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Executive Summary 

Petrolern completed a comprehensive literature review, data review, and market analysis on the 
geothermal opportunities in Wyoming for the Wyoming Energy Authority. The primary goal 
of this work was to assess the degree of understanding and feasibility for geothermal 
opportunities characterized by commercial geothermal utilization technologies and their 
effectiveness in the state of Wyoming. Presented in this report are the results, conclusions, and 
recommendations of this work. 

The geothermal resource potential for Wyoming was evaluated using existing data and 
published literature of the geology and thermal characteristics of the state. The purpose of this 
resource evaluation was to gain an understanding of the quality and degree of exploration of 
geothermal resources in Wyoming. Existing data used in this evaluation includes measured well 
temperatures, well and spring locations, estimated temperature at depth, and geothermal heat 
estimations. Data for this evaluation comes from the National Renewable Energy Laboratory 
and the SMU Geothermal Laboratory’s geothermal database. These same data were analyzed 
and published as a comprehensive ArcGIS Online interactive map by the Wyoming State 
Geological Survey. Previous work by various researchers over several decades focused on 
locating geothermal resources, but little work was performed to fully characterize the resource. 
Detailed literature review and analysis suggests Wyoming’s geothermal resources are moderate 
to low temperatures, approximately 300 °F or less, (Heasler and Hinkley, 1985; Buelow et al., 
1986; Dingwall et al., 2011) and situated in localized regions throughout the state. Most of the 
geothermal resources are below 200 °F, below ideal electrical generation potential 
temperatures. There are no indications for a widespread high temperature geothermal resource 
that would provide significant geothermal value to Wyoming and the costs and risks of 
exploration for high-temperature resources are high; however, technologies to utilize lower 
temperature resources are likely to have the greatest economic impact and benefit for Wyoming, 
given the widespread indication of potential low temperature geothermal resources. 

Petrolern evaluated multiple low temperature geothermal utilization technologies that are 
applicable to the Wyoming geothermal resources. Specifically, we discuss geothermal heat 
pumps, direct use heating, and Organic Rankine Cycle (ORC) electricity generation. A detailed 
synthesis of technology types, the attributes, production type, and the scale of use has been 
provided in this report. We explain the practicality of various power plant types in Wyoming 
given the resource conditions and evaluate the effectiveness of various utilization technologies 
in Wyoming. For each technology reviewed, the expected electricity or heat output and life 
cycle is evaluated. Given that Wyoming’s geothermal resources are localized reservoirs of low 
temperature, the high temperature technologies such as dry steam or flash steam power plants, 
enhanced geothermal systems, and traditional hydrothermal utilizations are not applicable here 
and therefore only limited detail is provided in this report. 

Power generation from geothermal heat is a function of three main variables: 1) flow rate, 2) 
geothermal temperature at the surface, and 3) ambient air temperature. The higher the flow rate, 
the greater amount of total thermal energy being produced to the surface. Similarly, the higher 
the geothermal fluid temperature, the greater the amount of energy per unit of flow being 
brought to surface, and the greater the power generation potential. The generally low naturally 
occurring geothermal resource temperatures in Wyoming are a major obstacle; however, the 
low winter temperatures in Wyoming are a beneficial factor for geothermal power generation. 

Geothermal heat pumps (GHP) are an applicable technology throughout the state for residential, 
commercial, and district heating, although they are most commonly used for residential heating 
and cooling. Similarly, there are direct use heating temperatures intersected by 6816 existing 
wells, covering every sedimentary basin with active oil and gas production within the state. 
Direct use geothermal requires an end user to be located close to the geothermal resources, so 
the amount of direct use utilization is dependent on finding co-located well locations and end 
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users that need heat. Geothermal electricity, for the temperatures in Wyoming, would be 
generated through an Organic Rankine Cycle (ORC) power plant, previously demonstrated in 
Wyoming at the Teapot Dome Field with an operating temperature of 195 °F. Here, we use 200 
°F as the wellbore bottom hole temperature (BHT) cut-off for analysis, which assumes minor 
temperature losses from the bottom hole to the ORC. There are 1284 wells within the state that 
are above 200 °F BHT that are not plugged and abandoned and are therefore potentially 
applicable for ORC power generation if they also include sufficient water flow rates. Each basin 
throughout the state contains ORC power generation capable wells.  

Financial modeling and analysis for each utilization technology applicable in Wyoming was 
evaluated. This analysis included average payback period, internal rate of return, net present 
value, and average annualized return on investment. Financial analysis was based on a 30-year 
expected lifetime of geothermal production and incorporated anticipated operations and 
maintenance cost, building costs, tax rates, discount rates, and tax credits. In general, new 
drilling of prospects have a negative to low commercial viability, while repurposing wells has 
a low to moderate commercial viability. The main exception to this result is the Synthetic 
Geothermal Reservoir (SGR). The SGR has multiple factors that were not fully examined as 
part of this work, so the SGR financial models are limited in their completeness for economic 
viability. Still, SGR models with new drilling have potential ranging from negative to moderate 
or even high commercial viability. The commercial viability will ultimately depend on multiple 
factors such as geologic conditions, distance to renewable energy or transmission lines, power 
or heat demand, and others that were not fully incorporated in these models. We suggest 
additional work be performed examining potential SGR financial scenarios focused on full 
optimization of heat use.  

The environmental effects for each technology were assessed for CO2 emission reductions as 
well as potential negative impacts such as induced seismicity risks and subsidence are 
discussed. Production of geothermal electricity will avoid approximately 6500 tons of CO2 per 
year per MW of installed capacity, assuming a 95% capacity factor. Geothermal direct use 
heating was compared to the CO2 emissions from burning of natural gas as the assumed primary 
heat source. Geothermal direct use heat will avoid 6.1 tons of CO2 for every 100 MCF offset. 
For comparison, the average residential home in Wyoming uses the equivalent of 82.5 MCF 
per year and would avoid approximately 5 tons of CO2 per year by switching from natural gas 
to geothermal direct use. The other alternative discussed in this report is the use of GHP 
systems. If a household switched from natural gas heating to a GHP, there would be 
approximately 2.9 tons of CO2 avoided per year based on the national electricity grid. At present 
the Wyoming grid is approximately 67% coal compared to 19% for the national average, which 
means an electricity-using technology like a GHP will produce less CO2 savings in Wyoming 
versus the national average because of the higher CO2 emissions of the Wyoming electric grid 
at this time. As more renewable energy and natural gas electricity generation is added to the 
Wyoming grid, the quantity of CO2 avoided through use of the GHP versus natural gas heating 
will increase.  

Based on past research, there are generally limited environmental hazards associated with 
geothermal production in Wyoming. There is relatively low naturally occurring seismicity 
within the sedimentary basins of Wyoming even when accounting for existing hydrocarbon 
activity. The low seismicity indicates induced seismicity is a low risk for geothermal energy 
production in Wyoming. This risk will be further lowered if sustainable, balanced production 
is performed as should always be the case in geothermal, i.e., the produced fluid volumes should 
equal the injected fluid volumes. Detailed recommendations are provided to avoid and monitor 
potential impacts. Subsidence is another known potential environmental risk for geothermal 
power production, which is also associated with unequal fluid production versus fluid injection 
rates. Subsidence is shown to be rare in areas of active geothermal power production, only being 
detected in areas where fluid production is significantly different than fluid injection. Finally, 
the impacts of geothermal energy development on the air, water, and land are evaluated, and 
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recommendations to reduce potential impacts are provided for the various geothermal system 
types. 

The final assessment for scoping geothermal potential in Wyoming involved researching the 
legal and regulatory barriers to entry. There is no standard geothermal regulatory guidance in 
the state of Wyoming currently. The regulatory framework for federal, state, and local agencies 
pertaining to resource production and water rights were examined in detail and recorded here. 
Applicable regulations for permitting of geothermal power generation and geothermal heat 
pumps are thoroughly examined in this report. The primary potential barriers to entry we 
observed are twofold: 1) the current ambiguous definition of ownership of the heat, and 2) based 
on our analysis of state and federal regulations pertinent to Wyoming, we interpret permitting 
for geothermal wells would currently be treated as water wells, even though these wells are 
more similar to oil and gas wells. The ownership of the heat and the right to produce that heat 
will need to be clearly defined to reduce litigation risk. This also requires an understanding of 
right to geothermal water production and whether using the water to produce heat falls to the 
right of the water owner or the mineral owner. To the second point, geothermal wells for both 
direct use and power production are more similar to oil and gas wells instead of water wells. 
Therefore, we suggest geothermal wells be regulated by the Wyoming Oil and Gas 
Conservation Commission. We provide more details below and include a summarized list of 
specific regulations to consider as geothermal developments progress in Wyoming.  
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Introduction 

This report presents a summary of the geothermal resources present in the state of Wyoming 
and the appropriate utilization technology for each potential resource. Petrolern completed this 
work for the state of Wyoming on behalf of the Wyoming Energy Authority. This review will 
be split into the geothermal resource background, geothermal utilization by technology type, 
and applicable geothermal utilization technology per region of Wyoming. The utilization 
technology section will include financial metrics and potential for CO2 emissions reductions. 
Potential environmental hazards and geothermal regulations as regulations / potential barriers 
to entry are addressed at the end of this report as their own sections because the results apply 
to the entire state of Wyoming and do not have region specific, or technology specific variation 
based on the work performed here.  
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Regional Geology 

The geologic history of Wyoming involves multiple uplift events during the formation of the 
Rocky Mountains, producing a series of Palaeozoic to Cenozoic structures overlying 
Precambrian basement. During this history, marine and terrestrial sediments were buried and 
structurally deformed, and many energy resources were developed across the region. This 
geologic history produced the ideal conditions for maturation and trapping of significant 
hydrocarbon and coal deposits; however, these are not ideal for geothermal energy production, 
which is often associated with present day tectonic extension and active volcanism. The present 
geologic conditions in Wyoming do provide low temperature geothermal opportunities 
throughout the state associated with the small number of hot springs and the deep sedimentary 
basins. It is important to note here, we do not address Yellowstone as a geothermal resource 
because it is a national park and world heritage site. As such, exploration in the near vicinity of 
Yellowstone National Park is not considered feasible. Below, we provide a brief geologic 
history of Wyoming for general understanding and discuss the primary geothermal energy 
inputs relevant here. 

The basement rocks of Wyoming form the Wyoming craton (Figure 1). A series of sea level 
rises and falls deposited several shale, sandstone, and mudstone formations. (Thomas, 1957; 
Sando et al., 1975). Inland conditions have continued since the end of the Cretaceous with the 
Laramide orogeny. The Laramide orogeny uplifted the Rocky Mountains through the Eocene 
and resulted in several deep-seated structural features such as faults and folds. Most recently in 
the last 60 million years, a period of volcanic activity occurred during the Cenozoic which 
deposited volcaniclastic rocks and intrusive volcanic bodies (Thomas, 1957). 

The tectonic activity and volcanism along with the radioactive decay of isotopes in the 
subsurface are the primary sources for thermal resources in Wyoming. Sedimentary basins 
across the state are well explored for oil and gas, and deep formations may serve as hot 
sedimentary aquifer geothermal targets. The folds and faults created from tectonic activity 
produce potential deep fluid flow pathways that can bring geothermal resources to the surface 
and shallower depths, similar to deep seated fluid flow observed in the Basin and Range as well 
as those predicted to contribute to the West Virginia thermal anomaly (Frone et al., 2015).  
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Figure 1. Generalized Geologic Map of Wyoming. 
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Geothermal Resource 

Literature Review of Thermal Resource Characterization 

There are areas of Wyoming that contain low-to intermediate-temperature geothermal potential 
in two main resource types: hydrothermal and hot sedimentary aquifers (HSA). Sources of 
subsurface temperature data that were previously collected and synthesized are thermal logs 
from wells, oil and gas Bottom Hole Temperatures (BHT), and measured temperatures of 
springs and flowing wells (Heasler and Hinkely, 1985). Here, we summarize the potential 
geothermal resources of the state based on the type of geothermal resource. It is also important 
to note - multiple geothermal resource characterizations exist. To discuss the potential 
geothermal resources, we most closely resemble the characterization of White and Williams 
(1975) as their cutoffs correlate to the different thermal energy utilization technology. 
Geothermal systems here are categorized into high temperature systems greater than 300 °F, 
intermediate temperature systems ranging between 190 – 300 °F, and low-temperature systems 
for all temperatures less than 190 °F (White and Williams, 1975). Here, we examine BHT or 
reservoir temperatures below 200 °F as low-temperature geothermal resources appropriate for 
direct use applications, and BHT or reservoir temperatures above 200 °F as possible power 
generation resources. 

Hydrothermal systems are those where hot water flows up through faults to create shallow 
geothermal resources through convection. All of the United States’ commercial geothermal 
power development is from hydrothermal systems which are highly localized and require 
faulting. Hydrothermal resources are expressed across the state as various thermal springs 
(Figure 2; Breckenridge and Hinckley, 1978). Yellowstone is another example of a 
hydrothermal system. Previous work identified these hydrothermal anomalies in Wyoming, but 
few attempts have been made to define the resource associated with these anomalies (Buelow 
et al., 1986).  
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Figure 2. (Top) Map of Wyoming’s thermal hot springs exclusive of Yellowstone National Park 

(Heasler and Hinkley, 1985). (Bottom) Map of Wyoming’s sedimentary basins potentially 
containing water greater than 120 °F (Davis, 2012). 

Hot Sedimentary Aquifer (HSA) systems are a static, conduction-dominated geothermal 
resource that uses regional aquifers heated by surrounding hot rock. This resource type does 
not utilize the existing fault network and active fluid convection to transfer the heat. The 
sedimentary basins of Wyoming (Figure 2) fall mostly into the low to intermediate-temperature 
geothermal regimes. The basins of Wyoming are deep, old structures, meaning they are unlikely 
to develop traditional hydrothermal geothermal systems, similar to those observed in the Basin 
and Range Province of the Western US (Buelow et al., 1986). Some deep HSA resources may 
exist, indicated by more recent Temperature-at-Depth maps (Dingwall et al., 2011) and 
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recorded BHT measurements, however, new resource calculations should be completed to 
update the deep geothermal resource estimates for future exploration.  

Heat flow studies (Decker et al., 1980; Heasler et al., 1982; Buelow et al., 1986; Dingwall et 
al., 2011) reported heat flows of 33 to 80 mW/m² in Wyoming (Figure 3). Worldwide 
continental average heat flow is ~50 mW/m², meaning most of Wyoming contains an average 
to slightly above average thermal regime. As a comparison, the Basin and Range Province in 
the Western US, which contains many of the US geothermal systems, has an average heat flow 
of ~70 mW/m². Yellowstone National Park in the northwest corner of the state is an exception 
with very high heat flows over 105 mW/m² (Morgan et al., 1977; Buelow et al., 1986). The 
most recent work performed to quantify the geothermal resource in Wyoming was completed 
by Dingwall et al. (2011), which was included in the Blackwell et al., (2011) Temperature-at-
depth maps for the Conterminous United States. Dingwall et al. (2011) added data points to the 
map of Wyoming, especially in the Powder River Basin area, to provide a more thorough and 
updated analysis of the area. The heat flow mapped with these new data and pre-existing 
published data suggest Wyoming has relatively low resource temperatures. Conventional 
geothermal resources, therefore, are highly location dependent and focused on areas with 
existing geothermal manifestations such as hot springs. There may be deep geothermal 
resources as well as the geothermal coproduction or wellbore repurposing opportunities within 
the Wyoming sedimentary basins associated with existing oil and gas wells, but it is important 
to note most of these are not in an above average thermal regime. Later, we examine the 
economic potential of drilling new wells as well as examine the economic potential of 
repurposing existing oil and gas wells drilled to sufficient temperatures. 

 
Figure 3. Geothermal heat flow map (modified from Dingwall et al., 2011). Heat flow data points 

are shown as black dots. Wyoming heat flow ranges from 30 to 80 mW/m². 

Identified low-temperature hydrothermal resources in Wyoming include the Cody and 
Thermopolis hydrothermal systems within the Bighorn Basin surrounding Cody (Figure 2). 
Both geothermal systems are controlled by folds where elevated temperatures occur at 
shallower depths due to the geometry of the geologic structures (Heasler and Hinkley, 1985). 
The Cody hydrothermal system has recorded maximum temperatures of 110 to 130 °F at depths 
of 850 to 1600 feet. The Thermopolis system contains well data with temperatures ranging 115 
to 130 °F and a maximum recorded temperature of 162 °F (Heasler and Hinkley, 1985). These 
temperatures are not commercially viable for power generation but have direct heat use 
capabilities. Here it is important to recognize that the geothermal resource is associated with 

WY 
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naturally occurring hot springs. Specific regulatory considerations should be taken into account 
to ensure direct use of the geothermal resource is properly managed with the goal to also 
maintain the naturally occurring surface thermal activities (i.e., hot springs). Both of these uses 
have tangible value, as can be seen by the tourism value of Yellowstone, so sustainable use of 
the geothermal resource for all opportunities is ideal. We will discuss this more in the regulatory 
/ barriers to entry section below. 

The Powder River Basin (Figure 2) located north and east of Casper was previously documented 
as an area of higher geothermal potential (Heasler and Hinkley, 1985; Buelow et al., 1986); 
however, the area has an average heat flow of 48 ±9 mW/m² (Figure 3; Buelow et al., 1986, 
Dingwall et al., 2011) and a maximum recorded temperature within the basin of 275 °F at 
16,076 feet. This heat flow represents worldwide average heat flow. Therefore, the geothermal 
opportunity in the Powder River Basin is best suited for shallow low temperature resources, 
highly localized anomalies (discussed below), and existing deep oil and gas wells that may 
provide an opportunity for wellbore repurposing in HSA resources. While 275 °F is a viable 
temperature for power generation, drilling new wells to 16,000 ft for 275 °F water will often 
not be economic. Additionally, these depths are unlikely to have high enough permeability for 
commercial power generation. Direct heat applications are again potentially viable. 

