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Abstract
In the last fifty years, Nunavut has developed a deep dependence on diesel for virtually all of its
energy needs, including electricity. This dependence has created a number of economic,
environmental and health related challenges in the territory, with an estimated 20% of the
territory’s annual budget being spent on energy, thereby limiting the Government of Nunavut’s
ability to address other essential infrastructure and societal needs, such as education, nutrition and
health care and housing. One solution to address this diesel dependency is the use of renewable
energy technologies (RETs), such as wind, solar and hydropower.

As such, this thesis explores energy alternatives in Nunavut, and through RETScreen renewable
energy simulations, found that solar power and wind power are technically viable options for
Nunavut communities and a potentially successful means to offset diesel-generated electricity in
Nunavut. However, through this analysis it was also discovered that accurate data or renewable
resources are often unavailable for most Nunavut communities. Moreover, through qualitative
open-ended interviews, the perspectives of Nunavut residents with regards to developing RETs in
Nunavut were explored, and it was found that respondents generally supported the use of
renewable energy in their communities, while acknowledging that there still remains a knowledge
gap among residents regarding renewable energy, stemming from a lack of communication
between the communities, government and the utility company. In addition, the perceived
challenges, opportunities and gaps that exist with regards to renewable energy policy and
program development were discussed with government policy-makers through further interviews,
and it was discovered that often government departments work largely independently of each
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other rather than collaboratively, creating gaps and oversights in renewable energy policy in
Nunavut.

Combined, the results of this thesis were used to develop a number of recommended policy
actions that could be undertaken by the territorial and federal government to support a shift
towards renewable energy in order to develop a sustainable and self-sufficient energy plan in
Nunavut. They include: gathering accurate renewable resource data in Nunavut; increasing
community consultations on the subject of renewable energy; building strong partnerships with
universities, colleges and industry; developing a knowledge sharing network; and finally
increasing accessibility to renewable energy programs and policies in Nunavut.
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Chapter 1
Introduction
1.1 Motivation
After traveling to Iqaluit in May 2009, I was overwhelmed with the beauty and vastness of the
territory. My curiosity was immediately peeked, and I began to learn about the Northern lifestyle
and the complexities of development in Nunavut. Paired with the ongoing stories I had heard
from a close contact in the community, it became clear that my research should focus on how to
support the territory as it faces never ending changes. With my growing interest in the field of
renewable energy, I chose to focus my Master’s research on the study of renewable energy
expansion in Nunavut.

1.2 Context
Canada’s North, considered by many as a picturesque example of pristine and untouched land has
recently been influenced by the urban sprawl in Canada’s South and has begun to face enormous
economic and infrastructure pressures from development. This has been especially true in
Nunavut, where there has been an ever-increasing amount of development and modernization in
the last fifty years. As communities abandoned their previously nomadic lifestyle to embrace life
in settled communities, Nunavummiut began using diesel fuel for all their energy needs,
including transportation, heating and electricity (GN, 2007b). However, a lack of alternative
energies, coupled with increasing electricity demand, has created a complete dependence in the
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territory on imported diesel (GN, 2007a; GN, 2007b), and a lack of alternative energy policies
and programs (GN, 2010b), which now threatens communities’ sustainability1.

There has been environmental change and degradation in Nunavut as a result of the regional
diesel-use in communities, including diesel spills in and around the communities and lower airquality from the diesel generator emissions (Abelsohn et al., 2002; Weir, 2002). These threats are
of serious concern in Nunavut, since Inuit culture plays a big role in communities, which depends
greatly on the land and wildlife. There are also a number of economic issues associated with
diesel-generated electricity; namely that the Government of Nunavut estimates it spends about
one fifth of its annual budget on energy each year (GN, 2007a; GN, 2007b; GN, 2010a), thereby
limiting the government’s ability to address other community problems, such as under funded
education programs (GN, 2009), inadequate health services (Egeland et al., 2010; NTI, 2005;
NTI, 2009), and overcrowded housing. Added to this, the cost of diesel is expected to increase in
the future, potentially making diesel-generated electricity an economically volatile energy source.

Though there has been little progress in reducing diesel dependency in Nunavut communities,
other parts of Canada have joined the rest of the global community (REN 21, 2009) as they begin
to take advantage of the economic and environmental benefits of renewable and appropriate
energy sources (Branker and Pearce, 2010; REN21, 2009). These renewable energy sources,
which include solar photovoltaic (PV) systems, wind turbines, hydroelectric power, tidal power,
geothermal energy and waste-to-energy, aim to meet environmental, cultural and economic
resource constraints of any localized community (St. Denis and Parker, 2009); critical issues that

1

Sustainability is defined here as “development that meets the needs of the present without compromising
the ability of future generations to meet their own needs" (Brundtland, 1987).
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must be addressed in many Nunavut communities. Consequently, renewable energy technologies
(RETs) have become a worthwhile potential energy resource option for Nunavut communities
(GN, 2007a).

1.3 Purpose and Objectives
The purpose of this thesis is to explore the various facets of integrating renewable energy into
Nunavut communities. In order to do this, this research focused on three specific areas, the
technical viability of renewable energy technologies (RETs) in Nunavut, the perspectives of
Nunavut residents regarding the integration of RETs in their community, and the perspectives of
government policy-makers regarding the opportunities, challenges and gaps that exist with
regards to developing renewable energy policies and programs in Nunavut.

1.3.1 Technical Viability of Renewable Energy Technologies in Nunavut
In Chapter 4, the technical viability of RETs in three case study communities in Nunavut: Iqaluit,
Rankin Inlet, and Resolute Bay were explored. The RETs were first screened for available data in
the region; then the potential energy output of wind and PV plants of equivalent size to the
current diesel plants was determined using numerical simulation for a number of data sets.
Secondly, the energy impact and economic impact are determined for each technology in the
three case study areas. These values are quantified by: i) percent of diesel generated energy saved
(kWh) by the RET system, ii) the amount of diesel fuel reduced (litres) by the RET system, iii)
the economic savings from unused diesel fuel, and iv) the potential to reduce GHG emissions.
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1.3.2 Nunavummiut Perspectives on RET Expansion in Nunavut
The second research step outlined in Chapter 5, was to explore the community viewpoints of
Nunavut residents through open-ended qualitative interviews in order to understand how
sustainable energy policies should be developed in the future for Nunavut. These interviews
explored the perspectives of Nunavummiut on the current energy situation in their communities
and potential future RET projects. The results of the interviews were analyzed using logical
analysis, pattern coding and content analysis, and helped identify actions that can be taken by
government to increase community acceptance of RET projects and policies in Nunavut.

1.3.3 Government Policy-makers Perspectives on RET Expansion in Nunavut
As seen in Chapter 6, the third stage of research was to understand why, despite enormous
promise, renewable energy policy in Nunavut has been slow-moving, qualitative interviews were
undertaken with a number of key policy-makers in the federal and territorial governments, as well
consulting firms and NGO’s whose focus is on Northern renewable energy. These interviews
provided a glimpse into the current and future departmental responsibilities with renewable
energy in Nunavut; and explored the existing challenges and opportunities that exist with regard
to developing renewable energy policy and programs in Nunavut.

1.3.4 Recommended Policy Actions
Finally, as outlined in Chapter 8, the final stage of this thesis was to combine the results of
Chapter 4, 5 and 6 in order to develop recommended policy actions that can be taken by the
territorial and federal government to increase the use of renewable energy in the territory, as well
as to develop appropriate renewable energy policies and programs for communities. Ultimately,
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these actions will support the territory’s shift towards a more sustainable energy plan, and reduce
Nunavut’s diesel dependence.

5
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Chapter 2
Background
2.1 Nunavut
Nunavut is one of three territories in Canada, and was established relatively recently by the
Nunavut Land Claims Act in 1999. The territory covers about 2 million square kilometers of land,
one fifth of Canada’s landmass; and most of this land is located North of 60˚ (GN, 2008a).
Figure 1 shows a map of Nunavut with an inset of the location of Nunavut in relation to the rest
of Canada.

Figure 1: Map of Nunavut (communities that were investigated as part of this thesis are
show by black stars)
6
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Currently Nunavut’s population is about 33,220 and is spread across twenty-five communities,
ranging in size from 150 to 6,832 people (Nunavut Bureau of Statistics, 2009; Nunavut Bureau of
Statistics, 2010). The communities are all remote, and rest upon complex terrain; as a result there
are no roads or rail connecting the communities (Statistics Canada, 2009). Therefore, everything
entering or leaving the territory including people, food, and fuel, depends on planes and sealift
(Joint Ventures Ltd, 2003).

Within Nunavut, each community is very different culturally, geographically, and economically
due to their locations. For example, many communities in Nunavut experience different degrees
of “light” and “dark” seasons, as well as varying average temperatures (GN, 2006). Because
communities in Nunavut are spread out geographically, it is essential that the case study
communities used in Chapter 4 are located across the different regions and latitudes. Accordingly,
Iqaluit, Ranking Inlet, and Resolute Bay were chosen for the energy simulations in Chapter 4, as
can be seen in Figure 1. In addition to varying geographic locations, these communities also
experiences varying weather and seasonal variations (GN, 2008b).

2.2 History of Nunavut and Nunavut Land Claims Act
Though Nunavut is Canada’s newest territory, it is rich in culture and history, as Inuit have been
living on the land for centuries (Crowe, 1974; GN, 2002; GN, 2008a). In 1993, the Canadian
landscape was forever changed with the signing of the Nunavut Land Claims Agreement Act
(NCLA) and the Nunavut Act (NCLA, 1993; Nunavut Act, 1993).

The NCLA, signed by the Inuit of the Nunavut Settlement Area, was based on four objectives:
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“(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 decisionmaking 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 wellbeing of Inuit.” (NCLA, 1993)

Ultimately, it provided the Inuit of the Nunavut Settlement Area rights to use and occupy the
lands, waters and land-fast ice within the region identified in Figure 1 (NCLA, 1993). It lay down
the foundations for self-determination, recognizing the need to reverse past government policies
that required Inuit to live in such a way that largely negated their social, economic and cultural
way of life (Creery, 1983; Wonders, 2003).

Simultaneously, in 1993, the Nunavut Act was signed, establishing the creation of a new territory
– Nunavut, meaning “our land” (GN, 2008a; Nunavut Act, 1993). This Act would only come into
force on April 1, 1999, upon which Nunavut separated from the Northwest Territories to become
Canada’s third territory (Chung and Hyslop, 2008). Nunavut is now Canada’s largest territory,
encompassing one fifth of Canada’s landmass (GN, 2008b), with a population of about 32,000
people, eighty-five percent of which are Inuit (GN, 2008a; GN, 2010a).

