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ABSTRACT

The past two years have seen important milestones for the nascent geothermal industry in
Canada. FutEra Power in Alberta is on track to deliver the first geothermal power in Canada
since electricity was generated at Mount Meager, British Columbia in 1984. DEEP Earth Energy
Corp. in Saskatchewan has moved forward on completing their FEED study based on the drilling
of five wells, the Fort Nelson First Nation’s Clarke Lake geothermal project in British Columbia
has a rig on site, and Alberta No. 1 in its namesake province has secured a site and well licence
to spud in Q3 of this year. These three projects have all secured funding through the Emerging
Renewable Power Program, funded by Canada’s Federal Department of Natural Resources
Canada (NRCan). Against this backdrop of power projects, NRCan has announced a second
program, SREPs — Smart Renewables and Electrification Pathways Program, that will support
“Canada’s transition to a clean, electrified economy by investing in projects that will provide
more clean, affordable electricity options available and help Canada achieve net-zero emissions
before 2050.” Government funding of research projects continues in Nunavut, Yukon, British
Columbia, Alberta, and Nova Scotia, and research groups continue to obtain funding through
various sources including Canada’s Natural Science and Engineering Research Council that
supports several active groups.

1. Introduction

Canada’s cold climate is primed to begin development of a geothermal industry focused mainly
on direct use applications as well as electrical power generation. Located in the mid to high
latitudes of the northern hemisphere, Canada’s heating load is significant. More than 60% of the
country’s energy consumption goes to space heating which is a huge opportunity for geothermal
heat use.
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This paper introduces the reader to a broad range of academic, government and commercial
projects underway in the country. What has changed over the past year is the entrance of the
Clarke Lake Project in Northeastern British Columbia- a conventional, commercial power and
heat project in the Western Canada Sedimentary Basin.. This project joins DEEP Earth Energy
Corp. in Saskatchewan and Alberta No. 1 in Alberta. All three projects have received significant
funding through a federally funded program, the Emerging Renewable Power Program (ERPP)
and its recently announced sister program, Smart Renewables and Electrification Pathways
Program. This newly announced program broadens the scope of eligible projects to include heat
production for direct use. This update does not include all commercial, research, and academic
activities ongoing in Canada but aims to provide enough background and information that the
reader can seek additional information and details directly from the sources.

In the provinces of Alberta and Saskatchewan, most space heating is provided by inexpensive
and plentiful natural gas. In other parts of the country, heating is supplied by plentiful, cheap,
green hydro generated electricity. The abundance and easy access to inexpensive grid electrical
power and essentially district heating-style natural gas distribution networks presents challenges
for geothermal development. However, other sources are being developed; for example, co-
production is a viable source of electricity currently being pursued in Alberta.

2. Canadian Geothermal Association and Geothermal Canada

The current executive of Geothermal Canada (formally the Canadian Geothermal Association) is
Steve Grasby, President (Geological Survey of Canada) (president@geothermalcanada.org),
Catherine Hickson, Vice-president, (Alberta No. 1) (vice president@geothermalcanada.org), Jeff
Witter, Treasurer (Innovates Geothermal Ltd. (treasurer@geothermalcanada.org) and Katie
Huang, Secretary (Terrapin Geothermics) (admin@geothermalcanada.org,).

The society is celebrating its 47th year in existence. Reborn in 2019 and officially registered in
British Columbia as the Pan Canadian Society for Geothermal Research, Innovation, &
Collaboration, colloguially known as Geothermal Canada (GC). The Society is a not-for-profit
organization formulated under the Societies Act of British Columbia #20068829 and was later
registered in Alberta with the same status and name. GC is dedicated to supporting the
geothermal community in Canada to assist with networking to promote the exchange of ideas
and innovations in all aspects of the geothermal world. The Society supports workshops,
conferences, and other forms of information exchange such as dissemination about the industry
in Canada and internationally. Note that Geothermal Canada is a separate society from the
Canadian Geothermal Association, CanGEA, which is an association focused on policy issues
and opportunities that affect the industry (www.cangea.ca).

Representatives from the three large (>10MWe) geothermal projects are members and currently
sit on the board of directors. The board strives to see full representation from government,
academia and the private sector, in addition to regional representation. The board strives to see
representation from all parts of Canada and has achieved this through regional representatives.
John Ebel (Barkley Project Group/Clarke Lake Project) and Martyn Unsworth (University of
Alberta) are Directors-at-large. Bastien Poux (Leapfrog) represents British Columbia, Kirsten
Marcia (DEEP Energy Corp) represents the Prairies (Alberta and Saskatchewan), Maurice
Dusseault (University of Waterloo) represents Central Canada (Manitoba and Ontario), Jasmin
Raymond (Institut National de la Recherche Scientifique) represents Eastern Canada (Quebec,
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Newfoundland & Labrador, Nova Scotia and Prince Edward Island), and Tiffani Fraser (Yukon
Territorial Government) represents Northern Canada (Yukon, Nunavut, and Northwest
Territories).

Updates to its members and the geothermal community are provided via membership and
through its newsletter and webpage (www.geothermalcanada.org). Membership is encouraged
and helps the association maintain a digital presence as well supporting Canadian geothermal
research and development. Board members are volunteers and many of our corporate members
help fund events and the work of the association in order to keep membership fees low and
accessible in the interest of networking and information sharing. Help us carry out our mission
by joining. We are particularly appreciative of our corporate members who provide information
and job opportunities in the private sector.

3. Academic Research and Education Initiatives

3.1 Geothermal research and study programs at Canadian universities (contributed by
Mafalda Miranda (mfldmiranda@gmail.com))

Several Canadian universities are active with geothermal programs and research, development
and innovation (RD&I) projects. Many of these programs are funded in part by Canadian federal
grants through the National Science and Engineering Council of Canada (NSERC) in addition to
university, provincial and territorial support. Although the focus of this section is on the research
in progress at INRS and University of Alberta, many other research groups, such as the
Polytechnique Montréal, University of Calgary, University of Saskatchewan, University of
Regina, University of Manitoba and University of Victoria are actively carrying out cutting edge
geothermal projects.