The Southeastern Powder River Basin near Casper (Figures 2 and 3) is characterized by high 
geothermal gradients and flowing water wells located along structural highs (Buelow et al., 
1986). The Salt Creek-Meadow Creek area of the southeastern Powder River Basin is an area 
of greater geothermal potential. Evidence of geothermal potential includes unusually high 
geothermal gradients (Van Orstrand, 1940), anomalous temperature changes such as 40 °F 
difference between wells at five feet well spacing, and water flow rates of 4,000 gallons per 
minute (GPM) from 4,500 feet with surface temperatures of 183 °F (calculated gradient 30.6 
°F/1000 ft; Espach and Nichols, 1941). The area contains several faults, and observed artesian 
flow confirms water circulation within the local aquifers (Buelow et al., 1986). Numerical 
modeling can reproduce the observed temperatures and flowing water well temperatures seen 
in the region. The numerical model also indicates that the source of this geothermal resource 
originates from a minimum depth of 10,000 ft (Buelow et al., 1986). It is possible that these 
temperatures could be used for power generation and be economic, especially if winter peaking 
power were the most valuable for the grid.1 The economics of this small thermal resource may 
be more advantageous than deeper drilling resource, but this would need detailed modeling and 
would depend on multiple factors including the required drill depth, local power demand, and 
distance to transmission lines. 

The hydrothermal geothermal resources of Wyoming are sparse but widespread across the state, 
as evidenced by the geothermal springs (Figure 2). Documented thermal springs in the state 
release 3.5 trillion BTU’s of heat per year as they cool to ambient temperature (Breckenridge 
and Hinkley, 1978; Heasler et al., 1983; Buelow et al., 1986), indicating a rough estimate on 
the potential thermal energy could be harnessed in Wyoming. Most of Wyoming’s thermal 
resources are low to intermediate temperatures (Heasler and Hinkley, 1985; Buelow et al., 1986; 

 

1 The lower the resource temperature, the greater the impact of ambient air temperature on ORC power 
generation because this power system operational efficiency is based on the temperature difference 
between the ambient air temperature and the geothermal resource temperature. For a geothermal resource 
temperature of only 190 °F, the ORC working fluid inlet temperature will be about 160 °F. For a summer 
ambient air temperature of 95 °F the condenser temperature is likely to be about 120 °F. This results in 
a temperature difference (dT) across the turbine of only about 40 °F. In the winter, the condenser 
temperature is more likely to be on the order of 50 °F at peak grid hours which provides a dT across the 
turbine of 110 °F, or almost three times greater. Thus, winter generation will be much greater than 
summer generation. The winter peaking of geothermal is a good fit from the grid perspective with solar 
which peaks in summer and is non-existent at the winter peak hours before sunrise and after sunset. 
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Dingwall et al., 2011) and are likely best suited for small-scale direct-use applications. This 
interpretation is for both the hydrothermal and HSA potential resources. While there are some 
locations with higher heat flow such as the Bighorn Basin and south of Yellowstone National 
Park, these areas are defined by only several small localized geothermal structures and hot 
springs. There is no evidence in past studies that indicate a widespread high temperature 
geothermal reservoir that can provide significant geothermal value to Wyoming. Given that 
there are no previous indications of high temperatures in Wyoming, the best opportunity is 
utilizing these known resources rather than exploring for higher temperature hydrothermal and 
HSA geothermal resources. There are multiple low to intermediate temperature geothermal 
utilization technologies applicable to Wyoming, which are outlined in the next section. 

It is important to point out, there has been one geothermal demonstration project in Wyoming 
in the past, at the Rocky Mountain Oilfield Testing Center (RMOTC) at the Teapot Dome Field. 
This demonstration was performed by the United State Department of Energy while the Teapot 
Dome Field was still owned and operated by the US Government (Reinhardt et al., 2011). This 
demonstration utilized co-produced hot water in the temperature range of 190 – 200 °F. This 
fluid was pumped at 12,000 – 50,000 barrels per day (BPD) and run through a 250 kW Ormat 
Technologies Organic Rankine Cycle (ORC) power system. The average net power production 
when in operation was ~170 kW. The RMOTC demonstration project is one of several oil and 
gas wellbore co-production demonstrations that show it is technically feasible to produce 
geothermal energy from existing oil and gas wells.  

The most recent geothermal work was performed by the Wyoming State Geological Survey 
(WSGS), published in June 2022. This work was published as a comprehensive ArcGIS Online 
interactive map which contains well location, temperatures, and spring locations that highlight 
localized anomalous high geothermal gradient regions. This work is a compilation of the SMU 
Geothermal database, National Renewable Energy Laboratory temperature-depth calculations 
to 3000 m, and USGS hot spring locations. The anomalous geothermal gradient polygons is a 
new layer previously not available. The anomalous geothermal gradient polygons provide 
additional areas that may be of interest for geothermal exploration because these are regions 
within basins that have a higher density of high geothermal gradient wells. This analysis by the 
WSGS uses the same data produced by Dingwall et al. (2011), which produced the conclusion 
that much of the state has a thermal regime indicative of regional background thermal 
conditions. For any new drill prospects, we recommend a detailed analysis of local data to 
confirm previous works’ results and conclusions.  

Well Data Analysis for Geothermal Resources 

In addition to the literature and previous work review, we assessed public oil and gas well data 
combined with previously calculated Temperature-Depth maps (Blackwell et al., 2011) to 
examine the geothermal potential for both repurposing existing oil and gas wells and new 
drilling for geothermal development. Well data were downloaded from the National 
Geothermal Data System (NGDS) and Temperature-Depth maps were from the SMU 
Geothermal Laboratory (Blackwell et al., 2011), as well as shallow Temperature-Depth maps 
from the National Renewable Energy Laboratory. 

For wellbore repurposing, we examined the measured temperature and wellbore status to 
determine potential repurposing viability, which we discuss in the following sections. For new 
geothermal well drilling, we examined potential for both low temperature geothermal use, and 
high temperature geothermal use. For low temperature geothermal, we calculated the depth to 
250 °F (125 °C) as a current minimum temperature being targeted by new HSA projects for 
power production such as the DEEP project and the Alberta No. 1 project, both in Canada 
(Figure 4). The depth to 250 °F in each basin ranges from about 4,600-13,000 feet. There is 
variability within each basin, which is significant when determining the best location for new 
geothermal well drilling. Each basin has potential, but there are localized areas that have 
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shallower depths for the 250 °F target. Yellowstone is an exception to this trend as it is a high 
temperature hydrothermal system; however, due to regulations, this is not a region that will be 
considered for any geothermal production or utilization. The Denver-Cheyenne basin contains 
the shallowest depths to the target temperature ranging from 3400-9500 feet. This area is likely 
the best option for new wells to be drilled because sufficiently high temperatures should be 
encountered at shallower depths. 

For the high temperature geothermal potential, we used the calculated temperature at 21,000 ft 
depth (6.5 km) (Figure 5) to represent the technical drilling limit at present as this is the 
approximate depth to the deepest wells in Wyoming. Areas with estimated temperature greater 
than 300 °F are the regions with high temperature geothermal potential. It is unlikely that these 
regions are economically viable for new drilling, but these regions may represent future areas 
of geothermal exploration potential. It is important to note there is limited deep drilling data to 
the 6.5 km depth, which suggests that there is additional de-risking required before deep, high 
temperature geothermal can be recommended for exploration.  

Overall, the conclusions of these maps are that there is a thermal regime in the subsurface that 
can be characterized, but the regional thermal regime is likely too low of a temperature to 
consider drilling for new geothermal development. There is no evidence of high temperature 
geothermal resources to extract in Wyoming. For this reason, this report will not focus on high 
temperature resources and utilization technologies such as flash steam power plants and 
enhanced geothermal system subsurface technologies. There will be a small section for 
reference purposes that summarizes future geothermal utilization technologies that aim to make 
geothermal power accessible and commercial everywhere, which would include Wyoming. 
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Figure 4. Depth to 125 °C. 
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Figure 5. Temperatures at 6.5 km depth (modified after Blackwell et al., 2011). 
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Geothermal Utilization Technologies Assessment by Resource 
Type 

Given Wyoming’s geothermal resources, the following section of the report highlights 
geothermal utilization technologies by resource type. Included in each section is a summary of 
the technology, a financial estimate based on range of potential power sales prices, and an 
estimate on market size and potential for CO2 reductions. Detailed calculations for the CO2 
emissions reductions are included in Appendix B for each technology, where available. 

In the previous sections geothermal resources have been described as Low-Temperature, 
Intermediate-Temperature, and High-Temperature. Here, we combine Low and Intermediate -
Temperature because the technologies are similar. Additionally, Geothermal Heat Pumps 
(GHPs) will be discussed, which do not rely on an existing geothermal resource, but rather take 
advantage of the subsurface thermal properties for low temperature heating and cooling. 

Geothermal Heat Pumps 

Also known as ground source heat pumps and geo-exchange systems, GHPs are an efficient 
renewable energy technology that can be used for space heating and cooling (Figure 6). This 
technology has the lowest heat requirement of the geothermal technologies because it uses 
natural existing ground or groundwater temperatures for heating or cooling use. It is called 
geothermal because heat is exchanged with the ground (geo), but it does not require any flow 
of traditional geothermal heat from deep in the earth to operate effectively. 

The GHP geo-exchange system is very shallow relative to traditional geothermal drilling. 
Horizontal loops can be as shallow as 10 feet, and vertical boreholes may be 100 to 300 feet 
deep. In all GHP systems (except those using ground water) there is no flow of fluid into or out 
of the subsurface formation. All heat is transferred by conduction between the ground and the 
water circulating in the buried plastic pipes. 

GHPs for residential and commercial building heating use electricity to concentrate the energy 
available in the ground as an alternative to fossil fuel combustion, electric resistance heating, 
or air source heat pumps. The same system also provides high efficiency building cooling.  

A GHP transfers heat from the shallow subsurface to the building in the winter and transfers it 
out of the building back into the ground during the summer. In this way, the earth acts as a heat 
source in the winter and a heat sink in the summer. GHPs can be used to provide heating, 
cooling, and domestic hot water to homes, schools, government, and commercial buildings. All 
GHP designs are relatively similar, explained with simple schematic drawings (Figures 6 and 
7). To provide cooling, the same system is used, but instead of pulling heat from the ground via 
the ground exchanger (shown as red pipe), heat is absorbed from the building and is released to 
the ground. 
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Figure 6. Water-to-air geothermal heat pump in the heating cycle (from Saibi et al., 2013). 

A GHP requires a small amount of electricity input to run a compressor, but the energy output 
is approximately four times the electrical energy input (Curtis et al., 2005). This 1:4 heating 
ratio makes the GHP 400% efficient. The heat pump drives heat to flow from a lower to higher 
temperature location. The difference in temperatures is called the “lift”. The greater the lift, the 
greater the energy input (Curtis et al., 2005). “Lift” explains why GHPs are more efficient and 
practical in Wyoming than air-source heat pumps (ASHP). When the weather is very cold, for 
example –20 °F and the building temperature setpoint is 75 °F, then the lift is 95 °F, which is 
too large, so the ASHP turns off and it becomes backed-up by electric resistance heating which 
is a 1:1 ratio of heating compared to input of electricity. ASHPs in cold climates create a large 
winter peak electricity demand, and therefore, grid cost. However, the near surface ground 
temperature remains relatively constant regardless of the air temperature, so the GHP continues 
to operate at 400% efficiency. Thus, GHPs greatly reduce the winter grid demand for electric 
building heating.  

GHPs have two basic configurations: ground coupled which is a closed loop system and ground 
water which is an open loop system (Figure 7). Both can be installed horizontally and vertically, 
in wells and lakes. The chosen system depends on the rock type, cost of drilling, land available 
for a horizontal loop, and the availability or existence of a water source (Curtis et al., 2005; 
Lund, 2001).  
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Figure 7. (Top) examples of closed loop heat pump systems and (Bottom) open loop heat pump 
systems (from Curtis et al., 2005). 

Heat pumps do not rely on specific geologic conditions to function efficiently, so this 
technology is truly applicable everywhere and requires minor design adjustments depending on 
heating/cooling load and subsurface conditions. GHPs installations have steadily increased all 
over the world in the last 10 years (Lund, 2001). As countries aim for lower carbon emissions, 
GHPs offer a solution regardless of the subsurface thermal and geologic conditions. 

This technology is commercially mature and applicable throughout the state of Wyoming. At 
present, as in most regions of the US, GHP installations throughout the state are a relatively 
small percentage of building heating systems. The average residential heating load in WY per 
year is 82,469 CF of natural gas per residential consumer (Southwest Energy Efficiency Project, 
2016). Following the EPA emissions calculator, this results in about 5 tons of CO2-equivalent 
emissions per household (EPA, 2022). For each house that converts from natural gas heating to 
a GHP, there will be approximately 2.9 CO2 emissions savings based on the increased efficiency 
of heat conversion for the GHPs. If about 25% of the ~ 233,231 households in WY (Wyoming 
Census Report, 2020) were converted, the GHG reduction from natural gas combustion would 
be approximately 169,000 tons per year. Additional CO2 reductions would occur because this 
only accounts for heating. During the summer, while the GHPs are in cooling mode, GHPs use 
much less power than typical air conditioning systems, especially at summer peak conditions 
when simple cycle gas peaking plants with high heat rates (high CO2) are likely providing 
power. This is not considered here because we do not have detailed information on the number 
of households using air conditioning within Wyoming. This is a value that would likely increase 
if global mean annual air temperature continues increasing, thereby increasing the CO2 
emissions reductions associated with GHPs. 

Based on Wyoming natural gas and electricity prices (EIA, 2022), the annual household heating 
cost using natural gas is approximately $912 per year. A GHP using electricity would cost 
approximately $463, or a 50% savings on the cost of heat. This is calculated using reported 
electricity and natural gas prices for Wyoming, reported in March of 2022. Additional savings 
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are unrealized in this calculation that likely occur from reduced power consumption for summer 
cooling. Nationwide estimates for residential GHPs vary from $15,000 - $50,000 before tax 
credits and estimates on payback time are 5 – 10 years. Specific estimates require detailed 
understanding of usage, weather, design, natural gas pricing, and local and federal tax 
incentives.  

While the technology is fully mature, the market is perceived to be small because installations 
tend to be done one at a time on a custom basis. Many GHP installations across the US are 
residential, but there are notable commercial and campus installations as well, including in 
environments as cold as Wyoming. The growth market is dependent on building owner 
investment decisions, which can be based on comfort (e.g. quiet hydronic radiant floor heating), 
economics when there is a long investment horizon (e.g. time to break even), or for 
environmental reasons (low energy use and CO2 emissions). GHPs can bring geothermal 
everywhere, although a business-as-usual approach to GHPs will continue to see GHP 
deployment at a slow pace, based on building owners’ decisions related to building benefits. 
Very little industry expansion would be expected as a result, without regulatory incentive.  

The business-as-usual approach overlooks several valuable considerations for the residents and 
businesses of Wyoming that would result from by greater adoption of GHPs, including grid, 
job, and investment benefits. Using GHPs can reduce the cost of power on the grid for all 
consumers, regardless of whether an individual consumer installs a GHP or not. First, electrified 
heating means that more electric power is sold. Since most costs of the electric grid are fixed 
and are recovered by the sale of power, selling more power amortizes those costs over a greater 
amount of sold power. Since the cost is fixed, this lowers the overall cost of energy, even for 
those who don’t have a GHP. Note that reduced power cost is most impactful for those with the 
lowest incomes because energy cost represents a greater percentage of household costs. Grid 
peak demand will also see a reduction resulting from GHP, which would produce additional 
system-wide cost benefits. In winter, the conversion of buildings that are on electric resistance 
heat to GHP can cut winter peak demand by 75%. In summer, using GHP for building cooling 
instead of air conditioning cuts peak demand by up to 50%. Again, the benefit accrues to 
everyone on the grid, not just the building owner. Since peak power is generally supplied by 
simple cycle gas peaking, this also cuts CO2 emissions. 

Because system costs are improved for all electric users, this is the key criteria to enable utility 
rate-base investment, or to provide incentives for customer adoption. Rate-base investment is 
also beneficial for all ratepayers for at least four additional reasons. The first is the long capital 
recovery period of 30-50 years that utilities can use for long-term assets, greatly lowering the 
annual cost of ownership of the asset. The second is that the capital cost of the underground 
portion is the greatest barrier to entry (adoption), so when a utility owns the underground 
portion, or shares ownership, it will increase deployment, accelerate overall benefits, and enable 
more buildings to deploy GHPs2. The third reason is that if the utility is involved with certifying 
the installation, it can potentially bring a higher level of quality assurance to the construction, 
to better ensure that the investment returns the expected grid benefit. The fourth reason is that 
the elimination of emissions from converting gas/wood/propane furnaces to GHPs can create 

 
2 There are large number of ways that utilities can engage in the ownership of the underground portion. For the 
portion that can be justified on grid benefit alone, the utility would pay for that portion separate from the building 
benefit. If this is greater than the total underground cost, then the utility would simply invest the required capital. 
However, if the total underground cost is less than the grid benefit, then the utility can treat the remainder of the 
capital cost as a DER equipment lease with a 30-50 year term. The utility can also offer a DER equipment incentive 
for customer ownership, but this likely will then face the hurdle created by customers who likely will have both a 
higher discount rate (interest rate) than the utility (e.g. 12% vs 8%) and a shorter term (15 years vs. 50 years). The 
last option is to use 3rd party energy investment companies who would recruit, install, and maintain the systems for 
some period of time. Utility direct ownership and/or incentives could be used, and there is the option to transfer 
ownership at some point in the future from the 3rd party to the utility. 
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transferable emissions credits. These emissions credits can be used to offset emissions from 
other utility assets, like gas turbines and even coal plants. This can enable existing utility fossil 
assets to continue to operate normally, but at reduced net emissions.3As utilities move to 
decarbonize, keeping existing fossil assets operating further helps lower the cost of power for 
all customers, and also increases resiliency and reliability, which further benefits all grid 
customers. 

GHPs installation creates many local jobs which produces a strong local and state economic 
impact. The drilling and installation of the GHP boreholes is labor intensive and a large part of 
why they are so expensive. While this is a barrier to the economics from the perspective of the 
building owner, from the perspective of state and local government, the wide range of jobs and 
job skills are good for the economy. While drilling engineering is a well-paid craft labor, the 
GHP installation process requires substantial additional technical labor, office, engineering, 
equipment maintenance, and management jobs as well. These are all intrinsically local jobs, 
and the money stays largely in the local community as opposed to mostly going toward the 
purchase of equipment manufactured out-of-state or out-of-country (e.g. Chinese solar panels). 