Upon separating from the Northwest Territories, discussions have begun to address the
devolution of rights between the Government of Canada (GC) and the Government of Nunavut
(GN), wherein a transfer of federal jurisdiction over the territory’s lands, resources and inland
8
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waters to the GN is established (GN, 2008c). While the GN, GC and NTI are currently in
negotiation to prepare a Devolution Agreement-in-Principle, there still remains no concrete
agreement between the three parties (GN, 2008c). Nonetheless, a Negotiation Protocol has been
developed to guide the devolution of rights and ensure that Nunavummiut maintain decisionmaking power regarding lands and resources in Nunavut (GN, 2008d). This is relevant to energy,
as is outlined in the 2002 Ikuma II Report by the GN, it is essential for the territory to control the
natural resources such as water, minerals and oil and gas in order to develop Nunavut’s energy
potential and self-reliance (GN, 2002). These documents followed a historical – fossil-fuel-based
and extractive mindset, which largely ignores the much larger energy potential of renewable
energy sources in the region.

2.3 Current Electricity Systems in Nunavut
Currently all twenty-five communities in Nunavut are overwhelmingly dependent on the use of
expensive imported diesel fuel for their electricity. A sole company, Qulliq Energy Corporation
(QEC), an agency of the GN (London Economic Press, 2004), provides this electricity.
Altogether, the QEC manages twenty-seven diesel plants spread across the territory, none of
which are interconnected due to the remote nature of the territory (London Economic Press,
2004); thus all communities operate as microgrids.

The territory currently has an installed capacity of 54.3MW of diesel-generated electricity, and
uses over 150 million litres of diesel each year in order to provide the territory with energy
(Centre for Energy, 2009; GN, 2010a). However, the diesel plants in Nunavut are very inefficient,
and convert only 35% of the embodied energy in the fuel into electricity (GN, 2007b). As a result,
the majority of the energy produced by the generators is wasted, as most of the communities do
9
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not take advantage of the 'waste heat' for cogeneration (GN, 2007b). This opportunity is being
partially capitalized on with some plants installing waste heat recovery systems, although this
initiative is still in the early stages of implementation (GN, 2007a).

Fuel supply in Nunavut is unique in that all fuel is shipped to communities by sea tankers since
there are no roads or rail connecting the territory to other Canadian regions (GN, 2007b). This
poses increased environmental concerns to communities, including the possibility of fuel spills,
which are expected to climb according to the GN (GN, 2007a). Additionally, because diesel
generated energy produces greenhouse gases and is an emission-intensive and polluting energy
source, there are increased air quality impacts on the communities (INAC, 2010a).

In addition, diesel-generated electricity is extremely expensive in Nunavut compared to other
parts of Canada (GNWT, 2008). In the 2007 Nunavut Energy Strategy, the GN (GN) estimated
that it spent about 20% of the territory’s annual budget on energy (GN, 2007a). This trend
continued, and in 2009-2010 the GN spent about $120M in order to buy 157M litres of fuel. The
GN estimates that in 2010-2011, the cost will increase to $136M for diesel fuel, and that the
current purchasing price is likely to rise in the future (GN, 2010a). There are many reasons for the
high cost of energy production in Nunavut, namely high diesel fuel prices, inefficient generators,
high transportation costs, and lack of integrated energy systems (GN, 2010a). Combined these
factors translate to very high electricity rates, ranging from 52¢/kWh in Iqaluit to 103¢/kWh in
Kugaruuk. Comparatively, Ontario electricity rates are only about 11¢/kWh (GNWT, 2008; QEC,
2011)2. Because these rates can be intrusively high, the GN has developed enormous subsidies for

2

It is instructive to note that these rates compare to the feed in tariff rates provided by the Ontario Green
Energy Act. For example, small residential solar PV systems in Ontario is currently 80.2¢/kWh and
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both residential and commercial electricity users, and in the 2007-2008 fiscal year it spent
$40.4M on energy subsidies (GN, 2010a). Utilizing this form of electricity subsidy is well known
to discourage energy conservation (GN, 2010a; Von Moltke et al., 2004) and thus a positive
feedback loop is in place further driving up energy costs for the government.

Finally, diesel-generated electricity has taken a toll on Nunavut’s environment and Nunavummiut
health. Diesel spills are often associated with the current energy situation in Nunavut, as all the
diesel fuel is imported into the territory by barge (GN, 2009). Such accidents have led to land
degradation (GN, 2008b), which is of serious to concern in Nunavut, as much of the population is
Inuit, and highly values and respects the land and environment (Freeman and Carbyn, 1988; GN,
2008a). Moreover, diesel generators produce extensive emissions, which have been linked to
creating reduced air-quality in the surrounding regions, and increased rates of asthma among
community residents (Abelsohn, 2002; Boulet et al., 1999; Ciencewicki and Jaspers, 2007;
Sigaud et al., 2007; Weir, 2002).

2.4 Current Renewable Energy Policies in Nunavut
Nunavut is not alone in this ongoing struggle to free itself of its dependence on diesel generated
electricity; however, communities facing similar energy dependency have begun to explore
cleaner and most cost-efficient alternatives, including increasing their use of renewable energy
technologies (RETs) (St. Denis and Parker, 2009). For instance, in 2009, Ontario created the
Feed-in-Tariff program, which encourages the development of renewable energy in Ontario
(OPA, 2008; OPA, 2010; Smitherman, 2009). Policies and programs such as the Ontario FIT,

44.3¢/kWh for MW scale-community systems (OPA, 2009).
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have in many cases, proven to be excellent drivers for economic and sustainable development,
and lend themselves well to Aboriginal communities that are struggling to gain self-reliance and
self-sustainability (Dignard-Bailey et al, 1998; McDonald, 2011; McLaughlin et al., 2010).

However, as Nunavut is a very young territory, and has been addressing a variety of policy issues,
it has yet to address the need for renewable energy (GN, 2007a). Though the government did
develop minor RET systems in various Nunavut communities in the 1980’s and 1990’s, there has
been very little push since then to develop renewable energy policy and programs in the territory
(Ascher, 2002; GN, 2007b; NRCAN, 1998; Nunavut Power, 2002).

In 2007, the Government of Nunavut did publish “Ikummatit – The Nunavut Energy Strategy”,
which outlined various steps that should be taken with renewable energy (particularly
hydropower), but has yet to follow up with an implementation strategy (GN, 2007a; GN, 2007b).

2.5 Federal and Territorial Involvement in Nunavut’s Energy Policy
As discussions regarding devolution of rights continue, a number of federal and territorial
departments remain involved in addressing Nunavut’s energy situation (GC, 2010; GN, 2008d;
GN, 2010b; GN, 2010c; GN, 2010d; GN, 2010e; INAC, 2010a; National Energy Board, 2011;
QEC, 2005).

Within the Government of Nunavut, the Department of Executive and Intergovernmental Affairs
(DIEA) and the Department of Community and Government Services (DCGS) play active roles
in developing energy policies and programs; while the Qulliq Energy Corporation (QEC),
provides all electricity to the territory, as a regulated monopoly (QEC, 2005). The DEIA houses
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the Energy Secretariat, a division responsible for the coordination and development of
comprehensive energy policy, will address the territory’s dependence on imported oil (GN,
2010b). At the same time, the DCGS focuses largely on developing energy-efficiency programs,
including the Nunavut Energy Management Program (NEMP), the Facility Energy Efficiency
Review, the Nunavut Energy Retrofit Program and Save 10 (GN, 2010d). In addition, within the
DCGS is the Nunavut Petroleum Products Division, which is responsible for the purchase,
transportation, storage and distribution of all petroleum products in Nunavut (GN, 2010e).

There are also a number of departments within the Federal Government that are involved in
expanding RET use in Nunavut through funding programs. The Department of Aboriginal and
Northern Development (AAND)3, has been the primary federal department that supports the
renewable energy development in Nunavut, most notably through their ecoENERGY for
Aboriginal and Northern Communities Program. The program provides funding to Northern
Aboriginal communities that want to develop RET systems (INAC, 2010a). However, with the
recent creation of the Canadian Northern Economic Development Agency (CanNor), much of
AAND’s role in Nunavut has been diminished, as the agency was created to take over Northern
Development programs in Canada (CanNor, 2011). Lastly, while only playing a small role in
Nunavut’s renewable energy development, the Department of Natural Resources Canada
(NRCAN) has developed national scale renewable energy programs through CanmetENERGY,
that have been applicable to remote Northern communities (NRCAN, 2009a; Poissant et al.,
2004).

3

AAND was formerly named the Department of Indian and Northern Development (INAC)
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2.6 Renewable Energy Technologies (RETs) in Nunavut
Renewable energy technologies have been developed across the world in all sorts of
environments; but recently Canada’s North has also begun to embrace the possibility of
integrating RETs into their remote communities (GN, 2007a). In 1987, Nunavut installed its first
RET system, a wind turbine, in Cambridge Bay (NRCAN, 1998). Now, as new technologies
emerge, there exists many RET systems that could provide Nunavut with renewable energy, and
ultimately reduce the territory’s dependence on diesel use (GN, 2007a). For example, recently a
vertical wind turbine, designed “to be simple and durable for Northern climates”, was introduced
at an Iqaluit trade show (Windeyer, 2010). These new technologies are especially promising in
Nunavut, given the substantial natural resources that exist in the territory, including annual solar
resources and wind resources.

Though there are many different RETs that could be used in Nunavut, this thesis will assess the
feasibility of a solar photovoltaic (PV) plant and wind turbine plant in three case study Nunavut
communities. Hydropower is also a viable solution to the territory’s diesel dependency; however,
there is a lack of available data that is necessary to simulate a hydropower plant in the given
communities (GN, 2007a; GN, 2007b).

2.6.1 Solar Energy in Nunavut
Solar photovoltaic cells, which convert sunlight directly into electricity, have been established as
a sustainable energy source for some time (Pearce, 2002). In Nunavut there is a single installed
small-scale solar PV array located on the south-facing facade of the Arctic College in Iqaluit
(Poissant et al., 2004) as seen in Figure 2. Mounting the PV on a vertical surface, although not at
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the optimal angle for solar collection of a clean surface has the advantage of having no snow
related losses and gaining substantial solar flux from snow albedo (Andrews and Pearce, 2011).

Figure 2: Solar PV Array located on the south facing side of the Arctic College in Iqaluit,
Nunavut

The PV system is grid-connected and has been functional since 1995 (Poissant et al., 2004). Since
being installed, the array is estimated to have produced 2,016 ± 200 kWh annually, with
efficiencies ranging from 7% to 11%, depending on the time of year and sunlight conditions
(Poissant et al., 2004).

Though there have not been any large-scale solar PV systems installed in Nunavut, there have
been projects and programs that have begun to assess the technical potential of PV in the North,
including the Photovoltaics for the North Program (Dignard-Bailey et al., 2007). This program
examined the barriers of increasing the PV market in Northern Canada (Malcolm et al., 1998) and
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showed that long-term deployment of solar PV in the community diesel grid would have the
greatest potential (Dignard-Bailey et al., 2007). In addition, projects including Northern
“adaptation kits” for PV systems have been developed through the Photovoltaics for the North
Program, which have helped to accelerate the removal of snow and ice build up on commercially
available PV modules (Dignard-Bailey et al., 1998; Ross and Usher, 1995). Essentially, these
adaptation kits consist of a black absorber foil and Lexan back cover that are bonded to the rear of
the panel, which combined collect the solar radiation that is incident on the rear panel and raise
the temperature of the panel, ultimately increasing snow and ice removal (Ross, 1995).

