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Introduction: Sedimentary basins are naturally porous and permeable subsurface
formations that underlie approximately half of the United States. In addition to
being targets for geologic CO2 storage, these resources could supply geothermal
power: sedimentary basin geothermal heat can be extracted with water or CO2

and used to generate electricity. The geothermal power potential of these basins
and the accompanying implication for geologic CO2 storage are, however,
understudied.

Methods: Here, we use the Sequestration of CO2 Tool (SCO2TPRO) and the
generalizable GEOthermal techno-economic simulator (genGEO) to address
this gap by a) estimating the cost and capacity of sedimentary basin
geothermal power plants across the United States and b) comparing those
results to nationwide CO2 sequestration cost and storage potential estimates.

Results and discussion: We find that across the United States, using CO2 as a
geothermal heat extraction fluid reduces the cost of sedimentary basin power
compared to using water, and some of the lowest cost capacity occurs in
locations not typically considered for their geothermal resources (e.g.,
Louisiana, South Dakota). Additionally, using CO2 effectively doubles the
sedimentary basin geothermal resource base, equating to hundreds of
gigawatts of new capacity, by enabling electricity generation in geologies that
are otherwise (with water) too impermeable, too thin, too cold, or not deep
enough. We find there is competition for the best sedimentary basin resources
between water- and CO2-based power, but no overlap between the lowest-cost
resources for CO2 storage and CO2-based power. In this way, our results suggest
that deploying CO2-based power may increase the cost of water based systems
(by using the best resources) and the cost of CO2 storage (by storing CO2 in
locations that otherwise may not be targeted). As such, our findings demonstrate
that determining the best role for sedimentary basins within the energy transition
may require balancing tradeoffs between competing priorities.
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1 Introduction

Dispatchable (i.e., “firm”) low-carbon power can provide
substantial value to decarbonizing the electricity system
(Sepulveda et al., 2018; Bistline and Blanford, 2020; Cole et al.,
2021), which is an essential step towards economy-wide
decarbonization (Bistline and Blanford, 2021; EPRI and GTI
Energy, 2022). Geothermal power plants are one of the many
technologies that could provide this service (Wongel and
Caldeira, 2023): they can provide “firm” dispatchable power
because they are comprised of similar components as coal or
natural-gas power plants (e.g., turbines, compressors), but emit
substantially less CO2 because they are driven by thermal energy
from the subsurface. In contrast to burning fossil-fuels, the thermal
energy is obtained by producing geothermally-heated fluids,
conventionally water, from a well.

Broadly, there are three types of geothermal resources that could
be used for electricity generation: 1) naturally faulted and fractured
formations, 2) hot dry rock, and 3) sedimentary basins. Naturally
faulted and fractured formations are the conventional resources
used for geothermal power and are typically referred to as
“hydrothermal” resources. While hydrothermal resources supply
heat to nearly all commercial geothermal power plants, they are
relatively rare, and discovering more of these resources is an active
area of research (Williams et al., 2008; USDOE, 2019). In contrast,
hot dry rock resources are not naturally faulted and fractured, and
this otherwise unobtainable geothermal heat can thus only be
accessed by artificially fracturing, or “enhancing” the impervious
rock. As a result, hot dry rock resources are typically referred to as
Enhanced Geothermal Systems (EGS) resources. The estimated
potential of the EGS heat resources is enormous and finding
ways to reduce the cost of drilling and hydraulic stimulation is
an active area of research in this area (Beckers et al., 2014; USDOE,
2019; Aghahosseini and Breyer, 2020; Norbeck and Latimer, 2023).
Lastly, sedimentary basins are naturally porous and permeable and
do not require artificial stimulation like EGS resources. While these
basins generally have lower temperatures, they are much more
ubiquitous compared to hydrothermal resources. For example, at
least one, if not multiple, sedimentary basins underly approximately
half of the United States (USGS, 2022).

Despite these advantages, sedimentary basin geothermal power
is understudied. For example, the 2019 United States Department of
Energy GeoVision study excluded sedimentary basins when
estimating the electricity generation potential of the United States
(USDOE, 2019). The GeoVision report does not provide a
justification for this exclusion, but the reason is likely because the
temperatures of sedimentary basins are generally considered too low
for cost-effective electricity generation: the study assumed that any
resource with a temperature lower than 150°C was not hot enough to
warrant consideration for electricity (USDOE, 2019). While other
studies have found sedimentary basin resources with sufficient
temperatures to support electricity generation (Banks and Harris,
2018; Brasnett et al., 2023), the general consensus is that the majority
of thermal energy in these subsurface formations is at relatively low
temperatures (Porro and Augustine, 2012).