Emerging Technologies for Geothermal Heat Pumps 

There is a great deal of work being done to improve the performance and economics of GHPs. 
Three such technologies are spotlighted here, all have commercial-scale demonstrations, but 
are not yet widely deployed. 

A new configuration for GHPs for building heating and cooling uses Borehole Thermal Energy 
Storage (BTES) charged by an ASHP. This provides an alternative to storing grid power in 
electrochemical batteries when such energy is used to provide building space conditioning (for 
example summer peak demand). Both diurnal (daily) and seasonal (multi-month) thermal 
energy storage is economical, based on demonstration results. One version of the combination 
of GHP, BTES, and ASHP is called Grid Amplified Building Energy Seasonal Storage 
(GABESS). GABESS accomplishes the same large reduction in the total energy required from 
the grid for building heating and cooling, especially at peak hours, and flattens the electric grid 
load in most climates because the ASHP operates when grid demand is low, which now often 
correlates to cheap power and excess renewable (low carbon) energy generation. The BTES 
provides longer and greater energy storage than any battery technology for electrified and 
efficient building heating/cooling. GABESS provides a round-trip efficiency at the point of use 
of greater than 100%, potentially to as much as 200%, compared to 90% or less for 
electrochemical batteries. To an even greater extent than traditional GHPs, the largest value-
driver for this technology is electric utility grid cost and CO2 reduction. BTES for heat energy 
storage has been demonstrated at full scale at a 52-home community outside of Calgary that is 
95% heated with solar thermal collectors. Another BTES in Georgia stores cooling capacity to 
provide a large reduction in building cooling costs. BTES energy storage is most effective when 
it is applied to large systems because they have a large volume to surface area ratio, which 
minimizes thermal losses. Therefore, large facilities such as warehouses, office buildings, or 
district heating systems are the best applications. While these demonstrations highlighted are 
successful, it is difficult to estimate generalized economics because of the small sample size. 
Still, the basic economic driver for GABESS is taking GHPs to greater efficiency and decreased 
cost per unit of heating and cooling by building a larger system.  

 
3 Emissions credits from buildings can only be used once, so they either decarbonize the building or they decarbonize 
another emissions source (e.g. gas turbine). This is beneficial to customers and creates choice. For those customers 
who prioritize cost over emissions, the value of their emissions can be credited to them to reduce their cost of energy, 
while the emissions credits are transferred to offset power plant emissions.  
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District heating and cooling systems (DH&CS) are the second GHP technology that can enable 
lower costs and greater deployment. With a DH&CS, several buildings are connected to a pipe 
network with continuously circulating water maintained at between about 50 °F and 80 °F. Each 
building uses a water source heat pump to provide heating or cooling. Heat is withdrawn or 
added to the pipe network by each building. When the loop temperatures get out-of-range, the 
GHP boreholes are used to adjust the temperature. There are many periods where heat is simply 
recycled from one building to another. For example, buildings that have a high cooling 
requirement (like office buildings or computer centers) provide heat to the network almost 
continuously, while buildings that have high water heating loads use heat almost continuously. 
DH&CSs work best when there is a mix of building types. One of the best examples of this is 
Colorado Mesa University in Grand Junction, Colorado, which has a large DH&CS. Although 
Grand Junction is a cold climate, the university almost exclusively uses the DH&CS, not using 
natural gas for heating for many years and have cut their cooling system loads by half. The total 
amount of drilled geo-exchange boreholes required for the campus-wide system is estimated to 
be half of what would be required if each building had its own GHP field, resulting in significant 
cost savings through a reduced overall starting capital expenditure. DH&CS have been applied 
across the country in all types of environments, including cold-weather climates. 

Finally, phase change materials (PCM) are being explored as a way to provide energy storage 
and reduce the cost of GHP systems. Two notable technologies are at the demonstration phase 
and both funded by the US DOE Geothermal Technologies Office. The first uses PCM in above-
ground tanks to even-out the demand on the geo-exchange boreholes and allow the GHP system 
to better respond to peak demand requirements. It is being developed by MELINK Corporation 
(Melink, 2020). A second approach uses a specially-design in-ground PCM tank to provide 
multiple functions, including peak-demand reduction with the PCM, storing heat/cool from an 
ASHP, and providing geo-exchange depending on the building needs and the programming of 
the control computer. This second PCM is being developed by Oakridge National Laboratories 
(Liang et al., 2020). 

Low and Intermediate Temperature Geothermal Heat  

As stated previously, low temperature is defined as temperature resources less than 190 °F and 
intermediate temperature resources are those between 190 and 300 °F. Here, we discuss all 
potential utilization technologies for temperatures less than 300 °F because there is overlap in 
technology dependent on the end use of the heat (Figure 8). In this section, we refer to all of 
these as low temperature resources. The best application of these low temperature resource will 
ultimately be dependent on potential end users, energy utilization goals, and types of energy 
demand. 

Most of Wyoming’s geothermal resources are less than 190 °F. In this temperature range 
utilizing the geothermal energy as a source of heat is the best commercial option. There are two 
primary utilization paths. The first is direct heat use which transfers the geothermal heat directly 
to where it is needed. This requires that the heat user (absorber) must be at a lower temperature 
than the geothermal source. Typical applications include snow melt and greenhouses. If the 
geothermal resources temperature is above about 120-140 °F, it can be used for building heating 
in some cases.  

The other use option is to use a heat pump to create a higher temperature energy source that is 
more practical for building and commercial heating applications. Heat pumps allow the 
geothermal heat to be used in applications where the end use is at a higher temperature than the 
geothermal fluid. This is essentially using a GHP combined with a higher temperature resource 
as opposed to utilizing a shallow closed or open loop system. 

Starting as low as 190 °F, geothermal electricity production is possible in Wyoming, as shown 
through the RMOTC demonstration project mentioned in the literature review (Reinhardt et al., 
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2011). The RMOTC demonstration produced power using 195 – 198 °F water, pumped at 
12,000 – 50,000 barrels of water per day (BWPD), by running this produced geothermal fluid 
through an ORC power system. For a low to intermediate temperature resource like 200 °F, 
flow rates of 10,000 or more BWPD are necessary for power production. Alternatively, direct 
use heat applications can operate from these low temperature fluids at lower flow rates and 
possibly have better economic viability because of the increased thermal efficiency of direct 
use applications. 

 

 

Figure 8. Different types of power use based on type of use and temperature range (from US 
Department of Energy, 2019). 

Direct Use Applications 

In areas where hot springs and existing wells occur, there are direct use applications that work 
well with low temperature resources. Geothermal hot water can be used to heat buildings, warm 
greenhouses, and provide the heat for several industrial processes such a food processing. In 
many cases these applications are also more effective for utilizing the lower temperature 
resource in an efficient way.  
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A geothermal district heating system is one design to heat a series of buildings or homes 
utilizing hot water directly from a hot spring or existing well infrastructure. The technology 
required for this type of direct use system involves a production and an injection well or group 
of well pairs, which can in some cases be repurposed existing wells. A transmission system is 
needed to deliver heat to the consumers, and a pumping station with flow meters, heat 
exchanger, and circulation pumps are necessary to accurately operate and measure heat 
production and heat use (Lund et al., 1997). Using a similar surface infrastructure, many 
industrial processes such as food drying, pasteurizing, aquaculture, lumber drying, and others 
can use the heat in their specific industrial process.  

Heat can also be used for lower temperature applications such as greenhouse warming and snow 
melt on sidewalks, roads, and parking lots. Greenhouse heating allows for optimal produce 
growth year-round. There are multiple designs for geothermal greenhouses depending on the 
temperature of the resource, but the idea is that geothermal can keep the greenhouse at a 
constant temperature to grow food and plants regardless of the outside conditions. This is a 
proven technology, used in many places all over the world. Similarly with snow melt, the goal 
is to provide a necessary service utilizing a known resource. This has been successfully 
implemented using low temperature resources in Idaho, Oregon, and Iceland. 

The challenge with many direct use applications is that the user needs to be near the resource. 
If the hot water requires long distance transport to be used, it is difficult to retain the heat 
through the process. For direct use, it is best to use the heat resource where it is sourced. 

Organic Rankine Cycle 

The ORC is a type of binary power system (Figure 9) that uses the geothermal fluid to heat an 
organic working fluid through a heat exchanger that will boil at a lower temperature and 
pressure than water (Chowdhury et al., 2015). The working fluid is boiled to produce vapor, 
which then spins a turbine to generate electricity. ORC units use working fluids that are organic 
based. ORC technology is well established, although incremental improvements are continually 
being made, either by hardware design, working fluid, or others. There are many small (50 – 
125 kW) modular ORC manufacturers and several start-ups are gaining traction in the ORC 
industry. Currently, the most well-known companies include Electratherm, Climeon, and 
Access Energy. Larger ORC systems are more efficient (more power for a given flow and 
temperature) and are most often built fit-for-purpose for the specific geothermal resource. The 
small ORCs are standardized designs, and the same machine is applied to a large range of 
resource conditions. This is often a tradeoff where the modular system can be manufactured at 
a lower cost and quicker timeframe, but the unit provides a lower net power conversion 
efficiency. Each manufacturer and system utilize novel technology to enhance geothermal 
power production. One specific advancement to follow is supercritical CO2 (sCO2) utilization 
as the working fluid to increase efficiency. sCO2 has beneficial thermodynamic properties that 
can increase efficiency of a binary power plant. While this is not yet a commercially available 
technology, there are demonstration phase projects planned. 

Thermodynamics and physics dictate that the lower the input temperature, the lower the 
quantity of heat that can be converted to power, and more heat must be rejected via the cooling 
system. The lower the thermal efficiency of the system, the greater the cost of power from the 
geothermal power plant, which is the most significant deployment barrier. While there have 
been multiple demonstration projects, a large-scale deployment of modular ORC units to 
repurposed oil and gas wells has not yet been undertaken in the US. Large scale deployment 
will create larger total power generation and deployment logistics efficiency improvement 
should lower power production costs through the economy of scale growth model. 
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Figure 9. Schematic of an Organic Rankine Cycle Unit (from Chowdhury et al., 2015). 

ORCs are commercially mature, can generate electricity across a large geothermal fluid 
temperature range, and could be applied both to repurposing existing wells and to drilling new 
wells in WY. Specific regions and wells will be addressed in the following section.  

It is estimated that ORC units in WY, with power sale price of $70-110 / MWh, could generate 
a range of average annual return on investment (ROI) 7 – 15%, with an estimated payback of 8 
– 28 years, depending on need for well drilling or recompletion cost. The power cost estimate 
is based on the WY electricity price range. The cost to generate the electricity, to be profitable, 
would need to be below the power sales price and is dependent on the installation size, local 
subsurface conditions, and changes in electricity prices. Installation of a single well ORC unit 
will reduce CO2 emissions reductions from the power generation sector. For each 100 kW ORC 
unit producing 830 MWh/yr, the US-EPA calculator estimates CO2 equivalent emissions 
reductions of 650 tons per year. Based on the NGDS database, there are approximately 1,250 
producing wells above 200 °F that are still open. If 10% of these wells (125 wells) can be 
recompleted to achieve sufficient flow to support the ORC, then the total geothermal power 
output would be about 12.5 MW, and the CO2 reduction would be about 81,250 tons/yr.  

The estimated cost for a 100kW ORC is $250,000 – $500,000 per unit. Large scale deployment 
of these Distributed Energy Resources (DERs) can provide a sizeable investment opportunity 
where these resources are available.4 For example, the investment required for the hypothetical 
125 wells (~12.5 MW) would be on the order of $31.25 - $62.5 Million dollars for the power 
plants, and depending on the specific well, additional site-specific well and power line capital 
costs. One advantage of small ORCs is their modular and mobile nature. If a well with a 
connected ORC declines out of optimal operational range, the ORC can simply be moved to a 

 
4 For a utility to get a substantial number of modular ORCs attached to the network, the best method would likely 
be offering a standard feed-in-tarrif (FIT). A FIT eliminates the market uncertainty for developers, as well as the 
expense and time delays of contract negotiation and approval process for all parties, including the developer, the 
utility, and the Wyoming Public Service Commission. The utility will want to consider how to incentivize and price 
both behind-the-meter units and units directly connected to the distribution system. The way the value is 
compensated could be different, but both will have the same net effect on the grid and create the same grid value. 

The most economic scenario for modular ORCs is often behind-the-meter power use, but these still have a 5 – 10 
year payback. In this scenario, one potential business model is a DER equipment lease to the wellbore operator, or 
potentially a field service company that provides onsite power, who would generate power using a modular ORC. 
In both of these situations, the wellsite operator is no longer concerned with payback period because they have no 
upfront capital cost and instead have immediate benefit from lower power cost. 
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more profitable well and continue operation. In this way, the ORC investment is a long-term 
opportunity.  

High Temperature Geothermal Heat 

High temperature geothermal systems can be used to generate electricity using geothermal 
steam power plants. Temperatures required for efficient steam turbine technologies are a 
minimum of 350 – 400 °F in the reservoir, and typically over 300 °F at the surface. These are 
high enthalpy geothermal resources, which are flashed steam/brine, containing higher energy 
than a lower temperature water/brine. Previous research shows that, aside from Yellowstone 
National Park, Wyoming has very little high enthalpy resource with temperatures adequate to 
run geothermal steam power plants (Blackwell et al., 2011; Dingwall et al., 2011). The highest 
likelihood of intersecting high temperature resources will be to drill deep (20,000 – 30,000 ft) 
fit-for-purpose geothermal wells; however, those depths will likely lack the necessary natural 
permeability to produce existing fluids. These deep geothermal wells will need to be coupled 
with new geothermal utilization technologies. 

Future Geothermal Energy Utilization Technologies 

There is a current trend in the geothermal industry for development of new utilization 
technologies to produce deeper, hotter geothermal resources. Some of these target specific 
resources such as supercritical water at 30,000 – 50,000 ft (10 – 20 km) and 900 °F (500 °C) 
(Quaise.Energy, 2022). Others utilize new designs and well configurations (Beckers et al., 
2022). Still, a key commonality exists among all the new ideas – the target for new energy will 
be enhancing or engineering a geothermal system. This is the anticipated pathway to produce 
gigawatt scale growth in the US geothermal industry (US Department of Energy, 2019). The 
following technologies are not demonstrated to be commercially viable to date, but each has 
either been heavily researched including field trials or has received significant venture capital 
funding. These future technologies may be applicable to both low temperature and high 
temperature geothermal, so we do not separate into a specific geothermal resource type category 
here. These future technologies will produce approximately equal CO2 emissions reductions, 
that being ~ 6,500 tons per year per MW of installed capacity. These projects may vary from 
10’s of MW to 100’s of MW, depending on location, resource size, success of installation, and 
other factors unknown at this time because these are all in the research and demonstration phase.  

Enhanced Geothermal System 

The term Enhanced or Engineered Geothermal System (EGS) refers to a man-made reservoir 
created to increase the technical and economic success of a geothermal resource (Figure 10) by 
increasing the overall productivity of the subsurface heat extraction, primarily through 
hydraulic stimulation. This is the dominant area of research and development currently being 
funded by the US DOE Geothermal Technologies Office. It has been shown to be technically 
and commercially viable by many studies, if the challenge of creating artificial permeability in 
the rock can be overcome. It is a technology being pursued by several start-up companies 
around the world, including Fervo Energy (Fervo Energy, 2022) in the US. 

This technology is applied where there is sufficient thermal resource (a large volume of rock 
above a given temperature), but insufficient permeability. One way to increase permeability is 
to inject fluid into the subsurface under controlled conditions to cause pre-existing fractures to 
re-open and create permeability. This increased permeability allows fluid to circulate through 
the rock through fractures and transport heat to the surface where electricity can be generated 
from the produced fluids (Olasolo et al., 2016). Other options to increase permeability are also 
being explored, although hydraulic stimulation is the dominant method at this time.  
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Figure 10. Schematic diagram of an enhanced or engineered geothermal system with power plant 

(from Olasolo et al., 2016). 

Creating and operating an EGS reservoir requires careful planning and execution. Prior to 
drilling, geologic models should be developed of the potential site to assess the geology, 
temperature gradients, permeability, in-situ stresses, rock mechanic properties and the presence 
of fluids (Olasolo et al., 2016). Once the area has proven adequate for an EGS reservoir, an 
injection and production well need to be drilled into the hot rock. Water is injected at sufficient 
pressure until a fracture network develops to create a reservoir. Then the future production well 
is drilled to intersect the stimulated reservoir. Operation of the power plant and maintaining the 
reservoir require careful monitoring of induced seismicity (Olasolo et al., 2016). 

EGS provides an opportunity to extend geothermal resources production to more locations that 
have thermal resources but lack permeability or fluid flow. These technologies are still under 
development and are not a near-term readily available technology recommended for Wyoming 
to utilize. Current power generation cost estimates for EGS systems varies from $100 – 250 / 
MWh, which suggests this will still require cost improvements before being economic for 
Wyoming; however, there is significant government funding going into EGS research and 
development. Because of the extensive funding opportunities, this EGS should be further 
discussed as a potential route for finding additional funding and pursuing new geothermal 
resources. 

Synthetic Geothermal Reservoir or Geo-TES 

An alternative interpretation of EGS broadly includes any reservoir requiring intervention to 
increase technical and economic viability of a resource, including, but not limited to stimulated 
hot rock, “closed-loop” geothermal (CLG), Synthetic Geothermal Reservoir (SGR), and others. 
Petrolern has analyzed the market potential for the SGR concept (Figure 11), also known as 
Geo-TES, RTES, and “geothermal battery”. Based on numerous national lab and university 
studies examining various technologies - SGR, CLG, and more generally, EGS - we believe 
widespread commercial deployment opportunities for SGR exist that can provide weather-
independent, renewable, baseload energy, without the traditional geothermal geographic 
constraints of initially hot rock (Wendt et al., 2019; Sharan et al., 2020). Instead, the hot 
geothermal reservoir is engineered by deploying the petroleum workforce and complementary 
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underutilized renewable energy resources. The SGR can turn off-peak intermittent renewable 
energy generation into baseload geothermal power. 

 
Figure 11. Synthetic Geothermal Reservoir diagram. (Left) The SGR charge cycle heats cold 

water from the reservoir using renewable energy and stores the heat in the subsurface. (Right) 
The SGR discharge uses the stored heat, produced as hot water or steam, and then reinjects the 

now cooled water back into the reservoir. 

