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Abstract 

The Canadian territory of Nunavut covers one fifth ƻŦ /ŀƴŀŘŀΩǎ ƭŀƴŘƳŀǎǎ and, without a road 

network or linked power grid, residents rely exclusively on off-grid diesel generated power 

stations to supply electricity. Once considered convenient, these systems have now become 

inefficient and difficult to maintain. Economic, environmental, and social analyses must be 

conducted in order to recognize the viability of developing clean, renewable, and sustainable 

energy in the territory. For the community of Rankin Inlet, this involves understanding the 

benefits of reducing harmful diesel fuel emissions. Simulations of potential wind and solar power 

plants help to create an understanding of the economics behind such a project. This research 

focuses on answering the qǳŜǎǘƛƻƴ άǎƘƻǳƭŘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ǊŜǇƭŀŎŜƳŜƴǘ 

for the ageing diesel generation stations in parts of NunavutΚέ wŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ hybrid 

generation systems are a viable and feasible approach to the future of power generation in 

Rankin Inlet.
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Chapter 1: Introduction 

1.1 Overview 

The Canadian territory of Nunavut has an outdated and inefficient energy generation system. 

This is mainly due to the fact that it is the only administrative division in Canada that does not 

have a developed source of primary energy production. All other provinces and territories extract 

petroleum resources and harness natural energy to produce electricity that supplies a local 

power grid. In Nunavut, off-grid mechanical diesel electricity generators are used exclusively to 

supply power, which results in approximately 36,000 people relying heavily on external fuel 

supplies. This system requires very large quantities of fossil fuel in order to maintain the basic 

living amenities for its people. Each community in Nunavut has its own independent diesel 

electricity generation and distribution system and there is no back-up grid (Nunavut Dept. of 

Environment, 2018). There are no interconnecting road systems in Nunavut so fuel has to be 

shipped along the jagged coast during ice-free summer months and eventually stockpiled at 

designated distribution centers. Therefore, it is important propose and develop new energy 

solutions, and to encourage renewable energy options that move towards power diversification, 

energy independence, and enhancing environmental awareness. This research investigates wind 

and solar electricity generation potential in an effort to answer questions concerning resource 

availability, technological requirements, and costs associated with creating the most effective 

renewable energy project for the town of Rankin Inlet, Nunavut (Figure 1).   

The Qulliq Energy Corporation (QEC) is the governing body responsible for generating electricity 

and maintaining all the diesel plants in the ǘŜǊǊƛǘƻǊȅΩǎ нр communities. Providing power costs the 

Government of Nunavut nearly $200 million in fossil fuel annually. This combined with 

distribution expenditures totals approximately $350 million per fiscal year, a number that is 

steadily rising (Government of Nunavut, 2017).  For this type of system, the electricity generation 

costs are higher than the rest of the country and can vary significantly. In Arctic, electricity rates 

can range from $0.49/kWh to $2.50/kWh, while for the rest of Canada the average electricity 

rates range from $0.07/kWh to $0.17/kWh (Arriaga, M., Canizares, C., & Kazerani, 2014). 
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Figure 1: Map of Nunavut 

 

(Government of Canada, 2018a) 
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Changing the way the Nunavummiut look at energy is now a government initiative. The QEC and 

other territorial governing bodies such as the Department of Community Services, Nunavut 

Housing Corporation, Nunavut Department of Finance, and Nunavut Department of Environment 

have structured several energy saving initiatives and incentives in an effort to educate citizens 

and curb excess power usage. Entrepreneurial programs such as the ecoENERGY for Aboriginal 

and Northern Communities Program (EANCP) and Strategic Investment in Northern Economic 

Development (SINED) have been focusing on providing funding support to Aboriginal and 

northern communities for renewable energy projects and economic diversification. 

Nunavut has an array of unharnessed renewable energy potential. In Cumberland Sound, on 

Baffin Island, winds are favorable for turbine installation (wind atlas from Government of Canada, 

2018b). This resource is just 100 km north of the town of Iqaluit (Figure 1) which is the most 

populated and energy consuming community in the territory. Near the town of Chesterfield Inlet 

on mainland Nunavut, the annual potential photovoltaic energy capture is greater than that of 

Victoria, BC, and the town of Arviat has tremendous potential for wind harnessing. Utilizing 

renewable energy has been attempted here in the past, but encountered mixed results, with 

some projects operated for a short period before eventually being decommissioned (Nunavut 

Dept. of Environment, 2018). Since the timing of these projects, significant improvements have 

occurred in renewable energy technology and generating capabilities. With available access to 

more robust and efficient equipment, the QEC is now planning to install wind resource 

monitoring towers at potential project sites in order to gain accurate data. To date, two 

monitoring towers are scheduled for installation, one in Cape Dorset and one in Arviat. This is the 

beginning of a new outlook on harvesting renewable energy in the Arctic. 

From a societal perspective, the need for diesel continues to force these isolated northern 

communities to be dependent on the outside world for fossil fuel. Even worse, the financial 

demand associated with powering a fossil-fueled grid is depleting funds that would be better put 

to use supporting important social programsΦ ά¢Ƙƛǎ ǊŜŀƭƛǘȅ ǇǊƻǾƛŘŜǎ Ƴŀƴȅ ŎƘŀƭƭŜƴƎŜǎ ŦƻǊ bǳƴŀǾǳǘ 

moving forward. Energy expenditures are non-discretionary budget items, and as such, any 

increase in energy prices directly impacts the funding of priorities such as health, education, and 

housingέ (Government of Nunavut, 2017,  p. 1). Replacing, or at least incorporating sustainable 
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energy into communities, will not only provide a buffer between the unpredictable prices of the 

petroleum market, but would also help develop other important public services required for 

residents. A community entirely powered by wind and/or solar power could also help encourage 

innovation and support a self-sustaining environment that aligns with the core beliefs of the 

Nunavut Inuit people.  

In order to advance the concept of energy independence, energy modelling and project proposals 

should be executed in a manner that centers on renewable power grid incorporation. This can be 

conducted by analyzing the shortcomings of past projects, the natural power availability, and the 

cost-benefit analysis of new installations.  