The geothermal group at INRS conducts research on subsurface aspects of advanced geothermal
energy systems. Currently, the group is involved in projects from very low to high temperature
resources spanned over four continents, from the Arctic to the tropics. The research
infrastructures available at INRS include the Laboratoire ouvert de géothermie (LOG;
http://log.ete.inrs.ca/) to characterize thermophysical properties of rocks from room to reservoir
conditions. The projects at INRS are undertaken in collaboration with geothermal designers,
developers, manufacturers, and regulators. Our purpose is to improve efficiency and profitability
of systems by providing scientific and societal innovations, therefore, helping to develop
sustainable energy solutions for the growing needs of our society. The group is currently
composed by 7 PhD, 8 MSc students, 2 undergraduate trainees, 2 Postdoctoral fellow and 1
research associate. The team leader is Jasmin Raymond, chair holder of the Institut nordique du
Québec (INQ) and coleader of the UNESCO international geoscience program group 636 on
geothermal energy. Several other research faculty and Geological Survey researchers are also
involved in the ongoing projects.

Geothermal research at Polytechnique Montréal is focus on thermal response test interpretation,
rapid and accurate simulation of ground coupled heat pump systems, and on the operation of
standing column wells. The research projects underway benefit from a large-scale geothermal
laboratory (4 heat pumps operated in cooling or heating, data acquisition system, etc.) and from a
smaller thermal response test unit. Phillipe Pasquier currently holds a research Chair dedicated to
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the integration of standing column well in commercial and institutional buildings. His research
group currently includes a dozen of students.

Geothermal energy research activity at the University of Waterloo is growing and involves
persons in several faculties and departments. The Waterloo Institute for Sustainable Energy —
WISE - is a strong promoter of the value of geothermal energy to a decarbonized or a “carbon-
lite” energy economy (https://wise.uwaterloo.ca/). The Founding Director of WISE, Dr. Jatin
Nathwani, is a strong advocate of geothermal energy as a future energy component in Canada, in
part because it may be suitable for supplanting other energy sources in remote, isolated
communities (rather than 100% diesel fuel). A total of 10 engineering and science faculty are
involved in geothermal energy research at the University of Waterloo, with 6 PhD and 1 MSc
students in the research group.

The research group at University of Alberta is focused on a broad range of topics in geothermal
energy development. The research program covers a range of fields related to geothermal energy
exploration, development and operation. The research team includes hydrogeologists; reservoir
geologists geophysicists; engineers; economists and social scientists. Research is focused both on
incremental innovations that will allow the immediate exploitation of easily accessible
geothermal resources in Western Canada and the development of transformative technologies
designed to make geothermal a globally dominant form of renewable energy for the 21st
Century. The group is working closely with industry partners, all levels of government and a
number of funding organizations to develop an informed, unified approach to develop a
widespread development of geothermal energy in Canada. The research group is divided into 4
main topics: 1) Fluid/rock interactions in Canada’s geothermal systems, 2) Imaging,
characterizing and modeling Canada’s geothermal resources, 3) Socio-economic roadmaps to
commercial geothermal energy production in Western Canada and 4) Optimizing geothermal
energy production and utilization technology. Currently, the research group is composed by 11
faculty members, 6 PhD students, 9 MSc students, 1 undergraduate research assistant, 3
Postdoctoral fellow, 4 research assistant, and 1 research associate.

The University of Calgary has also announced formation of a multidisciplinary Geothermal
Energy Laboratory with a combined group from the Engineering and Science and Law Faculties.
Current research spans application of novel geophysical tools, developing enhanced engineering
systems for geothermal development.

3.2 Institut National de la Recherche Scientifique (contributed by Jasmin Raymond
(Jasmin.raymond@inrs.ca) and Mafalda Miranda (mfldmiranda@gmail.com))

The geothermal research program at Institut National de la Recherche Scientifique (INRS) in
Quebec City started about six years ago with the goal of improving the understanding of heat
transfer mechanisms impacting the performance of geothermal energy systems. Such knowledge
can help to reduce installation costs and develop competitive geothermal technologies. The
geothermal group is currently involved in projects to assess the geothermal energy potential of
both developed and developing countries in the African and North and South American
continents. Moreover, the research underway at INRS is focused on both deep and shallow
geothermal energy systems.
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Southern Quebec, more specifically the St Lawrence Lowlands sedimentary basin, has also been
target of geothermal energy potential assessments by the geothermal group at INRS. These
studies aimed at characterizing the thermal properties of the geological materials (Bédard et al.,
2018; Nasr et al. 2018; Raymond et al. 2019), evaluate the terrestrial heat flow and subsurface
temperature (Bédard et al. 2018; Liu et al. 2018; Liu and Nasr 2019; Velez Marquez et al. 2019)
and assess the thermal energy in place (Bédard et al. 2020). Two main areas of interest have been
identified. These are the Southeast of Montreal and Arthabaska-Erable anomalous zones. The
simulated surface heat flow in these areas is higher than the 70 — 75 mW m-2 that characterizes
the St Lawrence Lowlands sedimentary basin (e.g., Bédard et al., 2020). Moreover, at 5 km
depth, a temperature of 150 °C has been estimated in these two anomalous zones (e.g., Bédard et
al., 2020). A total recoverable geothermal energy of 32 to 320 EJ has been evaluated within the
sedimentary basin, which suggests an estimated electrical power in the order of 4.5 to 45 GWe
(e.g., Bédard et al., 2020). The potential of using unconventional geothermal energy systems,
such as Enhanced Geothermal Systems and deep borehole heat exchangers, in the St Lawrence
Lowlands sedimentary basin is currently being studied. Different injection strategies and
reservoir heterogeneity are being evaluated through numerical models to assess the performance
of Enhanced Geothermal Systems (Zinsalo et al. 2020, 2021). This research is done in
collaboration with Ecole de Technologie Supérieure (ETS). The results obtained so far suggest
that the maximum electric power of 9.7 MWe is obtained for vertical wells spaced 540 m with a
thermal breakthrough time of 25.6 years (Zinsalo et al., 2021). The Geological Survey of Canada
is additionally doing work to evaluate the potential of deep borehole heat exchangers in the St
Lawrence Lowlands.

Anticosti (Gascuel et al. 2020) and Madeleine Islands (Langevin et al. 2019) were also the target
of geothermal energy potential studies. The results obtained for Anticosti Island suggest that
electricity generation with an inlet of 70 °C may be achieved at a reservoir depth of 2 to 4 km,
but with a net efficiency of 10 — 11%. Thus, direct use of the geothermal heat from the deepest
part of the sedimentary basin may be the most realistic option for this remote island (Gascuel et
al. 2020).

The Charlevoix impact structure, located northeast of Quebec City, is also being assessed for its
geothermal energy potential (Velez Marquez et al. 2021). The fracturing caused by the meteoric
impact is believed to play a major role in the subsurface groundwater circulation and the project
underway aims at studying these structures by applying topology and numerical modeling. These
tools aid at evaluating the connectivity of the fracture network and which fracture traces are the
main contributors for the overall flow circulation. Temperature-gradient profiles are also being
measured to evaluate the terrestrial heat flux and subsurface temperature distribution in the
region. Rock samples have been collected to analyze their thermal and hydraulic properties.