Depleted oil and gas reservoirs are an ideal location for SGR and hybrid geothermal power 
plants. SGR systems provide an alternative EGS opportunity that leverages the existing 
subsurface knowledge and energy infrastructure to utilize low carbon power while performing 
similar field operations. SGRs use the subsurface as a medium for the storage of heat generated 
using renewable energy to reliably produce on-demand electrical power using the recovered 
heat. The concept utilizes multiple wells drilled into an identified high-permeability zone, 
which provides an opportunity to repurpose existing oilfield infrastructure in sedimentary 
basins including wells, pipelines, transmission lines, and more. Hot water created from a 
combination of renewable energy is injected into the subsurface to be stored and produced later 
during high electricity demands. The value proposition of SGR deployment includes producing 
cost-effective renewable electric generation (or heat) at industrial scale as a zero-carbon 
baseload power supply. As a fully dispatchable renewable energy, SGR provides a stable and 
reliable capacity and reduces the grid need for batteries. 

Current models suggest SGR can be deployed in any location with high permeability (~100 md) 
and high porosity (12 – 25 %) rock. This type of reservoir is often abundant in sedimentary 
basins and is not a major limitation of the technology. Aquifers can provide an excellent 
location to utilize SGR technology since these are highly permeable and porous zones with a 
source of fluid needed for the technology. There are pervasive aquifers within all major 
sedimentary basins in Wyoming (Figure 12), co-located with high wind resource that could be 
the renewable energy source requiring energy storage. Areas of dark blue have exceptionally 
high wind speeds for the United States and therefore have excellent wind power production 
potential. The coincidence of these dark blue regions with aquifer outlines indicates areas ideal 
for SGR technology deployment.  

SGR deployment utilizes existing oil and gas technology that is commercially mature, but the 
combination of these technologies to develop an SGR system has not been done to date. 
Wyoming has the resources required to make SGR successful, that being the correct subsurface 
geology and a world class wind energy resource. Based on previous modeling, power 
generation cost estimates for SGR electricity are $80 – 125 / MWh. Petrolern is actively 
researching ways to reduce this estimated generation cost further.  
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Figure 12. Map displaying co-located aquifers and wind resource in Wyoming for SGR 
technology deployment. 

Closed Loop Geothermal Systems 

Closed-Loop Geothermal (CLG) systems are an EGS that circulates fluid within a closed-loop 
wellbore (Figure 13) and exchange heat through conduction from the surrounding bulk rock to 
the wellbore. CLG systems are an approach to extracting heat from low-permeability 
formations in which the working fluid does not permeate the reservoir. These systems do not 
require permeability and are driven by sufficient temperature gradients. Thermal output from 
CLG systems is inherently limited due to 1) low thermal conductivity and diffusivity of the 
surrounding rock and 2) restricted contact between the fluid and rock (Beckers et al., 2022). 
We include this discussion on CLG for completeness; however, it is unlikely to be 
commercially valuable or even technically viable in WY. CLG needs high-temperature rock 
formations, which exist only in the region around Yellowstone or at significant drill depth, 
which will increase the cost of a system. Multiple US DOE studies in recent years have cast 
doubt on the technical viability of the approach, especially for power generation, although there 
are additional companies and researchers who suggest CLG to be a viable power production 
option (Beckers et al., 2022; Yuan et al., 2021; Esmaeilpour et al., 2021; Malek et al., 2021; 
Ramey, 1962). 

 

Figure 13. Schematic of a closed loop geothermal system (from Yuan et al., 2021). 
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There are three basic well designs: 1) vertical co-axial, 2) vertical co-axial with horizontal 
extension, and 3) U-loop (Figure 14). Generally, models indicate that U-loop systems produce 
a higher thermal output but are technically more complex to drill. Modeled at reservoir 
conditions of 150-300 ⁰C at 2 km depth, the thermal output for a vertical co-axial system was 
0.4 to 0.9 MWth and 1.3 to 4.5 MWth for a U-loop system with two laterals of 2 km length 
(Beckers et al., 2022).  

 

Figure 14. Closed Loop Geothermal (CLG) designs from left to right: co-axial, co-axial with 
horizontal extension, U-loop. Each design is an attempt to balance drilling cost with rock-

wellbore surface contact to increase power potential. Figure from Beckers et al. (2022). 

One of the major challenges of CLG systems is the significant temperature loss at the beginning 
of the well’s life. Optimistic models estimate the wellhead fluid temperature decreases from the 
initial 150 °C to 110 °C within the first year. Others suggest rapid temperature drops from 150 
°C to 35 °C within the first year. After the initial year, most production models show the 
temperature decline rate to be about 1 – 2 °C per year (Beckers et al., 2022; Yuan et al., 2021; 
Esmaeilpour et al., 2021; Malek et al., 2021). This temperature drawdown difference is driven 
by fluid production rate changes. To produce electricity at a resource temperature of 150 °C, 
fluid production rates of about 20 – 50 kg/s are required. High flow rate and the effects of 
temperature draw down are major factors that limit a well’s ability to generate electricity and 
are the reasons CLG is better suited for direct use applications. In cases where electricity is 
generated from reservoir conditions of 150 to 200 °C at 2 km depth, modelling results show 
sCO2 works best as the working fluid which directly drives a turbine for generating electricity 
with greater efficiency than other ORC power system designs. 

The economic risk associated with drilling and producing from the identified target geothermal 
reservoir is high for CLG given the power production systems are low efficiency. Examining 
the estimated heat production cost (LCOH) and the electricity production cost (LCOE) provides 
a good metric for analyzing the techno-economics of CLG systems. LCOH modeled values 
range from $20/MWth to $60/MWth, and LCOE values range from $83/MWh to over 
$2,000/MWh (for $200/m horizontal lateral drilling cost) (Beckers et al., 2022). At present, the 
lower LCOH and LCOE can be reached by optimizing well designs and repurposing wells. 
While CLG has a higher levelized cost and lower energy output than other geothermal 
resources, it may be appropriate when hydraulic stimulation is not an option and existing wells 
can be repurposed to reduce cost. Still, significant technical challenges currently remain that 
make CLG a low-power, high-cost option. 
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Geothermal utilization technology assessment by Wyoming 
region 

Based on the previously completed geothermal resource assessment, the Cody and Thermopolis 
hydrothermal systems in the Bighorn Basin were identified as low temperature resources, and 
the Powder River Basin was identified as a potential low temperature resource. The following 
section will outline the geothermal utilization technologies that are viable in each region of 
Wyoming defined by major basins (Figure 15). Additional analysis of oil and gas well data in 
Wyoming further indicates areas where well repurposing could be viable based on BHT 
measurements (Figures 16-18). Wellbore temperature maps displayed by each individual basin 
can be examined in Appendix A. 

Bighorn Basin 

The Bighorn Basin has been identified as a region with relatively higher heat flow values in the 
state of Wyoming but is a localized area with few data points (Dingwall et al., 2011). The Cody 
and Thermopolis hydrothermal systems located in this basin have recorded temperatures 
ranging around 110 to 130 °F at depths of 850 to 1600 ft (Heasler and Hinkley, 1985). Given 
the low temperature and localization of this natural resource, the best application here would 
be geothermal heat pumps or direct use. Heat use options include greenhouses, heating for 
residential or small commercial buildings, domestic hot water, and possibly industrial uses.  

Oil and gas wells in this basin range from 100 – 270 °F, with most being less than or equal to 
200 °F (Figure 17). Well repurposing with an ORC unit could be a viable option in this region, 
although most wells are lower temperature, and would require high flow rates. Further analysis 
for individual wells would help determine the success and output of well repurposing here.  

In this region, the major town is Cody with a population of about 9,810 residents. Manufacturers 
in the Bighorn basin region that might be industrial / commercial heat users including Admiral 
Beverage Corporation, Npd Holding, Inc., Y-Tex Corporation, and Wyoming Sugar Company. 
There is potential for these companies to utilize the geothermal heat as well as heating usage 
for homes and buildings in Cody, although the heat demand is low compared to other Wyoming 
regions. The geothermal resource potential is summarized in Table 1. 

Table 1. Summary of the Geothermal Potential of the Bighorn Basin 

Bighorn Basin 

Number of Low Temperature wells [Direct use] 999 

Number of High Temperature wells [Electricity] 30 

Depth to 250°F for new drilling 8,900 – 12,300 ft 

GHP Potential Yes 

Nearby Population Center Cody, WY 

Heat Demand Residential: Low 
Commercial: Low 
Manufacturing: Low 

SGR Potential Yes 
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Figure 15. Map of Wyoming's major sedimentary basins. 
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Figure 16. Wyoming's low temperature wells between 100-200 °F 
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Figure 17. Wells above 200 °F coloured by temperature. 
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Figure 18. Wells above 200 °F coloured by status. 
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Powder River Basin 

The Powder River Basin (PRB) is another region in Wyoming that is identified as potential for 
shallow low temperature resources in highly localized anomalies. Here, direct use is an option 
for geothermal utilization and existing deep wells may provide an opportunity for wellbore 
repurposing. The geothermal potential of the PRB is summarized in Table 2. 

The southeastern PRB is characterized by high geothermal gradients and flowing water wells 
located along structural highs (Buelow et al., 1986). The Salt Creek-Meadow Creek area of the 
southeastern PRB, located about 4 miles north of Casper, is an area of greater geothermal 
potential with higher heat flow and numerous faults. Most wells in the PRB are low 
temperature, around 100-200 °F, which are better suited for direct use applications (Figure 16).  

The southeastern portion of the PRB contains wells with temperatures of 200 – 300 °F (Figure 
17); however, only a few of these wells are producing currently. These wells are feasible options 
for repurposing as there is evidence of higher temperatures, but it will depend on the water 
production for each well to determine its thermal potential and there may be additional 
workover expenses if any high potential wells were shut in for extended periods of time.  

Residential and commercial heat demand for the state is centralized around Casper (Figures 19 
and 20; McCabe et al., 2016). Direct use technologies can be used to provide for that heat 
demand through geothermal district heating or heat pumps on houses or buildings. Casper is in 
closer proximity to the greater geothermal potential of the southeastern PRB, which makes 
geothermal use here more promising. 

 

 

 Figure 19. Commercial heat users in Wyoming (modified from McCabe et al., 2016). The black 
star marks the Powder River Basin. 
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Figure 20. Residential heat users in Wyoming (modified from McCabe et al., 2016). The black 
star marks the Powder River Basin. 

With an abundance of major commercial operations in proximity of low temperature 
geothermal resources, direct use here may be a viable option to utilize the heat potential. There 
are at least 12 major corporate entities in the Casper and PRB area. Some of these possible 
industrial heat users include: L&H Industrial, Inc in Gillette, Cathedral Energy services in 
Casper, J.W. Williams, Inc. in Casper, Automation & Electronics Inc. in Casper, Sinclair 
Casper Refining Company in Evansville, Austin Engineering Usa, Inc. in Mills, Dragon Fab-
Tech, LLC in Casper, Granite Peak Fabrication LLC in Casper, McMurry Ready-Mix Co. in 
Casper, Sheet Metal Specialties, Inc. in Casper, Freedom Fuels USA Inc in Casper, Element 
Technical Services LLC in Casper, Mobile Concrete, Inc. in Mills, Greg's Welding, Inc. in 
Gillette, Compression Leasing Services, Inc. in Casper, Hico, LLC in Casper, Thunder Basin 
Coal Co., LLC in Wright, Peabody Powder River Operations, LLC in Wright, Navajo 
Transitional Energy Co. in Gillette, and Blackjewel, LLC - Belle Ayr Mine in Gillette.  

Table 2. Summary of the Geothermal Potential of the Powder River Basin 

Powder River Basin 

Number of Low Temperature wells [Direct Use] 1603 

Number of High Temperature wells [Electricity] 162 

Depth to 250 °F for new drilling 7500 – 15,000 ft 

GHP Potential Yes 

Nearby Population Center Casper, WY 

Heat Demand Residential: Moderate 
Commercial: Moderate 
Manufacturing: Low 

SGR Potential Yes 
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 Wind River Basin 

The Wind River Basin was not previously identified as a location with high geothermal 
potential; however, several oil and gas well BHTs show that the northeastern border of the basin 
has several wells that reach temperatures of 200 – 340 °F (Figure 17). These are localized areas, 
only covering several wells; still, this region contains wells that show potential for electricity 
production through well repurposing. The geothermal potential of the Wind River Basin is 
summarized in Table 3. 

In the western portion of the basin, the Wind River Reservation is an optional end user of the 
geothermal heat or power production. The higher temperature wells are located to the east, 
closer to Casper, which could also be considered for an end user for heat or power generation. 
Figures 19 and 20 show the heat demand per county. Given that the eastern portion of the basin 
lies in the same county as Casper, a major population center, the maps suggest that the eastern 
part of the Wind River Basin has high commercial and residential demand. However, most of 
the demand in this county is likely concentrated around Casper. 

Table 3. Summary of the Geothermal Potential of the Wind River Basin 

Wind River Basin 

Number of Low Temperature wells [Direct Use] 730 

Number of High Temperature wells [Electricity] 165 

Depth to 250 °F for new drilling 10,200 – 12,000 ft 

GHP Potential Yes 

Nearby Population Center Casper, WY 

Wind River Reservation 

Heat Demand Residential: Low 
Commercial: Low 
Manufacturing: Low 

SGR Potential Yes 

Southwestern Wyoming 

Southwestern Wyoming includes multiple basins surrounding Rock Springs including the Great 
Divide basin (Figure 15). There is an abundance of wells in this region that primarily have 
temperatures ranging from 100 – 250 °F (Figures 16 and 17). Most of those wells are less than 
200 °F, which are opportunities for direct use heat utilization close to Rock Springs. A summary 
of the geothermal potential of Southwestern Wyoming is presented in Table 4. 

There is a high manufacturing heat demand (Figure 21) and abundance of industries located in 
this region, which may mean direct use for industrial heat is a high opportunity target for 
geothermal utilization. Large industrial entities in this region include: Genesis Alkali in Green 
River, Sinclair Wyoming Refining Co in Sinclair, Solvay Chemicals, Inc. in Green River, 
TATA Chemicals Soda Ash Partners in Green River, Ciner Wyoming, LLC in Green River, 
and Sisecam Wyoming LLC in Green River.  
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Table 4. Summary of the Geothermal Potential of the Southwestern Wyoming Basins 

Southwestern Wyoming Basins 

Number of Low Temperature wells [Direct Use] 3085 

Number of High Temperature wells [Electricity] 863 

Depth to 250 °F for new drilling 9200 – 15,000 ft 

GHP Potential Yes 

Nearby Population Center Rock Springs, WY 

Heat Demand Residential: Low 
Commercial: Low 
Manufacturing: Moderate 

SGR Potential Yes 

 

 

Figure 21. Manufacturing heat demand in Wyoming (modified from McCabe et al., 2016). 

Denver-Cheyenne Basin 

The Denver-Cheyenne Basin is in the southeastern corner of Wyoming and borders the state 
line with Colorado. This basin geothermal potential is summarized in Table 5. This basin 
contains wells that have temperatures between 150 – 200 °F and about 25 wells that yield 
temperatures between 200 – 250 °F. These wells are most suitable for low temperature direct 
use technologies, and the 25 higher temperature wells could be suitable for well repurposing.  

In this region, Cheyenne and Laramie are major towns with larger populations that could be 
end users for heat or power generation. Both towns are located in proximity of the wells which 
provides easy transmission. Laramie and Goshen counties in this region are amongst the highest 
manufacturing heat demand of the state (Figure 21). It would be valuable to identify industrial 
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heat users here and determine if the wells produce temperatures that would be useful for these 
manufacturers to use directly.  

Table 5. Summary of Geothermal Potential in the Denver-Cheyenne Basin 

Denver-Cheyenne Basin 

Number of Low Temperature wells [Direct Use] 323 

Number of High Temperature wells [Electricity] 20 

Depth to 250 °F for new drilling 3400 – 9500 ft 

GHP Potential Yes 

Nearby Population Center Cheyenne, WY 
Laramie, WY 

Heat Demand Residential: Moderate 
Commercial: Moderate 
Manufacturing: Moderate 

SGR Potential Yes 
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Financial analysis by geothermal utilization technology 

There are several potential opportunities for geothermal implementation based on the identified 
geothermal potential and mature geothermal utilization technologies. We built and performed 
baseline financial models for four different geothermal energy systems potentially applicable 
in Wyoming. These models incorporate a probabilistic distribution of values where information 
is unknown to examine potential uncertainty. The financial analysis for these systems 
constitutes portions of Petrolern’s ConvertDeckTM software system, which provides a visual 
structure for the model showing parameters and their relationships to one another and allows 
evaluation of uncertainties in certain input and output parameters using Monte Carlo simulation. 
Here, models are briefly explained, and a summary of financial results are presented including 
Internal Rate of Return (IRR), Net Present Value (NPV), breakeven year, average annual return 
on investment (ROI). Financial results are calculated for a low, medium, and high case for 
power sale price, or Levelized Cost of Electricity or Heat (LCOE, LCOH). Detailed model 
explanation, input parameter tables, and key unknowns are included in Appendix D. All models 
include an estimated corporate tax rate of 21 ± 5% and a generalized tax credit of 12%, 
estimated based on the investment tax credit that geothermal currently qualifies for and 
application of a Modified Accelerated Cost-Recovery System (MACRS). The system lifetime 
is 30 years. In all scenarios, the temperature and flow rate of the reservoir is assumed sufficient 
to produce the modelled energy production. The four utilization technologies examined include: 

1. Oil and gas well conversion for power generation 
2. Oil and gas well conversion for a direct use thermal application 
3. Conventional geothermal power plant using only new-drilled wells 
4. Synthetic geothermal reservoir for power generation  

Oil and Gas Well Conversion for Power Generation 

Well conversion is first modeled for power generation where water is extracted from an existing 
well and run through a modular, 100 kW ORC unit for electricity production. This model 
assumes all production and injection infrastructure is in place so that no major construction is 
required. The value of the power, or the power sales price (PPA Electricity Rate) is examined 
for a low, medium, and high price of $70, $90, and $110 per MWh, respectively. These prices 
are equal to the residential, commercial, and industrial electricity rates for the state of Wyoming 
in 2022. A small well abandonment deferred cost is included and a small well workover cost is 
included for any necessary repairs. This economic model is based entirely on the value of the 
geothermal energy production and deferred abandonment cost. This does not account for any 
additional oil production because that is a large unknown. The additional oil production may 
contribute significant value to the commercial viability of a project, but requires more detailed 
study. The economic viability of repurposing wells for power production are reported in Table 
6. Results show wellbore conversion for power could provide a moderate IRR of 7 – 14%, 
although the NPV (7,10) vary from negative to positive. Breakeven year is good compared to 
other geothermal projects, although still high at 8 – 20 years. Average annualized ROI varies 
from 10 – 15%.  
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Table 6. Financial Model Results for Wellbore Conversion for Power Generation 

Performance Parameters Units Probable Value Value Range (±2σ) 

Internal Rate of Return % 12 11 – 18 

Net Present Value $M 0.1 -0.1 – 0.5 

Breakeven Year Years 17.5 8 – 20 

Average ROI % 11 10 – 16 

Oil and Gas Well Conversion for Direct Use Thermal Applications 

Well conversion is modeled for 2 MW (6.82 MMBTU/hr) direct use thermal application where 
water is produced, heat extracted, and cooled water is reinjected. This model assumes all 
production and injection infrastructure is in place, but includes additional surface piping from 
the production well to the thermal energy use location, assuming a minimal distance of 1500 
±500 ft. The value of the heat is examined for a low, medium, and high price of $3, $5, and $8 
per MMBTU, respectively. This economic model is based entirely on the value of the thermal 
heat. There may be additional economic benefit from any additional oil production and deferred 
abandonment cost, but we chose to produce a conservative financial estimate because these 
factors contain high uncertainty and are largely unknown at this time. Because thermal energy 
applications can use a lower flow rate, it is possible these wells could sustain long term 
production, on the order of 50 years. The economic viability of repurposing wells for direct use 
thermal applications are reported in Table 7. Results show wellbore conversion for direct use 
could provide a moderate to high IRR of 9 – 37%, although the NPV (7,10) vary from negative 
to positive. Breakeven year looks attractive if heat can be sold at the higher prices of $5 or 
$8/MMBTU, varying from 4.5 – 9 years. Average annualized ROI varies from 9 – 34%.  