2.6.2 Wind Energy in Nunavut
Harnessing the kinetic energy of the wind using turbines, and converting it to electricity produce
wind energy. Accordingly, there is a cubic relationship between wind speed and the power
produced by wind turbines. Though there is little installed wind capacity in Nunavut, there have
been major technological advances made to decrease cold weather and icing problems
(CanmetENERGY, 2008). For instance, Yukon Energy modified wind turbines in Whitehorse to
account for the cold climate and rime icing by fitting them with StaClean coated blades and edge
blade heaters (Yukon Development Corporation and Yukon Energy, 2001). As a result, this has
made wind power a more viable option for Northern climates (Tammelin and Seifert, 2001).
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Figure 3: Wind Turbine located in Rankin Inlet, Nunavut

Currently, there exist very few wind turbine projects in Nunavut, two turbines in Kugluktuk, one
turbine in Rankin Inlet and another turbine in Cambridge Bay (Nunavut Power, 2002). However,
the turbines in Kugluktuk and Cambridge Bay are no longer in service (Nunavut Power, 2002).
The remaining turbine in Rankin Inlet still functions as seen in Figure 3, but does not provide any
substantial electricity to the Rankin Inlet power grid (Ascher, 2002; GN, 2007b). The lack of
wind power in the North can be attributed to the many challenges of using such a technology,
including a lack of wind turbine foundations, operation of control and brake systems and a lack of
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maintenance workers (GN, 2007b). Additionally, wind power depends on wind strength, which
makes this type of energy source sometimes unreliable and intermittent in regions where wind
speed varies (Hessami and Campbell, 2011).

2.6.3 Hydropower in Nunavut
Hydroelectricity is produced by capturing the energy created from the flow of water running
through the blades of a turbine. An appropriate use of hydropower in Nunavut is a run-of-river
system, since these systems use little or no storage and require low-head 4 water flow
(CanmetENERGY, 2005).

Currently in Nunavut there are no installed hydropower systems; however, in the last decade
QEC has begun exploring a potential hydropower plant near Iqaluit, which would provide the
community with all of its electrical power needs (George, 2007). However, one of the greatest
barriers to hydropower in Nunavut is the potential impact on the surrounding wilderness, and
more importantly wildlife (QEC, 2008). For this reason, hydropower projects must pass a number
of environmental assessments to ensure that there will be minimal impact to the surrounding
environment (QEC, 2008).

Though hydropower is a viable option for Nunavut, there is a lack of available data, which is
necessary to simulate hydropower plants. These measurements include the gross head, residual
flow, and design flow. However, given the limited government resources available to perform
hydropower surveys, this data has not been gathered for most Nunavut communities, including

4

Head is the vertical distance over which water flows as it moves from a higher area to a lower area
(CanmetEnergy, 2005).
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Rankin Inlet and Resolute Bay, though some measurements have been made for sites
surrounding Iqaluit. Because this data is unavailable, this thesis will not include a technical or
economic assessment of hydropower plants for the three Nunavut case study communities.
However, it is essential that a hydropower portfolio be developed for Nunavut in the future in
order to aid in future assessments of hydropower potential.

2.6.4 Other RETs in Nunavut
It is important to recognize that there are other RETs that could be successful in Nunavut as well.
These technologies include tidal power, waste-to-energy and geothermal.

Tidal power plants already exist in other Northern states, including one system in Kislo
Gubskaya, Russia (Industcards, 2010a), which has a capacity of 1.5MW (Industcards, 2010a). In
Canada, the federal government has begun to work on an atlas that outlines possible locations for
tidal power plants. Among these locations are a number of Nunavut communities, including
Frobisher Bay, which boasts one of the highest tides in the world of about 35 feet (Nunavut
Parks, 2010).

Waste-to-energy is also a viable option for Nunavut communities; especially in some of the larger
communities since waste generally accumulates in the local dumps rather than being removed
from the community (Pearson, 2008). There are currently a number of waste-to-energy plants
across the world, including some in cold regions such as Norway, which can produce upwards of
11.9MW (Industcards, 2007). The application of these systems in foreign cold climate regions
could be utilized in northern Canada; however, the incineration of municipal waste can produce
emissions, including CO2, N2 O, NOx, and NH3 (Johnke).
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Finally, geothermal, a technology already successful in many Arctic and sub-Arctic regions
including Russia and Iceland could also be developed in Nunavut (Industcards, 2010b). Recently,
a project was announced in the Northwest Territories, which would develop a demonstration
project in Ft. Liard able to provide 600 residents with heat and power (CanGEA, 2010). The
territory is hopeful that this project can be used as a model for future geothermal projects in
Northern Canadian communities (CanGEA, 2010).

Like hydropower, these technologies could prove to be successful in Nunavut; however because
they are relatively new technologies, lack resource data, and have not been adequately tested in
Northern communities, they will not be included in the technical or economic assessments
performed in this thesis. Nonetheless, as these technologies are further developed for Arctic
conditions, they could be a very viable option for Nunavut. This is especially true for tidal energy
given that the territory has some of the highest tides in the world.
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Chapter 3
Methodology

In order to propose tangible policy actions that will address all potential barriers to integrating
RETs in Nunavut, an interdisciplinary approach must be taken. Consequently, three distinct
methods were undertaken to address the scientific, and social science and policy aspects of this
project.

3.1 Renewable Energy Technology Simulations
To determine the technical viability of RET plants in Nunavut, three case-study communities
were chosen because of their geographic disparity and differential access to solar and wind
energy, they include: Iqaluit, Rankin Inlet and Resolute Bay. These specific communities were
chosen because they adequately represent the varying geographical location and size, and
community population of all of Nunavut’s communities. Upon completing the renewable energy
simulations in RETScreen (NRCAN, 2010), a free renewable technology numerical simulation
program developed by Natural Resources Canada, it was possible to determine the range of
potential renewable energy output for each community for both technologies, as well as the
potential fuel, energy, economic, and GHG emissions savings.

3.1.1 Natural Resource Mapping
Upon choosing the communities, wind and solar resource maps were developed for Nunavut
followed by an analysis of the technical viability of a solar photovoltaic plant and wind turbine
plant using different datasets for each technology in RETScreen. For solar energy, datasets were
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used from NASA and CERES climate databases, whereas wind energy simulations employed
NASA, CERES and Canadian Wind Atlas (CWA) datasets.

3.1.2 RETScreen Renewable Energy Simulations
The RETScreen simulations all followed a specific criterion to ensure uniformity and accuracy.
Each RET system was designed to have an equivalent potential power capacity as the current
diesel plant in the community. This would allow for following a previously developed dispatch
strategy for hybrid systems consisting of an RET and a combined heat and power source (Nosrat
and Pearce, 2011). Therefore, the systems designed in RETScreen are about 15 MW (Iqaluit),
5.5MW (Rankin Inlet), and 1.9MW (Resolute Bay).

The first dataset used in RETScreen was the default data provided by NASA. It includes climatic
variables such as daily horizontal solar radiation, mean wind speed and mean temperature
between 1983 and 2005 over a global grid of 1 degree or 111km in resolution (NASA, 2009).
Ground measurements and interpolations between 4,700 stations were used (NASA, 2009).

However, solar and wind datasets available from the Canadian Wind Atlas and Environment
Canada CERES (Canadien des Energies Renouvelables Eolienne et Solaire). The Environment
Canada CERES solar data is generated based on 1974-1993 monthly mean daily global insolation
data from 144 meteorological stations across Canada (Pelland et al., 2006). Insolation values
were interpolated over the country in a regular grid of 300 arc seconds ~10 km using thin-plate
smoothing splines as demonstrated in the ANUSPLIN model (Pelland et al., 2006).
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The Canadian Wind Atlas data was produced by running the statistical-dynamical downscaling
method, which involves the following steps: i) wind climate classification, ii) mesoscale
simulations, iii) statistical post-processing, and iv) microscale modeling (Canadian Wind Energy
Atlas, 2003). Mesoscale simulations used the Mesoscale Compressible Community model over
5km resolution tiles at 60N latitude (Canadian Wind Energy Atlas, 2003). Mean annual and
monthly wind speed and power were statistically output for three elevations: 30m, 50m and 80m
in MID/ MIF arcGIS-compatible files (Canadian Wind Energy Atlas, 2003). The 50m level was
chosen to develop a wind map illustration.

Solar Photovoltaic Plant
Each solar PV plant was designed using solar modules almost identical to those currently used in
Iqaluit, Nunavut - Shell mono-silicon SM55, which have a rated capacity of 55W. The specific
number of units in the system varies according to the community’s original installed diesel
capacity. In addition, RETScreen also requires a number of inputs, including slope, azimuth
angle, miscellaneous PV array losses, and inverter capacity, efficiency and losses. These values
are described in greater detail below, and summarized in Table 1 5.

The slope of the panels corresponds to the angle between the PV array and the horizontal, and the
optimal angle values for the three systems were determined using a sensitivity analysis without
accounting for snow-related losses. The azimuth angle refers to the angle between the horizontal
projection of the normal to the surface and the local meridian and was sent to 0°.

5

The inputs used in the RETScreen simulations were chosen based on prior simulations that have been
designed by NRCAN for communities in Nunavut and NWT.
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Miscellaneous losses occur in every system due to shading from dirt or snow, and were set to
10% based on work on the solar PV project at the Arctic College in Iqaluit, Nunavut (NRCAN,
2009b). The tilt angles of the PV were all relatively high due to the northern latitude of the case
studies and following building code estimates of snow covering on glass these losses would be
minimal 6.

The inverter converts the produced DC power from the PV system to AC power needed by the
loads. The inverter efficiency value used in a very similar system in Iqaluit, Nunavut was 85%
therefore the three case-study systems have been developed using this very conservative value
(RETScreen, 2009a). The 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. Finally, inverter losses
include other power conditioning losses, such as those incurred in DC-DC converters or in stepup transformers; usually this value is 0% (RETScreen, 2005).

Solar Photovoltaic Plant
Type and Model
Number of Units and
Capacity (kW)
Slope (º)
Azimuth (º)
Misc. Losses (%)
Inverter Capacity (kW)
Inverter Efficiencies (%)
Inverter Losses (%)

Iqaluit
Shell mono-Si SM55
290,000 units
15,900
59
0
10
16,500
85
0

Rankin Inlet
Shell mono-Si SM55
100,000 units
5,500
56
0
10
6,000
85
0

Resolute Bay
Shell mono-Si SM55
34,000 units
1,870
64
0
10
2,000
85
0

Table 1: Solar Photovoltaic Plant Input Parameters for RETScreen Solar Energy
Simulations
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Wind Turbine Plant
The three wind turbine plants are composed of Nordex N50-50m wind turbines; a similar system
is in use in Whitehorse, NWT (RETScreen, 2009b). Depending on the size of the plant and the
capacity required by the community, each system is composed of a differing number of units.
These values, as well as wind measurements and losses are further explained below and
summarized in Table 2 7.