The geothermal group at INRS has also been carried out research on the Takhini Hot Springs in
Yukon (Langevin et al. 2020). This work was done in collaboration with the Yukon Geological
Survey. The thermo-hydraulic properties of rocks sampled in the area revealed moderate rock
thermal conductivity in the order of 3 W m-1 K-1 and low matrix hydraulic conductivity of 10-9
m s-1. A linear geothermal gradient of 16 °C km-1 has been evaluated between 50 and 450 m
depth of the temperature-gradient profile measured. However, between 450 and 500 m depth, the
heat transfer mechanism shifts from conductive to force convective and a geothermal gradient of
250 °C km-1 has been measured.

1643



Hickson et al.

The geothermal energy potential of Nova Scotia was recently revisited by the INRS research
group (Comeau et al. 2020a). The assessment undertaken aimed at 1) reviewing the general types
of geothermal resources in Nova Scotia, with exception of shallow resources utilized by ground-
source heat pumps, 2) providing a preliminary evaluation of the potential and favorability for
geothermal electricity generation and heat production, 3) recommending next steps to further de-
risk targeted areas, and 4) describing the economic case for potential geothermal resource
exploration and development (Comeau et al. 2020a). The assessment identified areas in Hants
and Cumberland counties with relatively high geothermal potential for electricity generation.
Moreover, the sedimentary basins in Nova Scotia revealed geothermal potential for direct-use
applications. Expansion of the province’s geothermal potential is possible via new and emerging
technologies. Finally, the abandoned mining sites within Nova Scotia offer interesting
opportunities for space heating and cooling.

The INRS research group has been active with five years of research in the northern and remote
communities of the province of Quebec supported through the INQ northern research chair. The
techno-economic potential of ground-coupled heat pumps (Gunawan et al. 2020) and
underground borehole energy storage (Giordano and Raymond 2019; Giordano et al. 2021) have
been made using the community of Kuujjuag (Nunavik) as an example. In fact, a pilot ground-
source heat pump system has been installed for the swimming pool of the community (Giordano
and Raymond 2021). This project has been made in a collaboration between Kuujjuamiut, INRS
and other companies and funded by the Impact Canada Indigenous off diesel initiative.
Furthermore, the deep geothermal energy source potential of this community has been assessed
by developing and adapting geothermal exploration tools affordable for the remote communities
(Miranda et al. 2020a, 2021). Although bounded by uncertainty due to important subsurface data
gaps, the results obtained suggest promising geothermal energy development for direct-use
applications (Miranda et al. 2020b). The research carried out also highlighted the high-impacting
sources of uncertainty (e.g., subsurface temperature) that require further gathering of information
for a more accurate assessment of the deep geothermal energy source.

Studies assessing the viability of ground-coupled heat pump technology as a solution to offset
diesel consumption in Whapmagoostui-Kuujjuarapik (Nunavik) have also been carried out
(Comeau et al. 2020b). The results of this study suggest that a 100-m-deep borehole heat
exchanger drilled in the community can provide an annual average energy output of 12 MWh.
Moreover, an underground thermal energy storage can assure that at least 50% of the energy
stored can be recovered during the winter season.

An internet-based public perception and social acceptability survey was carried out in 2013 in
Québec province to assess the opinion and knowledge of the participants about deep geothermal
energy (Malo et al. 2019). The results of this survey revealed 52% of support for an Enhanced
Geothermal System pilot project in the region. More recently, another survey was carried out to
explore the awareness and acceptance of geothermal energy in Europe and America (Balzan-
Alzate et al. 2021). The results of this recent survey highlight a high degree of awareness of
geothermal energy among the correspondents in Chile and Canada, a medium level in Belgium
and France, and a low level in Colombia. Moreover, there is a favorable acceptance of a
geothermal project in each country, even when hydraulic stimulation is mentioned. This recent
survey also indicated support to a pilot geothermal project if environmental aspects and
community safety are appropriately addressed.
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3.3 University of Alberta (contributed by Martyn Unsworth (unsworth@ualberta.ca))

Pioneering work by University of Alberta (U of A) researcher Dr. Jacek Majorowicz has laid the
foundation for the development of geothermal resources in the WCSB. His work, in addition to
that of a number of colleagues over several decades has defined our knowledge of the subsurface
thermal structure beneath many regions of Canada (Figure 1; cf. Majorowicz and Jessop, 1981;
Jones et al., 1985; Jones and Majorowicz, 1987; Majorowicz et al., 1999; Grasby et al., 2009;
Majorowicz and Grasby, 2010, 2019; Gray et al., 2012; Majorowicz and Moore, 2014). Weides
and Majorowicz (2014) outline the potential of the WCSB for geothermal development (Figure
2).
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Figure 1: Temperature at the top of the Precambrian basement with potential geothermal target formations.
The Precambrian basement is one of the key target zones for development in the WCSB (Figure 5 from
Weides and Majorowicz, 2014).
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Figure 2: Possible geothermal applications based on the temperature at the top of the Precambrian basement.
Also shown in as yellow triangles are the three power development projects currently underway in the
WCSB (adapted from Weides and Majorowicz, 2014)

Building on the foundation of this early work, the past five years has seen the further
development of the geothermal energy research program at the University of Alberta. The
program has evolved from a small group of independent researchers to a unified program
spanning a number of university faculties. This research program is supported through the Future
Energy Systems program at the University of Alberta, which is funded by the Canada First
Research Excellence Fund), with matching and in-kind support from several provincial
governments, local municipal agencies, and industry partners. Cumulatively, funding for this
research program will exceed C$7.5 million by 2023. Research within the program is divided
into four discrete projects.