Table 7. Financial Model Results for Wellbore Conversion for Direct Use Thermal Applications 

Performance Parameters Units Probable Value Value Range (±2σ) 

Internal Rate of Return % 19 9 – 37 

Net Present Value $M 1 -0.1 – 3.1 

Breakeven Year Years 8 4.5 – 30+ 

Average ROI % 17.5 9 – 34 

Conventional Geothermal Power Plant Using Only New-drilled Wells 

The conventional geothermal power system is modelled as a 5 MW ORC power plant fed by 
new-drilled wells. Variable input parameters include 1.5 – 3.5 wells and drill depth ranging 
from 3000 – 5000 meters. The well depth and number of wells is ultimately dependent on depth 
to desired temperature and production from the wells. The power generated is transmitted to 
the grid, and revenue is calculated at three power sales rates of $70, $90, and $110 per MWh. 
Financial results for the conventional geothermal power plant model are presented in Table 8. 
In general, a conventional geothermal project in Wyoming may be financially attractive if 
power can be sold at the $90 or $110 per MWh rates. Conventional geothermal project models 
are most sensitive to tax rate, tax credits, and total capital costs. 
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Table 8. Financial Model Results for Conventional Geothermal Power Plant with New Wells 

Performance Parameters Units Probable Value Value Range (±2σ) 

Internal Rate of Return % 7 6 – 13 

Net Present Value $M -0.5 -7.9 – 12.4 

Breakeven Year Years 25 13 – 30+ 

Average ROI % 8 7 – 12 

Synthetic Geothermal Reservoir for Power Generation 

The SGR for power production model includes commissioning a 40 MW two-stage flash cycle 
geothermal power plant powered by hot water extracted from a network of 9 hot wells and 9 
cold wells, all newly drilled. The system is heated using low-to-zero cost power derived from 
the grid during times of lower energy usage that might otherwise force curtailment of power 
generation, with values of $0, $10, and $20/MWh. This would require a unique power purchase 
agreement (PPA) to purchase energy at this price in Wyoming at this time; therefore, this model 
is not directly applicable to the current electricity market, but instead shows how an SGR system 
could be deployed commercially. The capacity factor for the power plant is lower than a 
standard geothermal power plant because of the operation schedule and has a capacity factor of 
75% instead of the typical 95%. The financial performance results are tabulated in Table 9. 
Note that only values for a charging PPA of $0 and $10/MWh are reported to provide context 
of what is required to produce a commercially viable SGR system. The IRR is low to good 
when the charging PPA is $0 or $10/MWh and negative for $20/MWh. This result favors 
seeking utility partners to develop an SGR to enable them to ensure more consistent utilization 
of power plants, which otherwise would be idle. Similarly, NPV is only positive for $0/MWh 
charging. It is also important to point out, NPV has significantly higher values here when 
compared to other financial models. This is in part because the overall investment is 
significantly greater than other models; however, other financial metrics are similar to the rest 
of the calculated financial models. Breakeven year results show SGR reaches breakeven 
approximately in the middle of its 30-year lifetime for $0/MWh. These results give a baseline 
to further develop the SGR concept and design for implementation in Wyoming and beyond. 
One aspect that would improve economics is cascaded use, that is, using water discharged from 
the geothermal power plant for direct heating applications, which would increase the total 
revenue of the system. The average annualized ROI is positive for most cases, but relatively 
modest for the system as modelled presently. An additional revenue stream of direct use heating 
would increase the ROI. Furthermore, an SGR system focused on direct use thermal 
applications may have improved economics because there would be less conversion losses, 
meaning a hypothetically all-around higher round trip efficiency. 

Table 9. Financial Model Results for Synthetic Geothermal Reservoir for Power Generation 

Performance Parameters Units Probable Value Value Range (±2σ) 

Internal Rate of Return % 9 3 – 20 

Net Present Value $M 44 0 – 1400 

Breakeven Year Years 17 8 – 30+ 

Average ROI % 10 4.5 – 17 
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Potential Environmental Hazards Associated with Geothermal 
Energy Production 

There are several known hazards associated with geothermal energy production. This section 
discusses the potential environmental effects of geothermal resource development in Wyoming. 
The focus is on induced seismicity and subsidence, which can be a direct consequence of 
production of hot water and injection or reinjection of cold water into geothermal reservoirs. 
Recommendations are provided to avoid and monitor both potential impacts and give slightly 
more definitive recommendations for each type of geothermal resource evaluated in this report. 
Finally, potential environmental impacts to air, water, and land that are more commonly 
encountered in developing industrial activities are discussed.  

Induced seismicity 

Induced seismicity are seismic events produced by manmade activities. Induced seismicity has 
been documented to have occurred at least since the 1920’s, and event causes have been 
attributed to impoundment of water behind dams, controlled explosions related to mining or 
construction, and underground nuclear tests (National Research Council, 2013). Additional 
events have been attributed to the injection or withdrawal of fluids from the subsurface, either 
for oil and gas production and waste disposal, or for the generation of geothermal power (Figure 
22). 

 

In general, seismicity is the result of slip along a fault plane and arises when the shear stress 
(stress in the fault plane) exceeds a critical value determined by the cohesion of the rock, the 
effective stress normal to the fault plane, and the friction coefficient. Changes in the stress field, 
particularly of the effective normal stress, can be driven by increases or decreases in the fluid 
pressure within the rock, by simple pore pressure change, by poroelastic effects on the rock 
volume itself, and by thermoelastic effects if the increased fluid pressure is driven by hotter or 
colder fluid. All three mechanisms may be at play in efforts to extract or store thermal energy 
in subsurface formations. The National Research Council (2013) and Buijze et al. (2020) 
provide extensive discussion of the mechanics of induced seismicity.  

Healy et al. (1968) documented seismicity in a crystalline basement disposal well in the Denver, 
Colorado, area that they interpreted as resulting from increased pore pressure. This is one of the 

Figure 22. Primary industrial activities that can induce seismic events, and mechanisms 
(a,b,c) of fault activation in various activities (from the National Research Council, 2013). 
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most often-cited examples of induced seismicity. Raleigh et al. (1976) demonstrated that 
earthquakes could be purposely induced by over injection in a waterflood system, and that 
relieving the overpressure would stop seismicity. For injection of produced water in 
sedimentary basins, Walsh and Zoback (2015) showed that regional large-scale injection of 
wastewater into deep sedimentary units was well correlated to induced seismicity in Oklahoma. 
They also showed that waterflooding operations in Oklahoma, where injection and production 
are balanced, produced very few seismic events. Scanlon et al. (2019) concluded that induced 
seismicity is linked to injection rates, cumulative injection volume, and proximity to basement. 
They also noted that injection into shallower zones can mitigate seismicity, but may risk over 
pressuring adjacent horizons, and even contaminating shallower aquifers.  

Buijze et al. (2020) reviewed 85 geothermal systems from a global database of induced 
earthquake incidents, the Human Induced Earthquake database HiQuake (Foulger et al., 2018). 
They classified the geothermal systems using the scheme developed by Moeck (2014), which 
separates geothermal play types first by the main heat transfer mechanism responsible for the 
geothermal anomaly. Conduction-dominated systems are generally low to medium temperature 
systems found in passive tectonic environments. Convection-dominated systems are mainly 
higher temperature systems found in active tectonic regimes. These two system types are further 
subdivided by tectonic environment. Buijze et al. (2020) noted the higher frequency of 
earthquakes occurs in convection-dominated systems as opposed to conduction-dominated 
systems. They also highlighted certain operational parameters as important to induced 
seismicity, including volume and well-head pressure of injection, and temperature difference 
between the reservoir and injected fluids. In all these situations, the lower the variation, the 
lower chance of induced seismicity, i.e., smaller temperature difference, lower injection 
pressure, and less difference between fluid production volumes.  

Subsidence and Uplift 

The most common cause of land subsidence in the United States is compaction of aquifers 
driven by pressure reduction from excessive water withdrawal (Lowe, 2012). Other causes 
include drainage of organic soils, underground mining, hydrocompaction, natural compaction, 
sinkhole formation, and the thawing of permafrost (National Research Council, 1991).  

A loose relationship was observed between subsidence and uplift and petroleum production 
(Kim and Lu, 2018). Subsidence identified by those authors was caused by dissolution of 
evaporative formations through impoundment of water in lakes with subsidence up to 23 cm, 
and in abandoned oil and gas wells, with subsidence rates as high as 40 cm/year in three 
locations. Subsidence also occurred in high-volume oil production areas from hydraulically 
fractured wells (with associated induced seismicity), although at a lower average rate of 1.5 
cm/yr and maximum rates in a two-month interval of 9 cm/yr. For reference, the producing 
formations are at depths of 2 – 4 km in that study area. The authors also documented uplift near 
wells injecting wastewater and CO2 in relatively shallow horizons. Wastewater injection at 
1600 – 1700 m resulted in up to 5.5 cm of uplift over 1.5 years. In that example, uplift correlated 
to the injection rate. In another area, CO2 injection occurred into horizons at 750 and 810 m and 
recorded uplift of 3.5 cm occurring over 1 year. Uplift stopped when injection decreased 
substantially at the end of that time. One of the injection wells lies at approximately the location 
of maximum uplift. 

In geothermal fields, a wide range of levels of subsidence have been documented, most notably 
in high temperature and convection dominated geothermal systems. In the Wairakei Field in 
New Zealand, fifty years of production resulted in 15 ±0.5 m of subsidence in a ~1 km2 bowl, 
with lower levels of subsidence over a 30 km2 area (Allis et al., 2009). Subsidence was 
interpreted to be caused by compaction of lacustrine mudstone at 100 – 200 m depth. In the 
Dixie Valley, Nevada, a subsidence bowl developed during production and formed a small pond 
(Lowe, 2012). Foxall (2003) documented subsidence rates of 10.5 cm/yr using a form of 
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satellite imagery data, synthetic aperture radar (SAR) interferometry (InSAR). In the Geysers 
Geothermal field, California, a maximum subsidence of 3 ft (0.9 m) was first detected in the 
1970’s, with maximum rates of 0.15 ft/yr (4.6cm/yr) (Lowe, 2012). In the Geysers, subsidence 
is attributed to cooling of the reservoir rock and a significant imbalance between produced 
volume and injection volume. Reinjection of condensate equivalent to 25% of the steam volume 
extracted was started in 1969, although this has only minimally reduced this subsidence rate. 

These geothermal examples reflect high temperature systems in which reinjection of fluid 
commonly did not start at the beginning of resource exploitation and still does not completely 
balance production with injection. Therefore, these examples contain higher subsidence than 
what would be expected in Wyoming and the highest potential subsidence associated with 
poorly managed geothermal energy production. 

Potential for induced seismicity and subsidence in Wyoming 

For geothermal systems in Wyoming, several factors suggest the risk of induced seismicity is 
relatively low. In Wyoming, earthquakes of magnitude > 2.5, (a common threshold for felt 
earthquakes) occur predominantly on the western border, especially in the Yellowstone area, as 
shown for the last 10 years (Figure 23). This pattern indicates that the state is not an area of 
elevated tectonic activity, except for the Yellowstone area, where hydrothermal, convection-
dominated geothermal systems occur. For most of the state, geothermal systems would be 
conduction-dominated. It is also important to note the swarm of earthquakes occurring in the 
northeast portion of the state, in the Powder River Basin. These earthquakes are mining blasts 
that do not relate to the induced seismicity associated with oil and gas or geothermal energy 
production. 

It is challenging to find relevant examples of subsidence (or uplift) caused by human activities 
in Wyoming. Most subsidence documented has been due to mine collapse, rather than to 
production and injection of fluids in the subsurface. Sites selected for evaluation for geothermal 
should be reviewed to ensure that mining (whether hard rock or coal) have not been done in the 
area as this could increase subsidence potential from increased subsurface fluid production. 
Given the limited examples, risk of subsidence from geothermal activities is considered low. 
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Figure 23. USGS record of seismicity in Wyoming from 2012-2022. 

Recommendations to avoid induced seismicity and land 
subsidence/uplift 

Given the limited history of induced seismicity and energy production related subsidence for 
the state of Wyoming, we see little to no risk associated with geothermal energy production, 
assuming existing best practices for energy production are used. Below are five general 
recommendations that should be used for all projects involving injection and/or production of 
fluids from geologic formations (geothermal, carbon storage, enhanced oil recovery, etc.) to 
minimize induced seismicity and/or subsidence/uplift: 

1. Review available data on faults in the region to ensure that stress changes would not 
be induced by injecting into wells in different fault blocks or otherwise isolated from 
producing wells. 

2. Monitor seismicity and ground elevation before (to establish a local baseline) and 
during production/injection to identify increases in seismicity or elevation above 
historic levels.  

3. Balance production of fluid with reinjection of nearly equivalent volumes of fluid and 
monitor the balance between the two. Temperature, pressure, and flow rate 
monitoring would also be advisable to have a complete picture of fluid balance. 

4. Select production/injection horizons that lie several hundred feet above crystalline 
basement. 

5. Evaluate the effect of temperature differences between reservoir and injected fluids to 
identify any potential thermoelastic effects.  

Air, Water, Land Potential Environmental Impacts 

Impacts of geothermal energy development on the air, water, and land are similar to those of 
other industrial developments in that they may involve release of pollutants common to such 
industrial projects. Geothermal waters generally contain chemicals of concern that can be 
released to the atmosphere either intentionally or due to accidental releases from system failures 
(pipelines, wellheads, etc.). In Wyoming, the low temperature geothermal resources would be 
produced either as heat or as electricity using an ORC. Therefore, the design of any system 
would include all produced fluids being run through a heat exchanger and then reinjection of 
all fluids back into the reservoir. The only fluid releases would be accidental. The actions 
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required for these potential impacts will be similar across all types of systems proposed in this 
report. 

Non-condensable gases in geothermal water commonly include CO2, methane (CH4), and H2S. 
Other potential contaminants in airborne releases from some geothermal plants include Hg, As, 
B, Rn, Sb and NH3 (Manzella et al., 2018). CO2 and CH4, are significant greenhouse gases, and, 
while present at low levels compared to oil and gas operations, still require upfront chemical 
analysis and mitigation planning for any potential releases. Regulation of releases of all these 
constituents likely falls under existing air quality regulations. Upfront analysis of the 
geothermal waters will be necessary to determine whether these or other contaminants could be 
released, and what appropriate mitigation actions would be required. 

A wide variety of potential contaminants of concern can be found in geothermal waters, such 
as Na, K, Ca, B, Li, As, F, Mg, Si, Rb, Sb, Sr, chlorides, bicarbonates, and sulphates (Manzella 
et al., 2018). Super-heated steam contains mainly boric acid chlorides and bicarbonates and tiny 
amounts of As and Hg that might be released if a condenser fails. As noted, the geothermal 
systems in Wyoming are all low temperature, meaning these types of containments are unlikely. 
These also would most likely fall under current regulations for industrial facilities, especially 
those governing oil and gas operations. Analysis of geothermal waters in areas selected for 
development will be needed to address such concerns and will also be required to plan for 
addressing potential corrosion and scaling of wellbore and pipeline systems. 

Environmental Risk Reduction Recommendations by Resource Type 

Low Temperature Geothermal Systems 

For low temperature thermal applications of geothermal resources, induced seismicity is a 
relatively low risk concern. There is a slightly elevated risk for electricity generation because 
this will often require higher flow rates, but this risk is also low. The thermoelastic effects are 
likely to be relatively small at these lower temperatures. It will be important to balance the mass 
flow rate, i.e. an equal amount production of hot water and injection of cold water, which 
minimizes the likelihood of seismic activity. Developers should investigate whether there is 
pressure communication between the production and injection sites (to ensure that there are no 
hydrologic barriers such as sealing faults between the two). Identifying any faults in the area 
will be critical to such evaluation. It would be preferable to provide several hundred feet of 
distance from crystalline basement to the producing interval, as even where production is not 
balanced by injection (as in Oklahoma) there is a negative correlation between distance above 
basement and severity of seismic activity. Seismic monitoring before production (to establish 
background activity) and throughout the history of production should be required. If an 
adequate seismometer array for seismic hazard monitoring exists in the area, this might be 
sufficient, but on-site monitoring will assist in more precise location of depth of any seismicity.  