The use of cut off temperatures for consideration for electricity
generation is based on the assumption that water is used as the
subsurface heat extraction fluid (i.e., “water sedimentary basin” or

WSB power plants), and as a result, the use of cut off temperatures
may not be appropriate when CO2 is used instead. Using CO2 as the
heat extraction fluid for sedimentary basin power is typically
referred to as CO2-Plume Geothermal (CPG), and our prior
work has demonstrated that, compared to water, using CO2

results in more geothermal heat extraction and lower-cost
electricity (Adams et al., 2015; Adams et al., 2021). As such, it is
possible that CPG technology could “unlock” sedimentary basins
that are conventionally too cold for electricity generation with water.
But this potential that CPGmay have for enabling sedimentary basin
power compared to water has yet to be robustly studied using
nationwide geospatial geologic data.

Our prior work, however, started a different geospatial
comparison using geologic data from a single basin: CPG and
geologic CO2 storage (Ogland-Hand et al., 2022). Sedimentary
basins are the primary targets for geologic CO2 storage, which, in
addition to firm low carbon power plants, is another technology that
provides value to decarbonization (EPRI and GTI Energy, 2022). As
such, there are potential mutual benefits between CPG and CO2

storage. For one, CPG was first introduced as an approach for
offsetting costs of CO2 storage by creating an additional revenue
stream via electricity sales (Randolph and Saar, 2011). Further,
instead of drilling all new wells for a CPG plant (i.e., “greenfield”
development), some costs of CPG could be offset by using wells
previously drilled for geologic CO2 storage (i.e., “brownfield”
development). Unfortunately, however, our prior work suggested
that these mutual benefits may not hold true. For one, we found that
there are geologic conditions that support low-cost CO2 storage but
do not support CPG development, and that CPG may thus increase
the cost of CO2 storage by requiring CO2 to be injected in more
expensive locations than may otherwise be targeted. Additionally,
we also found that the breakeven price of electricity required for
CPG development was lower for greenfield development compared
to brownfield development because comparatively fewer injection
wells are needed for CO2 storage, and the increased power capacity
from drilling more CPG wells outweighs the increased cost for more
drilling. Overall, this prior study demonstrated that development of
CPG power will likely have ramifications to geologic CO2 storage,
and vice versa.

Collectively, our prior work and that of others suggests that there
are multiple ways to use a sedimentary basin for decarbonization,
but the tradeoffs and potential synergies between using a
sedimentary basin for CO2 storage, CPG power generation, or
water sedimentary basin (WSB) power generation across the
country remains understudied. Here, for the first time, we
present the geothermal electricity potential of sedimentary basins
across the United States and the implications of this potential for
CO2 storage. Additionally, our work is also novel because it
considers the area required for CO2 storage and sedimentary
basin power as part of the analysis. As recent work has
demonstrated, there are likely to be many land-use trade-offs to
consider when deploying clean-energy technologies (i.e., wind or
solar power, transmission lines) at the scale required for economy-
wide decarbonization (Bennett et al., 2023; Lopez et al., 2023;
Patankar et al., 2023). As such, considering the areal implications
of sedimentary basin development as part of this first study
quantifying their potential may better inform decision-makers on
how to deploy this underutilized resource base. Our methods and
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materials are described in Section 2; Results in Section 3; Discussion
in Section 4; and Conclusion in Section 5. Table 1 provides an
explanation for abbreviations commonly used throughout the
manuscript.

2 Materials and methods

Our prior work has developed and applied the Sequestration of
CO2 Tool (SCO2T

PRO) to quantify the cost and CO2 storage potential
of sedimentary basins (Middleton et al., 2020a; Middleton et al.,
2020b; Ogland-Hand et al., 2023). SCO2T

PRO is commercially
available and is a coupled geologic database of sedimentary basin
properties and a techno-economic tool that was originally developed
to estimate the cost and capacity of CO2 storage. Most recently, we
modified SCO2T

PRO to also estimate the levelized cost of electricity
(LCOE) of CPG using data generated using the generalizable
GEOthermal techno-economic simulator (genGEO) (Adams
et al., 2021; Ogland-Hand et al., 2022). Here, we continue to
modify SCO2T

PRO for sedimentary basin geothermal applications
and then apply it to a nationwide database of sedimentary basin
properties that we developed in prior work (Ogland-Hand et al.,
2023). More details on these two steps are found in Sections 2.1, 2.2,
respectively.

