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1 INTRODUCTION

Alberta accounts for roughly 85% of Canada’s oil and gas production and hosts a large inventory of abandoned
oiland gas wells (AOGWs) (Canada Energy Regulator, 2024). These inactive wells pose significant environmental
risks, particularly through methane leakage to the atmosphere and hydrocarbon migration into shallow
groundwater systems (Kang et al., 2023), as shown in Figure 1(a). Converting AOGWs into geothermal wells
presents a practical solution to mitigate emissions, reduce drilling costs, and eliminate the non-revenue burden
associated with conventional plugging and abandonment (P&A). Drilling fresh geothermal wells typically costs
about 4-6 million USD, which represents 40% to 90% of total project expenditures (Santos et al., 2022).
Moreover, P&A operations for onshore wells can cost up to $150,000 per well with no revenue return (Jello and
Baser, 2023). In line with Canada’s commitment to the Global Methane Pledge (GMP), geothermal energy
recovery from retrofitted AOGWSs offers a compelling pathway that has recently attracted growing interest from
researchers, government agencies, and industry stakeholders.

Several field demonstrations in the United States, China, and Europe have showcased the potential for power
generation from repurposed AOGWs (Jello and Baser, 2023). Most of these projects have employed open-loop
geothermal systems (OLGSs), where heat extraction and co-production of oil and thermal brine occur through
direct contact between the working fluid and the reservoir. Although OLGSs provide relatively high heat
extraction rates, mineral scaling and deposition have frequently been reported as long-term operational
challenges (Zolfagharroshan and Khamehchi, 2024). Closed-loop geothermal systems (CLGSs) overcome these
issues by eliminating direct fluid-rock interaction, allowing better control over flow rates, and addressing
environmental concerns associated with hydraulic fracturing (Zolfagharroshan et al., 2024a). Among CLGS
designs, U-tube and coaxial configurations are the two most common types discussed in geothermal research
(Liu and Taleghani, 2026). The only known pilot-scale application of a CLGS in a repurposed AOGW was
conducted in Hungary, where approximately 0.5 MW of thermal energy was produced. This amount of heat was
sufficient to provide space heating for a floor area of 20,000 to 30,000 square meters (ThinkGeoEnergy, 2021). In
the Canadian context, a recent study identified significant potential for reusing AOGWs in Alberta for geothermal
heat extraction. Statistical analysis indicated that roughly 80% of wells in the province could feasibly operate as
coaxial CLGSs (Zolfagharroshan et al., 2024b). However, while previous research has demonstrated the
technical feasibility of heat extraction, no strategic study has yet examined the selection of operational
parameters based on resource potential and end-use application, or provided a comprehensive assessment of
Alberta’s AOGW database.

The present study evaluates the geothermal potential of AOGWs in Alberta, Canada through a comprehensive
database analysis and the selection of realistic operational parameters that reflect the true potential of each
well. A validated multiphysics model of a CLGS with a coaxial configuration is employed to simulate 10,000
representative AOGWSs across the province. A curve-fitting approach is then used to develop a mathematical
correlation that expresses the outlet fluid temperature as a function of well and ground characteristics. The
developed correlation, which demonstrates high predictive accuracy, is then applied to the broader inventory of
approximately 350,000 AOGWs in Alberta. The characteristics of wells suitable for heating and electricity
generation are further discussed.

2 METHODS & RESULTS

Figure 1(b) illustrates the proposed CLGS configuration used for retrofitting the individual wells analyzed in the
present study. The model consists of two main computational domains: the surrounding ground and the

1


mailto:agus.sasmito@mcgill.ca

Zolfagharroshan et al.

wellbore. The three-dimensional energy equation governing heat transfer in the ground, expressed in cylindrical
(radial) coordinates, is given as:

pee = o (e ) 75 5 (e 5) + 32 (K 55) <1>

where T is temperature, tis time, and p, ¢, and krepresent the rock density, specific heat capacity, and thermal
conductivity, respectively. By assuming homogeneous and isotropic rock properties, the three-dimensional
energy equation can be reduced to a one-dimensional form that yields equivalent results while significantly
decreasing computational time. The boundary conditions for the ground domain include a constant temperature
ataradial distance of 50 m from the wellbore axis and a convective boundary at the interface between the ground
and the wellbore wall. The analytical solution of the heat conduction equation, derived using Green’s function,
is employed to solve the energy equation, while the temperature of the circulating fluid inside the well is updated
through Newton’s law of cooling. A marching algorithm is implemented to vertically sweep the entire well-
ground contact interface, forming a reduced-order model (ROM). The detailed governing equations, model
features, and validation and verification procedures are provided in our previous work (Zolfagharroshan et al.,
2024b).
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Figure 1. (a) The environmental risks posed by an AOGW and (b) the proposed retrofit configuration for
geothermal energy extraction (Zolfagharroshan et al., 2024b).

