wind-H2 between NREL 
and TNO is leveraging cross-Atlantic research to aid understanding. 

• Why: TNO and NREL are often requested to analyse or review the techno-
economics of these offshore hydrogen production concepts, summarized in 
techno-economic analyses (TEA’s). 
– No concepts in operations, so many assumptions are made.
– Drivers are landing cables challenges in built-up coastlines and development cost 

of electricity infrastructure further offshore

• How: TNO and NREL have compared several existing techno-economic 
analyses of the different concepts, to identify:
– Compare concepts and identify knowledge gaps
– Identify which factors in the TEAs have the highest uncertainty and impact
– Outline strategies for lowering the uncertainty
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Experimental work is underpinned by analysis and 
international collaboration
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Exciting new project jointly funded by DOE Wind and Hydrogen 
Offices: NREL (lead) + ANL, LBNL, ORNL, & SNL

Vision: GW-scale off-grid, purpose-built systems composed of 
wind/PV/storage tightly coupled electrolyzers (DC/DC), 
optimized for LCOH, co-located with steel/ammonia production 
facilities. 

Novelty and Advantages:
• Optimized LCOH for the specific end use, 
• Holistic approach, increased efficiency, & reduced capital costs,
• Independence from natural gas price volatility, grid connection 

permits and new large-scale transmission build outs. 

Preparing plans for ~10MW NREL ARIES demonstration project.       
Show feasibility of 1GW HES  H2  green steel/ammonia

Reduce risks and accelerate pathways to industrial decarbonization.
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Example of Where We’re Going in H2 Systems Research:
Hybrid Renewable Energy  H2  Green Steel / Ammonia