With nearly $200 million worth of diesel fuel consumed annually, small northern Indigenous 

communities are forced into having large financial and environmental footprints. With the newly 

introduced greenhouse gas (GHG) emission limitations and the Federal Carbon Pollution Pricing 

System, the QEC and other developers will likely be looking to these isolated, diesel-dependent 

communities to invest in renewable energy infrastructure and technology. Identifying Nunavut 

as having the potential to be an exemplary location for sustainable electricity generation is 

necessary in order to begin an energy paradigm shift that will lower the economic burden of this 

heavily subsidized territory. 

1.2 Diesel Electricity Generation and Issues 

Remote, off-grid communities throughout Nunavut use diesel fuel generator sets to produce 

electricity (Figure 2). Depending on the size of the community, multiple generator sets may be 

required to accommodate peak load demand. These systems also require a stand-by generator 

that has the capacity to produce enough electricity to handle critical load requirements during 

maintenance periods. A diesel generator can operate reliably in any location as long as there is a 

steady fuel supply, with some running for up to 99.9% of the year. Fuel consumption for 

electricity generation in Nunavut is in the tens of millions of liters and the current power plant 

are without energy storage options. This all combines to form a steadily running, poorly efficient, 

fossil fuel combustion engine that is costly to operate and maintain.  
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Figure 2: hǾŜǊǾƛŜǿ ƻŦ bǳƴŀǾǳǘΩǎ 5ƛŜǎŜƭ DŜƴŜǊŀǘƻǊǎ ϝ ŀǎ ƻŦ нлмр 

 

(Government of Canada, 2015) 
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For several decades this has been the most feasible option for northern communities. Among the 

early benefits were ease of installation, as well as consistent operation, which allowed for quick 

grid setup and minimal maintenance requirements. Nearly 60 years ago, when diesel generators 

were ƛƴǘǊƻŘǳŎŜŘ ƛƴǘƻ /ŀƴŀŘŀΩǎ !rctic, they were the latest technology and the best possible 

solution for remote areas. With the passage of time, the ageing equipment has become less 

reliable and operational costs began to rise dramatically. Having such a large fleet of ageing diesel 

facilities requires the QEC to commit significant portions of capital spending to replacing 

components to extend operational life. Acquiring parts for these ageing plants is a constant 

challenge and increases the risk of power outages. Table 1-1 shows the age and years remaining 

on operation life of these generators. 

Table 1-мΥ !ƎŜ ŀƴŘ wŜƳŀƛƴƛƴƎ [ƛŦŜ ƻŦ bǳƴŀǾǳǘΩǎ 5ƛŜǎŜƭ DŜƴŜǊŀǘƻǊǎ ϝ ŀǎ ƻŦ нлмп 

 
(Government of Nunavut, 2017) 
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Diesel as a fuel source is combustible but not flammable and, as a result, relatively safe when 

comparing it to gasoline and natural gas, thus making it the better fossil fuel for transportation 

and storage. This safety factor combined with its high energy density has made diesel a modern 

global necessity. In 2016, wholesale diesel ranged on average from $0.90-1.00per liter in Canada 

with costs fluctuating due to a number of economic, political, and supply factors. The cost of 

crude oil is the largest component of the retail price of diesel. Worldwide supply determines 

crude oil prices and global economic conditions contribute to the demand for petroleum 

products made from crude oil. The U.S. governmental Energy Information Administration 

predicts that the cost of crude oil and diesel fuel will continue to rise as demand increases due 

to increasing global population. This inconsistency in price can lead to these off-grid systems 

having an unpredictable growing fuel budget. Lƴ нллнΣ ǘƘŜ Ŏƻǎǘ ƻŦ ƻǇŜǊŀǘƛƴƎ bǳƴŀǾǳǘΩǎ ŜƴŜǊƎȅ 

grid was approximately $121 million, a number that has since tripled (Government of Nunavut, 

2017).  

To keep electricity rates affordable for Nunavut community residents, the government operates 

the Nunavut Electricity Subsidy Program, which provides a subsidy at 50% of the Iqaluit rate, 

which turns out to be around $0.60 per kWh. In addition, all residents who live in public housing 

(52% of the Nunavut population), have rates capped at $0.06 pŜǊ ƪ²ƘΦ άAs such, electricity is 

dramatically subsidized by government, thereby perpetuating diesel fuel consumption and 

reducing the imperative to support clean power projectsέ (Pembina Institute, 2016, p. 64). Table 

1-2 shows the cost breakdown and GHG impact resulting from diesel consumption. This data does 

not include the transportation cost of shipping diesel to remote communities, an expense that 

exceeds the annual costs of fuel purchases in some towns.  
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Table 2-2: Summary of Utility Fossil Fuel Generation Costs for Nunavut Communities 

 

 

(Bullfrog Power, 2017) 

 
 

Table 3-3: Estimated GHG Emission Cost of Fuel Generation 

 

 
(Bullfrog Power, 2017) 

 
 
Diesel fuel consumption generates GHG emissions that have negative implications on the 

atmosphere (Table 1-3). Environment Canada lists diesel fuel as having an emission factor of 2663 

g/L CO2, 0.133 g/L CH4, and 0.4 g/L of N2O (Environment Canada, 2011). Each of these compounds 

contribute to the greenhouse effect and have measurable global warming potential (GWP) 

values, as defined by the International Panel on Climate Change (2007). After factoring in all GWP 

values and normalizing it to CO2eq, diesel fuel has an emission factor of 2785.5 g/L. In 2012-2013, 

Nunavut consuming 44 million liters for their electricity grid (Government of Nunavut, 2017) 

which results in 121,242 tonnes of CO2 released into the atmosphere. Rankin Inlet, the study area 

for this project, requires 14 million liters of diesel fuel to electrify and heat the community 

annually. Consumption results in each resident emitting an average of 24 tonnes of CO2eq 
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annually, a value that is 60% more than the national average of 15.1 tonnes per capita 

(Government of Canada, 2018).  

