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1. Introduction
The challenges associated with a�ordable, nutritious food security for Indigenous communities in 
Northern Canada have been documented for decades[1]. In cold and remote climates, the limiting 
factor for economical food production is adequate energy to maintain the temperature, light, and hu-
midity needed for plant growth. Geothermal energy extracted from internal planetary heat is a low-car-
bon form of energy-on-demand[2]. This poster explored the feasibility of greenhouse agriculture sup-
ported by geothermal energy to improve food security in Yukon.

This study models basic design elements of a geothermally-heated greenhouse encompassing �nancial 
requirements, energy needs (thermal and power) and yields for a 10-month and year-round growing 
season in three proof-of-concept test locations: Carmacks, Watson Lake and Old Crow, Yukon. Two cases 
are presented to ful�l design thermal energy needs: (1) purpose-drilled borehole for a geothermal heat 
pump (GHP) and (2) optimization of waste heat from a geothermal power plant. 

A life cycle analysis was completed for the systems to compare global warming potential (GWP) of emis-
sions from 1 kg of vegetables grown locally versus 1 kg of store-bought vegetables. Results show trans-
portation of vegetables by air to remote communities has the greatest impact on GWP. Optimizing 
waste heat from a geothermal power plant shows the greatest reduction of environmental impacts with 
increased opportunity for scaling-up yields. Findings indicate that optimizing approximately 15% of 
waste heat from a 5 MW power plant could generate vegetable yields supporting as much as 100% of 
community annual vegetable intake needs.

The high upfront costs of exploration and drilling are a signi�cant barrier in the development of geo-
thermal projects. This study proposed that combining agricultural development with geothermal 
energy projects provides additional sources of funding and opportunities for capacity-building with 
First Nations, while decreasing emissions and insecurity from the energy-food system in Yukon.

2. Food Insecurity: Where is the next meal?

4. Greenhouse Design and Output

6. Finding the capital 7. ... And Making it Count 8. References and Acknowledgment
• Geothermal projects have higher up-front costs due to their site-speci�c nature. A 2012 report from 

The Energy Sector Management Assistance Program [12] estimated initial investments for           
geothermal projects to be between $2.8 to 5.5 M USD per megawatt (MW) installed.

 
• Government funding and equity in projects has been linked to an increase in research, innovation, 

and operation, particularly for innovative projects that require high up-front capital and investment  
[13].

• The Yukon Government also has funding initiatives. These include up to $10,000 for eligible green-
houses in Yukon through the Community Agriculture Program, and 75% of eligible expenses to a 
maximum of $500,000 per renewable energy project through The Innovative Renewable Energy 
Initiative.

 
• Further Funding opportunities include:

   The Investing in Canada Plan (IIC) which commits to more than $180 billion in      
  funding for projects, including infrastructure and community projects.

   The Canada Infrastructure Bank which has been established to assist in the funding    
  of infrastructure projects speci�cally: including $2.5 billion for clean power in      
  northern and Indigenous communities; and $1.5 billion for agriculture irrigation     
  projects to strengthen Canada’s food security.

3. Why Geothermal Greenhouses?

• Yukon faces challenges with accessing fresh, local produce 
outside of growing seasons. Factors contributing factors to 
food insecurity identi�ed by Yukon government are summa-
rized in �gure 1.

• Approximately 16.9% of Yukon households experienced 
some level of food insecurity in 2017-18 [3]

• Nationwide, Indigenous peoples face food insecurity at 
nearly twice the average rate (see �gure. 2, bottom left)

• In 2016, the Government of Yukon published a �ve year 
Local Food Strategy which supports “the development of a 
sustainable localized food system” [4]

• Key initiatives identi�ed by the report focus on improving 
access and availability of local produce to help reduce their 
cost, recognizing that lower income families are at higher 
risk of poor health outcomes due to having less access to 
a�ordable healthy foods. 

• Smaller remote communities are worse o� - longer trans-
port leads to higher prices and lower availability (See �gure 
3, bottom right.)

• Geothermal energy is considered green and      
renewable.  Geothermal is always ‘on’ and        
available all hours of the day.