The wind measurement refers to the height from the ground that the annual wind speed is
measured. Generally this measurement ranges from 3 to 100m; however, the most common value
is 10m and was used here (RETScreen, 2004).

The wind shear coefficient is the rate at which the wind speed varies at different heights from the
ground. In general, the coefficient for a smooth terrain will be much lower than that of a terrain
that contains large obstacles (RETScreen, 2004). Accordingly, since Iqaluit is located in rough
terrain a coefficient of 0.25 is used, while a coefficient of 0.15 is used in Rankin Inlet, where the
terrain is smooth and tundra-like. Because the terrain in Resolute Bay is a combination of smooth
and rough, a value of 0.20 was used.

Array losses are a result of the interaction between wind turbines in a wind farm, and can be
impacted by the turbine spacing, orientation, site characteristics and topography; therefore, if a
single wind turbine is installed, the array losses will be 0%. The systems designed in this thesis

6

7

Extensive research is being done by the Queen’s University Applied Sustainability Research group to
determine the losses associated with snow cover on solar panels (Andrews and Pearce, 2011).
The inputs used in the RETScreen simulations were chosen based on prior simulations that have been
designed by NRCAN for communities in Nunavut and NWT.
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are composed of a small number of wind turbines therefore the values used range from 8 to
10% (RETScreen, 2004).

The airfoil losses for a wind turbine plant are commonly referred to as the icing losses – losses
incurred from build-up on the blades of bugs or ice (RETScreen, 2004). Values generally range
between 0 to 10% depending on the environment where the system is installed. For Nunavut
communities, the airfoil losses are high and the maximum was used because of the cold climate
and likely ice build-up on the wind turbine blades.

Miscellaneous losses occur because of the system starting and stopping, off-yaw operation, high
wind and cut-outs from wind gusts; average values range from 2 to 6% (RETScreen, 2004).
Because most Nunavut communities experience somewhat high wind gusts (Hudson et al., 2001),
a value of 4% was used in the simulations.

Finally, the availability of the system is the percentage of time that the system is running. The
availability of a system will decrease with scheduled maintenance, wind turbine failures and
station and utility outages. In the past, wind turbines in Nunavut have been unpredictable and
have frequently experienced downtime because of maintenance and failures; therefore a value of
90% was used in the simulations (Nunavut Power, 2002).
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Wind Turbine Plant
Type and Model
Number of Units and
Capacity
Wind Measured at (m)
Wind Shear Coefficient
Array Losses (%)
Airfoil Losses (%)
Misc. Losses (%)
Availability (%)

Iqaluit
Nordex N50
50 m
19 units
15,200
10
0.25
10
10
4
90

Rankin Inlet
Nordex N50
50 m
7 units
5,400
10
0.15
10
10
4
90

Resolute Bay
Nordex N54
50 m
2 units
2,000
10
0.2
8
10
4
90

Table 2: Wind Turbine Plant Input Parameters for RETScreen Wind Energy Simulations

Energy Savings, Diesel Fuel Savings, Economic Savings and GHG Savings
Using the results generated in RETScreen, the potential energy output of the RET system was
determined for each community. Combined with data for the total electricity used in each
community, obtained from the GN, the overall percent of diesel generated kWh saved (P) in a
year can be determined using:

P = [(ERE)x(100)]/[ET]

[%]

Equation 1

Where ERE is the annual potential energy output of the RET system in a community in kWh, and
ET is the total electricity used in a given community in kWh, obtained from the GN database.

Furthermore, the amount of diesel fuel saved using a RET system can be determined from:

DS = (ERE)/(3.6 kWh)

[L]

Equation 2
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Where ERE is the potential energy output of the RET system in a community in kWh, and 3.6
kWh is the electrical energy equivalent of each litre of diesel burned in Nunavut (GN, 2007b).

The economic savings (S) produced from unused diesel fuel can be determined using:

S = (DS)x($0.76)

[$CAD]

Equation 3

Where S is the economic savings in dollars and $0.76 is the purchasing price of diesel fuel in
2009-2010 (GN, 2010a).

Finally, the greenhouse gas emissions savings were calculated by:

GHG= (DS) x (2.6391) [kg of CO2 eq]

Equation 4

Where GHG is the greenhouse gas emissions savings in kg of CO2 equivalent and 2.6391 is the
conversion factor for diesel fuel to greenhouse gas emissions (Defra, 2009).

3.2 Qualitative Interviews with Nunavummiut Regarding Renewable Energy
Expansion in Nunavut
To properly address the complexity of sustainable community-based development, it is essential
to gain approval and buy-in from community members (Hall, 1992; Loka, 2002). For this study,
community members were considered residents of the community for at least 5 years, while in
many cases respondents had lived in Nunavut their whole life. Qualitative open-ended interviews
offer an opportunity to learn participants’ judgments and terminology and explore the
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complexities of their perceptions and experiences (Israel et al., 2005; Patton, 1990). As such,
this study utilized qualitative open-ended interviews to explore Nunavummiut perspectives and
acceptability of RETs for their communities, and draw conclusions regarding how these
perspectives could be used to help guide policy-makers as they develop future renewable energy
policies in Nunavut.
Prior to beginning the interviews, ethics approval was obtained from the Queen’s University
General Research Ethics Board (GREB) as well as the Nunavut Research Institute (NRI). For
both research licenses applications were submitted, which included a research proposal, letter of
consent, letter of information, and a set of interview questions (Queen’s University, 2011; NRI,
2011).

3.2.1 Data Collection
In determining the pool of respondents for the interviews, three specific Nunavut communities
were chosen based on location, population size and accessibility: Iqaluit, Rankin Inlet, and
Resolute Bay. Within each community, approximately 10 community members were asked to
participate in short open-ended qualitative interviews, and if agreed to, these interviews were
digitally recorded for accuracy. Respondents were identified in a reputational manner beginning
with an original personal contact in Iqaluit, and continued based on the recommendation of other
researchers in the field (Laumann and Knocke, 1987). To ensure a variety of Nunavummiut
perspectives, interviewees were both Inuit and non-Inuit residents, resided in small and large
communities across Nunavut, and lived in diverse social conditions. However, while the results of
the interviews provide insight into what many Nunavummiut perceive with regards to renewable
energy, it should be noted that this is only a small sample of Nunavut residents.
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The primary interview method employed was the semi-structured interview technique,
whereby a pre-determined set of questions was used, but the sequence and wording of the
questions varied during the course of the interviews (Mikkelsen, 2005; Patton, 1990); however, in
some cases, interviews followed the informal conversational interview technique (Patton, 1990).
Generally, interviews lasted between 10-30 minutes and aimed to determine community
members’ perspectives on diesel use in their community and their view on the potential
introduction of RETs.

3.2.2 Data Analysis
Three qualitative data analysis methods were employed to explore the perspectives of
Nunavummiut. First, pattern coding was used to assess the overarching concepts that existed
within the results of the interviews. These concepts helped separate the results of the interviews
into categories; (1) perceived impacts of diesel, (2) perspectives on renewable energy, (3)
perceived factors hindering renewable energy expansion and, (4) perceived potential positive and
negative policy actions. Building on this, content analysis was used to determine the frequency of
use of indigenous terms in order to further breakdown ideas into sub-categories and assess what
issues respondents believe are most important to address as new policies are developed (Miles
and Huberman, 1984; Patton, 1990). Upon completing pattern coding and content analysis,
logical analysis was finally employed in order to provide a discussion of the underlying themes
within the interviews (Patton, 1990) that may have influenced their understanding and
perspectives of renewable energy use in Nunavut.
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3.3 Qualitative Interviews with Government Policy-Makers, NGOs and
Consultants Regarding Renewable Energy Expansion in Nunavut
In order to obtain an overview of current policy thinking, challenges and opportunities on
renewable energy in Nunavut, a series of qualitative interviews with key government policymakers and government consultants were completed, since qualitative interviews provide a
glimpse into participants’ opinions and perspectives (Patton, 1990). Respondents were chosen
based on their field of work within a Northern remote community and renewable energy context,
and originated from the territorial and federal governments, as well as NGO’s and consultants
whose work relates to Northern renewable energy. Prior to beginning the interviews, appropriate
ethics approval was obtained from the Queen’s University General Research Ethics Board
(GREB) and the Nunavut Research Institute (NRI) (NRI, 2011; Queen’s University, 2011).
Moreover, data collected was stored following GREB protocol.

3.3.1 Data Collection
A number of key territorial and federal government officials were interviewed, as well as
government consultants whose work strongly relates to Northern renewable energy. Respondents
were determined through the reputational approach developed by Laumann and Knocke (1987),
whereby respondents were identified through personal contacts in the communities and on the
recommendation of other researchers in the field. Snowball sampling was also employed
following Erickson, whereby an initial sample of respondents is chosen, and networks or chains
of contact are developed from this first set of interviewees until some set termination criterion is
met (1978). While snowball sampling can lead to bias in opinions if a given pool of interviews is
extensive (Laumann and Knocke, 1987) the field of renewable energy in Nunavut is very limited,
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and therefore the pool of respondents is very small – this in turn reduced the opportunity for
bias to develop.

The interviews lasted between a half hour to one hour and followed the semi-structured interview
technique (Patton, 1990). The questions aimed to explore, through a policy lens, what the current
status of renewable energy policies and programs are in Nunavut and the challenges and barriers
that government departments have faced and continue to face as they explore the introduction of
RETs in Nunavut.

3.3.2 Data Analysis
Being that data collection was done through qualitative interviews, the majority of the data
analysis was qualitative as well. Case analysis (Patton, 1990) was used to explore and synthesize
the various federal and territorial department involvement in renewable energy policy and
programs in Nunavut. Next, data was analyzed using content analysis (Patton, 1990) to examine
the major opportunities and barriers that respondents feel exist with regards to introducing
renewable energy into Nunavut communities, as well as the short and long-term actions that
respondents anticipate their department will take in the future. Finally, logical analysis (Patton,
1990) and pattern coding (Miles and Huberman, 1984) were employed to explore the underlying
patterns and themes.

32

33

Chapter 4
Technical Viability of Solar and Wind Electricity in Three Nunavut
Case Study Communities

4.1 Natural Resource Mapping
Firstly, solar and wind resource maps, as seen in Figures 4 and 5, were created following the
methods outlined in Section 3.1.
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Figure 4: Map of Nunavut Solar Resources (Three case study communities are marked)
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Figure 5: Map of Nunavut Wind Resources (Three case study communities are marked)
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A number of communities can be considered to have high solar or wind resource potential
(Figures 4 and 5); which make them a successful candidate for introducing RETs. This is
supported by the results of the RETs simulations, which compare the potential energy output of
the RET systems to the current diesel electricity use in the community, and consequently show
the diesel energy savings, diesel fuel savings, economic, and emissions savings following
equations 1-4.