We do not expect subsidence to be an environmental risk in Wyoming because there is a lack 
of previous subsidence in Wyoming and if all fluid produced will also be reinjected, as 
recommended, the mass production will be balanced. Depending on the depth of the system, 
attention to subsidence may be important as a potential indicator of geologic isolation of 
reinjection from production. Monitoring for subsidence will be similar to the monitoring 
suggested for induced seismicity, here using satellite imagery to establish a surface baseline 
and subsequent imaging for analysis of surface level change. 

High Temperature Geothermal Systems 

Convection dominated systems, particularly hydrothermal systems, are more likely to be 
subject to induced seismicity, although the solution for seismicity in most cases has been 
injection of produced water close to the origin, but far enough not to cool the geothermal 
resource. High temperature geothermal resources are confined almost exclusively to volcanic 
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and other tectonically active areas. The only high temperature geothermal resource in Wyoming 
is the Yellowstone hotspot. Development of geothermal energy systems in the immediate 
vicinity of the major tourist destination of Yellowstone carries with it substantial challenges in 
addition to the concerns of subsidence and seismicity. As stated earlier, we do not recommend 
pursuing geothermal development near Yellowstone. Therefore, it is unlikely there will be high 
temperature geothermal development, meaning there is no risk to mitigate. 

Synthetic Geothermal Reservoir Systems 

For the Synthetic Geothermal Reservoir (SGR) systems, thermoelastic stress changes will be 
most important, as the system is inherently one in which all produced water is returned to the 
reservoir, although the returned water is at higher temperatures than the initial reservoir 
temperature. Therefore, some thermal increase in volume can be expected. As with other 
geothermal systems, seismic monitoring will be important beforehand (to set a background 
level) and throughout operation of the SGR. If the SGR will produce lower temperature heat 
for direct use, the concern will be less than if the objective is production of geothermal power.  
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Wyoming Regulations and Related Agencies 

The following sections are some of the main regulations associated with geothermal power 
projects and installation of geothermal heat pumps. There are currently no geothermal power 
projects in Wyoming, although there was power produced from a geothermal power 
demonstration on the Rocky Mountain Oilfield Testing Center in Casper. There are existing 
geothermal heat pumps installed in homes. 

The state of Wyoming includes Federal, State, and Local governmental land ownership, 
considered public lands for mineral rights. There are also private lands with mineral rights 
owned by the respective private entity, yet they are required to follow the regulations and 
permits similar to the public lands. The following information covers the regulations and the 
related agency who oversees the permits. This document does not cover every permit necessary 
for construction of a large project, rather the ones specific to geothermal power and geothermal 
heat pumps.  

Included here is a short history of geothermal energy mentions within various public service 
organizations within the state of Wyoming. Many of the mentions associate hot or geothermal 
water with the groundwater resource, however, federal lands define geothermal energy as a 
mineral resource. To our knowledge, there are not specific, clear regulations associated with 
geothermal energy production. Many of the regulations in place focus on engineering oversight 
associated with the drilling and completion of wells. Based on this short introduction, it is clear 
that the leasing and permitting process is subject to misinterpretation which may lead to 
litigation if geothermal energy is not more clearly defined by the state of Wyoming. The 
following list outlines the regulations that should be reviewed upon geothermal power plant 
development and geothermal heat pump installation. A detailed list of all mentions of 
geothermal energy within regulatory documents and the associated agencies are listed in 
Appendix C. Note that we do not mention Yellowstone here or within Appendix C. 
Yellowstone, as a national park and world heritage site, will have special oversite that is best 
to be aware of and not develop near Yellowstone. 

1) Currently it is interpreted that in Wyoming, geothermal is defined as a mineral right 
ownership, related to the state, associated with groundwater. As in other states, i.e., 
Texas, there is expected to be additional regulations necessary for the determination of 
ownership for both public and private land except where the owner of surface and deep 
rights are held by the same entity. As new geothermal projects use only heat and no 
water for closed loop systems, the ownership of the rock heat may also be considered 
a different right. 

2) At present, our interpretation is that geothermal wells would be defined as water wells 
and managed by the State Engineer. It is recommended to move the principal regulatory 
agency for geothermal deep wells (not geothermal heat pumps) to the Wyoming Oil 
and Gas Conservation Commission in order to utilize their expertise in high 
temperature, high pressure, deep drilling; the State Engineer would still issue well 
drilling permits; 

3) Retain the Board of Land Commissioners as the leasing agency, providing 
"grandfathered" rights for current water permit holders and/or mineral lease holders; 
also define "small geothermal uses” as the amount of energy needed to heat Wyoming 
homes per year, “medium geothermal uses” as small commercial projects, likely 
focused on heating, and large geothermal uses likely focused on the sale of power, to 
assist in the potential for overlapping regulations that could make geothermal heat 
pumps for a home owner too onerous to permit. Note that this breakdown may need 
further definition to incorporate the flexibility of geothermal such as high temperature 
industrial heat, or low temperature ORC modular power generation. 
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4) Assure bonding and taxation powers needed for municipal development of geothermal 
resources and ensure that the quality and quantity of Wyoming waters is not negatively 
affected by geothermal development. Associated with this, clear guidelines should be 
laid out for geothermal or geo-exchange operations that have the possibility to interact 
with freshwater aquifers. If aquifers are contaminated, specific recourse should be 
codified. 

5) Regulate deep brine fluids used in geothermal projects as not associated with fresh 
water. In addition, state at what depths these deep brine fluids can be reinjected, e.g., 
the same geological formation or any similar formation based on water chemistry. 

6) Regulate at what level of induced seismicity should drilling, production, and injection 
at a site be stopped because of seismic activities. It is unclear who would oversee this 
action. Because this is likely to be associated with production and injection activities, 
it will likely be easier to be managed and enforced by the Wyoming Oil and Gas 
Conservation Commission, as they are currently in management of these activities for 
oil and gas operations.  
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Conclusions and Recommendations 

The goal of this study is to characterize the thermal regime and geothermal power potential in 
the state of Wyoming so that geothermal energy can be produced utilizing the most suitable 
geothermal technologies for the available resource. Detailed literature review and existing 
thermal resource data mapping with existing well data indicate that Wyoming does not have a 
widespread high temperature geothermal reservoir. Instead, the geothermal resource across the 
state is low to moderate temperatures in localized areas (100 – 300 °F). The target temperature 
for geothermal power production by the geothermal industry is closer to 350 – 400 °F. 
Wyoming does not have a high temperature resource like this required for larger scale power 
production using high temperature technology such as flash steam power plants. 

Technologies that are most suitable for the low to moderate temperature resources that 
Wyoming has include direct use or ORC units. Direct use technologies could be used near 
population centers to heat buildings and homes or supply heat to manufacturers. There is 
widespread potential for well repurposing across the state. There are 6,816 wells that have 
temperatures between 100 – 200 °F that can be repurposed for direct use options and 1,479 
open wells that have bottom hole temperatures greater than 200 °F that therefore have potential 
to be used with an ORC unit to produce geothermal electricity. Geothermal heat pumps can be 
used to heat homes as well, and would be applicable throughout the state, but home by home 
installation of heat pumps is not the most effective strategy for large scale geothermal 
technology utilization.  

In this study, the state was divided into five major sedimentary basins to assess the resource 
and technologies most suitable for each basin region. Each of the basins have a range of 
resource, utilization options, and sufficient end-users. In this report, we provided a general 
overview evaluation for each basin. Further detailed investigation is required to determine the 
exact utilization technology in the most suitable locations within each basin. In general, the 
widespread low temperature resource has potential for use across the state, so the next step will 
be the evaluation of co-locating heat demand with the available heat resources. 

Financial modeling and analysis for each utilization technology that is applicable to Wyoming 
was evaluated. This analysis included average payback period, internal rate of return, net 
present value, and average annualized return on investment. Financial analysis was based on a 
30-year expected lifetime of geothermal production and incorporated anticipated operations and 
maintenance costs, building costs, tax rates, discount rates, and tax credits. In general, new 
drilling of prospects have a negative to low commercial viability, while repurposing wells has 
a low to moderate commercial viability. Each of the technologies show variable economic 
potential from negative to high commercial viability. Future demonstration or feasibility 
projects should include updated resource assessment and additional numerical modeling and 
financial modeling examining financial scenarios focused on full optimization of heat use. 
These models here show there are both low temperature, moderate temperature, and synthetic 
geothermal reservoirs that may be commercially viable in the near term, depending on the future 
electricity market of Wyoming. 

Federal and state regulations regarding geothermal development are an important component 
to a development plan. Currently, there are no specific regulations associated with geothermal 
energy production defined by the state of Wyoming. The regulations that are in place are related 
to engineering oversight associated with the drilling and completion of wells. Several 
recommendations were made on how best to codify regulations to expedite development in a 
safe, intuitive direction.  

Provided these conclusions, Petrolern suggests the following recommendations for further 
geothermal development in Wyoming:  
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1. Wyoming should not pursue high temperature utilization technologies at this time such 
as EGS or CLG because the resource available combined with the maturity of these 
technologies makes these resources not commercially feasible; however, the Wyoming 
Energy Authority should keep up to date with progress in EGS and CLG as this is an 
area of active research with significant federal and private funding. 

2. The most recent data analysis was performed by Dingwall et al. (2011). New 
calculations, incorporating additional drilling data since 2011, will facilitate delineation 
of the best geothermal prospects that should be pursued at this time. The Wyoming 
State Geological Survey combined recent data and produced regions of above average 
geothermal gradient. New thermal regime evaluation will further refine that work and 
highlight which of those high gradient zones contain a potential geothermal resource. 

3. Well repurposing for geothermal power production through an ORC unit or direct use 
is a potential option if the fluid production rate is sufficient. There are many wells that 
could produce geothermal energy, but further evaluation is required to determine total 
production potential and produce detailed financial metrics based on the individual 
projects. Further evaluation at the prospect scale could be performed at the field scale 
and then on a well-by-well basis. 

4. There are several opportunities to begin detailed evaluations where there is a clear 
power potential that needs defining of the end user. Here, the Wind River Basin is one 
area of particular interest because of the higher temperature wells and relative 
proximity to the Wind River Reservation and population centers of Riverton and 
Thermopolis. Additional investigation is necessary to determine the total geothermal 
resource, total heat or energy demand, and optimal utilization plan because there are 
multiple technologies that could work given the resource and multiple potential end-
users. The heat or power supply versus heat or power demand will need detailed 
analysis. These detailed analyses will highlight the most suitable location for 
geothermal deployment and determine with more certainty if any individual project is 
both technically and commercially viable. 

5. Geothermal heat pump use is a viable technology for use in Wyoming because they 
will work efficiently anywhere; however, a focus on single family home deployment 
will bottleneck deployment. Significant deployment will require community scale heat 
pump installations using new designs such as GABESS. A study should be performed 
designing a GABESS system for a location in Wyoming to examine the deployment 
potential for grid and decarbonization impact compared to single family deployment, 
with examination on potential for scale up potential. Here, we would suggest a focused 
study on a new construction plan associated with a government building. Because there 
are minimal deployed GABESS systems, this will still require design improvements to 
further reduce implementation costs.  

6. Synthetic Geothermal Reservoirs are a feasible option for Wyoming as this technology 
does not require high temperature geothermal resources to produce electricity. This is 
also an opportunity to utilize the significant wind resource, the oil and gas workforce, 
and the extensive understanding of the subsurface stratigraphy. While existing financial 
models do not show immediate, high value investment potential, there are several 
optimization strategies that were not able to be examined here. We suggest performing 
a detailed desktop study examining the potential of a wind charged synthetic 
geothermal reservoir in the Cheyenne region as this location has high wind potential, 
abundant aquifers for the synthetic geothermal reservoir, a large power and heat 
demand, and multiple transmission lines. The high power and heat demand will justify 
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examining a combined heat and power system as well as a dedicated heat system, which 
should, theoretically, be more financially attractive because of the higher thermal 
efficiency.
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Appendix A – Wellbore Temperature Maps by Basin 

 
Figure 24. Bighorn Basin wells between 100 – 200 °F. 
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Figure 25. Bighorn Basin wells over 200 °F. 
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Figure 26. Powder River Basin wells between 100 – 200 °F. 
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Figure 27. Powder River Basin well over 200 °F. 
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Figure 28. Denver-Cheyenne Basin wells between 100 – 200 °F. 
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Figure 29. Denver-Cheyenne Basin wells over 200 °F. 
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Figure 30. Southwest Wyoming wells between 100 – 200 °F. 
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Figure 31. Southwest Wyoming wells over 200 °F. 
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Figure 32. Wind River Basin wells between 100 – 200 °F. 
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Figure 33. Wind River Basin wells over 200 °F. 

 



Final Report of Geothermal Resource and Applicable Technology for Wyoming 

Copyright © 2022 Petrolern 73 Final Report 

Ref. # WYO0722RE01  July 2022 

 

Appendix B – CO2 Emissions Calculations 

Geothermal Heat Pump Calculation 

With natural gas only about 75% of the natural gas heat gets to the building, with the rest going 
out the flue. The conversion ratio is 1 CF of natural gas =.29 kwh-thermal. Thus, the amount of 
heat reaching the building is 82,469CF*.29kwh*75% = 18,000 kwh of heat. With the 4:1 heat 
to electric use ratio of GHPs, the amount of power required is about 4,485 kWh. Using the EPA 
calculator, this electricity use would produce emissions of 2.1 tons. The net CO2 reduction is 
therefore 5 – 2.1 = 2.9 tons for heating. As the grid decarbonizes, the savings will increase 
because the CO2 footprint of the GHP electricity use will decrease. For the case of a 25% 
conversion of households to GHP, started above, the net CO2 savings would be approximately 
169,000 tons/yr. 

The evidence for future grid decarbonization includes published plans by utilities to reduce 
carbon emissions. One example is PacifiCorp (dba Rocky Mountain Power) which plans to 
steadily cut emissions from power generation as shown in Figure 34 (Pena-Cabra et al., 2020). 

 

Figure 34. CO2 emissions scenarios for PacifiCorp operations. 

 

Electrical Generation Calculation 

The CO2 emissions reductions associated with geothermal electrical power generation was 
calculated using the US EPA Greenhouse Gas Equivalencies Calculator (EPA, 2022) using the 
option of kWh avoided. Geothermal power plants were assumed to have a capacity factor of 
95%, and were calculated as kWh avoided, meaning that electricity that would have been 
generated from the current US electrical grid is now not calculated and instead the geothermal 
energy is used. At 95% capacity factor, a 100 kW ORC unit will generate 832,770 kWh per 
year. Here, we assume minor unforeseen shutdowns, so 830,000 kWh per year were used in our 
calculations, or 830 MWh. This equates to 648 tons of CO2 avoided per year, or approximately 
650 tons of CO2 per yer, per 100 kW of installed capacity. This number was then used as a 
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direct linear scaler for larger power plants and for low temperature ORC power generation as 
well as high temperature power generation from the SGR system. The SGR system may have 
a lower CO2 emissions reductions depending on the electrical charging source. If the charging 
is completely renewable energy, then there is little to no difference. This could also be 
accounted for through a virtual power purchase agreement. If, however, the SGR is charged 
directly from the electrical grid, irrespective of electrical source, then a calculation would be 
necessary to include the CO2 emissions from the purchased electricity. This design of an SGR, 
purchasing power from the grid at wholesale rates, is only feasible in a deregulated market 
where electricity arbitrage is possible. Three are additional minor differences associated with 
the full life cycle assessment of CO2 emissions, but that was not done as part of this study. 

Heat Generation Calculation 

The CO2 emissions reductions associated with direct use heating from geothermal energy was 
calculated using the US EPA Greenhouse Gas Equivalencies Calculator (EPA, 2022) using the 
option of MCF of natural gas. The average Wyoming household uses 82,469 CF of natural gas 
per residential consumer (Southwest Energy Efficiency Project, 2016), which, when put into 
the US EPA calculator, equates to ~5 tons of CO2 emissions per household. If all of this natural 
gas use can be offset by direct use geothermal heating, savings per household can be on the 
order of 5 tons of CO2 per year. This assumes a complete conversion to direct use heat, i.e., 
household heating, hot water, cooking, etc. Individual households will vary on the amount of 
CO2 emissions reductions they achieve through conversion to geothermal based on the degree 
to which they convert to direct heating, overall heating use during the year, and other individual 
factors. Detailed analysis will be necessary for each individual project to calculate an accurate 
CO2 emission reduction value, but the 5 tons per year per household is a starting value. 

Larger buildings such as commercial or multi-family buildings will have a greater opportunity 
for decarbonization because of the greater heating needs. We did not find a value for heating 
needs per indoor square foot and therefore did not calculate an estimate on the CO2 emissions 
reduction for non-residential buildings. Total savings will again be determined primarily by the 
heat use, which could be impacted by type of building use, architecture of the building, age, 
and other factors. Similarly, a detailed study of individual sites will need to be completed to 
calculate an accurate CO2 emissions reduction per project. 
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Appendix C – Detailed Regulatory Summary  

Here we include all potential regulations we discovered that may relate to geothermal energy 
production within the state of Wyoming and contact information for individual offices, where 
available. Much of this section will be direct copies of the existing regulations so that there is 
limited potential for misrepresentation of what regulations exist and what is stated in those 
regulations. The goal of this section is to provide a single location containing much of the 
regulations that may pertain to geothermal energy. While we performed an extensive literature 
review, this may not be an exhaustive list of pertinent regulations, but instead can be considered 
what is readily accessible and findable by individuals actively looking for this information. It 
is important to note, this collated regulation set highlights the potential ambiguity associated 
with production of geothermal energy in Wyoming. There is a need for clear definitions and 
regulatory framework pertaining to geothermal energy production in Wyoming.  

Existing regulations pertaining to water use 

The primary regulation for water rights stating that water is the property of the state of 
Wyoming falls under the 2021 Wyoming Statutes: 
 
Title 41 – Water Chapter 3 - Water Rights;  
Administration and Control Article 1  
Section 41-3-101 - Nature of Water Rights and Beneficial Use  
Universal Citation: WY Stat § 41-3-101 (2021) 

A water right is a right to use the state’s water, when such use has been acquired by the 
beneficial application of water under the laws of the state relating thereto, and in conformity 
with the rules and regulations dependent thereon. Beneficial use shall be the basis, the measure 
and limit of the right to use water at all times, not exceeding the statutory limit except as 
provided by W.S. 41-4-317. In addition to any beneficial use specified by law or rule and 
regulation promulgated pursuant thereto, the use of water for the purpose of extracting heat 
therefrom is considered a beneficial use subject to prior rights. Water being always the property 
of the state, rights to its use shall attach to the land for irrigation, or to such other purposes or 
object for which acquired in accordance with the beneficial use made for which the right 
receives public recognition, under the law and the administration provided thereby. Water rights 
for the direct use of the natural unstored flow of any stream cannot be detached from the lands, 
place or purpose for which they are acquired, except as provided in W.S. 41-3-102 and 41-3-
103, pertaining to a change to preferred use, and except as provided in W.S. 41-4-514.  

