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Overview

• Project start date: 06/01/15
• Project end date: 09/30/17

• Barriers addressed
– Accurate utility network modeling 

in Real Time Simulation
– Front End Controller design for 

participation in Demand Response
– Inter lab communication to 

synchronize simulator and assets

Timeline Barriers

• Funded partners 
– Idaho National Laboratory and 

National Renewable Energy 
Laboratory

• Collaborators
– Utilities: PG&E, CAISO, 1 utility 

(TBD)
– Academic: Humboldt State 

University, Florida State University

Partners

Budget

Total project budget: $3660K
Total recipient share: 
$2100K(INL), $1560K(NREL)
Total federal share: $3660k
Total DOE funds spent*: $0

* As of 3/31/15
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Relevance

• Objectives: Validate the benefits of hydrogen electrolyzers through grid services 
and hydrogen sale to fuel cell vehicles for full-scale deployment through the:
o Characterization of the potential and highest economic value (near and 

midterm < 7 years) based on the needs of multiple stakeholders (utility, 
aggregator, and hydrogen station operator) for specific grid regions and 
identification of at least three scenarios for demonstration

o Demonstration of the reliable, fast-reacting performance of hydrogen-
producing electrolyzers (response time, settle time, duration, operation limits, 
start/stop time, and durability) for at-scale energy storage devices that 
support the grid through ancillary services and Demand Response (DR), as 
well as producing hydrogen for fuel cell vehicle fueling for at least three 
scenarios.

o Verification of the communications and controls needed for successful 
participation in electricity markets and DR programs.



4

Approach: Electrolyzer based H2 for grid services 

• This is a new project, starting in June 2015
• Technical approach includes 

o Electrolyzer model validation and simulation in a distributed real time 
environment that can be used for electrolyzer based fueling station 
business case analysis (California focus)

o Utility distribution network identification and modeling in Real Time 
Simulator for present case

o Interface development between electrolyzer and Real Time Simulator 
to perform Power-Hardware-In-the-Loop (PHIL) model validation 

o Synchronizing the Real Time Simulators at INL and NREL to conduct 
distributed Real Time Simulations with HIL 

o Location identification of hydrogen refueling station within the utility 
territory
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Approach: Milestone

• Milestone is listed as follow:
o Demonstrate distributed Real Time Simulation (RTS) between INL and 

NREL with high data rate exchange (< 30 milliseconds/exchange) 
o Demonstrate a 250-kW electrolyzer operating in both the energy 

market and the ancillary service market simultaneously for 500-hours 
producing 2,000 kg of hydrogen

– Computation and analysis of cost versus revenue comparison, stack durability, and 
system feasibility

o Develop 3 novel Demand Response (DR) programs for optimizing 
hydrogen refueling station operation to generate a minimum of 10% 
additional revenue

– Partner utilities will provide guidelines and consulting to develop the novel DR 
programs

– Performance assessment of the hydrogen refueling stations under existing DR 
programs for comparison is planned 
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Approach: Go/No-Go

• FY 2015:
o Collaborate with 3 partners and clarify their role in the collaboration

– PG&E: Provide consultation on cost share to ensure fully implementation of DR 
program. Provide PG&E infrastructure and network data to simulate real world 
distribution network.

– CAISO: Perform design review of the experiment especially electrolyzer 
participation in DR programs. Assess application of proposed DR programs in 
practical system operation.

– Aggregator: Review DR portfolios. Identify an existing DR portfolios for this system

o Investigate at least 3 distribution networks of PG&E to allow hydrogen 
refueling station interconnection

o Collaboration with external affiliation may be required to enable RTS 
of large scale system
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Approach: Go/No-Go

• FY 2016:
o Demonstrate distributed RT PHIL for a minimum of 200 hours between 

INL and NREL based on dynamic conditions adopted from discussions 
with PG&E

o Validated electrolyzer model via characterized data must operate at a 
minimum of 60% (LHV) stack efficiency



9

Accomplishments and Progress

• New project start
• Leveraging existing work 

between INL and NREL
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Collaborations

o Idaho National Laboratory and National Renewable Energy Laboratory
– Prime and jointly funded project partner
– Laboratory resources will be leveraged for research and development 

o Utilities: PG&E, CAISO, and one other CA utility (TBD) 
– Real world and market information for direction in research
– Actual data and system models for case studies, technology evaluation, and 

demonstrations

o Universities: Humboldt State University, Florida State University
– Research partners for modeling, simulation, and information dissemination
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Challenges

• Establishing the baseline models for electrolyzer and 
distribution test systems

• Interfacing the electrolyzer hardware with the RTS based HIL  
simulations

• Maintaining a constant low latency for data exchange 
between the RTS at INL and NREL  to perform synchronized 
simulations
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Proposed Future Work

• Project plan for FY 2015 (Under progress)
o Establishing baseline representation of electrolyzer and distribution test networks in 

Real Time Environment 
o Establishing communication between the Real Time Environments at INL and NREL
o Business case analysis of electrolyzer based Hydrogen refueling stations with a focus on 

California

• Key Milestone FY 2015 
o Demonstration of a stable distributed RTS with electrolyzer model at NREL and 

distribution network at INL within a time latency less than 30 milliseconds
– This milestone is critical because the time latency of RTS will determine the future design of experiment 

• Proposed Future Work
o Experimental set up from FY 2015 will assist in validating a dynamic electrolyzer model
o Validation is based on characterized data obtained from RTS PHIL testing
o Determination of location of Hydrogen refueling stations for the Bay area (California)
o Assessment and implementation of suitable DR programs with the utilities 
o Performance and economic assessment of Hydrogen refueling stations under the DR 

programs
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Summary

• Validated dynamic electrolyzer models and suitable distribution 
networks for testing to be created in Real Time Environment 

• Identification of suitable locations of Hydrogen refueling station in 
California based on maximizing revenue based on participation in the 
energy markets

• Performing distributed Real Time and Power-Hardware-In-the-Loop 
Simulations to assess the technical and economic participation of 
Hydrogen refueling stations in existing Demand Response programs
o Minimum operation of 500 hours of hardware operation

• Design of novel DR programs based on utility experiences to maximize 
the revenue for Hydrogen refueling stations

• Leveraging assets across the DOE lab complex, utilities, and academia
o INL (RTDS assets and personnel); NREL (Electrolyzer hardware, RTDS, personnel)
o Utilities (consultation, data, and Demand Response program design)
o Academia (personnel and computing resources)
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