4.2 Renewable Energy Technologies in Iqaluit, Nunavut
The current diesel plant capacity in Iqaluit is 15MW and produced a total of 54,640,500 kWh in
2009-2010. A solar PV and wind plant of equivalent capacity were designed using RETScreen.

First, using two sets of solar data, NASA and CERES, the annual potential solar energy output
was found to be 18,179,900 kWh and 20,539,500 kWh respectively. The monthly kWh produced
compared to the electricity use of the community in 2009-2010 is shown in Figure 6. In addition
the percent of the load that can be met with the PV system is shown in Table 3 for the NASA and
CERES data.
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Figure 6: Potential RETScreen Solar Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Iqaluit

Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly %
PV NASA
19%
30%
58%
70%
63%
45%
37%
29%
22%
17%
14%
11%
33%

Monthly %
PV CERES
26%
43%
79%
80%
64%
43%
36%
28%
20%
22%
20%
11%
38%

Table 3: Potential RETScreen Solar Electricity Output (NASA and CERES) versus Current
Diesel Electricity Use for Iqaluit
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Similar to solar energy, two data sets, NASA and CERES, were used to determine the potential
energy output of an equivalently sized wind system. The system using NASA wind energy data
was found to provide 26,721,000 kWh, while the system using CERES data was found to provide
26,991,000 kWh. A comparison of the monthly electricity outputs of the two systems to the actual
electricity use of the community in 2009-2010 was also determined (Figure 7). The percentage of
the load for the two data sets is shown in Table 4.

Figure 7: Potential RETScreen Wind Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Iqaluit
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Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly %
Wind NASA
42%
44%
32%
55%
64%
48%
28%
34%
45%
59%
57%
38%
46%

Monthly %
Wind CERES
50%
44%
54%
64%
70%
49%
28%
37%
40%
55%
64%
42%
49%

Table 4: Potential RETScreen Wind Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Iqaluit

From the total electricity used by the community and the potential electricity outputs of the RET
systems, the overall percent of kWh saved in a year was found to be between 33-38% for the
solar PV plant and between 46-49% for the wind turbine plant. Additionally, the diesel fuel
savings was found to between 5,049,972 and 5,705,417 litres using a solar PV system and
between 7,422,500 and 7,497,500 litres using a wind system. The economic savings provided
from not purchasing Ds was found to be between $3.8M and $4.3M for solar PV and around
$5.6M for wind. Finally, GHG savings for the two systems was found to be between 13.3M and
15M kg CO2 equivalent and 19.6M and 19.8M kg CO2 equivalent for solar and wind respectively.
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4.3 Renewable Energy Technologies in Rankin Inlet, Nunavut
The current diesel system in Rankin Inlet has a capacity of about 5,500 MW, and produced
14,877,101 kWh in 2009-2010. Solar PV and wind systems of equivalent capacity were designed
in RETScreen using available NASA data.

For the solar system, it was determined that the potential electricity output was 6,872,500 kWh.
Figure 8 provides a graphical representation of the monthly potential electricity output of the
solar PV system compared to the actual electricity use in Rankin Inlet in 2009-2010, while Table
5 summarizes these monthly values in percent.

Figure 8: Potential RETScreen Solar Electricity Output (NASA) versus Current Diesel
Electricity Use for Rankin Inlet
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Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly %
PV NASA
18.6%
34.1%
43.5%
67.0%
79.6%
76.2%
74.4%
58.7%
44.4%
43.5%
25.6%
9.6%
46.2%

Monthly %
PV CERES
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Table 5: Potential RETScreen Solar Electricity Output (NASA) versus Current Electricity
Use for Rankin Inlet

A similar system was created for wind energy, and the total energy output of this system was
found to be 19,720,731 kWh. Monthly electricity outputs are compared to the actual electricity
use in Rankin Inlet in Table 6 and Figure 9 below.
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Figure 9: Potential RETScreen Wind Electricity Output (NASA) versus Current Diesel
Electricity Use for Rankin Inlet

Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly %
Wind NASA
137.4%
131.7%
129.1%
133.1%
130.6%
119.4%
110.3%
124.5%
140.1%
152.4%
143.1%
132.6%
132.6%

Monthly %
Wind CERES
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Table 6: Potential RETScreen Wind Electricity Output (NASA) versus Current Diesel
Electricity Use for Rankin Inlet
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8

Using NASA data the values determined from the RETScreen simulations show that the
overall percent of kWh saved using the solar PV and wind systems could provide 46% and 133%
respectively. The fuel saved using the solar PV system would be about 1,909,028 litres, while the
economic savings from this system would be about $1.4M and the GHG savings would be 5.0M
kg CO2 equivalent. However, because the wind system could provide more electricity than is
currently used in Rankin Inlet, the diesel fuel saved in the community would be equivalent to that
which was used in 2009-2010, which is about 4,132,528 litres. Moreover, the economic savings
provided from saving all the fuel currently used in the community would be about $3.1M and the
GHG savings would be 10,906,154.79 kg CO2 equivalent.

4.4 Renewable Energy Technologies in Resolute Bay, Nunavut
Resolute Bay is much smaller than the first two case studies and therefore, has an installed diesel
capacity of only 1,860 MW; and in 2009-2010, the community used 4,214,059 kWh. Systems of
equivalent capacity were designed in RETScreen using data from NASA and CERES.

The results of the solar simulations determined that the potential electricity outputs would be
between 2,083,666 and 2,089,673 kWh. Figure 10 and Table 7 provide a comparison of the
monthly potential electricity output of the solar systems compared to the 2009-2010 electricity
use in Resolute Bay.

8

NASA is the only available data set for Rankin Inlet, as this community is not included in the CERES
database.
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Figure 10: Potential RETScreen Solar Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Resolute Bay

Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly %
PV NASA
0%
43%
84%
126%
126%
94%
70%
42%
34%
31%
0%
0%
50%

Monthly %
PV CERES
0%
43%
87%
126%
123%
91%
70%
40%
34%
34%
0%
0%
49%

Table 7: Potential RETScreen Solar Electricity Output (NASA and CERES) versus Current
Diesel Electricity Use for Resolute Bay
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Wind energy simulations were also done in RETScreen using NASA and CERES data, and the
total energy output was found to be between 1,432,500 and 1,451,389 kWh. The monthly energy
outputs are summarized in Table 8 and a graphical comparison of these outputs to the actual
energy use in Resolute Bay is shown in Figure 11.

Figure 11: Potential RETScreen Solar Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Resolute Bay
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Month
January
February
March
April
May
June
July
August
September
October
November
December
Total

Monthly % Wind
NASA
117.16%
119.56%
101.85%
118.23%
126.65%
130.67%
143.45%
140.74%
156.79%
152.23%
127.44%
120.72%
128.27%

Monthly %
Wind CERES
129%
123%
145%
150%
134%
117%
115%
127%
113%
118%
108%
105%
122%

Table 8: Potential RETScreen Wind Electricity Output (NASA and CERES) versus
Current Diesel Electricity Use for Resolute Bay

From the results of the RETScreen simulations, the overall percent of kWh that could be provided
by a solar PV system was found to be between 49-50% and between 122-128% for a wind
system. From these values it was determined that a solar PV system would save between 578,796
and 580,465 litres of diesel fuel, between $439,885 and $441,153, and between 1,527,501 and
1,531,904 kg CO2 equivalent. Alternatively, because the wind system could provide enough
electricity to replace the total current electricity use in the community, Ds is equal to the diesel
fuel used in 2009-2010, which was 1,170,572 litres. In addition, the economic savings from this
saved diesel fuel would be about $889,634 and the GHG savings would be 3,089,256.42 kg CO2
equivalent.
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4.5 Summary of Results
Diesel

Solar PV System

System

(potential)

54,640,500

18,179,900 – 20,539,500

26,991,000 – 26,721,000

100 %

33-38%

49%

15,177,917

5,049,972 -5,705,417

7,422,500 -7,497,500

11.5M

3.8M – 4.3M

5.6M

GHG (kg CO2 eq)

40,056,040

13,327,38 -15,057,165

19,588,72 -19,786,652

Annual kWh

14,877,101

6,872,500

19,720,731

100 %

46%

> 100%

4,132,528

1,909,028

4,132,528

3.1M

1.4M

3.1M

GHG (kg CO2 eq)

10,906,155

5,038,115

10,906,154

Annual kWh

5,395,000

2,083,666 – 2,089,673

5,157,000 - 5,225,000

100 %

49-50%

> 100%

1,172,405

578,796 - 580,465

1,172,405

891,028

$439,885 - $441,153

891,028

3,089,256

1,527,501 - 1,531,904

3,089,256.42

Community
Iqaluit

Annual kWh

~15 MW

% kWh

Capacity

Diesel Fuel (litres)
Economics ($)

Rankin Inlet
~5.5 MW

% kWh

Capacity

Diesel Fuel (litres)
Economics ($)

Resolute Bay
~1.0MW

% kWh

Capacity

Diesel Fuel (litres)
Economics ($)
GHG (kg CO2 eq)

Wind System (potential)

Table 9: Summary of kWh savings, diesel fuel savings, economic savings, and GHG savings
for three case study communities (Iqaluit, Rankin Inlet, Resolute Bay)

From Table 9, it is evident that there could be substantial savings provided by integrating a solar
PV or wind system in Iqaluit, Rankin Inlet and Resolute Bay. This is especially true for the wind
systems in Rankin Inlet and Resolute Bay, where the yearly potential wind electricity output of
the systems could cover more than 100% of the actual electricity used in the community when
sized at the same capacity as the current diesel generators. Additionally, solar PV could provide a

47

48
third to a half of the diesel electricity reductions in the three communities, and thus
considerably decrease diesel fuel use.

However, it is also apparent from Table 9 that the results of the RETScreen simulations have a
considerable variance according to the resource data set used. As RETScreen uses the NASA
climate database as its default data set, the discrepancies between this data set and the two
independent data sets was determined; the results are outlined in Table 10.
As can be seen in Table 10, the discrepancies between the NASA and CERES data for both solar
and wind simulations is relatively low. It was found that the simulations that employed CERES
data were between 0.3-12% of the default NASA data results. This is likely because both data sets
are measured values at specific locations (Tiogson, 2004). CERES provides data for 144
Canadian locations for the 1974-1993 period, including global, direct beam, and diffuse solar
radiation on a horizontal surface and 31 tilted surface orientations including 1 sun-tracking
surface, referred to as FTS (follow the sun). Global horizontal radiation was measured at only
about 25% of the locations, and simulated at the remaining stations using the MAC3 model
(Davies et al., 1984). Global radiation on non-horizontal surfaces was modeled from horizontal
radiation for all locations using the Hay model (Hay, 1979). Mean bias errors for the Hay model
typically ranged from 5 to 10% for a variety of tilted surface orientations (Pelland et al., 2006). In
addition, data for 8 meteorological stations in Alaska, which was extracted from the U.S. National
Solar Radiation Database that covers a similar period (1961-1990) and provides monthly and
annual mean radiation data, was also added due to concerns over data scarcity in the far north
(Pelland et al., 2006). On the other hand, the SSE data set contains measurements of global solar
energy for 1195 ground sites and over 200 satellite-derived meteorology and solar energy
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variables averaged over 22 years (1983 - 2005). Thus, SSE and CERES must be compared
carefully and small errors can be expected in the estimations of photovoltaic yield.