The first project is focused on identifying and characterizing geothermal resources within the
Canadian Cordillera. Research in this project uses a combination of geophysical methods,
geological field work, and geochemical thermometry to map favourable areas for further
research and development (Palmer-Wilson et al. 2018a, 2018b). In the Garibaldi Belt a range of
geological and geophysical studies took place at Mount Meager in 2019 and 2020 with
significant support from Geoscience BC and Natural Resources Canada. As part of this initiative,
the University of Alberta group carried out magnetotelluric studies aimed at understanding the
connection between the hydrothermal system and the deeper magmatic system (Grasby et al.,
2020). Developments at Mount Meager are described in more detail below. Further east
University of Alberta studies have also investigated the Rocky Mountain Trench with a
combination of geological and geophysical studies (Finley, 2020; Finley et al., 2020; Lee, 2020)
In central British Columbia, the University of Alberta began a collaboration with Borealis
GeoPower that is defining the subsurface structure of the M’deek geothermal field using a
combination of airborne and ground based geophysical data (Vestrum et al., 2021).
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The second project is focused on exploitation of geothermal resources within the Western
Canada Sedimentary Basin. Research in this project uses the abundance of data from the
Canadian oil and gas industry to map hot sedimentary aquifers in the deep subsurface (Banks and
Harris, 2018). The geothermal potential of these aquifers is determined using a combination of
hydrocarbon reservoir characterization techniques, volumetric heat-in-place assessments, and
reactive transport modeling. Within the context of this project, the University of Alberta has
established a new, state-of-the-art fluid/rock interaction laboratory. An ongoing focus of this
project has been the Clarke Lake gas field in northeastern British Columbia. High temperatures
and elevated porosity have favoured this location for a development that could support both
direct use and power generation. This project is described in more detail below.

The aim of the third project is to develop novel uses of low-enthalpy geothermal resources. This
project has two main areas. The first area involves the development of Stirling engines for
geothermal applications. Stirling engines are externally heated, closed cycle heat engines capable
of running with temperature differences as low as 0.5°C. The prototype engines are designed to
economically produce electrical power in the 60°C — 90°C temperature range. A second project
aims to develop deep borehole heat exchangers to facilitate the repurposing of the numerous
deep, disused oil and gas wells in the Western Canada Sedimentary Basin.

To support these three projects, the fourth project focuses on the socio-economic factors
involved with bringing geothermal power to communities. Research in this project focuses on
assisting remote and northern communities, as well as communities looking to diversify their
hydrocarbon economies, with geothermal power for heat and electricity. Jurisdictional reviews of
regulations and royalties in mature geothermal economies are performed to help Canadian
authorities determine the best ways to legislate geothermal energy production at home. The
economics of geothermal energy production in Canada are studied. Researchers in this project
also help mediate negotiated settlements between municipalities and geothermal

4. Provincial and Territorial Government Initiatives

4.1 British Columbia (contributed by Bastien Poux (bastien.poux@gmail.com) and Catherine
Hickson (c.hickson@albertanol.ca)

A big game changer to occur in British Columbia is the funding of the Clarke Lake Project under
the Federal government’s Emerging Renewable Power Program (ERPP). In addition to the
Clarke Lake Project, Kitselas Geothermal Inc.’s M’deek Geothermal Field is another First
Nations-led project and is forging ahead with data collection and interpretation. Along the Rocky
Mountain Trench, Borealis GeoPower’s Valemount Geothermal District Heating project is
continuing exploration with geophysical surveys.

Geothermal in BC got a boost from the renewal of funding for the Geological Survey of
Canada’s Garibaldi project. In addition to federal funding Geoscience BC is also supporting the
project. An additional highlight for British Columbia is the acquisition of the Meager Creek
geothermal lease from Polaris Infrastructure. The volcanic Mount Meager (part of the Garibaldi
Volcanic Belt), with extensive hotsprings, was an early target where exploration took place for
more than a decade (Hickson, 2017). This volcanic massif is in southern British Columbia and is
the site of BC’s only wide diameter geothermal drilling. It continues to be of exploration interest
today due to the high temperatures (up to 260°C) reached in some of the wells. There are now
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seven wells, six of which are on a lease held by Toronto-based Polaris Infrastructure. Of these
wells, MC1 successfully supported a 250-kW power pilot plant tested for 40 days in 1984
(Hickson et al., 2018a). With new developers, the Calgary based, Meager Creek Development
Corp. is evaluating the state of access to the site as well drilling options when access can be re-
established.

Geoscience BC (GBC), an arms-length entity from government, is a not-for-profit geoscience
organization, and has had a Geothermal Technical Advisory Committee since 2010. This year,
the TAC, received several new members with diverse backgrounds intended to diversify the
group as it strives to pave a path for geothermal in British Columbia. Training material to help
developers and communities (Hickson and Proenza, 2017) and a roadmap for direct-use
geothermal (Hickson et al., 2017) remain valid resources, helpful for those considering direct-use
projects in the province.

4.1.1 Garibaldi Volcanic Belt

In 2019, GBC contributed CDN$500,000 in funding along with provincial and federal
contributions to a new project in the Garibaldi Volcanic Belt (Grasby 2019; Geoscience BC
2019; Figure 3). This belt, which includes Mount Meager, will focus on reducing the exploration
risk in one of the highest potential geothermal regions of Canada. NRCan’s Geological Survey of
Canada (GSC) is the lead agency while GBC as well as NRCan’s Renewable Energy
Development Initiative program are providing funding. The project will take knowledge from the
Mount Meager research to apply to the overall Garibaldi Volcanic Belt, while developing new
predictive tools for finding permeable aquifers at depth. Results will also be used to develop 3-D
resource models, allowing for a greater visualization and interpretation of all the geoscientific
data in one place and to plan for the next stages of the project. The fieldwork started during the
summer of 2019 with the acquisition of magnetotelluric and gravimetric sites as well as the
installation of seismic stations. A reduced field program was conducted in the summer of 2020
due to covid restrictionns, but fieldworkers were able to access the north flank of Mount Meager
to acquire data from all sides of the massif. All data collected will be publicly released in
summer 2020 and resulting thesis studies and interpreted data are in progress.

In 2019, Geoscience BC attributed several scholarships for geoscience related research projects,
including two in the geothermal energy field. The first one will look at crustal stress and fault
kinematics in southeastern British Columbia and its implications for fault permeability and
geothermal energy resources. The results of this work will be valuable in assessing geothermal
energy potential for a small town in the region studied in British Columbia and will contribute to
the understanding of subsurface fluid flow in orogenic belts. The second project will evaluate the
hydro-geothermal setting of the Sloquet thermal springs and intends to determine the depth or
origin of thermal fluids and the temperature distribution at depth, as well as the structural
controls that characterize the system.

A techno-economic assessment of geothermal energy resources in the sedimentary basin in
northeastern British Columbia was also completed by researchers from The University of
Victoria who evaluated four areas favourable for geothermal development. The sites are at Horn
River, Clarke Lake, Prophet River and Jedney. In the Clarke Lake Gas Field Reservoir
Characterization report, researchers from the University of Alberta analysed the potential of the
depleted Clarke Lake natural gas field for its potential as a geothermal reservoir.
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Figure 3: Generalized map of the Garibaldi Volcanic Belt volcanoes (yellow) and known thermal springs
(red).