2.1 Modifications to SCO2T
PRO

Here, we make two additional modifications to SCO2T
PRO

beyond our prior work (Ogland-Hand et al., 2022):

1. To calculate the LCOE for WSB power plants, we follow the
same approach of using genGEO data within SCO2T

PRO that
we previously established for CPG (Ogland-Hand et al., 2022).
As a result, for a given set of geologic conditions (i.e., reservoir
depth, net thickness, permeability, porosity, and temperature),
we use SCO2T

PRO to estimate: 1) the cost and CO2 storage
potential of geologic CO2 storage; 2) the cost and electricity
generation potential of CPG; and 3) the cost and electricity
generation potential of WSB.

2. We implement the genGEO cost model as an option within
SCO2T

PRO when estimating the cost of CO2 storage (Adams
et al., 2021). As a result, when SCO2T

PRO is run, the costs of all
three approaches for using the sedimentary basin are calculated
with the same cost assumptions.

2.2 Application of SCO2T
PRO

To estimate the geospatial cost and capacity of sedimentary
basin power across the country, we apply the modified version of
SCO2T

PRO to a nationwide database of sedimentary basin
properties that we developed in our prior work for geologic
CO2 storage (Ogland-Hand et al., 2023). The SCO2T

PRO

database includes reservoir permeability, porosity, net
thickness, temperature, and depth on a 10 km × 10 km
resolution for over 2 million km2 of sedimentary basins across
the continental United States. For each grid cell in this database,

SCO2T
PRO uses genGEO data to estimate the power capacity of a

5-spot power plant with a 1 km2 footprint, and following our
prior work (Ogland-Hand et al., 2022), we scale this estimate up
to the 10 km × 10 km resolution by multiplying by: a) the number
of CO2 injection wells also calculated with SCO2T

PRO for
brownfield CPG (CPG-BF) estimates; or b) 78.5 for greenfield
CPG (CPG-GF) estimates. As originally described in our prior
work (Ogland-Hand et al., 2022), we set the number of CPG
power plants to be 78.5 in every 10 × 10 km grid cell because 1)
given the methodology of SCO2T

PRO, the CO2 plume area across
all wells is 78.5% of the user-defined area, as a circle with a
diameter equal to the side of a square will encompass 78.5% of the
area of the square; and 2) the current CPG power plant design
assumes a 1 km2/power plant footprint (Adams et al., 2021). For
WSB power plants, we multiply the 5-spot power plant capacity
by 100 because each grid cell has an area of 100 km2. The
assumptions used within this analysis are described in
Section 2.2.1.

2.2.1 Assumptions used within SCO2T
PRO

Within SCO2T
PRO we use the same site-level assumptions as in

our prior work (Ogland-Hand et al., 2022) to match the assumptions
embedded within the genGEO data. As originally described in our
prior work (Ogland-Hand et al., 2022), these assumptions are: 1) a
square well pattern; 2) CO2 injection well diameter of 0.41 m; 3) one
CO2 injection well per site; 4) a maximum of 1 MtCO2/yr injected
per site; 5) zero brine production wells per site; 6) one CO2 injection
pump per well; 7) zero stratigraphic wells/site; 8) zero old oil and gas
wells that must be plugged prior to CO2 injection; 9) zero old water
drinking wells that need to be plugged prior to injection; 10) zero
back-up CO2 injection wells drilled per site; 11) zero above-zone
monitoring wells drilled per injection well; 12) one in-zone
monitoring well drilled per injection well; and 13) zero drinking
water monitoring wells drilled per injection well. The flowrates for
CPG and WSB power plants are based on the optimization within
genGEO and the maximum flowrate for CO2 storage sites in
SCO2T

PRO is limited to 1 MtCO2/yr, which is an accepted
operational maximum for industrial CO2 injection wells
(Middleton et al., 2020a).