41-3-102. Preferred uses; defined; order of preference. 

(a) Water rights are hereby defined as follows according to use: preferred uses shall include 
rights for domestic and transportation purposes, steam power plants, and industrial purposes; 
existing rights not preferred, may be condemned to supply water for such preferred uses in 
accordance with the provisions of the law relating to condemnation of property for public and 
semi-public purposes except as hereinafter provided.  

(b) Preferred water uses shall have preference rights in the following order:  

(i) Water for drinking purposes for both man and beast;  

(ii) Water for municipal purposes;  

(iii) Water for the use of steam engines and for general railway use, water for culinary, laundry, 
bathing, refrigerating (including the manufacture of ice), for steam and hot water heating plants, 
and steam power plants; and  

(iv) Industrial purposes.  
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(c) The use of water for irrigation shall be superior and preferred to any use where water turbines 
or impulse water wheels are installed for power purposes; provided, however, that the preferred 
use of steam power plants and industrial purposes herein granted shall not be construed to give 
the right of condemnation.  

Federal Land and Related Agencies 

Most regulations for geothermal exist within federal law because many of the existing leases 
are on federal land. Following existing regulations, the US government considers high 
temperature geothermal is a "mineral" on their land, per the Federal Land Policy and 
Management Act of 1976. The two primary agencies currently involved with geothermal energy 
production on the federal level includes the Bureau of Land Management (BLM) and the US 
Forest Service (USFS).  

Bureau of Land Management (BLM) 

The Bureau of Land Management (BLM) administers the issuance of mineral leases on all 
federal land, regardless of surface manager. Therefore, the US Park Service and US Forest 
Service process applications; and then pass them on to the BLM. BLM sends the leases to the 
USGS for administration. 

National Environmental Policy Act (NEPA), Section 102 in Title I of the Act requires federal 
agencies to incorporate environmental considerations in their planning and decision-making 
through a systematic interdisciplinary approach. The plan is completed for all federal land, 
which includes BLM land, National Forest, National Parks, etc. The BLM is the agency to work 
with for submitting the plan. For more detail see the website: 
https://www.blm.gov/programs/planning-and-nepa/what-informs-our-plans/nepa 

BLM Office 
5353 Yellowstone Road Cheyenne, WY 82009 
Phone: 307-775-6256 
Email: blm_wy_copywork@blm.gov 

US Forest Service 

The US Forest Service performs pre-lease agreements and environmental studies for 
geothermal lease applications. The leases are then granted by the BLM. 

Schedule of Proposed Actions: 

https://www.fs.fed.us/sopa/components/sopa-dscr.shtml#planning 

List Federal Laws and Regulations that must be followed:  

https://www.fs.usda.gov/about-agency/regulations-policies 

Note that there is limited communication across offices, so development requires work with 
each local US National Forest Office in the region the project will be developed. When the 
developer seeks a resource on federal lands, the leases for the geothermal right are from the 
federal government, and it is regulated by state and local agencies. 

State Agencies 

Board of Land Commissioners  

The Board of Land Commissioners directs the administration of all land sales, leasing of both 
surface and subsurface resources, and manages surface areas for special use purposes, including 
geothermal development on Wyoming public lands. The Board of Land Commissioners 
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regulates only those lands owned by the State of Wyoming -- private, county, municipal, and 
federal lands are not regulated. 

 
Main Office: Herschler Building 
Suite W103 
122 W 25th Street 
Cheyenne, WY 82002 
Phone: 307.777.7331 
Email: slfmail@wyo.gov 
https://lands.wyo.gov/boards/state-board-of-land-commissioners 

 

Wyoming Department of Environmental Quality (DEQ)  

DEQ regulates geothermal development to prevent undesirable impacts on Wyoming's 
environment. Areas DEQ Regulates are Air, Land, and Water Quality and Solid Waste 
Management. 

 

WDEQ Headquarters 
200 West 17th St. Cheyenne, WY 82002 
Phone: 307-777-7937  
https://deq.wyoming.gov/ 

WDEQ Industrial Siting Division 

The Industrial Siting Division assesses socioeconomic and environmental impacts for 
companies planning major industrial developments before they begin the construction permit 
process. https://deq.wyoming.gov/industrial-siting-2/ 

State Engineer’s Office  

State Engineer Office performs as a regulatory function for State of Wyoming. For a search 
tool to learn about all regulations, see https://rules.wyo.gov/. The State Engineer is mandated 
to protect geothermal springs statewide and to supervise use of surface and underground waters.  

General Provisions Chapter 1, Section 3 Definitions includes item:  

“(p) "Well" means any artificial opening in the ground for the production of groundwater or 
the disposal of water underground, including developed springs, test wells, monitoring wells, 
geothermal or heat exchange wells, drive points and excavations for the purpose of artificial 
recharge to the groundwater bodies or disposal of wastes. The term "well" does not include 
excavations made for the dewatering of construction sites, mines or oil and gas wells, and the 
prospecting for and removal of mineral products, nor wells for the production of the media for 
secondary oil recovery.” 

With this definition the Water Well Drilling Contractions and Water Well Pump Contractors 
Board and Water Well Minimum Construction Standards all fall under higher level office of 
The State Engineer Office (SEO). Section 1 Authority. “The State Board of Examining Water 
Well Drilling Contractors and Water Well Pump Installation Contractors, hereinafter the 
"Board", is authorized by W.S. 33-42-101 through 33-42-117, hereinafter the "Act". Pursuant 
to W.S. 33-42-107, the Board shall from time to time adopt such rules and regulations consistent 
with the Laws of the State of Wyoming as may be deemed necessary in the performance of its 
duties.”  
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Since the SEO requirements includes permits, a Wyoming-licensed water well drilling 
contractor and water well pump installation contractor are required to work on wells and well 
conversion between water wells and other uses for that well.  

Oil and gas wells are typically "Type VI" wells as defined in the SEO's Water Well Minimum 
Construction Standards. Conversion of existing oil or gas wells, or exploration test wells into 
water wells can be accomplished as described below: 

Water Well Minimum Construction Standards (Revised June 2011) 

Chapter 3, Section 2 (b)(vi). Type VI – Conversion of Existing Oil or Gas Wells, or 
Exploration Test Wells into Water Wells. 

 (A) Existing oil and gas wells, seismic test holes, or mineral exploration holes may be 
converted for use as water wells, provided that the wells can be completed to conform to 
minimum construction standards cited herein.  

 (B) Information on geologic conditions encountered in the well at the time of the original well 
drilling shall be used to determine what special construction standards shall be met in order to 
eliminate all movement of pollutants into the well or along the annular space. If no original 
geologic information is available, a specified borehole log suite may be required to supplement 
known information. 

 (C) A permit to appropriate ground water must be obtained from the State Engineer prior to 
commencing construction of the well. 

 (D) Before any oil or gas exploration hole or well is converted for use as a water well, the 
Wyoming Oil & Gas Conservation Commission should be contacted in order to comply with 
that Commission’s regulations.  

Under the Ground Water regulation (Reference Number: 037.0004.1.03051974) 

“Chapter 1. Section 1. Authority. All water within the State of Wyoming is the property of the 
State of Wyoming. The Wyoming State Engineer is charged by the Wyoming Constitution with 
the administration of all waters within the State. Specific statutory authority for the 
administration of Wyoming ground water by the State Engineer is provided by Section 41- 121 
through Section 41-147, Wyoming Statutes 1957, as amended by Chapter 213, Session Laws 
of Wyoming 1969, and Chapter 171, Session Laws of Wyoming 1973.” 

“Section 2. Definition of Underground Water or Ground Water. The terms underground water 
and ground water are used interchangeably and will have the same definition. Ground water 
means any water, including hot water and geothermal steam, under the surface of the land or 
the bed of any stream, lake, reservoir, or other body of surface water, including water that has 
been exposed to the surface by an excavation, such as a gravel pit or some type of mining 
operation.” 

“Section 20. Geothermal Steam and Hot Water. Geothermal steam and hot water are considered 
ground water for the purpose of administration. A permit to appropriate ground water must be 
obtained from the Wyoming State Engineer to explore for or before geothermal steam or hot 
water can be utilized. Anyone contemplating the development of geothermal steam or hot water 
should contact the State Engineer's Office for additional information.” 

Under the Water Well Drilling Contractors/Water Well Pump Contractors Board 
regulations (Reference Number: 037.0002.1.04072015): 

Chapter 1: General Provisions  

Section L ““Underground water” means any water, including hot water and geothermal steam, 
under the surface of the land or under the bed of any stream, lake or reservoir.” 
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Section P “”Well” means any artificial opening in the ground for the production of groundwater 
or the disposal of water underground, including developed springs, test wells, monitoring wells, 
geothermal or heat exchange wells, drive points and excavations for the purpose of artificial 
recharge to the groundwater bodies or disposal of wastes. The term “well” does not include 
excavations made for the dewatering of construction sites, mines or oil and gas wells, and the 
prospecting for and removal of mineral products, nor wells for the production of the media for 
secondary oil recovery.” 

 

Under the Water Well Minimum Construction Standards Reference Number: Current 
Rules & Regulations (Reference Number: 037.0009.2.04062010) 

Chapter 2: Requirements and Definitions  

Section NN “GROUND (UNDERGROUND) WATER – “[A]ny water, including hot water and 
geothermal steam, under the surface of the land or bed of any stream, lake, reservoir, or other 
body of surface water, including water that has been exposed to the surface by an excavation 
such as a pit.” (W.S. §41-3-901(a)(ii)).” 

Section PP “HEAT PUMP WELL – Any well constructed to utilize the heat exchange 
properties of either ground water or of geological material penetrated in the well. 

Section JJJJ “WELL – [A]ny artificial opening or excavation in the ground, however made, by 
which underground water is sought or through which it flows under natural pressure or is 
artificially withdrawn, and a series of wells developed as a unit and pumped collectively by a 
single pumping unit shall be considered as one (1) well.” W.S. §41-3- 901(a)(iv) “[A]ny 
artificial opening in the ground for the production of groundwater or the disposal of water 
underground, including developed springs, test wells, monitoring wells, deep well ground beds 
(cathodic protection bores), geothermal or heat exchange wells, drive points and excavations 
for the purpose of artificial recharge to the groundwater bodies or disposal of wastes. The term 
"well" does not include excavations made for the dewatering of construction sites, mines or oil 
and gas wells, and the prospecting for and removal of mineral products, nor wells for the 
production of the media for secondary oil recovery.” (W.S. §33-42-102(a)(v)). 

For the purpose of this document, the following well types are described: 

(i) Type I – Dug Wells 

(ii) Type II – Natural Filter Wells 

(iii) Type III - Artificial Filter Wells 

(iv) Type IV – Partially-Cased Open Borehole Wells 

(v) Type V – Fully-Cased Wells 

(vi) Type VI – Conversion of Existing Oil or Gas Wells, or Exploration Test Wells into Water 
Wells 

 

Use the SEO website to determine the person to assist you based on your specific activities. 
https://seo.wyo.gov/ 

Phone: 307-777-6150  

Oil and Gas Conservation Commission  

General Agency Board of Commission  

Chapter 4 Environmental Rules Reference Number: 055.0001.4.06032015 



Final Report of Geothermal Resource and Applicable Technology for Wyoming 

Copyright © 2022 Petrolern 80 Final Report 

Ref. # WYO0722RE01  July 2022 

 

Section 12. Aquifer Exemption. (a) An aquifer which contains fresh and potable water may be 
exempt from the definition in Chapter 1, Section 2 (a), if the Commission by order, after due 
and legal notice and public hearing, determines any of the following criteria exists: 

(i) It is mineral, hydrocarbon, or geothermal energy producing; 

(ii) It is situated at a depth or location which makes recovery of fresh and potable water 
economically or technologically impractical; 

(iii) It is so contaminated that it would be economically or technologically impractical to render 
the water fit for use as fresh and potable water; 

(iv) It is located over a mining area subject to subsidence or catastrophic collapse; or, 

(v) It has a total dissolved solids (TDS) of more than five thousand (5,000) and less than ten 
thousand milligrams per liter (10,000 mg/l) and is not reasonably expected to be used as fresh 
or potable water. 

(b) Interested parties wishing to have an aquifer exempted must submit to the Commission an 
application which includes sufficient data to justify the proposal. At a minimum a structure or 
isopach map, geologic description, and legal description of the area to be exempt needs to be 
filed. The Commission will provide thirty (30) days legal notice prior to a public hearing on the 
matter. 

Related to the Injection of fluids and the requirements of the injection well are under Chapter 4 
regulation. Read it in detail for all the permits.  

Section 7. Waterflooding and Other Recovery Operations  

(b) Injection Well Permits. The applicant shall have the burden of demonstrating that the 
proposed injection operation will not endanger fresh water sources. Injection wells shall be 
cased and the casing cemented in such a manner that damage will not be caused to oil, gas, or 
fresh water sources 

(d) Injection Well Integrity Demonstration. 

 

Note: there are many permits and rules within the Oil and Gas Conservation Commission 
Agency documentation. It’s not possible to state them all in this documentation. Rather it is 
important to be aware that all drilling of wells and operation of them includes many permits 
and regulations starting with pre-permit requirements for collecting background data, 
protection of the freshwater formations, determination of project production fluid 
geochemistry, meeting surface water and air emission standards, to how – where the fluids are 
reinjection back into the earth to see that induced seismicity is not a problem.  

Wyoming Public Service Commission  

The Wyoming Public Service Commission (PSC) regulates the public utilities that provide 
services to consumers in the state that include electricity, commercial water utilities, and 
intrastate pipelines. It is the PSC’s responsibility to ensure the public utilities operating in 
Wyoming provide safe and reliable service to customers at just and reasonable rates. The 
Commission regulates four investor-owned electric utilities that operate in Wyoming. In 
addition, the Commission also has regulatory authority over eighteen retail rural electric 
cooperatives that provide electric service within the state and three municipally owned utilities 
that serve customers outside of city limits. The PSC does not regulate private utilities isolated 
to one site. For more details for the Electric Utility Forms go to https://psc.wyo.gov/electric. 

Wyoming Public Service Commission 
2515 Warren Avenue, Suite 300Cheyenne WY 82002 
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Phone: 307.777.7427 
Email: wyoming_psc@wyo.gov 
https://psc.wyo.gov/ 
 

Department of Transportation  

(Reference Number: 045.0007.11.03261990) 

The Department of Transportation Chapter 11: Waterlines – Transmission & Distribution 
covers water pipelines and the transmission lines. For a project where the wells to produce and 
inject the fluid will be within a pipeline, there are rules to be followed. There are also rules for 
power distribution lines. 

Wyoming State Geological Survey 

The Wyoming State Geological Survey is the source of information on geothermal 
resources, which includes the Wyoming geothermal reports, maps, and data. There are 
bottom hole temperatures from oil and gas wells available via the National Geothermal 
Data System. 
 
P.O.Box 1347 
Laramie, WY 82073 
Phone: (307) 766-2286 | Fax: (307) 766-2605 
Email: wsgs-info@wyo.gov 
https://www.wsgs.wyo.gov/energy/geothermal.aspx 

University of Wyoming 

The University of Wyoming promotes the commercialization of geothermal resources through 
education, outreach, and assistance for potential public and private developers. 
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Appendix D – Detailed Financial Models Summary 

This section provides details for the financial analyses of four geothermal energy systems 
potentially applicable in Wyoming. They are:  

1. Conversion of oil & gas wells to produce moderate temperature geothermal heat to be 
used for power generation 

2. Converted O&G well conversion to produce water used for direct heating applications 
3. A conventional geothermal power plant using only new-drilled wells 
4. A Synthetic Geothermal Reservoir (SGR) producing power from stored heat 

The financial analysis modules for these systems constitute portions of Petrolern’s 
ConvertDeck software system. Each provides a visual structure for the model showing 
parameters and their relationships to one another and allows evaluation of uncertainties in 
certain input and output parameters using MonteCarlo simulation.  

For each system, this section provides a table of inputs, indicating which variables are constant 
and which are represented by probability distributions to indicate uncertainty about the variable. 
These sections also summarize results on five measures of performance, including Internal Rate 
of Return (IRR), Net Present Value (NPV) at two discount rates, Breakeven Year, Levelized 
Cost of Energy or Heat (LCOE, LCOH), and Return on Investment (ROI).  

The economic model for this section, and other sections, are a high-level view and not all costs 
are included due to information constrains and these models are not intended to be a definitive 
representation of the economics of the technology and approach. Some costs that were not 
included may not be applicable for all projects, for example transmission interconnection. 
Owner project development costs can vary widely for such things as contract negotiations, legal 
fees, internal employee time, etc. and were not explicitly included, except to the extent that they 
can be included in the other capital costs. Royalties and costs such as tools, spare parts, and 
project vehicles were not included.  

As used in this report, ROI is defined as the average annual net revenue divided by the total 
initial capital investment. (Average annual net revenue is the total net revenue over the 30-year 
project lifetime divided by 30.) All scenarios include the long-standing Federal Investment Tax 
Credit (ITC) and 5 years MACRS accelerated depreciation. 

Oil and Gas Well Conversion for Power Generation 

The wellbore conversion for power model uses a single producing oil and gas well whose co-
produced water is used in a small, modular ORC geothermal power system to generate power. 
Often this will be used primarily for on-site electricity offset, although this model uses a similar 
tiered power sales price model for simplicity. The produced water goes into an injection well 
after the heat is extracted. The resource calculation is simplified with the assumption that the 
temperature production rate of the co-produced water comes from one of the hotter existing 
Wyoming wells and is sufficient to supply an ORC. The assumed power rating of each unit is 
small and consistent with existing commercially available models. The “PPA Electricity Rate” 
ranges are equal to the residential, commercial, and industrial electricity rates in Wyoming. 
Using these rates, the model represents either sales of power at those prices or can be considered 
the produced power as replacing electric power purchased at those assumed average rates. The 
range of values for this price is relatively large, to show the requirements to achieve substantial 
NPV at reasonable discount rates. The model includes modest savings from avoided or deferred 
abandonment costs, which is amortized over the life of the well. This model also includes 
expenses for modification of the well for geothermal production, such as additional completions 
to increase water rate or wellbore repair for older wells. The input parameters are listed in Table 
10. The economics here are based entirely on the value of the power. If the ORC allows oil 
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production to continue for longer, then this will have an additional, significant positive impact 
on the economics. This value is not included in the economic calculations because there are too 
many unknowns for the amount of oil, the price of oil, the number of years that the oil 
production would be extended, and what the plug and abandon year of the well would have 
been without the ORC. 