To model an individual well, five key input parameters are considered: the rock’s thermophysical properties
including density (p), specific heat capacity (cp), and thermal conductivity (k), along with the well depth (2), and
the geothermal gradient (gg). To develop a mathematical expression with fast computational performance, it is
necessary to conduct a statistical analysis using the developed ROM. In this regard, the pipe diameters are kept
constant, while 10,000 combinations of the five key input parameters mentioned above are generated using the
distribution of well depth data in Alberta and a normal distribution for the remaining parameters to cover all
possible variations. These Monte-Carlo samples serve as inputs to the ROM. Each well configuration is
simulated over a 20-year operational period to evaluate the geothermal heat extraction potential. The
operational parameters are defined as a water circulation rate of 1.66 kg/s and an injection temperature
determined as a function of the bottom-hole temperature (BHT). The BHT values are estimated using regional
geothermal gradients derived from Canada’s geothermal maps (Majorowicz and Grasby, 2010), assuming a
linear temperature—depth relationship. Accordingly, the injection temperature is set to 20 °C for wells with BHT
below 60 °C, 40 °C for BHT between 60 and 90 °C, and 70 °C for BHT above 90 °C. The rationale behind this
approach is to align the injection temperature with the bottom-hole temperature and the intended application
of the produced heat.

The simulation results indicate that approximately 39% of the wells demonstrate positive potential for
geothermal energy extraction. Based on these findings, a mathematical expression was developed using a
curve-fitting technique and published in our recent study (Zolfagharroshan et al., 2025). Considering that Alberta
contains an inventory of approximately 349,432 wells, direct simulation of all wells would require substantial
computational time. To address this limitation, the developed mathematical correlation, which predicts the
outlet water temperature of wells after 20 years of heat extraction, was applied. Figure 2 presents the distribution
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of well depths and bottom-hole temperatures in the AOGW database in Alberta. Approximately 91% of the wells
are shallower than 3 km, which makes them easier to operate compared with deeper formations, as shown in
Figure 2(a). Deep formations that are often suitable for electricity generation, due to their higher BHT, are
typically located at depths greater than 4.5 km and account for about 1% of the total wells. As illustrated in Figure
2(b), only 0.6% of the wells have bottom-hole temperatures above 150 °C, which are generally suitable for
electricity generation, while the majority, about 90%, have temperatures below 77 °C and are expected to be
more suitable for heating applications.
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Figure 2. Distribution of (a) well depth and (b) bottom-hole temperature in the database of abandoned oil
and gas wells (AOGWs) in Alberta, Canada.

Applying the developed correlation to the AOGW database indicates that 35% of the wells have positive
geothermal potential, meaning that the outlet water temperature is higher than the inlet temperature. This
subset, comprising 124,788 wells, is classified according to outlet temperature values, as shown in Figure 3(a),
and their corresponding heat transfer rates, as presented in Figure 3(b). The ORC group, where ORC stands for
Organic Rankine Cycle and refers to wells suitable for electricity generation, includes 788 wells. Approximately
24,400 wells belong to the medium-grade heating (M-H) group, while about 99,600 wells fall within the low-grade
heating (L-H) group. In Figure 3 (a), the ORC group exhibits the highest median outlet temperature of
approximately 96 °C, reflecting the need for elevated working-fluid temperatures to achieve efficient power
generation. In comparison, the medium-grade heating group has a median temperature of about 78.7 °C, which
is suitable for district or industrial heating applications where moderate thermal levels are sufficient. The low-
grade heating systems operate at lower temperatures, with a median of 24 °C, aligning with low-temperature
end uses such as ground-coupled heat pumps and space heating. A similar pattern emerges in thermal power
produced in Figure 3(b) with the ORC category again demonstrates the highest median heat transfer rate (2180
kW). The media for medium and low-grade heating are 60 and 20 kW respectively.
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Figure 3. Boxplots of (a) outlet water temperature and (b) heat transfer rate, categorized by the intended
application of the produced geothermal energy.
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3 DISCUSSION & CONCLUSION

The assessment of geothermal energy potential from abandoned oil and gas wells (AOGWSs) in Alberta, Canada,
reveals a significant opportunity given the large number of such wells in the province. Previous studies estimated
that approximately 80% of AOGWs could be repurposed for geothermal use; however, those estimates were
based on a fixed and low injection temperature of around 15 °C. The present study, which considers more
realistic operational conditions, demonstrates that adjusting the injection temperature as a function of the
bottom-hole temperature results in about 35% of the province’s 350,000 wells exhibiting positive potential for
heat extraction. Among this subset, approximately 0.6% are suitable for geothermal power generation, 19.5%
for medium-grade heating applications, and the remaining 80% for low-temperature uses such as heat pump
systems. Repurposing AOGWSs not only mitigates methane emissions and contributes to climate change
mitigation but also provides a sustainable energy source well-suited for Alberta’s cold climate. The large-scale
potential for geothermal heating from AOGWs offers a valuable pathway toward cleaner energy, improved energy
security, and reduced dependence on fossil fuels, particularly for remote and rural communities located near
existing petroleum infrastructure.
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