Lastly, the capital recovery factor, the fraction of capital
assumed for operation and maintenance (O&M), and the
capacity factor (a.k.a., the “financing assumptions”) can
change the LCOE of power plants by upwards of 40% (Adams
et al., 2021). As a result, in this study, we continue to use the same
three scenarios of financing assumptions as in our prior work
(Ogland-Hand et al., 2022), shown in Table 2. As originally
described in our prior work (Ogland-Hand et al., 2022), the
LCOECCS scenario can be thought of as representative if the CPG
plant owners receive a similar cost of debt as the CO2 storage
operators receive for a CO2 capture and storage (CCS) project.
The LCOEOrmat scenario uses the financing assumptions from
Ormat, a major geothermal power plant company (Adams et al.,
2021). As such, this scenario is representative of financing
conditions of the geothermal power industry. Finally, the
LCOELazard scenario uses financing assumptions used by
Lazard when providing their annual LCOE reports that
compare the cost of different electricity generation
technologies to one another (Lazard, 2019).
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3 Results

3.1 Nationwide cost and capacity of
sedimentary basin geothermal power

Figure 1 shows the LCOE of sedimentary basin power across
the United States for WSB power, CPG-GF power, and CPG-BF
power. Comparing the WSB map to the two CPG maps
demonstrates that CPG technology can expand the geothermal
resource base. For example, most of the sedimentary basin
resource base in Illinois, Indiana, and Wyoming have
insufficient reservoir transmissivity or temperature to support
power generation (i.e., colored in black) when water is used but
these locations become useable (i.e., not black) when CO2 is used
as the heat extraction fluid. At the same time, there are still many
sedimentary basins that cannot support geothermal power
generation (i.e., are colored black) using water or CO2. For
example, in Appalachia, Michigan, or Florida. As such, while
CPG can expand the resource base in locations like Illinois,
Indiana, and Wyoming, locations like Appalachia, Michigan,
or Florida simultaneously demonstrate that CPG cannot
expand the geothermal resource base to any location within a
sedimentary basin.

While Figure 1 shows that CPG can “unlock” sedimentary
basin resources that are otherwise unusable for WSB, the LCOE
of the electricity is high in these “unlocked” locations. In contrast,
there are locations amenable to power with WSB but in which the
LCOE of CPG, and particularly CPG-BF, is much lower.
Interestingly, these are largely locations not conventionally
known for having geothermal resources amenable for
electricity generation: Mississippi, Louisiana, New Mexico, and

South Dakota [in addition to California and New Mexico, which
have existing geothermal power plants (Robins et al., 2021)].
While the values of the LCOE are highly sensitive to the financing
assumptions (Table 1), overall, Figure 1 suggests the primary
“unlocking” capabilities of CPG is not that it expands the
resource base to otherwise unusable locations, but that it
decreases the cost of electricity in locations in which the cost
would be too high for cost-competitive electricity generation
(i.e., > $250/MWh).

Figure 2 compares the area and cost between WSB, CPG-GF,
and CPG-BF as a function of cumulative power capacity. In both
Figures 2A, B, the sedimentary basin resources are ordered from
lowest to highest cost for each technology. Additionally, the grey
bars in Figure 2A show the proportion of the lowest-cost WSB
sedimentary basin resource also included in the lowest-cost CPG-GF
sedimentary basin resource for a given power capacity.

Figure 2A demonstrates that CPG-BF requires more of the
sedimentary basin resource to generate the same amount of
power compared to CPG-GF. For example, to supply 1 GW of
power capacity, CPG-GF requires ~300 km2 of area while CPG-BF
requires ~8,700 km2 of area, a ×29 increase. This difference occurs
because the power capacity of CPG-BF is limited to the number of
wells drilled for CO2 storage (Ogland-Hand et al., 2022). In contrast,
CPG-GF capacities are higher because of the additional wells drilled
to generate electricity.

Figure 2A also suggests that CPG-GF and WSB require
comparable area to provide a given power capacity, but that
these two uses may compete for the lowest-cost sedimentary
basin resources. For example, the lowest-cost 4 GW of
sedimentary basin resources for WSB have 45.45% overlap
with the lowest-cost 4 GW CPG-GF, and at 20 GW the

TABLE 1 Meaning of commonly referenced abbreviations.