A federally-imposed carbon tax designed to reduce the use of climate-warming fossil fuels will 

soon see people in Nunavut paying more for electricity. For customers, this tax means that power 

bills will increase by an average of about $100 per year and the additional amount that customers 

will pay will likely increase to $700 a year by 2022 (Nunatsiaq News, 2018). This is a result of the 

recently signed Pan-Canadian Framework on Clean Growth and Climate Change agreement. The 

agreement calls for carbon-producing fuels, including diesel, to face an additional tax of $10 per 

tonne starting in 2018. That surcharge could rise to $50 per tonne of emissions by 2022. Provinces 

and territories that do not create their own carbon pricing system, either through a direct carbon 

tax or a cap-and-ǘǊŀŘŜ ƳŀǊƪŜǘ ǎȅǎǘŜƳΣ ǿƛƭƭ ƘŀǾŜ ŀ άōŀŎƪǎǘƻǇ ǘŀȄέ ƛƳǇƻǎŜŘ ƻƴ ǘƘŜƳΦ  

ά!ƭƭ ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ōŀŎƪǎǘƻǇ (tax) will apply in a jurisdiction that does not have 
a carbon pricing system in place. The backstop will also supplement systems that 
do not fully meet the benchmark. For example, the backstop could expand the 
sources covered by provincial carbon pollution pricing or it could increase the 
stringency of the provincial carbon price. As committed in the October 3, 2016 
document Pan-Canadian Approach to Pricing Carbon Pollution, the federal 
system will return direct revenues from the carbon price to the jurisdiction of 
origin. The federal government is open to feedback on the best mechanism to 
ŀŎƘƛŜǾŜ ǘƘƛǎέ (Department of Environment and Climate Change Canada, 2018, 
p.1). 

Other issues with diesel consumption involve transporting it to remote locations within the 

territory. The Nunavut Petroleum Products Division (PPD) purchases fuel in the summertime 

during sea transport season when ships can move through ice-ŦǊŜŜ ǿŀǘŜǊǎΦ tt5 ōǳȅǎ bǳƴŀǾǳǘΩǎ 

petroleum products under supply and transportation contracts and fuels are typically sourced 

from refineries on the East Coat of Canada, the United States or, in some cases, overseas 

countries such as Finland or Japan. All bulk fuels are transported to Nunavut from the East Coast 

of Canada via oceangoing vessels that deliver the cargo to the northern coastal communities. 

Occasionally this long distance shipping process can be problematic. In 2010 a tanker contain 9.5 

million liters ran aground near the hamlet of Gjoa Haven, and that same year another tanker 



10 
 

grounded near Pangnirtung on southern Baffin Island. No spills were detected and the potential 

for devastation was avoided. The Spill Contingency Planning and Reporting Regulations for 

Nunavut include the requirement for an emergency response plan to be prepared and filed for 

facilities where petroleum, chemicals and other contaminants are stored. This plan is supported 

by the Environmental Protection Act and identifies proper authorities by outlining reporting and 

communication procedures that support an action plan in the event of a spill. Although mitigation 

measures are in place this does not eliminate the threat of environmental contamination.  

With increasing concern for diesel usage, an Energy Strategy for Nunavut (Ikummatiit) was 

passed in 2007 that provides ƎǳƛŘƛƴƎ ǇǊƛƴŎƛǇƭŜǎ ŦƻǊ bǳƴŀǾǳǘΩǎ ŜƴŜǊƎȅ ǇƻƭƛŎƛŜǎ ŀƴŘ ǊŜƭŀǘŜŘ 

Government programs and activities into the year 2020 (Government of Nunavut, 2007). 

Ikummatiit has four main objectives: 

1) Improve the security of the energy system by reducing reliance on imported 
fossil fuels, diversifying energy supply to include clean, alternative energy and 
domestic energy sources. 

2) Manage the cost of energy-based services such as transportation, heating, hot 
water, lighting, and cooking, by reducing the cost of providing energy and 
improving the efficiency of its use. 

3) Reduce the impact on the environment by reducing energy-related emissions 
which contribute to pollution and climate change. 

4) Provide business and employment opportunities as the Territory increases 
energy efficiency and uses renewable and domestic energy sources. 

 

1.3 This Study 

bǳƴŀǾǳǘΩǎ ŜƴŜǊƎȅ ŎƘŀƭƭŜƴƎŜǎ ǎǘŀƴŘ ŀǇart from its provincial and territorial counterparts. The 

Government of Nunavut is under constant pressure to supply consistent electricity to homes 

while maintaining outdated equipment, thus making inhabitants deeply dependent on the 

actions and policies of the QEC. High dependency on social assistance conflicts with the strong 

sense of values, resilience, and sustainability that have endured with the Nunavut Inuit culture 

for centuries. In order for renewable energy to penetrate the Nunavut off-grid power system, 
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research must be conducted in an effort to outline electricity generation techniques that have 

the right combination of operational reliability, affordability, and efficiency. 

The main objective of this research project is to identify and analyze areas in Nunavut where 

wind and/or solar electricity generation can be used to lessen the need for expensive diesel 

power generation.  

The area near Rankin Inlet has high potential for wind electricity generation that, if utilized 

properly, could aid in decreasing the more than $12,000 per resident being annually on 

supporting the current system. Through a cost-based approach, this study will examine whether 

it is feasible to replace the ageing diesel power plants with a system with new generators 

combined with wind and/or solar power generation.    