Contrarily, there was a large discrepancy between the NASA data simulations and the Canadian
Wind Atlas data simulations. As seen in Table 10, these discrepancies were between 10.5-70%.
The reason for this large discrepancy is due to the way the Canadian Wind Atlas data is
generated. This data is simulated and validated using a set of long-term anemometric stations
operated and archived by Environment Canada in larger cities that had at least 30,000 records
(Benoit et al., 2004). Moreover, this data was extrapolated from 50m by a logarithmic formula to
a 10m level (Benoit et al., 2004). However, because Nunavut communities are very remote and
are not largely populated, it is likely the data in this region was overlooked in the validation and
is therefore not very accurate (Benoit et al., 2004).

Iqaluit

Rankin Inlet

Resolute Bay

NASA versus CERES

+11.5%

N/A

-1.3%

NASA versus CERES

+1.0%

N/A

-0.3%

NASA versus Wind Atlas

+69.9%

-10.5%

-45.5%

Error
SOLAR
WIND
Table 10: Discrepancies between Default RETScreen Data Set (NASA) and Independent
Data Sets (CERES and Canadian Wind Atlas)

49

50

Chapter 5
Communities Voices: Perspectives on Renewable Energy in Nunavut

Through pattern coding and content analysis, a number of ideas were discussed by the
interviewees, which explore the various perspectives of Nunavut residents with regards to diesel
use and renewable energy expansion in their communities. These results are especially important
in Nunavut in order to follow the spirit of Inuit Qaujimajatuqangit9 (IQ), and can provide policymakers with an understanding of what concerns communities may have regarding RETs and what
steps should be taken in order to gain community support or to address community concerns.10

5.1 Impacts of Diesel Use on Nunavut Communities
To understand the potential positive impact that respondents believe renewable energy may have
in their community, it is important to explore the perceived impacts of the current diesel use.
Respondents were asked to describe, in their opinion, the current electricity situation in their
community, and any impacts they have seen from it. The residents identified five major impacts:
i) environmental impacts, ii) economic impacts, iii) total reliance on diesel (lack of back-up
electricity and alternatives), iv) noise pollution and v) health impacts. Figure outlines the number
of respondents that identified each impact in their interview.

9

Inuit Qaujimajatuqangit guides policy development in Nunavut, and is supported by the principles of
Aajiiqatigiingniq (consensus decision-making), Piliriqatigiingniq (working together for a common
purpose), Qanuqtuurungnarniq (being resourceful to solve problems), Avatittinnik Kamatsiarhiq
(environmental stewardship) (GN, 2007a; GN, 2005).
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Figure 12: Results of Interviews with Nunavut Residents -- Perceived Impacts of Diesel Use
in Nunavut communities

As can be seen in Figure 12, the impact most identified by residents was that of diesel on the
environment; often described as the discharge of emissions into the communities, causing air
pollution; however, some noted other environmental impacts such as fuel spills, brown smoke
covering Frobisher Bay and blue smog surrounding Fjords in Arctic Bay. These last two impacts,
as identified by respondents, were what they believe, direct impacts of the emissions from the
diesel generators.

The second most frequent impact that respondents discussed in their interviews was the perceived
negative economic impact that diesel use has had in their communities. Generally residents
expressed that the cost of electricity poses a serious economic stress on their day-to-day life. A
mayor disclosed that in some extreme cases he has witnessed “people [going] with no clothes” as
they struggle to maintain their economic livelihood given the high cost of electricity and heat.
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The third most mentioned impact, identified by five respondents, is the lack of back-up
electricity options in the communities as a result of the virtually complete reliance on diesel. As
one Rankin Inlet resident explains, this puts the community in a precipitous situation as the
community has experienced power outages in the middle of the winter because of broken down
diesel generators. He further explained that this is because the Nunavut energy portfolio relies
mainly on diesel, and has no back-up energy systems built into the isolated grid. Finally,
respondents explained that because the QEC has a monopoly of Nunavut’s utilities, there are no
alternative (independent) energy sources for community members to choose from if they prefer
not to use diesel-generated power.

Other impacts identified by respondents include noise pollution from the generators and various
health impacts within the community. One Resolute Bay resident explains, “the power plant is
(…) anti-Arctic in some ways because it make a hell of a lot of noise!” Later, this same resident
explains that the diesel generators have, in his opinion, created a lower quality of air for people in
the community, and that this is likely occurring across the territory.

Understanding the perceived impacts of diesel use on communities is important for two reasons.
Firstly, it provides policy-makers with an understanding of the concerns that Nunavummiut have
with regards to RETs, which can then be used as a baseline to help guide new RET policies and
programs as they are developed. Secondly, because sustainable community-based development
requires approval and buy-in from community members, by mitigating the concerns of
Nunavummiut with regards to diesel, it is more likely that communities will support RETs.
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5.2 Nunavummiut Perspectives on Renewable Energy Technologies
The results of the interviews revealed that Nunavummiut perspectives of RETs varied greatly
with respect to each technology (solar energy, wind energy and hydropower). These attitudes
could be grouped into three categories: (1) positive perspective of RETs, (2) negative perspective
of RETs and, (3) no perspective of RETs. The number of respondents that fall into each category
for the three different RETs is shown in Figure 13.

Figure 13: Nunavut Residents’ Perspectives of Renewable Energy Technology and Use in
Nunavut Communities

It can be drawn from the responses that residents perceive certain technologies more positively
than others; specifically, more residents view solar and wind energy in a positive light, whereas
hydropower is viewed much more negatively. The reasons behind these perspectives are explored
below for each of the three technologies.
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Solar Energy
In discussing the use of solar energy in Nunavut, nine residents believed that it could be
successful in their community, while seven felt that it should not be pursued as an alternative to
diesel. In both cases, the discussion of solar energy focused largely on the solar resources that
exist in Nunavut. Respondents who supported solar energy felt that it should be explored, given,
from their perspective, the excellent solar resources in the summer in Nunavut, especially in the
more Northern communities, where respondents explained they experience 24-hour sunlight in
the summer months. As such, these respondents believed solar energy could be a viable option to
offset diesel electricity in the summer months. Contrastingly, respondents that opposed solar
energy focused on the lack of sunlight during the wintertime. They argue that if the technology
cannot be used year-round, it is not worth pursuing.

Wind Energy
Nunavummiut perspectives of wind energy were very similar to that of solar energy, in that
respondents generally supported the development of wind energy in their communities. Eleven
respondents expressed a positive disposition towards wind energy, while only five respondents
opposed it. Perspectives of wind energy were again shaped by the knowledge respondents had of
the local wind resources in the communities. Respondents from Iqaluit, Rankin Inlet and Resolute
Bay that supported wind energy argued that in their opinion, the strong and constant wind
patterns in the region could be excellent conditions for successful wind energy production.
Adversely, respondents that opposed wind energy believed that these strong wind patterns,
combined with unpredictably cold temperatures (> -60°C) and extreme rain and snowstorms,
would likely cause mechanical failures of the turbines. Often these concerns were based on the
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past unsuccessful wind turbine deployment in Nunavut. For instance, one resident shared his
experience with the wind turbine in Cambridge Bay, which he explains broke down and
eventually fell down because it had not been properly maintained after it had seized from overly
strong winds. Throughout the interviews, respondents that opposed wind energy referred to
similar stories, and indicated that they believe these past failings have created a somewhat
negative image of wind energy in Nunavut. However, respondents did explain that this negative
representation could be undone were residents exposed to the realities of wind energy in the
North. Moreover, a former community mayor explained, “If we’re going to look at the big
picture, we shouldn’t just eliminate one [technology] because one new technology didn’t work…
I think there’s some newer [wind technologies] that [are] working.

Hydropower
Unlike solar and wind energy, the number of respondents that negatively perceived hydropower
strongly outweighed those that supported it – eleven versus six respondents. In general,
respondents that did not support hydropower indicated that they perceived hydropower would
negatively impact the land and wildlife. One respondent explains:
“Look [at] what’s happened in Northern Quebec [and] Ontario the native people over there can’t even eat their fish anymore.
It’s too full of mercury from the lands being flooded and the
forest being flooded which put mercury and contaminants into
the fish.”
Similar stories arose in the interviews, and respondents explained that they believe many other
residents have come to disapprove of future hydropower development in the territory. However, a
small number of respondents did still support hydropower in Nunavut, mainly because, in their
opinion, they believe this energy source could provide the biggest electricity pay-off compared to
other alternative energy sources.
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However, it is important to acknowledge that respondents’ perspectives often varied according to
the community in which they live. For instance, residents located in Iqaluit, where the prefeasibility of a large-scale hydro plant is currently underway, often supported the use of
hydropower. Comparatively, residents from smaller communities, such as Rankin Inlet and
Resolute Bay, often regarded hydropower negatively. Ultimately, this could lead to a bias in
responses due to community size.

5.3 Perceived Factors Hindering Renewable Energy Expansion in Nunavut
Understanding the perceived factors that Nunavummiut believe hinder RET expansion is an
important step in understanding their overall perspectives of RETs. In Nunavut, where Inuit
Qaujimajatuqangit (IQ) guides policies, it is especially important that policy-makers understand
the perspectives of Nunavummiut. As such, the six perceived factors that respondents believe
hinder RET expansion in Nunavut were assessed and are shown in Figure 14.

Figure 14: Perceived Factors Hindering RET Expansion in Nunavut According to Nunavut
Residents
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The main factor that Nunavummiut identified is the perceived high upfront capital cost of RET
systems and the lack of available funding to support the necessary infrastructure needed for RET
expansion. As one respondent explains:
“Nobody likes the current situation. However, because the cost
of living, the cost of any kind of construction or infrastructure is
so expensive here, we’re caught between a rock and a hard place
and the Nunavut government is already strapped for cash.”
Other respondents made similar statements, reinforcing the notion that they feel the cost of RETs
and infrastructure development has been a major barrier to RET expansion.

The second major factor preventing RET expansion, as identified by respondents, is the
perception that RETs are environmentally unfriendly. Respondents explained that they believe
RETs pose the risk of negatively impacting land, water, wildlife and aquatic life. Some
respondents indicated they fear that wind turbines will have a negative impact on migratory bird
patterns and that hydro dams will affect migratory arctic char patterns.