Commonly referenced abbreviation Meaning

CO2-Plume Geothermal (CPG) Using CO2 to extract geothermal heat from sedimentary basin resources

Brownfield CPG (CPG-BF) A CPG power plant that makes use of CO2 injection wells that were previously drilled for CO2 storage

Greenfield CPG (CPG-GF) A CPG power plant that uses CO2 injection wells that were drilled for the purpose of the CPG plant

Water Sedimentary Basin (WSB) Using in-situ brine to extract geothermal heat from sedimentary basin resources

The Sequestration of CO2 Tool (SCO2T
PRO) A coupled geologic database and machine-learning based tool that estimates the cost and capacity of geologic

CO2 storage across the United States (Ogland-Hand et al., 2023)

The generalizable GEOthermal techno-economic simulator
(genGEO)

A generalizable software library that estimates the cost and capacity of geothermal power plants as a function of
the geology (Adams et al., 2021)

Levelized cost of electricity (LCOE) A cost metric for power plants that includes both the yearly operating costs and amortized capital costs.
LCOECCS, LCOEOrmat, and LCOELazard are defined as the three scenarios of financing assumption used within

the LCOE equation for this study

TABLE 2 Financing scenario assumptions (Ogland-Hand et al., 2022).

Assumption LCOECCS LCOEOrmat LCOELazard

Capital Recovery Factor [%/yr] 5.2 6.2 10

Fraction of Capital Cost Assumed for O&M [%/yr] 5.5 5.5 4.5

Capacity Factor [%] 95 95 85
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overlap increases to 73.63%. Additionally, while CPG-BF
requires much more area than CPG-GF to reach the same
power capacity, Supplementary Figure S2 shows that the order
of lowest-cost sedimentary basin resources is roughly the same
for both CPG-GF and BF. Overall, these results suggest that there
may be competition between WSB and CPG for sedimentary
basin resources, all else equal.

Like Figures 1, 2B also demonstrates that CPG technology can
reduce the cost of sedimentary basin power across the United States
compared to using water. Unlike Figures 1, 2B suggests CPG could
reduce the cost for substantial amounts of capacity. For example,
CPG-GF power is always lower cost than WSB power and there are
approximately 4 GW of CPG-BF capacity with lower cost thanWSB
power and CPG-GF power. For context, as of 2021, the total
geothermal power capacity in the US was 3.6 GW (Robins et al.,
2021). The reason the cost of CPG-BF power increases at a faster rate
compared to CPG-GF and WSB is because it uses area less
efficiently, as previously discussed with Figure 2A, so the lowest-
cost resources supply less electricity. As such, in addition to showing
the cost-saving potential of CPG technology, Figure 2B also suggests
that choosing between CPG-BF and CPG-GF may require a tradeoff
between efficient use of area and money.

3.2 Comparing different uses for
sedimentary basis and implications for
CO2 storage

Figure 3 compares the lowest-cost sedimentary basin
resources for CO2 storage, WSB, and CPG by area. Figure 3A
shows the cumulative potential for CO2 storage and the
cumulative power capacity for geothermal as a function of
area. It also shows the proportion of lowest-cost resources
used for CO2 storage that are also used by either WSB or CPG
geothermal power plants. Figure 3B shows the CO2 storage cost
and the LCOE for WSB and CPG as a function of area. In both
subplots, the sedimentary basin resources are ordered from
lowest to highest cost for each technology.

The grey bars indicating the overlap in Figure 3A are always
zero, which means that CO2 storage has no overlap in the lowest-
cost (i.e., <$300/MWh) sedimentary basin resources with WSB or
either type of CPG. For reference, Supplementary Figure S1 shows
that across the country, there are approximately 30 GW, 180 GW,
and 450 GW of CPG-BF capacity, WSB capacity, and CPG-GF
capacity, respectively. As such, the capacities shown in Figure 3A
represent about 40%, 61%, and 40% of these respective totals. This

FIGURE 1
Geospatial LCOE of Sedimentary Basin Power. Please see our prior work for the geospatial cost of geologic CO2 storage across the country (Ogland-
Hand et al., 2023).
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lack of overlap over this larger percent of the resource base suggests
that CO2 storage and WSB will not compete for the lowest-cost
geologic resources. However, it also means that the sedimentary
basin resources that support lowest-cost CPG are different than the
sedimentary basin resources that support lowest-cost CO2 storage.

Figure 4 shows the subsurface parameters for all sedimentary
basins in the United States where each datapoint corresponds to a
100 km2 grid cell: Figure 4A shows the subsurface parameters of all
sedimentary basin resources where only CO2 storage is viable;
Figure 4B shows the parameters for the resources where CPG
and CO2 storage are viable, but WSB is not; and Figure 4C
shows the parameters for the resources where CPG, CO2 storage,
and WSB are viable. Each subplot also includes the percentage of
total sedimentary basin resource in each category. In subplots D, E,
and F, the subsurface parameters for the lowest-cost 30,000 km2 of

resources for CO2 Storage, CPG-BF, and WSB, respectively,
are shown.