• Vegetables grown locally in geothermal green-
houses reduces carbon dioxide emissions from 
produce shipping (see �gure 4)

• Compared to diesel, geothermal is a local and 
cheaper source of energy. This may result in 
more self-reliant communities - the e�ects of 
disrupted chains of transportation may be less-
ened. 

• Geothermal power plants present excellent op-
portunities for optimization. A 5.5 MW power 
plant may produce as much as 15 MW of ‘waste 
heat’  (see �gure 5b). 

• This study also considers the use of ground-
source heat pumps (GSHPs), which draw already 
existing heat from the Earth. This heat can then 
be used directly for space heating purposes (see 
�gure 5a).

• The ability of geothermal energy to provide electricity economically depends 
on the geothermal gradient - or how quickly the temperature increases with 
increasing depth. 

• Maps of Yukon’s geothermal potential show large gaps; however some re-
gions are known to have excellent potential (see �gure 7a & b). Ground 
source heat pumps are more widely applicable, but are still a�ected by 
ground temperatures.
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Small Communities in Yukon

• Despite being overlooked due to high up-front costs and exploratory risks, geother-
mal energy can be optimized for agricultural production.

• Modeling results indicate that greenhouses attached to a 5 MW power plant could 
provide as many as a million servings of vegetables yearly to nearby communities.

• Optimizing waste heat from a geothermal power plant  can further reduce carbon di-
oxide emissions, as waste heat can be utilized for other community applications like 
district heating.

• Greenhouses in communities that require excessive transportation distances for food 
supply have a greater impact on carbon-dioxide emission reductions.

• Supporting cold-climate agriculture with geothermal energy reduces carbon-dioxide 
emissions from the  energy-food system and supports sustainable development

• This study proposed that combining agricultural development with geothermal 
energy projects provides additional sources of funding and opportunities for capaci-
ty-building with First Nations, while decreasing emissions and insecurity from the en-
ergy-food system in Yukon.

• Recognizing the clear bene�ts of strengthening geothermal speci�c policies will un-
doubtedly result in a strengthened ability for Canada to achieve a transition to sus-
tainable development.

[1] Loring, P. A., & Gerlach, C. S. 2015. Searching for Progress on Food Security in the North American North: A   
 Research Synthesis and Meta-analysis of the Peer-Reviewed Literature. Arctic, 68, no. 3, 283-406. 
[2] Majorowicz, J., & Grasby, S. E. 2019. Deep geothermal energy in Canadian sedimentary basins VS. Fossils based  
 energy we try to replace - Exergy [KJ/KG] compared”. Renewable Energy, 141,, 256-277. 
[3] Tarasuk V, Mitchell A. (2020) Household food insecurity in Canada, 2017-18. Toronto: Research to identify policy  
 options to reduce food insecurity (PROOF). 
[4] Yukon. 2016. “Local Food Strategy for Yukon”. Government of Yukon. Retrieved from: https://yukon.ca/en/lo  
 cal-food-strategy-yukon
[5] United States Environmental Protection Agency. n.d. “Geothermal Energy”. Retrieved from: https://archive.epa.gov 
 /climatechange/kids/solutions/technologies/geothermal.html
[6] Hossain, Belayet, Laura Lamb. 2019. “Economic Insecurity and Psychological Distress among Indigenous Canadi 
 ans”. Journal of Developing Areas 53, no. 1: 109-125.
[7] Saner, Dominik, et al. 2010. “Is it only CO2 that matters? A life cycle perspective on shallow geothermal systems”.  
 Renewable and Sustainable Energy Reviews no.14: 1798-1813. 
[8] Torres Pineda, Israel, et al. 2021. “Review of Inventory Data in Life Cycle Assessment Applied in Production of Fresh  
 Tomato in Greenhouse.” Journal of Cleaner Production 282.
[9] Karanasios, Konstantinos, Paul Parker. 2018. “Tracking the transition to renewable electricity in remote indigenous  
 communities in Canada”. Energy Policy 118, 169-181.
[10] Stefanelli, Robert. D., et al. 2018. “Renewable energy and energy autonomy: how Indigenous peoples in Canada are  
 shaping an energy future”. Environmental Reviews 27, no. 2, 95-105.
[11] Canadian Agricultural Partnership. 2020. “Canada-Yukon Canadian Agricultural Partnership Funding Fiscal Year End  
 Report 2019-20”. Yukon Agriculture Branch. 
[12] The Energy Sector Management Assistance Program. 2012. “Geothermal Handbook: Planning and Financing Power  
 Generation”. 
[13] Pergelova, Albena, and Fernando Angulo-Ruiz. 2014. “The impact of government �nancial support on the perfor 
 mance of new �rms: the role of competitive advantage as an intermediate outcome.” Entrepreneurship & Regional  
 Development 26, no. 9-10: 663-705.