Another factor identified by respondents is that they feel there is a lack of creativity and initiative
on the part of the territorial and federal government to develop and explore alternative energy
sources. One resident explained, that from her perspective, the territorial government has been
very myopic with regards to developing alternative energy sources in Nunavut. Another resident,
a former Member of the Nunavut Legislative Assembly, explains that in his political experience,
there is inertia in bringing the federal government to the table to discuss alternative energy issues.
From a Nunavummiut perspective, a lack of government support for renewable energy has likely
hindered future expansion of RETs in the territory.
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A fourth perceived factor that respondents believe has delayed RET deployment is that current
RETs have not been designed or adapted for Northern climates. Respondents who have been
exposed to the current (or past) RET systems in Nunavut explain that the unsuccessful nature of
these projects has, in their opinion, been a result of mechanical failures due to the extreme and
unpredictable Nunavut weather conditions. One frustrated Rankin Inlet resident stated, “That
damn windmill doesn’t work!” She later went on to explain that the community jokes that the
turbine only turns when “hotshot politicians visit the community”. These past unsuccessful RET
projects have, as respondents explain, led residents to question the potential future success of
renewable energy in Nunavut.

An additional factor hindering RET expansion, as identified by Nunavummiut, is a perceived
knowledge gap within communities regarding renewable energy. As one community mayor
explained, he feels that most Nunavummiut are simply unaware of what alternatives exist and
how much these alternatives would cost or benefit the community. A resident in Iqaluit
emphasized this point, and explained that he thinks residents in some communities might be
resistant to renewable energy either because they are misinformed or not aware of the pros and
cons of RETs. To many respondents, this perceived knowledge gap regarding RETs has likely
slowed RET expansion in Nunavut.

The final perceived factor is a noted capacity gap within communities to install and maintain
RETs. A former Rankin Inlet resident shares, there have been many capacity issues associated
with the use of the turbine in Rankin Inlet. He explains,
“I know in Rankin, one of the problems with the windmill… is
having enough skilled and trained staff to maintain it. I know
that’s been a problem and one of the reasons [why] the windmill
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has been there for over ten years, but [has] only been operational for a small
percentage of that time.”
According to respondents, the ability of communities to support RET installation and
maintenance is inadequate, and has, in their opinion, likely hindered renewable energy expansion
in Nunavut.

5.4 Positive and Negative Policy Actions Suggested by Respondents
The final topic discussed in the interviews was what policy actions, positive or negative,
respondents believe should be taken by the government to support RET expansion. The suggested
actions can be separated into four of categories: (1) Policy Development, (2) Economics, (3)
Suitable RETs and (4) Capacity and Knowledge Building and are outlined in Table 11.
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Category

Positive Action

Policy
Development

Economics

Suitable RETs

Capacity and
Knowledge
Building

Community Consultations on RETs
Public Awareness Campaigns on RETs
Include Residents in Discussions on
Energy
Partnerships with Federal and Territorial
Government, Industry and University
Commitment from the Federal and
Territorial Governments to Fund RET
Programs and Projects
Partnerships between Homeowners and
Housing Corporations
Create Feed-in Programs for Renewable
Energy
Developing Loan Guarantees through P3
Financing
Transmission Line Connecting Manitoba
Grid to Nunavut
Increase Research on Technologies –
especially Arctic RETs

Negative Action
Not involving community members in the
development process

Electricity Price Hikes

Avoid Nuclear – concerned about radioactive
waste
Avoid Hydro
Avoid Continuing to Use Diesel
Avoid technologies that will impact rivers,
land or wildlife

Develop RET Technician Training
Program (at the Arctic College)
Increase awareness of Energy
Conservation in Nunavut

Table 11: Suggested Positive and Negative Actions to Renewable Energy Expansion as
Identified by Nunavummiut
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The first category identified by respondents, Policy Development, focuses largely on what they
explain is the importance of involving community members in any future renewable energy
discussions in Nunavut. Many respondents suggested specific ways to foster participation,
including community consultations and public awareness campaigns. These actions, they believe,
would address the perceived knowledge gap that residents identified as a factor hindering RET
expansion.

The second set of actions, categorized as Economics, centers on ways respondents suggest the
government could fund RET projects in Nunavut. These include a greater commitment from
government to put capital funding into RET projects and explore partnerships with industry and
universities. More program-specific actions identified by respondents included renewable energy
rebates and feed-in tariffs. With respect to economics, the only negative action identified by
respondents was if electricity prices were to rise as a result of RET use.

The next category, Suitable RETs, encompasses perceived concerns that residents have regarding
how/what RETs should be explored in Nunavut. For instance, on many occasions, respondents
identified expanding hydropower and nuclear power as negative actions, given that they perceive
these two technologies pose a risk of radioactive waste contamination (nuclear) and mercury
contamination (hydropower). However, some respondents identified positive actions, including
the potential to expand research in the field of Arctic renewable energy technologies, which in
their opinion would alleviate the concern that some residents may have regarding technology not
being designed for the North.
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The final set of actions identified by respondents, Capacity and Knowledge Building, included
policy actions aimed at improving overall RET knowledge in Nunavut, given that they identified
a perceived knowledge gap in communities. Another action, involved increasing the number of
skilled/trained RET technicians in Nunavut through education programs, and according to one
respondent, this is already underway at the Nunavut Arctic College.
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Chapter 6
Perspective from the Federal and Territorial Government Regarding
Renewable Energy Policies and Programs in Nunavut
Using the methods described in Section 3.3, the renewable energy landscape in Nunavut was
investigated. First, case studies for a number of federal and territorial departments were
developed to explore each department’s involvement in renewable energy in Nunavut. Next,
opportunities and challenges that exist with regards to developing renewable energy policy and
expand RET programs in the territory are explored. And lastly, the anticipated actions of the
various departments are examined.

6.1 Perceived Federal and Territorial Government Involvement in Renewable
Energy in Nunavut
Given the complexity of renewable energy policy in Nunavut, there are a number of federal and
territorial departments and agencies involved in program and policy development. Upon
interviewing representatives from the respective departments it was apparent that each
department played a different role with regards to energy in Nunavut.

6.1.1 Canadian Northern and Economic Development Agency (CanNor)
As discussed by the respondents from CanNor, though still in the stage of establishing itself as a
new federal department, the agency will likely play the largest federal role regarding renewable
energy in Nunavut. The agency’s mission is to focus on northern economic development,
therefore CanNor will take over a number of northern programs and policies related to
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infrastructure and funding, which were previously run by AAND. However, the results of the
interviews established that the department’s involvement specifically in renewable energy will
take a strong managerial role, or as one interview suggested, the agency will act as the
“conductor” for future projects; ensuring that projects move forward in a timely manner and that
all federal departments are working together. Moreover, the respondents indicated that CanNor
would focus largely on research and environmental assessments, rather than renewable energy
feasibility studies.
6.1.2 Department of Aboriginal and Northern Development (AAND)
AAND has largely been the face of the federal government in the North, however with the
creation of CanNor, AAND has begun to play a more passive role regarding renewable energy in
Nunavut. However, respondents stress that the department has maintained a number of programs
that support the development of RET systems in Nunavut. One such program is the ecoENERGY
for Aboriginal and Northern Communities Program, designed to provide financial assistance to
communities looking to develop RETs. Similarly to CanNor, representatives from AAND also
explained that with regards to renewable energy, their role is more from a managerial, acting as
watchdogs, to ensure that RET programs are designed for all Northern communities. One
respondent explained,
“We play a role in influencing the departments who are
developing the programs and policies that deny the spending of
money that could be related to energy. We influence them to
ensure that the way they design their programs is applicable to
the North. Generally what happens is that the departments will
design policies and programs that are applicable to First Nations
on reserve and forget about [INAC’s] role in the North.”

Further to AAND’s involvement in the ecoENERGY program, the department has led the recent
development of the Canadian High Arctic Research Station (CHARS), being built in Cambridge
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Bay, Nunavut. Upon discussing the design of the station, a representative from AAND
explained, “we’re looking at options for alternative energies as part of the development of the
station in order to power the station”. And added that the long-term goal of integrating RETs into
the station would be to “ideally… be the prototype or the model, the pilot, that if [RETs] work
with us than we can make it work for others. People can come and see [the station] and say, ‘Oh
wow that’s great! Let’s do it this way and make it work.”

Though AAND respondents were clear that many of the department’s previous roles will be given
over to CanNor in the near future, the department will continue to maintain a number of programs
and projects that will support renewable energy use in Nunavut.

6.1.3 Department of Natural Resources Canada (NRCAN)
In discussing renewable energy projects with representatives at NRCAN, it was evident that while
the department plays an active role in national resource development and energy policies,
electricity is primarily a provincial jurisdiction. As such, similar to AAND and CanNor, NRCAN
respondents explained that the department plays an advisory role regarding renewable energy in
Nunavut, setting up bilateral meetings between the Premier of Nunavut and Ministers from other
energy related departments. Moreover, respondents added, that the department monitor’s energy
policy being developed at a provincial level and provides briefing on that matter. However,
recently a branch at NRCAN has become involved in a National Working Group led by AAND to
share information and knowledge regarding renewable energy use in remote communities.
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6.1.4 Government of Nunavut and Crown Agencies (GN)
Electricity is primarily a provincial responsibility, therefore, not surprisingly; through the
interviews, it was apparent that the Government of Nunavut and its crown agencies had the
greatest responsibility in developing renewable energy policy and RET projects in Nunavut. This
is especially true for the QEC, which controls the twenty-seven diesel generators and the handful
of small RET systems in Nunavut. However, a representative from QEC explained that it has
been very difficult to explore RET projects as funding, even for projects with life cycle economic
benefits, is often difficult to access. Alternatively, the GN Energy Secretariat has continued to
play an active role in developing renewable energy policy in Nunavut, as it hopes to increase
accessibility to RET project funding.

6.2 Challenges to Expanding Renewable Energy Policy and Programs in Nunavut
In discussing the challenges that exist to expanding renewable energy programs, policies and
projects in Nunavut, interviewees’ responses were separated into four major categories: capacity
related challenges, cost related challenges, technology related challenges, and bureaucratic
barriers.

6.2.1 Capacity Related Challenges
All respondents recognized a capacity gap, both at the community level and government level to
expand renewable energy programs and polices. As discussed by respondents, communities face a
number of pressing social challenges, including mental health issues, drug and alcohol abuse, and
gaps in education and basic literacy skills. As a result, respondents believe that this has reduced
the communities’ capacity to address other issues, including energy. Even more importantly, they
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are unsure if communities are prepared to take on RET projects, as they do not currently have
individuals with the skills to install and maintain the systems.

In addition, there is a considerable stretching thin of the educated and trained workers in Nunavut
in the areas of renewable energy and policy development. A CanNor representative explains,
“Labour is a real shortage and challenge in Nunavut communities. So… in some cases, talented,
passionate, committed individuals… end up wearing, eight or nine hats in the community.”
Ultimately, respondents explain that this creates an overwhelmed workforce in Nunavut
communities, which often hinders the speed at which fundamental issues can be addressed.

However, capacity issues also exist within the federal and territorial government. Many
respondents explained that it is very difficult to keep government workers, originally from the
South, working in Nunavut for an extended time. One respondent explains “…people are out
there in Canada not necessarily wanting to move out to the North or willing to stay. That’s one
huge issue…there really seems to be a revolving door on a lot of these organizations.” This
notion was echoed by another respondent, explaining that it has been difficult to find individuals
to work within the regional Northern offices, where there seems to be a high turnover rate. As a
result, representatives from various departments explain that it has been difficult to move projects
forward, as often there is lack of continuity in the staff.