4.1.2 Clark Lake Reservoir (contributed by John Ebell (john.ebell@barkley.ca)

As noted above, in the far northeast of British Columbia the Clarke Lake Field has been the
focus of several technical studies funded by GBC (Arellano, 2018; Palmer-Wilson et al. 2018a;
Renaud et al. 2018). NRCan has also funded a “Conceptual Design and Feasibility Assessment”
through one of its national programs. This project is a depleted natural gas reservoir being
redeveloped for its geothermal energy potential. The Clarke Lake Reservoir, within the Western
Canada Sedimentary Basin, is the oldest and amongst the most abundant gas fields in British
Columbia and after 60 years its commercial gas production is dwindling. The reservoir is located
adjacent to the town of Fort Nelson, a northern Canadian town with long cold winters. The
Indigenous people of the region are the Fort Nelson First Nation and it is they who are the
proponents for the Clarke Lake Geothermal Project.

The Clarke Lake reservoir is approximately 127 km2 (49 square miles) in area. Within the
defined Clarke Lake reservoir 154 gas wells have been drilled to depths in the range of 1900 —
2600 m. An abundance of geological data is one of the legacies that exist from this petroleum
development. The middle Devonian dolomite aquifer that hosts the Clarke Lake Gas Field has
long been known to exhibit relatively high permeability, water saturation and temperatures in
excess of 110°C. Based on this data, geothermal exploration is considered complete and project
engineering and bankability is now progressing. The ancient coral reef is sprawling and
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elongated in its geography (Figure 4). Given the large geographic extent of the aquifer, the most
likely development scenario would involve several smaller generation facilities clustered around
groups of production wells. The project will employ binary organic Rankin cycle power plant
technology.

Fort Nelson
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Figure 4: The Clarke Lake Reservoir, northeastern British Columbia. Project will take place within the
confines of the reservoir outline.

The initial development began in summer 2019 with a focus on updating geothermal resource
modeling and numerical simulations along with permitting and detailed business planning.
Characterization well development is scheduled for the summer of 2021 with the development of
a full-sized production well and the refurbishment of existing gas wells for reinjection.
Following detailed engineering and financing in 2022, production well field development and
plant construction are planned throughout 2023 and into 2024. Commercial operation is
anticipated in early 2025. The expected output of this first plant is currently assessed to be in the
range of 7 MW net generation capacity.

The ‘brown-field’ re-development of the Clarke Lake reservoir to a clean energy power project is
expected to stimulate the regional economy which is currently depressed from the departure of
the oil and gas industry. Fort Nelson First Nation is excited to be providing sustainable, high
quality employment opportunities for their youth, enabling them to remain in the region. The
geothermal plant will displace the combined-cycle gas turbine generation plant that currently
electrifies the region. The use of direct heat for agriculture, industrial processing and tourism is
also being explored. Fort Nelson First Nation is excited to demonstrate the potential of
geothermal energy to the cold northern regions of Canada and the Indigenous communities who
live there.
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4.1.3 Valemount Geothermal District Heating (contributed by Tim Thompson
(info@borealisgeopower.com))

The Valemount Geothermal District Heating project is proposed by the Village of Valemount
and Borealis GeoPower with the goal of providing the Village with a cost-effective, GHG-free
substitute for existing propane and electricity consumption. A fracture-controlled geothermal
resource is present in the Canoe Reach Hot Springs south of the Village, discharging diluted
geothermal waters at temperatures up to 67°C. While these hot springs were used for bathing
prior to the building of BC Hydro’s Mica Dam in 1967, they now lie submerged beneath
Kinbasket reservoir and are seldom exposed and available for study, only when the reservoir
reaches its lowest levels.

The project builds on the geothermal exploration advances made in the area over the past two
decades, which include magnetotelluric, passive seismic, gravity, and aeromagnetic surveys, in
addition to a breadth of geological and shallow drilling data. In this area, Borealis GeoPower has
held geothermal exploration permits since 2010. Notably, the Valemount project received the
first permit in the Province to drill a geothermal well under the BC Geothermal Resources Act
(2018). Over the past year, Borealis GeoPower conducted a ground gravity survey, integrated
these results with aeromagnetic data, and began reprocessing passive seismic data from previous
years

4.1.4 M’deek Geothermal Field (contributed by Tim Thompson (info@Kkitselasgeo.ca))

Since 2014, Kitselas Geothermal Inc. (KGI) has been advancing the M’deek (formerly Lakelse)
Geothermal Field south of the City of Terrace in northwestern British Columbia. M’deek is the
word for grizzly bear in Sm’aglyax, the Tsimshian language spoken by the Kitselas First Nation.
This First Nation-led project aims to utilize renewable, emissions-free, and abundant heat from
geothermal energy for industrial applications in the Skeena Industrial Development Park, with
the expansion capacity to incorporate nearby commercial and residential users. The prospect of a
geothermal direct-use project in the Terrace-Kitimat area presents a valuable opportunity to
contribute to the decarbonization of British Columbia’s energy matrix.

The M’deek Geothermal Field hosts extensional, fracture-controlled, convective geothermal
systems located in the southern end of the Stikine Volcanic Zone and with Holocene volcanism
in the area (Tseax Cone, 60 km north of Terrace). Located within an actively forming graben, the
M’deek Geothermal Field is the source of one of North America’s largest geothermal
expressions: the Mount Layton (formerly Lakelse) Hot Springs.

The thick overburden sequence poses a challenge for geothermal exploration in the area, which
began in the 1980’s and was halted until KGI resumed efforts in 2014. Since that time, KGI has
collected a comprehensive suite of geological, geophysical, and geochemical data. In 2020, KGI
conducted a magnetotelluric (MT) survey in the area. The MT data is undergoing joint inversion
with a previous airborne time-domain electromagnetic survey conducted by KGI in the Spring of
2019. The latter project will be incorporated in a doctoral thesis project at the University of
Alberta, which is supported by KGI’s technical partner Borealis GeoPower and an NSERC
Alliance grant.
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4.2 Alberta (contributed by Katie Huang (katieyhuang@gmail.com))

Three projects in Alberta are underway in various stages of development, each focused on a
different aspect of the industry. This includes Eavor, who has developed a closed-loop system,
FutEra Power, who is constructing a 21 MW co-production plant with 3 MWe contribution from
geothermal energy, and Alberta No. 1, who is planning a conventional geothermal power and
direct heat project.

In addition to these three projects, there are several other investigations proceeding in areas of
the province where there is interest by local government and developers to harness geothermal
heat. These projects have been built upon over several decades of research for geothermal
potential in the province (i.e., Bachu, 1988; Gray et al., 2012; Weides et al., 2013; Hofmann et
al., 2014a, b; etc.). This research has identified low- to medium grade-geothermal resources
throughout Alberta with high potential for direct heat use as well as EGS (Majorowicz and
Grasby, 2021).