This research project will take on a multi-disciplinary approach and focus on the three pillars of 

sustainability. Environment and energy balance will be the initial consideration with an analysis 

of electricity demand versus potential renewable energy availability. The study will look at 

economic feasibility over the life span of the project, which is estimated to be 20 years. The social 

pillar will be examined by outlining the benefits that energy independence could have for 

Indigenous communities. A key question to ōŜ ŀǎƪŜŘ ƛǎΥ άCould developing sustainable energy 

resources create a more modernized northern community with advanced social programs paid 

for by money saved due to reduced Ŧƻǎǎƛƭ ŦǳŜƭ ǳǎŀƎŜΚέ Other questions to be addressed include: 

ά²Ƙŀǘ ǘŜŎƘƴƻƭƻƎȅ ōŜǎǘ ǎǳƛǘǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ƻŦ wŀƴƪƛƴ LƴƭŜǘΚέ ŀƴŘ; άIƻǿ Ŏŀƴ ǿŜ ƭŜŀǊƴ 

ŦǊƻƳ ƻǘƘŜǊ ǊŜƴŜǿŀōƭŜ ǇǊƻƧŜŎǘǎ ǘƘŀǘ ƘŀǾŜ ǊŜŎŜƴǘƭȅ ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ƛƴ ǘƘŜ !ǊŎǘƛŎΚέ 



12 
 

Chapter 2: Nunavut and an Enhanced Standard of Living  

2.1 Nunavut Territory and Self-sufficiency 

Prior to 1999 the territory of Nunavut was part of the Northwest Territories. In 1993, Canada 

incorporated two pieces of legislature that help create the Nunavut territory, The Nunavut Land 

Claims Act (NCLA) and the Nunavut Act. The NCLA was agreed upon and signed by the territorial 

Inuit and was based on 4 objectives: 

(a) To provide for certainty and clarity of rights to ownership and use of lands 
and resources and of rights for Inuit to participate in decision-making concerning 
the use, management and conservation of land, water and resources, including 
the offshore; 

(b) To provide Inuit with wildlife harvesting rights and rights to participate in 
decision-making concerning wildlife harvesting; 

(c) To provide Inuit with financial compensation and means of participating 
in economic opportunities; and; 

(d) To encourage self-reliance and the cultural and social well-being of Inuit 
(Nunavut Tunngavik Incorporated, 2018, p.1) 

Upon separating with the Northwest Territories in 1999, discussions initiated the topic of 

devolution of rights between the Government of Canada and the Government of Nunavut, 

ǿƘŜǊŜƛƴ ŀ ǘǊŀƴǎŦŜǊ ƻŦ ŦŜŘŜǊŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴ ƻǾŜǊ ǘƘŜ ǘŜǊǊƛǘƻǊȅΩǎ ƭŀƴŘǎΣ ǊŜǎƻǳǊŎŜs, and inland waters 

to the Territory would be established. There still remains no concrete agreement in place that 

legislates this authority. An agreement, as such, is essential for the territory to control natural 

ǊŜǎƻǳǊŎŜǎ ŀƴŘ ǘƻ ŘŜǾŜƭƻǇ bǳƴŀǾǳǘΩǎ ŜƴŜǊƎȅ ǇƻǘŜƴǘƛŀƭ ŀƴŘ ǎŜƭŦ-reliance. The NCLA and Nunavut 

Act followed a historical, fossil fuel-based and extractive mindset and largely ignores the energy 

potential of renewables (McDonald, 2011). 
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2.2 Powering the Tundra 

In 1948, with the rapid expansion of the mining sector, the Canadian government recognized the 

need for an integrated utility industry in the north. An Act of Parliament established the 

Northwest Territories Power Commission, renamed the Northern Canada Power Commission 

(NCPC) in 1956. Diesel power plants were installed and owned by the NCPC before being 

transferred to the territorial governing body, but not before other more controversial options 

were considered. During the 1970Ωs, there had been suggestions of NCPC employing "slowpoke" 

nuclear generators to produce power in the many isolated communities. ά{ƭƻǿǇƻƪŜέ micro-

nuclear reactors are a low-energy nuclear reactor designed by Atomic Energy of Canada Limited 

(AECL) in the late 1960Ωs for research purposes. ά²ƘƛƭŜ ǘǊŀŘƛǘƛƻƴŀƭ ƴǳŎƭŜŀǊ Ǉƭŀƴǘǎ ǇǊƻŘǳŎŜ 

upwards of 1,000 megawatts of electrical power, far too much for a small community to use 

economically, smaller designs in the 10 MW range could power larger, off-grid towns effectively 

ŀƴŘ ǿƛǘƘ ǇǳǊǇƻǊǘŜŘƭȅ ŦŜǿ ƻŦ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ŘŀƴƎŜǊǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭŀǊƎŜǊ ǊŜŀŎǘƻǊǎέ (CBC, 2011, 

p.1). The economics of this type of system were estimated to be competitive with that of 

conventional fossil fuels, however, the market for this technology did not materialize. With the 

price of fossil fuels continuing to rise, this idea once again has gained attention. 

Nunavut communities are currently all off-grid with no connections to North American electricity 

or natural gas grids. Low population, severe weather, and remoteness make long distance high 

voltage grids unviable. Therefore, fossil fuels are needed. While Nunavut holds abundant 

offshore oil and gas deposits, no wells have been brought into production (Figure 3). 

 

 

 

 

https://en.wikipedia.org/wiki/SLOWPOKE_reactor
https://en.wikipedia.org/wiki/Nuclear_power
https://en.wikipedia.org/wiki/Research_reactor
https://en.wikipedia.org/wiki/Atomic_Energy_of_Canada_Limited
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/High_voltage
https://en.wikipedia.org/wiki/High_voltage
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Figure 3: Fossil fuel reserves in Nunavut 

 

(NRCan, 2018a) 

All ƻŦ bǳƴŀǾǳǘΩǎ diesel power plants fall under the jurisdiction of the QEC. With headquarters in 

Baker Lake, the organization is responsible for operation and maintenance of equipment 

throughout the territory. The QEC was established by the Nunavut Power Utilities Act in 2001, 

two years after the 1999 creation of the territory. Originally named Nunavut Power Corporation, 

it was renamed in 2002 with the mandate of the corporation expanding to include energy 

conservation and alternative generation development. The QEC established the Nunavut Energy 

Centre in 2006 as a division focusing on energy conservation through public outreach. The centre 

was closed down on March 31, 2009, and its functions were transferred to territorial government 

departments in a move to focus solely on the business of power generation.  