Figure 4 suggests the reasoning why CPG “unlocks” portions of
the sedimentary basin resource base, but not all areas are amenable
to power generation, as discussed in Figure 1. First, Figure 4A shows
that 52% of the sedimentary basin resource supports only CO2

storage and not sedimentary basin electricity generation. Compared
to these geologic conditions, Figure 4B shows that the resources
where CPG is viable require generally higher reservoir depth,
temperature, and/or transmissivity, while Figure 4C shows that
WSB requires these parameters to be even higher. Overall,
comparing subplots A, B, and C suggests that electric power
generation is possible in only about half of the resource base
because of insufficient permeability, depth, thickness, or
temperature in the remaining half. Further, comparing subplot B

FIGURE 2
Area as a Function of the Cumulative Power Capacity (A) and the LCOE of Geothermal Power as a Function of the Cumulative Power Capacity (B).
These results assume the “CCS” scenario financing assumptions (see Table 2). Supplementary Figure S1 contains a zoomed-out version of the supply
curve shown in subplot (B).
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to C demonstrates that CPG can “unlock” marginal quality
reservoirs for geothermal power generation (as discussed for
Figure 1) by enabling electricity generation in reservoirs that are
either too thin, too cold, not deep enough, or with insufficient
permeability compared to WSB. As shown in Supplementary Figure
S1, this additional 24% of “unlocked” resource equates to hundreds
of gigawatts of additional electricity potential.

Figures 4D–F demonstrate that the geologies supporting the
lowest-cost CO2 storage are different than the geologies supporting
the lowest cost CPG or WSB power. For example, subplot D shows
that the lowest-cost CO2 storage resources have low depth, low-to-
mid permeabilities and temperatures, and high net thickness. As
discussed in our prior work, these geologic preferences for low-cost
geologic CO2 storage are driven largely because geologic CO2 storage
injection rates are constrained to 1 MtCO2/yr within SCO2T

PRO to
reflect industrial-scale projects (Middleton et al., 2020a; Ogland-
Hand et al., 2023). In contrast to these geologic preferences for low-
cost CO2 storage, subplots E and F show that the lowest-cost

geothermal resources have high permeability, thickness, depth,
and temperature gradient. This difference explains the lack of
overlap between geothermal power and CO2 storage in Figure 3A.

Figure 5 demonstrates the implications of prioritizing CPG
development on WSB or CO2 storage development by comparing
a) the supply curves forWSB with and without the lowest-cost 4 GW
of CPG resources, and b) the supply curve for CO2 storage in any
resources and in the lowest-cost 4 GW of CPG resources,
respectively. Both subplots also include grey bars showing the
percentage difference between the two supply curves.

Figure 5A suggests the implication of the ~40%–~70% overlap
between lowest-cost resources for CPG and WSB (Figure 2A) is that
avoiding the lowest-cost 4 GW of resources for CPG-GF will
increase the LCOE of WSB by at least 5%. For example, the
LCOE of the lowest-cost GW of WSB resource increases by
about 14% when the resources best-suited for CPG are avoided.
Further, avoiding the best CPG resources also causes the jump in
cost to occur earlier, at 3–5 GW instead of 6–8 GW. In addition to

FIGURE 3
The Cumulative Power Capacity and CO2 Storage Potential as a Function of Area (A) and the CO2 Storage Cost and LCOE of Geothermal Power as a
Function of Area (B). These results assume the “CCS” scenario financing assumptions (see Table 2).
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makingWSB at least 5%more expensive, Figure 5B suggests that the
0% overlap between lowest-cost locations for CPG and lowest-cost
locations for CO2 storage (Figure 3A) means that intentionally
sequestering CO2 in locations that are best for CPG will increase
the cost of CO2 storage by at least 150%. Overall, Figure 5
demonstrates that there are likely to be trade-offs to consider
when choosing which type of geothermal technology to deploy
for a given resource.