In December 2020, the government of Alberta introduced geothermal legislation as Bill 36: The
Geothermal Resource Development Act to support this nascent geothermal industry. The bill
strongly favours existing mineral rights holders (natural gas, oil, metallic and industrial
minerals), but the framework for “pure play” geothermal entrants into the market is unclear.
Consultation with industry as to the Rules and Directives that will be applied to geothermal
development are underway. The new legislation is not expected to be rolled out until later in
2021.

4.2.1 FutEra Power (Razor)

Razor Energy Corp., a Calgary-based company, has spawned a subsidiary, FutEra Power. In May
2021, FutEra Power announced that that it was entering the project execution stage, beginning
with field construction activities, for the building of a 21 MWe combined power plant. The
power will be generated from natural has, with contributions from waste heat recovery and 3
MWe of geothermal power. They are striving to show that co-production is technically viable
and a commercially sustainable solution to recover geothermal waste heat from its hydrocarbon
wells.

4.2.2 Alberta No. 1 Geothermal Project (contributed by Catherine Hickson
(c.hickson@albertanol.ca))

Alberta No. 1 (ABNo1) is Alberta’s first conventional geothermal electricity and heat project
located south of the city of Grande Prairie (Figure 5). In August 2019, partial Federal funding
(CDN$25.4M) through the Emerging Renewable Power Program, administered by Natural
Resources Canada (NRCAN) was announced, and Edmonton based construction giant PCL,
committed another CDN$6M to the project. The challenge for geothermal projects in Alberta is
the de-regulated electricity market and low cost of power (average pool price for electricity in
Alberta in the last 12 months was CDN$52.19/MWh) and the low cost of natural gas (NG) used
primarily for space heating (2020 average price of NG was CDN$1.90/GJ). Despite these low
values, ABNol can show commercial viability in its financial forecast by including not just
electrical generation, but thermal heat sales as well as carbon offset credits.
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The project is being viewed as a holistic project, incorporating potential revenue streams from
hydrocarbon separation, metallic and industrial mineral extraction and CO2 sequestration
(Hickson and Colombina, 2021; Figure 6). The recent (March 25, 2021) ruling by the Supreme
Court of Canada on the validity of a federally imposed Carbon tax is a boon to the project.
However, even with these three revenue streams, the “first-in-kind” in Alberta aspect is creating
an investment obstacle in this conservative province. Much attention in Alberta is now focused
on Blue Hydrogen (produced from NG) to help this hydrocarbon dominated province derive
additional value from its traditional resource base, however, it results in the production of waste
CO2 that must be sequestered. ABNo1 has partnered with academic researchers and NRCAN’s
CANMET to investigate CO2 sequestration at geothermal facilities, developing mutually
beneficial processes that will support the build out of both a geothermal and hydrogen industry in
Alberta by creating revenue for geothermal projects while satisfying hydrogen compliance needs.
In this way, ABNo01 hopes to garner another revenue stream and attract more attention to
conventional geothermal development as a solution to helping Alberta reduce its GHG emissions
and garner more Environmental-Societal-Governance (ESG) credits.
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Figure 5: Alberta No.1 is situated south of the City of Grande Prairie and is working with the Municipal
District of Greenview to establish an eco-industrial and an eco-agricultural cluster.
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Figure 6: Value chain potential of a geothermal development (Hickson and Colombina, 2021).

4.3 Saskatchewan

4.3.1 DEEP Earth Energy Production (“DEEP™) Power project (contributed by Kirsten Marcia
(kmarcia@deepcorp.ca) & Leo Groenewoud (lgroenewoud@deepcorp.ca))

Deep Earth Energy Production Corp. (DEEP; Figure 7) is planning a geothermal power
generating project in southeast Saskatchewan with an initial phase output of 20 MW to the grid.
Future phases may increase the project output up to 100 MW to the grid. DEEP has drilled 6
~3,500 metre deep wells to date, including a horizontal well with an additional 2,000 metre
horizontal section to test the 125°C resource. All wells have been the deepest ever drilled in
Saskatchewan’s history. DEEP’s power generation project will be the first of a kind ‘green
energy’ producer of baseload electricity in Canada. Currently, 74% of Saskatchewan’s power
comes from traditional carbon-based generation methods (coal and gas fired power plants). By
supporting Canada’s commitment to powering our future with clean electricity, the project will
eliminate approximately 5,600 tonnes of CO, from the atmosphere each year. The DEEP power
plant will generate power from hot brine produced out of the Deadwood reservoirs. The process
used to convert heat to power is Organic Rankine Cycle (ORC).
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Figure 7: Schematic geological map of the DEEP project area, southern Saskatchewan. Project location is
shown as a blue dot at the northern end of the Brockton Froid Fromberg Fault zone.

The DEEP wells targeted the early Paleozoic age basal clastic reservoirs of the Winnipeg and
Deadwood Formations and fractured Precambrian granite. Injection wells for water disposal in
Saskatchewan and gas wells in North Dakota demonstrate a basin scale basal clastic resource
with reservoir characteristics suitable for large fluid production and injection rates; however,
temperatures greater than 100°C are only found in the most south-easterly part of Saskatchewan
and western North Dakota.

A 54 day flow and build up test from the horizontal well and injected into a vertical well,
enabled the first production/injection doublet. Final feasibility engineering reporting is expected
in June 2021, with full-scale construction commencing in early 2022 and final commissioning
scheduled for completion in 2023.