As of 2014, there are approximately 17 diesel power plants that had reached the end of their 

designed service life. Because of this, the QEC is considering a new approach to the future of 

electricity generation. The current vision statement ǊŜŀŘǎΥ άvǳƭƭƛǉ 9ƴŜǊƎȅ /ƻǊǇƻǊŀǘƛƻƴΩǎ vision is 

to provide the communities of Nunavut with safe, reliable, sustainable and economical energy 

supply and service. Our foundation to achieve our vision is based on an empowered and 

ŀŎŎƻǳƴǘŀōƭŜ ǿƻǊƪŦƻǊŎŜΣ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ bǳƴŀǾǳǘΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ŀƴŘ reflective of Inuit Societal 

±ŀƭǳŜǎέ όv9/Σ нлмуΣ ǇΦмύΦ 
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2.3 Renewable Energy in the North, Past to Present 

 

Wind power has historically been the most researched renewable energy source in Nunavut. 

Since thŜ ŜŀǊƭȅ мфулΩǎΣ projects have been proposed and tested for some of the windiest parts of 

the territory, and from 1985-1994 there were several studies conducted to test the viability of a 

diesel generation system backed up by wind turbines. These early tests supported the installation 

of a wind turbine in Cambridge Bay in 1994 that operated until 1999, and two turbines in 

Kugluktuk that ran from 1997 to 2002. Rankin Inlet has also been an attractive target for wind-

powered electricity generation, and in 1998 the town was chosen for a test installation to collect 

data that could help understand the viability of wind infrastructure. A single 50 kW turbine was 

eventually erected that produced 80 MWh at 36% wind availability from the months of 

November 2000 to December 2001. The generation of 80 MWh of wind electricity displaced 

approximately 20,000 liters of diesel fuel from the power grid (WEICan, 2009). However, issues 

did arise when the turbine was left inoperable due to lack of maintenance personnel. The QEC 

decided that only having one turbine does not justify having full-time qualified maintenance 

personnel, and it was stated that their support for wind power strongly depended on the current 

price of diesel fuel.  

Recently, companies have been experimenting and ƛƳǇƭŜƳŜƴǘƛƴƎ ŎƭŜŀƴ ŜƴŜǊƎȅ ƛƴ /ŀƴŀŘŀΩǎ 

Arctic. In 2014, TUGLIQ Energy, based in northernmost Quebec, constructed the Glencore Raglan 

Mine Renewable Electricity Smart-Grid Pilot Demonstration, a 120 metre high wind turbine and 

battery storage facility. Most mine sites are heavily dependent on diesel, making fuel cost a 

significant expense. This turbine takes advantage of the high winds in the area, and has saved the 

mine about 2.1 million litres of diesel in its first year of operation. The company estimates that 

the install will save more than $40 million in fuel costs over the next 20 years. TUGLIQ Energy has 

stated that the same technology would work in remote areas of the Arctic and they want to do 

business with mine sites in Nunavutέ (CBC, 2016b, p.1). 

Photovoltaic (PV) energy capture also has potential in the north. Locations along Hudson Bay 

receive the highest amount of solar energy in Nunavut (Figure 4). The annual sun exposure here 

is comparable to the amount of sunshine that reaches southern Quebec, much of Ontario, and 
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the Maritimes. Solar PV applications have already demonstrated success in parts of Nunavut. A 

PV array at the Arctic College in Iqaluit has delivered electricity since its installation in 1995.  

Figure 4: Annual Photovoltaic potential for Canada 

 

(NRCan, 2018b) 

Large-scale solar projects have been implemented in northern communities as of late. Colville 

Lake, high in the Northwest Territories, has successfully tested a system of batteries and solar 

panels that allows the community to run entirely on the sun's energy for periods throughout the 

summer. The town, a Dene community of about 150, recently replaced its aging diesel generator. 

Once the town installed the generator it was supplemented with an array of solar panels capable 

of generating 136 kilowatts and batteries that store 200 kWh. In the dark winter months Colville 

Lake runs entirely on diesel, but during the summer months enough solar energy is captured and 
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stored to supply adequate electricity (CTV, 2016). Currently, 1/5 of the town's annual energy use 

comes from the sun, even though the panels produce almost nothing between November and 

January. The batteries allow more efficient operation of the diesel generator and enhance the 

electricity generated by the solar PV system, minimizing the impacts of system maintenance and 

smoothing out the load delivery required by the generators. This results in lower maintenance 

and extends the useful life of the generators. The Northwest Territories Power Corporation 

estimates that it saved 37,000 liters of diesel fuel just from solar generation in the first year. It 

Ƙŀǎ ōŜŜƴ ǊŜǇƻǊǘŜŘ ŀǎ ŀ άǾŀǎǘ ƛƳǇǊƻǾŜƳŜƴǘέ ƻǾer the old generation system with locals 

appreciating the reduction in noise pollution caused by the constantly running old system (CTV, 

2016, p.1). This project validates the technical and economic feasibility of integrating solar PV 

with significant battery storage and serves as a benchmark for the amount of renewables that 

can be integrated successfully into an off-grid location in Nunavut.  

Other renewable energy options have also been considered. The QEC has recently designed a 

hydroelectric project that could produce between 16-25 MW for the town of Iqaluit. Capital costs 

for the project were estimated at $250-$450 million, and as a result, the territory's finance 

minister decided to put it on a hiatus, as it was deemed too expensive for an energy project that 

would only supply 8000 people. A more indirect approach to utilizing hydropower was recently 

considered when a transmission project was proposed that would connect a power line between 

mainland Nunavut and Manitoba. Both governments have renewed a memorandum of 

understanding on a transmission line that would deliver hydroelectric power to Arviat and Rankin 

Inlet (CBC, 2016b). 