Authors are scholarship recipients of CREATE REDEVELOP Grant #386133824, a collaborative 
research and training experience in responsible energy development funded by NSERC. We 
would also like to extend a special thank you to Dr. Celia Kennedy, Dr. Jennifer Winter, 
Jeanine Vany, Dr. Robert Shcherbakov, Chief Sharleen Gale, Armughan Al-Haq, and all REDE-
VELOP members for their guidance throughout this project.

Figure 1. Factors which contribute to food insecurity 
in Yukon.

Figure 2. Food security Nationwide in Canada for 
different demographics of citizens. 

Figure 3. Remote communities such as Old Crow in 
Yukon spend more than twice as much on food than in 
larger nearby population centers.

Figure 4. Equivalent Carbon dioxide emissions, considering 
an average distance between Vancouver and Edmonton.

Figure 5. a) A ground-source heat pump draws heat from the     
Earth to heat spaces. b) If temperatures are hot enough, steam      
can be produced to spin turbines and generate electricity [5].

a b

Figure 6. Greenhouse designs. Units are in meters. a) Rectangular prism, with a p-value of 1.53. 
b) Conical shape, more expensive to build, with a surface-covered area ratio (p-value 1.32)

Figure 7a, top) GT favorability of Yukon. 
Red stars denote locations considered in 
this study. b) Geothermal gradient data. 
Shallow temperatures are quite uncertain. 

a

b

Figure 8. Production outputs of four different greenhouse applications, 
as a percentage of community need. A waste-heat application is unfea-
sible in Old Crow due to low subsurface temperatures (see figure 7a,b)
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Don’t waste this energy!

Optimize!

• Indigenous communities are motivated to take on an 
active role in the development of energy projects in 
order to pursue goals of self-governance and economic 
development [9]. 

• Yukon First Nations are championing e�orts in renew-
able energy e�ciency, conservation, and development 
in Canada partly to address food insecurity [10].

• Eavor Yukon and the Carmacks Development Corpora-
tion are partners in the development of a upcoming   
geothermal powerplant.

• First Nation governments recognize the importance of 
agriculture addressing concerns around food security, 
protecting traditional foods, ensuring healthy food 
choices, and building community self-su�ciency (see 
�gure 15). 

 
• Recent projects include the Little Salmon Carmacks First 

Nation community greenhouse and the Tr’ondëk 
Hwëch’in teaching and working farm. 

• There is growing interest in local agriculture. Five First 
Nation communities and two non-First Nation commu-
nity gardens received Canadian Agricultural Partnership 
grant funding in 2019-2020 alone [11]. 

• The various applications provide varying yields. An 
energy passive greenhouse can provide 1 crop per 
year, or about ~7500 servings. The geothermal 
greenhouse and container system can provide 2 
and 3 times that, respectively; 15,000 and 22,500    
servings per year. 

• Optimizing a geothermal power plant is a game 
changer. Modeling results indicate that using 15% 
of the waste heat from a 5 MW plant could heat 
100 copies of our demonstration design. While 
building 100 separate greenhouses doesn’t make 
the most sense, it does illustrate the potential ben-
e�ts of the system.

• Food insecurity is a signi�cant contributor towards 
low economic security levels seen in Indigenous 
communities across Canada [6]. Waste heat from 
geothermal power plants could be used to address 
both food and economic insecurity in these com-
munities (see �gure 8).
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Figure 12.  Profit and utilization of waste heat from a GT power 
plant. Effective rate of 0.10$/kwh was used.