4.4 Nova Scotia (contributed by Catherine Hickson (cathie@ttgeo.ca))

In 2020 The Offshore Energy Research Association of Nova Scotia (OERA) put out a request for
proposals to update the onshore geothermal potential of Nova Scotia. As stated in the RFP, the
project will “compile and review available information to provide a preliminary opinion on the
potential for geothermal development in Nova Scotia and to characterize the favourability of
geothermal resource development across the province”. This report covers the two basic
categories of geothermal resource: (i) electricity generation (>80°C, >3 km), (ii) Direct-use of
heat (<80°C, <4 km) and (iii) heating and cooling from abandoned mines or mid-depth
reservoirs. The report was released December 1, 2020 (Comeau et al. 2020a).
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Interestingly, the province hosts one of the most successful long-term geothermal projects in
Canada. The Town of Springhill has been utilizing geothermal energy stored in abandoned,
flooded mine caverns, since the late 1980s. The Cumberland Energy Authority and the
Government of Canada have recently invested in the development of a mine water geothermal
business park on the site. The findings of the report conclude that areas in Hants and Cumberland
counties (Figure 8) were identified as having a relatively high geothermal potential for electricity
generation, and most of the province’s sedimentary basins have geothermal potential for direct-
use of heat. The report also commented that new and emerging technologies show promise for
expanding the extent of the areas of Nova Scotia that may be considered for direct-use and
electricity geothermal development. They also noted that the Province’s legacy of coal mining
offers interesting opportunities to use abandoned mines for space heating and cooling.
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Figure 8: Geothermal potential in Nova Scotia for electricity generation and direct-use of heat, based on
similar operational examples around the World. Geothermal potential in Nova Scotia for electricity
generation, with or without stimulation (enhanced geothermal systems: EGS), and direct-use of heat
with or without borehole heat exchanger technology (BHE), based on similar operational examples
around the World (Figure A; Comeau et al., 2020a).
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4.5 Yukon (contributed by Tiffani Fraser (tiffani.Fraser@yukon.ca) and Sarah Sternbergh
(sarah.sternbergh@yukon.ca))

The Yukon Geological Survey (YGS) is evaluating the geothermal energy potential of Yukon
(Figure 9) to help determine the viability of developing these resources. Over 90 percent of
Yukon’s electrical power is currently generated from renewable sources; however, only 26
percent of heat energy used in Yukon is from renewable sources and four communities are
served by micro-grids with their electrical power generated from diesel or LNG (Government of
Yukon, 2018). Overall, just 24 percent of the energy used in Yukon is from renewable sources
and all hydrocarbons used in the territory are trucked from the south. Yukon Government’s
recently published Our Clean Future strategy lays out the goal to generate 97 percent of electrical
power in Yukon from renewable sources by 2030 with specific actions targeted at increasing our
understanding of geothermal potential in Yukon by 2025 (Government of Yukon, 2020). The
strategy also commits the government to develop geothermal legislation to assign tenure and
regulate exploration and development of the territory’s geothermal resources.
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Figure 9: Yukon Curie point depth map. This map has been used to target additional investigations in Yukon
(Witter et al., 2018).
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Previous geothermal investigations in Yukon include numerous regional and site-specific studies
by the GSC (Grasby et al., 2012), Yukon Energy Corporation (unpublished studies), Yukon
Government (unpublished) and the Canadian Geothermal Energy Association (CanGEA, 2016)
as well as unpublished studies by the City of Whitehorse, the Village of Haines Junction, and the
Village of Mayo. The current research builds on these studies and has four components:

- Modeling regional heat flow in the mid to shallow crust;

- Calculating potential heat production from granitoid plutons;

- Geophysical surveys in areas with deep crustal fault structures; and,
- Drilling of temperature gradient boreholes (>500 m).

Witter and Miller (2017) calculated Curie point depths (CPD) using public domain regional
aeromagnetic data from NRCan (Figure 9). CPD estimates were subsequently improved upon by
Li et al. (2017; Figure 9) using a global EMAG2 magnetic dataset as discussed in Witter et al.
(2018). The Curie point, defined as the temperature above which a magnetic substance loses its
magnetic properties, corresponds to a temperature of roughly 580°C for the commonly occurring
mineral magnetite. CPD calculated for Yukon correspond well with the heat flow map of Grasby
et al. (2012), with the shallower CPD occurring across southern Yukon.

Additional, shallow sources of potential heat were identified by calculating the heat generated
from the natural radiogenic decay of U, Th and K in granites. Using the technique of Rybach
(1981), heat production values were calculated from whole rock geochemical data throughout
Yukon (Colpron, 2019). Granites in several regions locally have heat production values
significantly higher than average granites (~2.45 pW/m3), with the mid-Cretaceous (ca. 100-90
Ma) granites yielding some of the most anomalous heat production values in Yukon (>10
MW/m3; Colpron et al., 2021).

Direct ground temperature data were collected from two 500-metre-deep test boreholes drilled
between November 2017 and March 2018. One well is located midway between Takhini Hot
Springs (46°C surface water temperature) and a granite pluton that yielded a heat production
value of 5.96 pW/m3. The granite is thought to provide a heat source to infiltrating meteoric
waters, possibly in permeable carbonate rocks. The second well targeted the Tintina Fault, a
major dextral strike-slip fault that transects the Yukon. This location was selected to assess
whether enhanced permeability in the fault creates a locally-elevated geothermal gradient. For
the most part, average gradients of 25-31°C/km were measured in both wells, except for a sharp
increase in temperature to 25.3°C near the bottom of the Takhini well (Fraser et al., 2019).

In 2019, the YGS focused its geothermal research on fault-controlled geothermal systems and
initiated a detailed study of the Denali fault near off-grid community of Burwash Landing, where
shallow CPD (~14 km) coincides with mapped complexities along the active fault system. The
acquisition of detailed gravity and Extremely Low Frequency Electromagnetic (ELF-EM) data
has facilitated the development of a 3D subsurface model of the Denali fault system that is used
to identify drilling targets near the Duke River (Witter, 2020).

Ongoing studies focus on evaluating the potential for fault-controlled geothermal systems along
the Denali, Tintina and Teslin faults. Plans for additional geophysical investigations (gravity,
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magnetotelluric and passive seismic) are being developed and will be used to build subsurface
models that will guide future drilling of temperature gradient boreholes along these crustal-scale
faults.

4.6 North West Territories (contributed by Kathy Fiess (kathryn_Fiess@gov.nt.ca) and Viktor
Terlaky (Viktor Terlaky@gov.nt.ca))

Recent federal and territorial government mandates to reduce GHG emissions associated with
diesel generated electricity in remote communities has resulted in a renewed interest in the
development of alternative renewable energy resources, including geothermal energy. The
Northwest Territories Geological Survey (NTGS) has included geothermal energy as a research
focus area, which will result in the delivery of actionable geoscience required to understand this
resource and its potential contribution to NWT energy needs. To this end, the NTGS has started
two geothermal geoscience projects, including the Fort Liard Geothermal Project and the
Yellowknife Con Mine Geothermal Project (Figure 10).
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Figure 10: Location Map of the Northwest Territories (NWT) and Nunavut (NU). The two geothermal
project areas in the NWT include Fort Liard and surrounding areas, and the Con Mine in Yellowknife
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The geothermal resource potential in the Fort Liard area is associated with deep saline aquifers.
These aquifers are in Paleozoic and Mesozoic age sedimentary rocks that regionally overlie the
Precambrian basement. Exploration well bottom-hole temperatures near Fort Liard indicate that
the region is characterized by a higher than normal geothermal gradient of approximately 33 to
37 °C/km (Grasby et al., 2013) The NTGS, in collaboration with the Department of
Infrastructure (INF) of the Government of Northwest Territories (GNWT) is conducting a
comprehensive reservoir characterization study of potential resource and injector reservoirs using
outcrop and core data, chip samples, geophysical well logs, regional bedrock mapping, and
where available, gravity and magnetic susceptibility data. Seismic data will also be used to
evaluate local structure and formation continuity, reservoir continuity (where possible), and
formation depth and isopach mapping. Where relevant, resource volumes and productivity will
be estimated. Reservoir risk associated with the potential resource and injector formations will
also be evaluated. Previous to the current study, Borealis GeoPower had a project under
development around the Hamlet of Fort Liard. Their website reports that a Front End
Engineering Design (FEED) study has been completed.