 

Table 10. Input Parameters for Wellbore Conversion for Power Generation 

Input Variables Units  Expected value ±1σ 

Power Plant Cost $M/kW  0.309±0.036 

Well Upgrade Costs $  75,000±9000 

Operating Expense $/yr  5000±666.7 

Annual Tax Rate %  18±4 

Power Production Rate kW  80±5 

PPA Electricity Rate (levelized) $/MW Low 70 

  Medium 90 

  High 110 

Well Abandonment Savings $  75,000±9000 

Discount Rate %  7,10 

System Lifetime   30 

The Performance Measure results for the oil and gas well conversion system are summarized 
in Table 11. The conversion provides a moderate IRR of 7-14%. The NPV (7) and NPV (10) 
are positive for moderate and high PPA prices (levelized) but negative for NPV (10) at the 
lowest PPA price. If a substantial number of wells could meet the requirements for the 
geothermal power system, a significant return could be made on conversion of wells to save 
on-site power costs. The Rocky Mountain Oilfield Testing Center project using an ORC 
geothermal power system remains one of the most prominent technical validations of the 
concept. Project breakeven times are generally within the second or third decade of operation. 
The Average ROIs are positive. 
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Table 11. Complete Financial Performance Results for Wellbore Conversion for Power 
Generation 

Performance Parameters Units 
Discount 

rate 
PPA Price Value 

Internal Rate of Return %  $70/MWh 11.4 ±1.6 
   $90/MWh 14.8 ±2.0 
   $110/MWh 18.0 ±2.3 

Net Present Value $M 0.07 $70/MWh 0.2 ±0.1 
   $90/MWh 0.4 ±0.1 
   $110/MWh 0.5 ±0.1 

  0.1 $70/MWh 0.1 ±0.1 

   $90/MWh 0.2 ±0.1 

   $110/MWh 0.3 ±0.1 

Breakeven Year Years 0.07 $70/MWh 11.4 ±1.4 
   $90/MWh 8.9 ±1.1 
   $110/MWh 7.3 ±1.0 

  0.1 $70/MWh 15.8 ±3.1 

   $90/MWh 10.9 ±1.7 
   $110/MWh 8.5 ±1.3 

Average ROI %  $70/MWh 8.4 ±1.1 
   $90/MWh 11.1 ±1.4 
   $110/MWh 13.9 ±1.8 

 

Oil and Gas Well Conversion for Direct Use Thermal Applications 

The financial model assessing wellbore conversion for direct thermal energy use consists of 
one producing well and one injecting well providing 2MW of thermal power (6.82 
MMBTU/hr). Start-up costs include wellbore upgrade costs, which is similar to the wellbore 
repurposing for power generation wellbore workover cost. New pumps are not presumed to be 
required because the existing flow rate is assumed to be sufficient. The thermal energy is 
assumed to offset heat otherwise provided by natural gas, and the price for the heat is set at 
three different prices for gas in $/MMBTU ($3, $5, $8). There are additional parameters added 
into the direct use model here for surface piping to transport the hot water: pipeline length and 
pipeline unit cost. These values calculate the added expense for surface construction necessary 
to transport the hot water from the wellbore to the end user. Here, there is a small amount of 
pipe, assuming wellbores are nearby end users. This may be a significant cost depending on the 
distance necessary for water transport. The input parameters are listed in Table 12. 
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Table 12. Input Parameters for Wellbore Conversion for Direct Use Thermal Utilization 

Input Parameters Units Heat Sale Price Expected value ±1σ 

Well Spacing m  200 

Well Grid Size   1 

Number of Well Grids   1 

Depth of Wells m   3000 

Wellbore Upgrade Unit Cost $/m  577±16 

Well Production Rate kg/s   20 

Pump Unit O&M Cost $/yr  40,000 

Pipeline Diameter m  0.3 

Pipeline Unit Cost $/inch-foot  29±1.5 

Pipeline length Feet  1500±500 

System Thermal Power  
MW 
(MMBTU/hr) 

 2 
(6.82) 

System Lifetime years  30 

Heat Sales Price $/MMBTU Low 3.0 
  Medium 5.0 
  High 8.0 

Effective tax rate %  25±5 

Discount Rate %  7, 10 

The Performance Measure results for the Oil and Gas Well Conversion for Direct Thermal 
Utilization are summarized in Table 13. As with the section above, the value of extended oil 
production is not included in the economics, but could have a large favorable impact on all of 
the economic measures. It is important to note here that deferred wellbore cost is not calculated 
in this examination. It is unclear how deferred well abandonment would impact the thermal use 
calculation, because these wells may continue for greater than the 30-year modelled lifetime. 

The conversion provides a moderate to high IRR for the two higher gas prices, with values of 
9 and 34%. The NPV (7) and NPV (10) are also positive for the two higher heat prices. The 
breakeven year is also reasonable for the two higher PPA rates, ranging from 4.5 – 9 years. The 
average annualized ROI estimates are modest, but potentially adequate. Combining low 
temperature power generation and thermal utilization for a group of similar wells could enhance 
the economic potential of such a system in that upfront costs might be mitigated when using 
the wells for multiple purposes. 
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Table 13. Complete Financial Performance Results for Wellbore Conversion for Direct Use 
Thermal Utilization 

Performance Parameters Units 
Discount 
rate 

Power Sale Rate Value 

Internal Rate of Return %  $3/MMBTU 9.0 ±0.7 
   $5/MMBTU 20.7 ±1.5 
   $8/MMBTU 37.0 ±2.7 

Net Present Value $M 0.07 $3/MMBTU 0.2 ±0.1 
  0.1 $3/MMBTU -0.1 ±0.1 
  0.07 $5/MMBTU 1.3 ±0.1 
  0.1 $5/MMBTU 0.8 ±0.1 
  0.07 $8/MMBTU 3.1 ±0.3 
  0.1 $8/MMBTU 2.1 ±0.2 

Breakeven Year yr 0.07 $3/MMBTU 21.6 ±2.9 

  0.1 $3/MMBTU >30 
  0.07 $5/MMBTU 7.3 ±0.8 
  0.1 $5/MMBTU 8.5 ±1.0 
  0.07 $8/MMBTU 4.5 ±0.4 
  0.1 $8/MMBTU 4.6 ±0.6 

Average ROI %/yr  $3/MMBTU 9.0 ±0.6 
   $5/MMBTU 19.0 ±1.5 
   $8/MMBTU 34.3 ±2.9 

At both the high and medium thermal energy sales rates, the tax rate dominates the importance 
of the other three uncertain parameters in the model. Only at low sales rates and high discount 
rates does the uncertainty about the unit cost of pipelines become nearly as significant. 
However, it is important to note that the pipeline costs presume relatively short connection 
distances of 2000 ft or less. Pipeline costs are the only significant capital expenditure for the 
system, and long connections would raise costs early in the project with significant effects on 
the financial calculations made here. 

Conventional Geothermal Power Plant Using Only New-drilled Wells 

The modelled geothermal power system using new-drilled wells consists of a 5MW ORC 
geothermal power plant fed by 1.5 – 3.5 wells at depths ranging from 3000 to 5000 meters. All 
the wells are new and purpose-drilled to provide optimum flow and temperature for the 
geothermal power plant. The power generated is dispatched to the grid, and revenue is 
calculated at three rates (low, medium, and high) to show the effect of price on performance 
parameters. Other primary input parameters are summarized in Table 14. The system lifetime 
is taken to be 30 years; however, this is a conservative assumption because there are many 
geothermal power plants that have been operating for 40 years or more. There is no separate 
pipeline cost because with the small plant size and few number of wells, the pipeline cost is 
included in the plant cost. 

The complete financial results are listed in Table 15. The Internal Rate of Return (IRR) results 
show, as expected, that the rate of return is strongly dependent on the Power Sale Price (i.e. 
revenue). The IRR at the low power price ($70) may be low compared to common investment 
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criteria, while the medium ($90) is close to a common criterion for debt-financed private 
investment and is greater than required for utility investment return-on-rate-base (RORB). All 
the economic calculations, including IRR are strongly affected by the relatively high total 
capital costs for “baseload” geothermal power plants. The cost of wells as a fraction of the total 
capital cost is relatively moderate (~30%). In the Net Present Value (NPV) calculations, NPV 
results are negative for both 7% and 10% discount rates, except at the highest Power Sale Price 
value. Zero or positive NPV indicates an attractive investment opportunity. The Breakeven 
Year is the total capital cost divided by the annual net revenue. All three measures are strongly 
affected by the high early cost of the combined power plant and wells. The average ROI mirrors 
the IRR. 

Table 14. Input Parameters for Conventional Geothermal Power Plant with New Wells 

Input Variables Units Power Sale Price Expected value ±1σ 

Power Plant Unit Cost $M/MW  3.44 ±0.24 

Nameplate Capacity MW  5 

Power Plant Capacity Factor fraction  0.95 

Power Plant Unit O&M Cost $/MW/yr  131,000 

Power Plant Lifetime years  30 

Power Sale Rate (Levelized) $/MWh Low 70 
  Medium 90 
  High 110 

Number of Wells   2.7 ±0.30 

Well Depth ft  12,500 ±1000 

Well Drilling Unit Cost $/ft  183.3 ±29.5 

Cross-country pipeline cost   n/a 

Pump Unit Cost $  250,000 

Well O&M Unit Costs $/yr  40,000 

Annual Tax Rate %  25 ±5 
10% federal ITC, plus 5 yrs 
MACRS 

  Yes 

Discount Rate %  7, 10 
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Table 15. Complete Financial Performance Results for Conventional Geothermal Power Plant 
with New Wells 

Performance Measures Units Power Sale Price Discount Rate Value 

Internal Rate of Return % $70/MWh  6.4 ±0.8 
  $90/MWh  9.7 ±1.0 
  $110/MWh  12.7 ±1.3 

Net Present Value $M $70/MWh 0.07 -2.6 ±1.9 

  $70/MWh 0.10 -7.9 ±2.0 
  $90/MWh 0.07 4.9 ±2.2 

  $90/MWh 0.10 -2.1 ±2.0 

  $110/MWh 0.07 12.4 ±2.5 
  $110/MWh 0.10 3.6 ±2.3 

Breakeven Year years $70/MWh 0.07 27.4 ±2.5 

  $70/MWh 0.10 N/A 
  $90/MWh 0.07 19.2 ±3.1 
  $90/MWh 0.10 25.3 ±3.5 
  $110/MWh 0.07 13.1 ±1.7 
  $110/MWh 0.10 19.1 ±4.1 

Average ROI %/yr $70/MWh  7.1 ±0.6 

  $90/MWh  9.6 ±0.9 

  $110/MWh  12.2 ±1.1 

Synthetic Geothermal Reservoir for Power Generation 

The Synthetic Geothermal Reservoir (SGR) for Power Production consists of a 40MW two-
stage flash cycle geothermal power plant powered by hot water extracted from a network 
consisting of 9 hot wells that are charged by extracting formation water from 9 cold wells and 
passing it through an electric heating system. Hot water is injected to replace the heat used by 
the geothermal power plant. The heater system operates on low-to-zero cost power derived from 
the grid during times of lower energy usage that might otherwise force curtailment of power 
generation, with values of $0, $10, and $20/MW. Because the hot wells must serve alternately 
to drive the power plant and to receive the heated water stored in the SGR, the capacity factor 
for the power plant is lower than for a standard geothermal power plant. The hot wells are 
assumed to operate in discharge mode, feeding the power plant, 75% of the time, and in 
charging mode 25% of the time, although this is an adjustable parameter in the model. The SGR 
system size can also be adjusted to scale with the available low-cost power. The power plant 
cost is much less for an SGR system for three reasons: a) economy-of-scale (40MW vs 5MW), 
b) the physics are that the higher the inlet temperature the more efficient and less costly the 
power plant is, and c) geothermal steam power plants are less expensive than an ORC power 
plants. The input parameters for the SGR for Power are listed in Table 16. 

The SGR Power System performance measure results are tabulated in Table 17. The IRR is 
moderate to good when the Power Purchase Rate is $0, and substantially less if there is a cost 
for this power. This result favors seeking utility partners to develop the SGR concept to enable 
them to ensure more consistent utilization of power plants, which otherwise would be idle. The 
NPV is only positive for zero-cost power for the heating system, so the results for the other 
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values are not shown. The NPV results are negative for the lowest Power Sale Rate, but positive 
for the medium and high rates. The Breakeven Year results show that the SGR reaches 
breakeven in the middle of its lifetime, for medium to high Power Sale Rates and the 7% 
discount rate, which may be reasonable for utility investments. Breakeven depends upon zero 
cost for the power to heat water injected into the SGR, and ranges from 13.3 to 28.4 for non-
zero discount rates. The SGR for power has a disadvantage in that the power plant efficiency is 
about 20%, so that a large amount of energy is required to heat the reservoir compared to the 
energy derived from the power plant. It is likely that using water discharged from the 
geothermal power plant for direct heating applications could enhance the financial strength of 
the system. The ROI (total or average) is positive, but relatively modest for the system.  

 

Table 16. Input parameters for the Synthetic Geothermal Reservoir for Power Generation 

Input Variables Units Case Expected value ±1σ 

Well Spacing m  200 
Well Grid Size   3 
Number of Well Grids   1 
Depth of Wells m  1200 
Drilling-Completion Unit Cost $/m  578±16 
Well Production Rate (per well) kg/s (Cold)  36.44 

 kg/s (hot)  36.44 
Pump Unit Cost $M  0.500 
Pump Unit O&M Cost $/yr  40,000 
Pipeline Diameter m  0.3 

Pipeline Unit Cost (for given diameter) $/m  3860±22 

Inlet Temperature °C  250 
Outlet Temperature °C  108 
First Stage Power MW  33.5 
Second Stage Power MW  6.5 
Geothermal Power System Unit Cost $M/MW  $2 
Geothermal Power O&M Rate $/MW/yr  131,000 
Geothermal Power Capacity Factor %  75 
System Lifetime years  30 
Heater Unit Cost $/MW  10,000 
Heater O&M Unit Cost fraction  0.02 
Heater Efficiency %  98 
Injection Heat Loss %  20 
Power Purchase Rate (for heating water) $/MWh $0/MW 0 

  $10/MW 10 
  $20/MW 20 

Power Sales Price (Levelized) $/MWh Low 70 
  Medium 90 
  High 110 

Effective tax rate %  25±5 
10% federal ITC, plus 5 yrs MACRS   Yes 
Discount Rate %  7, 10 
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Table 17. Complete Financial Performance Results for the Synthetic Geothermal Reservoir for 
Power Generation 

Performance 
Parameters 

Units 

Power 
Purchase 

Rate Discount Rate Power Sale Rate Value 

Internal Rate of Return % $0/MW  $70/MWh 13.0 ±0.6 
 

   $90/MWh 16.4 ±0.8 
 

   $110/MWh 19.6 ±1.0 
 

 $10/MW  $70/MWh 3.2 ±0.3 
 

   $90/MWh 7.9 ±0.3 
    $110/MWh 11.7 ±0.5 
  $20/MW  $70/MWh N/A 
    $90/MWh N/A 
 

   $110/MWh 0.6 ±0.5 
Net Present Value $M $0/MW 0.07 $70/MWh 110 ±8 
 

  0.10 $70/MWh 44 ±7 
 

  0.07 $90/MWh 178 ±13 
 

  0.10 $90/MWh 96 ±10 
 

  0.07 $110/MWh 247 ±17 
   0.10 $110/MWh 1428 ±13 
  $10/MW 0.07 $70/MWh -53.8 ±5.6 

   0.10 $70/MWh -80.0 ±5.9 

   0.07 $90/MWh 14.8 ±3.8 

   0.10 $90/MWh -28.0 ±4.8 

   0.07 $110/MWh 83.5 ±6.6 

   0.10 $110/MWh 24.1 ±6.2 

  $20/MW 0.07 $70/MWh -217 ±16 

   0.10 $70/MWh -203 ±13 

   0.07 $90/MWh -148 ±11 

   0.10 $90/MWh -151 ±10 

   0.07 $110/MWh -79.8 ±7.1 
 

  0.10 $110/MWh -99.7 ±6.8 

Breakeven Year  $0/MW 0.07 $70/MWh 12.2 ±0.8 
 

  0.10 $70/MWh 17.0 ±1.6 

   0.07 $90/MWh 9.5 ±0.8 

   0.10 $90/MWh 11.5 ±1.0 

   0.07 $110/MWh 7.8 ±0.7 

   0.10 $110/MWh 9.0 ±0.8 
Breakeven Year  $10/MW 0.07 $70/MWh >30 

   0.10 $70/MWh >30 

   0.07 $90/MWh 24.5 ±2.8 

   0.10 $90/MWh >30 
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Performance 
Parameters 

Units 

Power 
Purchase 

Rate Discount Rate Power Sale Rate Value 
   0.07 $110/MWh 13.8 ±0.9 

   0.10 $110/MWh 22.1 ±3.3 

  $20/MW 0.07 $70/MWh >30 

   0.10 $70/MWh >30 

   0.07 $90/MWh >30 

   0.10 $90/MWh >30 

   0.07 $110/MWh >30 

   0.10 $110/MWh >30 

Average ROI %/yr $0/MW  $70/MWh 11.3 ±0.5 

    $90/MWh 14.1 ±0.8 

    $110/MWh 17.0 ±1.0 

  $10/MW  $70/MWh 4.5 ±0.1 

    $90/MWh 7.4 ±0.2 

    $110/MWh 10.2 ±0.4 

  $20/MW  $70/MWh -2.3 ±0.4 

    $90/MWh 0.6 ±0.4 

    $110/MWh 3.4 ±0.2 

 