With momentum building towards a shift to renewables, policies are taking form that outline 

strategic objectives to improve energy system security, reduce reliance on fossil fuels, manage 

costs, reduce environmental impact, and provide new business and job opportunities. Recent 

decisions to develop net metering and independent power production policies (IPP) are 

considered ground-breaking. In the past, the Qulliq Energy Corporation Act, did not allow non-

QEC entities to generate power but with this new strategy there has been positive change. The 

public is responding and the IPP is opening the door for people who create their own power using 

http://www.winnipegfreepress.com/local/Manitoba-and-Nunavut-still-exploring-plan-to-build-hydro-line-winter-road-351908621.html
http://www.winnipegfreepress.com/local/Manitoba-and-Nunavut-still-exploring-plan-to-build-hydro-line-winter-road-351908621.html
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solar panels by helping them send excess energy to the community's power grid. Residents get a 

credit on their energy bill for the excess power they generate while using renewable sources. This 

type of net metering program is for customers who generate up to a maximum of 10kW of power. 

However, there is a limitation for the system and how much it can accept and, therefore, it only 

allows a certain number of people to take part in the program in each community. άv9/ is also 

involved in preliminary discussions with the territorial government about purchasing power from 

businesses that generate renewable power, or investing in its own renewable technology 

ƻǇǘƛƻƴǎέ ό/./Σ нлмсŘΣ ǇΦ мύΦ  

2.3.1 Outside Interests 

The AǊŎǘƛŎ Ƙŀǎ ōŜŜƴ ŀ ǘŀǊƎŜǘ ŀǊŜŀ ŦƻǊ Ƴŀƴȅ 9bDhΩǎ and research institutes that strive to 

emphasize the relationship between climate change and renewable energy. Organizations such 

as the World Wildlife Fund (WWF) and the Pembina Institute have been stressing the importance 

of de-carbonizing Arctic electricity for several years. The growing interest in researching clean 

energy options for the Arctic has led to several revealing studies that support the ideas of this 

project. 

In 2016, the University of Waterloo prepared a pre-feasibility report (Das & Canizares, 2016) for 

the WWF highlighting that renewable energy usage can provide 35% of the overall power supply 

in the five largest Nunavut communities. The restructuring would involve building a hybrid-diesel 

system with the existing power plants as a way to keep overall costs low.  The objectives of the 

study were stated as follows: 1) Determine 5-6 communities suitable for feasibility studies that 

will be used to build business cases for renewable energy deployment; 2) rank communities 

based on several criteria, such as project investment cost versus O&M savings or replacement of 

required diesel generators, at minimum costs and; 3) displace diesel fuel, not existing diesel 

capacity, by incorporating wind and solar plants and battery storage systems, so that local grids 

can be securely operated. The study selected communities that had the highest cost of energy 

combined with the most demand and highest access to renewable clean energy. Other costs such 

as equipment purchases, transportation, purchase points, and age of current generators were 
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considered. Findings in this report concluded that the most suitable communities for renewable 

installations to be Sanikiluaq, Iqaluit, Rankin Inlet, Baker Lake, and Arviat. 

2.3.2 Federal Support 

Supporting Indigenous communities in clean power projects has been, and continues to be, a 

major objective of federal governance. The Government of Canada has provided funding through 

several departments, including bŀǘǳǊŀƭ wŜǎƻǳǊŎŜǎ /ŀƴŀŘŀΩǎ όbw/ŀƴύ ecoENERGY for Aboriginal 

and Northern Communities program, and Indigenous and Northern Affairs Canadas (INAC) 

Community Opportunity Readiness Program. Ottawa also provides loan support through various 

business programs targeting Indigenous entrepreneurs, as well as research and development 

support through programs including Sustainable Development Technology Canada.  

As of 2015, the Canadian Energy Strategy includes a specific mention on reducing diesel reliance 

in off-grid communities. In July 2015, a Pan-Canadian Task Force consisting of all provinces and 

territories was created to tackle diesel fuel dependence in remote communities (Pembina 

Institute, 2016). In August 2016, NRCan announced the Energy Innovation Program with the 

objective to support energy technology innovation in northern communities. άPromises to ramp 

up infrastructure spending and accelerate the transition to cleaner energy are currently 

underway and the Government of Nunavut is looking for funding for a territorial energy transition 

that is long overdueέ (OpenCanada, 2016, p. 1). The federal government has since announced a 

$10.7 million budget to INAC over two years to implement renewable energy projects in off-grid 

Indigenous and northern communities, specifically.  

2.4 Social Considerations 

2.4.1 Social Assistance and Unemployment 

The Nunavummiut are faced with several social obstacles that create a lower than average 

standard of living for its people. Housing shortages are widespread, and most of the homes in 
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the territory are owned and managed by the Nunavut Housing Corporation. For those living in 

social housing, there appears to be no incentive to encourage energy efficiency and conservation 

behaviour. Nunavut is also challenged by unemployment that is twice the national rate, and social 

assistance is needed for everyday survival. Territorial statistics form 2013 indicate that 41% of 

the population received some form of social assistance. This type of dependency conflicts with 

the strong sense of values, resilience, and resourcefulness that have endured with the 

Nunavummiut for centuries. Today, the lack of education, skills and mobility continues to unravel 

the social and economic fabric of the territory. Lǘ Ƙŀǎ ōŜŜƴ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ άǘƘŜ territorial 

government must address the wide gap between job requirements and available skills and, if 

necessary, encourage employment mobilityέ (Government of Canada, 2015, p. 42). 