4 Discussion

At the highest-level, our results indicate that sedimentary
basin resources have potential for electricity generation. Thus, at
a minimum, our study suggests that future research should

include these resources within geothermal resource
assessements. But our findings also suggest that determining
the best role for sedimentary basins will likely require
balancing tradeoffs between competing priorities (i.e., cost,
areal requirements, decarbonization pathway). In this way,
sedimentary basins are similar to other natural resources that
may be used within the energy transition (e.g., sunlight, wind). As
such, in addition to further quantifying this resource base (e.g.,
with resource assessments), our results also suggest that an
important focus of future work could be studying how best to
utilize it to reach decarbonization goals. Specifically, using energy
system modeling to determine the optimal use of the sedimentary
basin resource could be used in such future work if the optimal
use is defined as that which has the greatest value to
decarbonization.

FIGURE 4
Geologic Properties of Sedimentary Basin Resources. (A) shows the subsurface parameters of all sedimentary basin resources where only CO2

storage is viable; (B) shows the parameters for the resources where CPG and CO2 storage are viable, but WSB is not; (C) shows the parameters for the
resources where CPG, CO2 storage, and WSB are all viable; (D–F) show the lowest-cost 30,000 km2 of resources for CO2 storage, CPG-BF, and WSB,
respectively.

Frontiers in Energy Research frontiersin.org08

Cairncross et al. 10.3389/fenrg.2024.1422285

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2024.1422285


Our study also suggests that the most important “unlocking”
capability of using CO2 as the heat extraction fluid is not enabling
power generation in locations where it is otherwise not possible, but
rather that it reduces the cost of sedimentary basin power compared to
using water. While CPG effectively doubles the sedimentary basin
resource base that is amenable for power generation, the LCOE of
CPG power is greater than $250/MWh (assuming aggressive “CCS”
financing assumptions) in these “unlocked” locations. In contrast, in
resources amenable to power generation withWSB plants, the LCOE of
sedimentary basin power can substantially decrease when CO2 is used
as the subsurface heat extraction fluid instead of water.

5 Conclusion

In this paper, we modify and apply the Sequestration of CO2 Tool
(SCO2T

PRO) to estimate the costs and capacities of CO2 storage and both

water- and CO2-based geothermal power plants in sedimentary basins
throughout the United States. To our knowledge, this is the first
nationwide assessment of sedimentary basin geothermal resources
for power generation of its kind. We find that:

1. Compared to sedimentary basin geothermal power plants
that use water to extract heat (WSB), CO2-Plume
Geothermal (CPG) technology can reduce the cost of
generating geothermal electricity but may require more
land. Across the United States, the cost of greenfield
CPG power is always lower than that of WSB power
(Figure 2). Additionally, there are 4 GW of brownfield
CPG power capacity at lower costs than greenfield
systems (Figure 2). Greenfield CPG development
requires a similar amount of area as WSB development,
but brownfield development requires around 30x more
area (Figure 2).

FIGURE 5
Comparison Supply Curve for WSB When Lowest Cost 4 GW of CPG GF Resources Are Avoided (A) and Comparison Supply Curve for CO2 Storage
Only Considering the Lowest Cost 4 GW of CPG GF Resources (B). These results assume the “CCS” scenario financing assumptions (see Table 2).
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2. CPG expands the portion of the sedimentary basin resource
base that can be used to generate electricity by enabling power
generation in geologies that are otherwise too thin, too cold,
too impermeable, or not deep enough. While about 24% of
sedimentary basin resources can be used to generate electricity
through water-based geothermal, an additional 24% of
resources are “unlocked” with CPG (Figure 4). Thus, CPG
technology effectively doubles the useable resource base for
sedimentary basin geothermal across the United States, which
equates to hundreds of gigawatts of new power capacity
(Supplementary Figure S1).

3. There is competition between water-based and CO2-based
geothermal power systems for the best sedimentary basin
resources, thus the cost of WSB increases when avoiding these
lowest-cost resources for CPG. States with the best resources for
sedimentary basin geothermal power generation include
Louisana, Texas, New Mexico, North and South Dakota, and
California (Figure 1). CPG is less expensive than WSB in these
locations, and prioritizing CPG in these locations causes a 5%–
25% increase in LCOE for WSB (Figure 5).

4. There is no overlap between the lowest-cost sedimentary basin
resources for CO2 storage and for CPG, thus storing CO2 in
resources that allow for lower-cost CPG increases the cost for
CO2 storage. Across the United States, the resources that
provide the lowest-cost CO2 storage are generally shallower,
colder, and thicker than the resources that provide the lowest-
cost CPG power (Figure 4). Prioritizing sedimentary basin
resources for CO2 storage that are low-cost for CPG increases
CO2 storage cost by ~150% (Figure 5).
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