
2023 Hydrogen & Fuel Cell Seminar
Long Beach, California

February 7–9, 2023
NREL/PO-5D00-85146

Interoperability

Interconnection and Interoperability Requirements of 
Hydrogen Assets to Enable Grid Integration

Kumaraguru Prabakar,1 Robert Flores,2 Deepthi Vaidhynathan,1 Jack Brower,2 Jeffrey Chase,3 Joe Leiva,3
and Martha Symko-Davies1

1 National Renewable Energy Laboratory, 2 University of California, Irvine, 3 Southern California Gas Company 

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08GO28308. Funding 
provided by U.S. Department of Energy Office of Energy Efficiency and Renewable Energy Hydrogen and Fuel Cell Technologies Office. The views expressed in the article do not necessarily represent the views of the DOE or 
the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or 
reproduce the published form of this work, or allow others to do so, for U.S. Government purposes.

Interconnection
• Support interoperability standards for electrolyzers, fuel cells, fuel cell inverters.
• Interoperability standards guide the communication between different assets in 

the system.

• Support interconnection standards for electrolyzers, fuel cells, fuel cell inverters.
• Interconnection standards guide the power interactions between the assets in 

the system.  

• Support interoperability and interconnection 
standardization of hydrogen assets. 

• Reduce the cost of integrating hydrogen assets 
into power systems. 

BACKGROUND/INDUSTRY IMPACT 

• Develop controller-hardware-in-the-loop and 
power-hardware-in-the-loop test bed to support 
interoperability and interconnection-related 
experiments. 

• Perform code development and testing at 
NREL’s Energy Systems Integration Facility.

PROJECT OVERVIEW/OBJECTIVES 

GRID-FOLLOWING CONTROLS GRID-FORMING CONTROLS
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Client-server architecture Publisher-subscriber architecture

• The outcomes of this work will support the interoperability 
and interconnection standardization of hydrogen assets. 

• This project will use the Banshee microgrid model as the test 
model, 100-kW fuel cell and fuel cell inverter for power-
hardware-in-the-loop setup.

• The interoperability codes using IEC 61850 standards will be 
developed using simple BeagleBone boards and will be made 
available in the public domain. 

• Technical reports on required updates for the 
interoperability and interconnection will be completed at the 
end of the project.

• Developed novel interface for running power-hardware-in-
the-loop experiments with the fuel cell inverter

• Tested the codes in BeagleBone boards at the Energy 
Systems Integration Facility

• Completed digital real-time simulation model and purchase of 
microgrid controller for the experiments planned in budget 
Period 2

• Finalizing the controller-hardware-in-the-loop and power-
hardware-in-the-loop setup. 

• Using Triangle MicroWorks to develop .icd files for IEC 
61850

• Will work with IEC 61850 to update the interoperability 
codes developed under this work

• Will use Banshee microgrid model as a test microgrid 
model for the microgrid use cases and support the grid-
forming and grid-following use cases for the fuel cell 
inverter 

• Will use 100-kW fuel cell and 100-kW commercially 
available fuel cell inverter for this work
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