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Geothermal Electric Sector

• The US has about 3.8 GWe of Geothermal installed 
capacity.
– Capacity has been growing at a rate of ~2%/yr.

• 15,920 GWh, representing about 0.4% of the nation’s 
total electricity generation.
– 6% of generation in CA, and 8% of generation in Nevada.
– California has more installed geothermal capacity than any 
country in the world.

• Fundamental question: assuming a variety of 
improvements to technical and non-technical barriers, 
what level of geothermal deployment could be 
achieved through 2050?
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• Scenarios Modeled
• Methodology

o Geothermal Resource Potential
o Geothermal Electricity Technology Evaluation Model (GETEM)
o Regional Energy Deployment System (ReEDS)

• Results
• Sensitivity Runs
• Conclusions

Agenda

Blackwell et al. 2011
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Three Electric Sector Scenarios

1. Business As Usual (BAU) – Anticipated future if industry continues on the same path as 2016 conditions. This scenario does 
not include any technical or non-technical improvements.

2. Improved Regulatory Timeline (IRT) - Considered pathways and potential combinations of approaches to streamline and 
reduce project development timelines. This scenario does not include any technology improvements.

3. Technology Improvement (TI) –
Evaluated aggressive
technology advances and  
cost reductions.
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GeoVision Workflow for Modeling Electricity Generation
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Geothermal Resource Potential

• Estimates from 2008 USGS Resource 
Assessment (Williams et al.) and 
updated Augustine 2010, 2011, & 
2016.

• Four resource classes:
• Identified hydrothermal
• Undiscovered hydrothermal
• Near-field EGS
• Deep EGS (3-7km)

• Exclusions:
• Sites <110°C
• Existing installed capacity
• Alaska & Hawaii

Williams et al. 2008
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GETEM – Geothermal Electricity Technology Evaluation Model

• GETEM estimates the Levelized Cost of Energy (LCOE) and overnight capital costs for a user defined 
geothermal resource type, temperature, and depth.

• Up to 109 default inputs.
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Scenario Specific GETEM Revisions
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Geothermal Resource Supply Curves from GETEM
• Costs increase quickly as resource temp drops
• Both NF-EGS & deep EGS resources are likely too 

expensive to deploy in the BAU scenario
• Undiscovered resource potential > identified

• Deep EGS capital costs are reduced significantly 
in the TI scenario 

• Deep EGS makes up majority of additional 
available capacity in the TI scenario
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• A spatially and temporally resolved model of capacity expansion in the U.S. electric sector.
• Designed to explore potential electric-sector growth scenarios in the U.S. out to 2050 under different 

economic, technology, and policy assumptions.

ReEDS – Regional Energy Deployment System

• For every 2 years, ReEDS finds the regional mix of 
technologies that meet requirements of the electric 
sector at least cost. Primary requirements include:
o Regional demands for electricity in each time-slice
o Regional planning reserve requirements in each time-

slice
o Regional operating reserve requirements In each time-

slice
o Any policy requirements (e.g. RPS)

• In addition to these constraints, ReEDS includes:
o Technology-specific regional resource constraints
o Transmission constraints
o Other physical constraints, etc.

• Technologies include conventionals (coal, oil, gas, 
nuclear), renewables, storage, demand-side tech.
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• IRT assumes
– Geothermal categorical exclusions (CX) for 

resource confirmation activities
– Centralized coordinated permitting offices
– NEPA streamlining (expanded use of pre-leasing 

EAs and Programmatic EIS)
– Reduced construction timeline
– Increased resource exploration and rate of 

discovery

• Scenarios do not include improved 
technologies (EGS)

Results – BAU and IRT Scenarios
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Results – TI Scenario

• Deployment could reach 60 GWe with 
aggressive technology improvements

• Improvements include better exploration, 
drilling, and well stimulation.

• Find resources faster and target wells with improved 
precision and success.

• Drill faster and more cost-effectively.
• Stimulate wells more effectively and at lower cost.
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Results – Modeled Generation by Year
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• ReEDS standard 
scenarios

• Drilling cost 
curves

• Regional EGS 
maps

Sensitivity Runs
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Conclusions

• The BAU scenario in ReEDS projects 5,924 MWe of total installed geothermal capacity by 
2050.

• The IRT scenario in ReEDS estimates 12,891 MWe of total installed geothermal capacity by 
2050; more than double the installed capacity in the BAU scenario.

• EGS technologies do not deploy in either the BAU or IRT scenario because the technology is 
not yet advanced enough to be commercially feasible. 

• Regulatory reforms alone could greatly increase geothermal deployment. 
• Expanded and improved exploration is essential to discovery and deployment of 

undiscovered hydrothermal resources.
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• The TI scenario in ReEDS estimates 60,701 MWe by 2050, mostly from the rapid 
deployment of EGS resources starting in 2030. 

• ReEDS standard scenarios show that geothermal deployment can be robust under 
numerous future scenarios.

• Detailed regional maps of EGS resources are needed to identify the most favorable EGS 
sites. 

• In order to achieve accelerated geothermal deployment EGS technologies must be 
advanced through research and development.

Conclusions
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Questions?
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