The Con Mine, located in the City of Yellowknife (Figure 10), was the first gold mine developed
in the Northwest Territories. Gold ore was actively mined from 1938 to 2003, and approximately
five million ounces of gold were extracted from the mine. After the mine’s closure, the City of
Yellowknife contracted various technical studies during the early 2000s to examine the potential
of the Con Mine as a geothermal heat source for the city. These studies determined that mine
waters could have sufficient temperatures (up to and exceeding 30 °C) to support a district
heating project. The NTGS has initiated a geoscience data gap analysis to identify additional
research work required to assess project feasibility and geotechnical risk. In 2020 the NTGS
started a collaborative research project with the INRS and GSC with the aim to develop an
analytical and numerical heat flow and heat capacity model for the Con Mine, and refine the
estimate of its district heating potential. Data for the study include thermal property analysis,
permeability, porosity, and geochemistry of host rocks (2020), and water temperature profile and
water chemistry of waters in the mine shafts (2021).

4.7 Nunavut (contributed by Catherine Hickson (cathie@ttgeo.ca))

Nunavut, Canada’s coldest jurisdiction (Figure 11) commissioned a geothermal feasibility study
in 2018. This study, carried out by Saskatchewan-based Respec, completed the geothermal
favourability map for Nunavut in October 2018 (Figure 11; Minnick et al., 2018; Phase I) and
was the first phase in identifying potential geothermal resources to offset the use of diesel for
electricity generation and heat in the isolated communities of Nunavut. The objectives of that
study were to gather existing data, identify data gaps, and conduct a geothermal resource
assessment based on the existing publicly available data. The results suggest there is some
potential for conventional geothermal in the western arctic in the Arctic Basin, but other parts of
Nunavut will likely only support EGS or other non-conventional technology.
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Figure 11: (a) Schematic geological map of Nunavut showing the major geological features. Solid coloured
areas are sedimentary rocks of the “Arctic Basin” (purple in map (b) above). The Sverdrop basin is
shown in green; topographic relief areas are underlain by metamorphic and crystalline rocks generally
classified as “Canadian Shield” (green in the map above). (Topical Study RSI 2828) and (b) generalized
physiographic regions of Nunavut (https://www.thecanadianencyclopedia.ca/en/article/nunavut).
(Figure provided by Respec).

Following completion of the report, the Qullig Energy Corporation asked for a follow-up
proposal (Hickson et al., 2018b) to carry the initial work forward in specific communities (Figure
12). These communities have a higher than average heat flow or significant enough loads
(supplied through diesel generation) that the economic and carbon offset potential of replacing
some of this generation and heat energy through tapping a deep geothermal resource are worth
further investigation. The technical work proposed was divided into a Phase Il and Phase Il
plan. Phase Il work was grouped into two parts: (1) additional data gathering to support the
targeting of temperature gradient (TG) well drilling and (2) the drilling itself.

Suggested pre-TG drilling studies included conducting additional desktop data mining to fill the
gaps identified in Minnick et al. (2018); performing field work to create detailed geological maps
of site-specific areas for TG drilling; and collecting samples for physical rock properties (e.g.,
permeability, heat capacity, thermal conductivity, density, and magnetic properties),
petrography, radiometric dating, soil gas, radon studies, and geochemistry of surface springs. It
was suggested that this work could be augmented by seismic studies that focus on understanding
regional structures and stress fields and possibly site-specific geophysics, such as gravity and
magnetics.

COVID 19 had a significant impact on the project as all travel to isolated communities was
banned. A review of existing information was undertaken, but no new data was collected from
the field. The drilling of the first TG well was to be carried out in Baker Lake. The project has
been put on a one year pause with the expectation of lifting of COVID restrictions will allow
access to the field around Baker Lake and drilling and data gathering can proceed.
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Figure 12: Geothermal favourability map for Nunavut (Topical Study RSI 2828) with the five targeted
communities circled in yellow. Blue areas are typically underlain by crystalline rocks considered to
have low potential by conventional technologies; white areas are underlain by sediments of the Arctic
Basin (sedimentary basin) and areas shown in red have inferred temperature gradients slightly above
global averages.

5. Federal Government Initiatives

The Federal Government has supported geothermal RD&I since the 1970s. This support has been
largely awarded to the academic community and has reinforced National Science, Engineering
and Research Canada (NSERC) funding, as well as the Geological Survey and Canada’s national
laboratories. Since the early 1980s federal funding has waned as more pressing national issues
came to the forefront. However, the growing recognition of geothermal’s base load capacity and
overall energy generation potential in a world that is starting to value green energy is starting to
renew interest in supporting geothermal research activities. Currently though geothermal
research funding at the federal level is a fraction of investments made during the 1970’s.

Advocates of geothermal energy development in Canada have long pointed out the advantages
other renewables have received and how the development of industries in wind and solar have
been supported. Federal recognition of the corporate challenges of geothermal projects from debt
financing, high up-front capital costs, low rates of return and long time periods for return on
investment (ROI) have been a long time in coming. However, under the recent ERPP program,
geothermal is starting to get the support it needs to get out of the starting gate. Three hot
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sedimentary basin projects have now been funded through ERPP. In addition, NRCan has
providing research funding to assess geothermal energy potential of volcanic belts of western
Canada (the Garibaldi Project) in addition to funds to support crustal-scale fracture systems, with
specific focus on the major strike-slip faults of Yukon.

6. Conclusions

Overall, geothermal has had a remarkable year in Canada. As FutEra Power closes in on
producing the first geothermal electricity generated in Canada since 1984 (with Deep not far
behind), 2022 will be an even better year. As momentum builds across the country - from
academia to the private sector —research and projects are paving the way for geothermal to take a
much more prominent role in Canada’s energy transition. How prominent this role might be
remains to be seen as governments and corporations review climate change actions necessary to
achieve net zero by mid-century.
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