2.4.2 Health Effects of Diesel Usage 

In 2016, Health Canada published a rŜǇƻǊǘ ǘƛǘƭŜŘ άIǳƳŀƴ IŜŀƭǘƘ wƛǎƪ !ǎǎŜǎǎƳŜƴǘ ŦƻǊ 5ƛŜǎŜƭ 

9ȄƘŀǳǎǘέ (Health Canada, 2018). The newly published study concluded that diesel exhaust is 

carcinogenic in humans and is specifically associated with the development of lung cancer. A 

limited number of studies have investigated other cancers in association with exposure, but the 

evidence is inadequate to draw conclusions regarding causality. Overall, these conclusions are 

consistent with the categorization of diesel exhaust as a human carcinogen (Group 1) by the 

International Agency for Research on Cancer. Regarding non-cancer health effects and the 

potential causal role of diesel emissions in their development, a number of conclusions have been 

drawn. The evidence supports a causal relationship between acute exposure at relatively high 

concentrations and effects on the respiratory system, including increases in airway resistance 

and respiratory inflammation. The evidence reviewed suggests a relationship between exposure 

and: 1) adverse cardiovascular outcomes; 2) adverse reproductive and developmental effects 

and; 3) central nervous system effects. In general, it has been shown that sensitive 

subpopulations, such as the elderly, children, and asthmatics, can be at greater risk of adverse 

respiratory effects due to diesel emission exposure. Exposure of the elderly and asthmatics has 

been shown to increase respiratory inflammation, and exposure in children has been implicated 

in potential asthma development later in life. Overall, it is concluded that diesel exhaust is 
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associated with significant health impacts in Canada and efforts should continue to further 

reduce emissions of and human exposure (Health Canada, 2018).  While reducing emissions in 

rural Arctic regions may not have a profound effect on human health as say reducing emission in 

urban centers would, an initiative to do so would help set community health and environment 

standards and contribute to overall better practices.   

2.4.3 Traditional Attitudes and Renewable Energy 

Access to clean energy is only one of many challenges facing Indigenous people. At the 2017 

Renewables in Remote Communities Conference hosted by the Pembina Institute, Indigenous 

leaders spoke of the struggles in their communities. Organizations working to encourage 

renewable energy projects in communities were told to recognize the realities facing these 

communities, and ensure projects are consistent with the overarching objectives of healthy 

community development.  

Topics such as cultural reconciliation and decolonization are becoming more mainstream in 

conversations and media coverage across Canada. Reconciliation involves acknowledging the 

colonial settler history of Canada and working to build stronger, more positive relationships 

between Indigenous and non-Indigenous Canadians. Decolonization is about acknowledging the 

western institutional systems that were imposed on Indigenous people, and empowering 

Indigenous people to regain control of the institutions and decision-making processes that 

control their everyday lives. More Canadians are beginning to recognize the need for 

reconciliation and decolonization. The federal government has recently made encouraging steps 

by initiating a review of federal laws, policies, and practices to identify and remedy those that 

are not consistent with Canadian equality principles. Community-led renewable energy projects 

are one small but vitally important link to remedying this. Of the 36,000 people across Nunavut 

that depend on diesel for electricity generation and heating, over 84% are Inuit (Nunavut 

Tourism, 2018). Renewable energy projects encouraged by northern communities can lessen 

these health and environmental issues, provide economic opportunities, and harness energy in 

a way that is more compatible with traditional values of living in harmony with nature. Placing 

http://www.trc.ca/websites/reconciliation/index.php?p=312
https://medium.com/knowledgenudge/decolonizing-community-engagement-85ee3ad5369d
https://pm.gc.ca/eng/news/2017/08/28/new-ministers-support-renewed-relationship-indigenous-peoples
http://www.justice.gc.ca/eng/csj-sjc/principles-principes.html
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energy generation responsibility solely in the hands of the Nunavummiut, with no dependence 

on imported diesel, can be seen as a positive step towards reconciliation.  

2.4.4 U.N. Sustainable Development Goals and Nunavut 

The U.N Sustainable Development Goals (SDGs) are a collection of 17 global goals set by the 

United Nations in 2015 (Figure 5). The SDGs cover social and economic development issues and 

act as a framework for achieving global sustainable development. The initiative is a resolution 

adopted by the General Assembly and has been summed up ŀǎ ŀ ƎǳƛŘŜ ǘƻ άǘƘŜ ŦǳǘǳǊŜ ǿŜ ǿŀƴǘέΦ 

The SDGs started as a non-binding document released as a result of Earth Summit held in Rio in 

2012. The following is an excerpt from the vision statement:  

ά²ŜΣ ǘƘŜ IŜŀŘǎ ƻŦ {ǘŀǘŜ ŀƴŘ DƻǾŜǊƴƳŜƴǘ ŀƴŘ ƘƛƎƘ-level representatives, having 
met at Rio de Janeiro, Brazil, from 20 to 22 June 2012, with the full participation 
of civil society, renew our commitment to sustainable development and to 
ensuring the promotion of an economically, socially and environmentally 
sustainable future for our planet and for present and future genŜǊŀǘƛƻƴǎέ ό¦ƴƛǘŜŘ 
Nations, 2012, p. 1). 

In a recent speech to the United Nations General Assembly, Prime Minister Justin Trudeau 

ŀŦŦƛǊƳŜŘ ǘƘŀǘΣ άǘƘŜ {ǳǎǘŀƛƴŀōƭŜ Development Goals are as meaningful in Canada as they are 

everywhere else in the world, and we are committed to implementing them at home while we 

also work with our international partners to achieve them around the worldέ (Brookings, 2017, 

p. 1). !ƳƛŘ /ŀƴŀŘŀΩǎ many remarkable societal accomplishments, the country is not yet fully on 

track for any of the SDGs. Figure 6 shows a study by Brookings focusing on 73 of 241 SDG 

indicators, the results indicate:   

¶ 17 are on track, meaning on course for the SDG target. 

¶ 12 need acceleration, meaning they are currently on course to cover at least half the 

distance to the target but not yet the whole way. 

¶ 26 need a breakthrough, meaning they are currently on course to cover less than half the 

distance to the target. 
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¶ 18 are moving backwards. 

There is major disconnect when observing SDGs in relation to Indigenous groups. Indigenous 

people throughout the country tend to face the most severe overall disparities, including child 

poverty, food insecurity, access to medical care, reported violence, and confidence in public 

institutions.  

