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The National Renewable Energy Laboratory

NREL offers distinct capabilities in foundational science, experimental facilities, component 
R&D, and systems integration. Capabilities for geothermal energy systems include:
• Experimental and demonstration facilities
• Datasets for electricity and heat systems
• Computational tools for techno-economic analysis
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Energy Systems Integration Facility

Flatirons Campus

Virtual Emulation Environment

The Energy Systems Integration Facility (ESIF) 
• Advanced research capabilities 
• Experiments for 100s of devices
• Power levels up to 2 MW 
• Voltage levels up to 13.2 kV

The Flatirons Campus
• Extensive hardware and simulation resources
• Experiments for 1000s of devices
• Power levels up to 20 MW
• Voltage levels up to 34.5 kV

The Virtual Emulation Environment (VEE) 

• Sophisticated digital platform 
• Emulate experiments for 1,000,000s of 

devices 
• Any utility power 
• Any voltage level 
• Local to national scales



NREL    |    4

Digital Real Time Co-Emulation at ARIES 
Several options to evaluate geothermal technology integrated with physical hardware in 
replicated grid scenarios:

1. Model cycle and use emulator/dynamometer 

2. Operate cycle off-site w/ real-time communication w/ ARIES

3. Demonstrate cycle at ARIES
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Datasets for electricity generation

Datasets provide easy access to standard inputs and scenarios to help estimate
and compare techno-economic potential for electricity and heat applications
• Cambium: Dataset of hourly marginal costs in future grid scenarios
• Utility rate database (URDB)
• Annual technology baseline (ATB): current and projected cost of energy technologies

https://www.nrel.gov/analysis/cambium.html
https://openei.org/wiki/Utility_Rate_Database
https://atb.nrel.gov/
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Datasets for geothermal heat pumps

• Integrated GHP modeling 
GHEDesigner for ground heat 
exchanger sizing 

• ComStock: 6 national GHP 
datasets

• ResStock: 3 national GHP 
datasets

• Technical Advisory Committee

Building stock 
characteristics 

database

Physics-based
computer modeling

High-performance 
computing
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Geospatial technical potential modeling w/ reV

https://www.nrel.gov/gis/renewable-energy-potential
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ReEDS: Regional Energy Deployment 
System (ReEDS) Model

Regulations Load

Ancillary Services(DC) Power-flow

Thermal Plants Storage

RenewablesTransmission

The ReEDS identifies the least cost mix and operation of resources that simultaneously 
meets load, all other electricity service requirements (planning reserves, operating 

reserves), and physical and environmental constraints.

Mai et al., 2025

https://www.nrel.gov/analysis/reeds
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REopt Energy Planning Platform
Formulated as a mixed integer linear program (MILP), REopt provides an integrated, cost-optimal energy solution.

Renewable Generation
Solar PV
Wind

Energy Planning Platform
Techno-Economic Optimization

Technologies 
Technology Mix
Technology Size

Operations
Optimal Dispatch

Project Economics 
Capital Costs
Operating Costs
Net Present Value

Progress Toward 
Goals
Emissions Reduction
Outage Survivability

Economics
Costs & Incentives,

Utility Rate Structures,
Financial Parameters

Clean Energy
Renewable Energy,

Climate & Health 
Emissions & Costs

Resilience
Technology Reliability,
Outage Survivability 

Goals

Thermal
Space Heating

Hot Water
Process Heat

Electric
Buildings

Electric Vehicles

Hydrogen
Process Loads
Fuel Cell EVs

Energy Storage
Batteries
Thermal Storage (Hot, Cold)
Long Duration Energy Storage

Thermal Electrification
Geothermal Heat Pumps
Air-Source Heat Pumps
Electric Resistance Heat
Electric Boiler

Hydrogen
Electrolyzer
Fuel Cells
Storage (High, Low Pressure)
Compressor

Conventional Supply
Electric Grid & Fuel Supply
Conventional Generators
Combined Heat and Power

H2

H2
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REopt for GHP 

REopt: https://reopt.nrel.gov/tool

• Allows users to limit their GHP and 
GHE sizes

• Currently exploring GHP lifecycle 
costs for Alaska and Washington DC

• Geothermal power generation 
possible by importing a “fixed 
generator” profile. Pursuing projects 
to add more detailed geothermal 
power capabilities in 2026.

https://reopt.nrel.gov/tool
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System Advisor Model (SAM)

Free open-source software that enables detailed performance and financial 
analysis of energy systems

https://sam.nrel.gov/
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Geothermal in SAM

• GETEM developed by Greg Mines (INL) as an Excel model

• Conversion to SAM enables a graphical user interface, detailed financial models, 
comparison to other generation technologies, updates tracking (GitHub), and user 
inputs/feedback.

GETEM SAM
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SAM User Inputs

• Simple representation of 
power cycle design-point

• Default model assumes 
design performance for 
blocks of time and derates 
for temperature decline
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SAM Financial Outputs

• Key metrics such as LCOE, 
NPV, IRR, etc…

• Detailed annual cash flows
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2026 Planned Improvements to SAM

• Improve off-design modeling 
capability to capture influence of 
ambient temperature, brine 
temperature, brine mass flow rate
• Want to quantify value of time-of-use 

generation

• Initial focus on ORCs for EGS

• Update cost correlations

• Improve design-point feedback in 
user interface

• Improve documentation
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Thank you!

This work was authored by NREL for the U.S. Department of Energy (DOE), operated under Contract 
No. DE-AC36-08GO28308. Funding provided by U.S. Department of Energy Office of Energy Efficiency 
and Renewable Energy Geothermal 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.


