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Energy Systems Integration Facility

The Energy Systems Integration Facility (ESIF) is a national user facility located in Golden, 
Colorado, on the campus of the National Renewable Energy Laboratory (NREL). 

http://www.nrel.gov/esif Photo by NREL

http://www.nrel.gov/esif
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NREL’s megawatt-scale controller- and power-hardware-in-the-loop 
(CHIL/PHIL) capabilities allow researchers and manufacturers to test energy 
technologies at full power in real-time grid simulations to safely evaluate 
performance and reliability.

CosimulationMicrogrids

Power system studies

Controller- and Power-Hardware-in-the-Loop

Photos by NREL
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Interconnection 
and Interoperability 
of Grid-Forming 
Fuel Cell Inverters

Interconnection and 
interoperability 
requirements for 
distributed generation
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Discussion on Current Demonstration and 
Deployment Projects

• Excess 
generation 

• Cost of 
electricity

• Cost of fuels
• Long-duration 

storage
• Reuse in 

different 
applications.

Illustrations by NREL
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A) Pure simulation B)  Controller-hardware-
in-the-loop

C)  Controller-hardware-in-the-
loop and power-hardware-in-

the-loop

D)  Hardware only

Simulation and Experimental Capabilities

Source: Maitra 2007
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Power Hardware

Grid-forming inverter 
power hardware 
experiments and power-
hardware-in-the-loop 
experiments

Inverter Inductor Controllable supply

Photos by NREL
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Power-Hardware-in-the-Loop Setup

Experimental setup of voltage amplifier interface method. 
Photo by NREL. Source: Pratt 2023
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Results

Grid-connected to islanded mode of operation Islanded to grid-connected mode of operation
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Results

Grid-connected dispatch Islanded mode operation
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