Climate Action is among the list of UN SDGs that require attention. Even though the distance to 

reaching the targets are small, the current trajectory is simply not fast enough. Canada still 

requires a breakthrough in its approach to climate change in order to meet its 2030 emissions 

targets. In an effort to accomplish this, it would be wise for governing bodies to invest heartily in 

ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƻǇǘƛƻƴǎ ŦƻǊ LƴŘƛƎŜƴƻǳǎ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ /ŀƴŀŘŀΩǎ ƴƻǊǘƘ. A restructuring of off-

grid diesel generation towards a cleaner energy option would also contribute to other SDGs that 

are lacking such as: (8) Decent Work and Economic Growth; (9) Industry, Innovation and 

Infrastructure; (11) Sustainable Communities; and (12) Responsible Consumption and 

Production. With a trickle-down effect resulting from renewable development, it has been 

suggested that Nunavut could see an increase in skilled labour training, global awareness, and 

overall quality of living. 

 

 

 

 

 

 



24 
 

Figure 5: UN Sustainability Goals 

 

(Brookings, 2017) 
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Figure 6Υ {ǳƳƳŀǊȅ ƻŦ /ŀƴŀŘŀΩǎ ŘƻƳŜǎǘƛŎ ǎǘŀǘǳǎ ƻƴ {5D ƛƴŘƛŎŀǘƻǊǎ 

 

(Brookings, 2017)
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Chapter 3: Methodology 

3.1 Solar Potential in the Study Area 

Solar photovoltaic systems have been recently been growing in popularity. Solar cells were first 

used in a prominent application when they were proposed and flown on a U.S. satellite in 1958, 

as an alternative power source to the primary battery power source. By adding cells to the 

outside of the body, the mission time could be extended with no major changes to the spacecraft 

or its power systems. Research into solar power for terrestrial applications became prominent in 

ǘƘŜ мфслΩǎ with the U.S. National Science Foundation's Advanced Solar Energy Research and 

Development Division (National Science Foundation, 2018). Following the 1973 oil crisis, oil 

companies used their higher profits to start solar firms, and were for decades the largest 

producers. Exxon, ARCO, Shell, Amoco, and Mobil all had major solar divisions during the 1970Ωs 

and 1980Ωs. Technology companies also participated, including General Electric, Motorola, IBM, 

Tyco and RCA (Reed Business Information, 1979). !ǎ Ŏƻǎǘǎ ōŜƎŀƴ ǘƻ ŘŜŎƭƛƴŜ ŘǳǊƛƴƎ ǘƘŜ мфулΩǎ ŀƴŘ 

мффлΩǎ ƳƻǊŜ ǘŜǊǊŜǎǘǊƛŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴǎ Ŏŀme online, and with subsequent improvements in 

efficiency the solar industry began to take-off. Recently, there has been tremendous 

advancements in efficiency and material reductions, with purchase prices as low as $0.50 per 

watt per panel.  

The first solar installation in Nunavut was built in 1995 when Arctic College installed solar panels 

on its main building in Iqaluit. The install is a 3.2 kW system producing 200 kWh of electricity 

annually, enough to power one classroom for a year. Despite being over two decades old, most 

of the 60 panels are still active and working at about 70-75% capacity (CBC, 2015). These panels 

are mounted on a vertical surface that ƛǎƴΩǘ ƻǇǘƛƳŀƭ ŦƻǊ ǎƻƭŀǊ ŎƻƭƭŜŎǘƛƻƴ, but does minimize losses 

due to snow collection (Figure 7). The array is estimated to have efficiencies ranging from 7-11%, 

depending on the time of year and sunlight conditions (Poissant, Y., Thevenard, D. & Turcotte, 

D., 2004). There have not been any large-scale PV systems installed in Nunavut, although several 

projects are currently being assessed. 

https://en.wikipedia.org/wiki/Primary_cell
https://en.wikipedia.org/wiki/1973_oil_crisis
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Figure 7: Solar PV Array vertically oriented on Arctic College in Iqaluit, Nunavut 

 

(CBC, 2015) 

3.1.2 Solar Mapping in the Study Area 

To determine the viability of a solar installation near Rankin Inlet a renewable energy simulation 

was conducted with RETScreen software. RETScreen is a free numerical simulation program 

developed by NRCan whereby it is possible to determine the solar exposure and potential energy 

productions for a given geographic area. The RETScreen simulation was designed to the specific 

power needs for the study area. Datasets used in RETScreen are provided by NASA and includes 

climatic variables such as daily horizontal solar radiation, and mean temperatures that were 

recorded from 1983-2005 (Figures 8 & 9).  
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Figure 8: Map of Solar Exposure for Nunavut and Study Area 

 

(NRCan, 2018b) 
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Figure 9: Daily Solar Radiation for Rankin Inlet 

 

(Adapted from RETScreen, 2018) 

3.1.2 PV Simulation Variables for the Study Area 

When determining simulation variables for RETScreen entry, the harsh Arctic environment should 

be considered. Therefore, it is important to simulate using robust PV modules, therefore, Jinko 

mono-Si JKM320 with a 16.49% efficiency were used. The azimuth for the simulation was set at 

0° and facing directly south. The tilt of the panels corresponds to the angle of orientation relative 

to the flat ground surface. The optimal angle for the study area is high due to the 62.8° latitude 

of the study area resulting in a low solar pathway relative to the horizon. Because of the latitude 

and of the possibility of snow interference, this simulation used a 90° tilt similar to that being 

utilized at Arctic College in Iqaluit. Energy losses occur in most PV systems due to substances like 

dirt and snow covering the cells. For the purpose of this study the losses were set to 10% based 

on losses occurred at the install at Arctic College. These systems are equipped with an inverter 

that converts DC power produced by the system to AC power required by the grid. Efficiency of 
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modern inverters is approximately 97%. Inverter capacity refers to the nominal output of the 

system in kW AC, and is determined based on the size and capacity of the overall system. Because 

there is an excessive amount of open space on the tundra near Rankin Inlet, An optimal PV 

spacing design is consider that results in no array losses or shading of any panels as a result of 

interference.  

After the values were entered for the RETScreen simulation a 13% capacity factor was 

determined for the array (Figure 10). The PV system for the simulation contain 10000 panels with 

an installed capacity of 3.2 MW and a 3.0 MWac.  

Figure 10: PV Plant Input Parameters for RETScreen Simulation 

 

(Adapted from RETScreen, 2018) 
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