Figure 13.  Breakdown of GWP potential for a GSHP

Figure 14.  Reduction in GHG emissions for a 10 month growing period

Figure 15. Benefits of Capacity building identified by Yukon First Nations

5. Seven Generations of a Greenhouse

• Energy inputs and outputs were calculated for two di�erent 
greenhouse designs: rectangular prism and conical (see 
�gure 6). 

• Assumptions were made on crop selection and quantities. In 
general, onions, cabbage, pepper and tomato crops            
provided the best yield and a balanced diet. 

• The greenhouse designs were modeled across four di�erent 
applications to determine economic feasibility:

 
 (1)   A passive greenhouse which can be used to extend   
  the growing season to 4 months out of the year.

 (2)   A greenhouse which is heated by geothermal    
  energy using a ground-source heat pump, to be   
  viable 10 months of the year.

 (3)   A container-like system which is heated and lit    
  year-round.

 (4)   Installation of multiple greenhouses heated   
  through optimized use of waste heat from a geo  
  thermal power plant.

• Main advantages of a ground-source heat pump 
(GSHP) are low operating costs, low need for mainte-
nance and the absence of direct greenhouse gas 
(GHG) emissions (see �gure 11).

• A review of  life-cycle analyses (LCA) of shallow GSHP 
systems in Europe  [7], with a 20-year life-span, found 
operational electricity mix accounted for 87% of 
system environmental impacts (Figure 13).

• Global warming potential (GWP) of 1 kg of vegetables 
was estimated based on review of 36 LCAs on tomato 
production in various greenhouses globally [8].

 
• GWP comparison of a locally grown vegetable vs.     

supermarket vegetable needs to consider                
transportation and packaging waste.

• LCA of vegetable packaging varies considerably,       
especially during the end-of-life phase as waste man-
agement systems need to be considered

 
• It was assumed that all store-bought vegetables con-

sumed in communities were transported to location 
via air or trucking freight from a distribution centre.

 
• Figure 4 shows equivalent carbon dioxide emissions 

per kilogram of vegetables transported from a          
distribution centre. Figure 14 shows the total result for 
a 10 month growing period

• The monthly and yearly power needs of the two designs and 
four di�erent use cases vary signi�cantly (see �gure 9). Di�erent 
communities will have varying capacities and needs, and thus 
may select the options which will �t their community the best. 

• The construction costs vary as well, from a estimated $30,000  
for the passive greenhouse to $350,000 for the fully container-
ized unit. Figure 10 shows the ROI period and the net income 
over time for most of the cases and di�erent energy needs.  

• The optimization of the powerplant produces the largest 
volume of produce at the lowest cost per serving. However, 
there are no currently operating geothermal power plants in 
Canada.  Various projects are underway, such as Alberta No. 1, 
DEEP corp in Saskatchewan, the Clarke Lake Geothermal project 
in B.C., and and Eavor Loop installation in YT.

• For regional governments making decisions about which energy 
projects to pursure, careful consideration should be given to the 
optimization of geothermal projects - our results show they can 
be quite impressive.

• For energy producers looking to specify sites for new installa-
tions, additional revenue streams are available through optimi-
zation, and colder locations where heat is scarce may o�er good 
bene�ts. Figure 12 details how a power plant may earn an addi-
tional $500,000 yearly using only 15% of it’s waste heat. 
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Figure 9. a) Power and b) monthly bills for different designs,            
applications, and energy sources for greenhouses and    
containerized units.  

Why a cone? Indigenous groups 
may prefer traditional building 
designs. An unusual design may 
cost more but give better       
performance - and that’s what 
this test shows! (see figure 9)

Figure 10.  a) Yearly net profits for different energy cases for a 10-month greenhouse. ROI periods are the 0-crossings of the graph. b) Comparison 
of incomes for 10-month greenhouses in different locations with different climate environments (Old Crow is colder than Carmacks!)
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Figure 11.  Cartoon of GSHP layout 
considered in this study. 8 bore-
holes are spaced 20 ft apart and 
are drilled to a depth of 165 m. 
The cost of drilling and installation 
is approximately $200,000 CAD 
and is included in the LCA analysis.