6.2.2 Cost Related Challenges
Development of any kind is extremely expensive in the North, and as expressed in the interviews,
RETs are no exception. Many respondents discussed the high cost of developing the
infrastructure to support RET expansion, and the high up front capital needed to purchase RET
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systems – two sources of financing that are very difficult to access in the North given the
numerous other issues that communities must address. One respondent explained this dilemma,
“The major challenges are not related to renewable energy. The
major challenges are related to the fact that the overall
challenges in the communities are so significant for the most part
that you have to get through a pretty long list of pressing
priorities before energy is going to rise to the top of the heap”.

Respondents also explain that in Nunavut, given the remote and scattered nature of the energy
landscape, often there is no economies of scale to develop RET systems. As such, it was
perceived by some respondents that the payoff of developing a small-scale RET system in a
community may not exceed the cost of installing and maintaining the system or in the cases
where the payoff does exist, respondents believe that the payback period is very long, which they
explain has often been a deterrent for government to invest in renewable energy in Nunavut.

However, another added layer to the complexity of funding renewable energy projects in Nunavut
is the Government of Nunavut’s debt cap, which limits the ability of the GN to use life cycle
arguments on major capital projects regardless of their technical and economic viability. A GN
representative explained,
“There is a 200 million dollar debt cap that is to limit the federal
government’s liability… If we defaulted on our debt, the federal
government would have to pay it because [the GN] is a legal
entity of the federal government. [But] the 200 million dollars is
not enough to do anything. In fact, I think we’re already at 120
million dollars in debt.”

Added to this challenge, he explains, is the difficulty of distinguishing how the QEC fits into the
debt cap. Although the QEC is legally a corporate entity, the federal government considers the
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QEC an entity of the GN. Therefore, whatever debt the QEC accumulates is considered that of
the GN. In the case of the Jaynes Inlet hydro plant, a system that QEC estimates will cost
CAN$200 million, finding the available debt to take on such a project has been very difficult.

6.2.3 Technology Related Challenges
Communities have had 50-100 years to fine-tune the use of diesel fuel, and as such, introducing
new technologies, such as RETs, poses technical inertia-related challenges. First, respondents
from AAND pointed out that often RETs are less well known in the North and as a result,
residents have less experience with the operation and maintenance of the systems.

Even if this challenge was overcome, both the weather and the number of hours of sunlight varies
greatly throughout the year and thus RETs are relatively intermittent in the North and would
require storage or diesel as a back up supply. Respondents often used a major simplifying
assumption that a single energy supply should be able to provide for all the loads and since there
is a lack of storage capability for RETs in Nunavut, it is unlikely that diesel power can be
completely replaced.

A further technological challenge discussed throughout the interviews is the lack of R&D being
done with regards to renewable energy in the relatively extreme climate of the North. For
example, a respondent from NRCAN explained that there are very few reliable wind data
measurements available to properly assess the wind energy potential in Nunavut. Moreover, RET
systems have not been properly designed or tested to withstand the harsh Nunavut climate,
making them a somewhat questionable technology in the minds of some respondents.
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6.2.4 Bureaucratic Barriers
Within the realm of policy development, respondents discussed a number of challenges that they
have had to overcome or continue to face regarding establishing and implementing renewable
energy policies in Nunavut. The first challenge expressed by respondents is the difficulty of
bridging the interests of beneficiary organizations and government. Respondents explain that
often both sets of organizations have varying priorities, which often do not necessarily always
align with each other. As a result, creative tensions arise regarding what policies should be given
first priority; and often renewable energy policy gets pushed down on the priority list.

A significant barrier identified is the reluctance of the Power Corporation and politicians to shift
towards a renewable energy system for Nunavut. One respondent stated,
"There's a huge inertia behind the existing systems in the sense
that not only do the utilities know how they work, but they also
have the trained staff that know how to service the systems and
they're all essentially similar systems in all the different
communities.”

Another respondent adds that, “utility companies have had bad luck with past projects, so they
tend to press politicians by saying ‘it doesn't work’ and ultimately politicians then don't support
RETs”. Moreover, respondents have noticed that often policies are looked at on a year-to-year
basis, and politicians consider, “This is what I need this year to keep the lights on, to keep the
cost under control.” But they note that this reluctance to shift towards renewable energy may be
because there is a lack of familiarity to RETs. The consequence is that it has been very difficult to
develop a collaborative sustainable renewable energy plan for Nunavut.
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6.3 Opportunities to Integrating Renewable Energy Policies and Programs in
Nunavut
Though many challenges were discussed throughout the interviews, respondents also indicated a
number of opportunities. These opportunities were separated into five categories: 1) funding
opportunities, 2) technological opportunities, 3) partnerships and community engagement, 4)
education opportunities, and 5) community development opportunities.

6.3.1 Funding Opportunities
The most acknowledged opportunity among all respondents was that with the rising price of
diesel, and as RETs mature, renewable energy will likely become overwhelmingly economically
beneficial in Nunavut. Furthermore, respondents believed,
“If you can pitch renewable energy not as an environmental
solution but as an environmental and economic driver for the
community, in terms of creating jobs or developing capacity or
generating income or all three… as well as being
environmentally sound, then you have a chance of getting
attention.”

Respondents also discussed a number of financing options that the Government of Nunavut could
explore to help fund RET projects in Nunavut communities including rate-based financing,
wherein utility companies increase rates to earn a profit on higher costs; P3 financing, which
involves a collaboration between public and private sectors to provide public services and capital
financing (Broadbent and Laughlin, 2003; Hodge ad Greve, 2007) and finally more overall
federal government investments.
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6.3.2 Technological Opportunities
On numerous occasions, respondents explained that the greatest opportunity Nunavut has with
regards to RETs is the strong renewable resources that exist across the territory. However, as
indicated by respondents, the strength of these resources varies greatly depending on the
geographic location of communities. Nonetheless, respondents believe that, in general, Nunavut
has excellent solar resources in the spring and summer, typically constant winds year-round
(though sometimes stronger in the winter) and strong hydro potential in the spring and summer.
Some respondents also discussed the possibility of exploring ocean and marine energy, through
the use of tidal power, given the extremely high tides in Frobisher Bay.

Another technological opportunity that emerged was the ability of some communities to begin
developing small-scale systems in order to perfect the technology and ensure that the “bugs” have
been addressed. Often times, these respondents supported an incremental approach to
development; however, some held a different opinion. One respondent explained that small-scale
development might not be the best way to integrate RETs in Nunavut. In fact, he believed that,
“you have to have either five or six turbines in a given community or three or four communities
all trying simultaneously; that way it makes sense to train people”. Thus he pointed out that a
certain amount of scale is necessary in order to take advantage of both economies of scale but
also the appropriate capacity building to make RETs work in Nunavut.

6.3.3 Partnerships and Community Engagement
Throughout the interviews, respondents indicated that one of the most important steps to
successfully expanding RETs in Nunavut is to engage the communities and begin to build
partnerships with a number of organizations. Firstly, respondents explained that it is essential that
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community members become engaged in energy issues in Nunavut. In doing so, they will
begin to take ownership over new RET projects. One respondent explained that in his experience
working with Northern communities, communities that established a “champion” to spearhead an
RET project have been more successful than those who did not. Another respondent resolved that
given the young demographic in Nunavut, residents might begin to be more willing to take
responsibility for community issues, such as energy, and perhaps take on the role of leader.

Another focus respondents recognized was the need for the Government of Nunavut to develop
partnerships with various organizations, including industry and universities. For instance, one
respondent suggested that Nunavut begin to explore the opportunity to partner with a college in
PEI in order to provide a wind technician program to residents of Nunavut. Another suggested
that a partnership with incoming mining companies be explored, which could help foster
renewable energy research or provide communities with the ability to feed into potential
renewable energy being produced at the mining sites.

6.3.4 Education Opportunities
Respondents also expressed the need to develop education in Nunavut, as it relates to overall
adult education, as well as renewable energy specific training. One respondent explained that the
territory must approach education from a two-phase perspective. First, focus must be placed on
adult learning, in order to increase general education among adult residents. Next, the focus must
shift to educating people for specific sectors, such as renewable energy. One way to support the
second phase of this education plan, as suggested by a handful of respondents, is to provide
courses through webinars and virtual classes at the Arctic College, in partnership with other
technician programs at colleges across Canada.
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6.3.5 Community Development Opportunities
A last area of focus that emerged from the discussion of opportunities was the need to develop
green infrastructure within communities, and support more efficient use of energy across the
territory. As one respondent explains, “Everybody should think about efficiency and conservation
because those are going to be far more cost effective than other renewable energy resources.”
Other respondents explain that energy efficiency could be in the form of simply using more
energy efficient appliances and light sources, and by creating more energy efficient habits within
the communities. Yet the majority of respondents strongly believe that energy efficiency should
be a focus that is developed in conjunction with renewable energy.

6.4 Anticipated Actions to Expand Renewable Energy in Nunavut
Upon discussing the various federal and territorial departments’ involvement as it relates to
renewable energy in Nunavut, respondents were asked to outline actions that they anticipate their
department will be taking in the short and long-term. These actions are summarized in Table 12.
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Canadian
Northern
Economic
Development
Agency
(CanNor)

Short- Term
Actions

Aboriginal
and Northern
Development
(AAND)

Short-Term
Actions

Long-Term
Actions

Long-Term
Actions
Natural
Resources
Canada
(NRCAN)
Government
of Nunavut
(GN) and
Agencies

Short-Term
Actions
Long-Term
Actions
Short-Term
Actions
Long-Term
Actions

Finish logistical set-up
Continue infrastructure funding in the North
Begin feasibility research for RETs in the North
Begin to move past what AAND had established
Begin to invest energy and money in the North to develop healthy
and sustainable Northern economies
Increase overall education in the field of renewable energy to create
a specialized niche to support RET development
Develop responsive policy in the context of energy
Continue to fund RET projects on a proposal basis
Provide input and advice on renewable energy projects
Develop a framework to provide a collaborative coordinated
approach to addressing off-grid energy issues in Aboriginal
communities
Continue to chair a working group that is developing the
aforementioned framework
Explore developing RETs at the CHARS
Make the CHARS a model of renewable energy in Nunavut
Create a trained RET workforce that could help communities install
and maintain RET systems
Continue to support Northern renewable energy projects led by
AAND through: (a) municipal technological support and (b)
economic expertise
Support inter-provincial and inter-regional energy trade (i.e.
transmission upgrades)
Continue researching the feasibility of RETs
Develop a renewable and alternative energy study for Nunavut
IF funding is available, begin to incorporate renewable energy into
buildings
Continue to explore and develop the Iqaluit hydro project
Look at future large-scale renewable energy possibilities

Table 12: Anticipated Short and Long-Term Actions Regarding Renewable Energy
Expansion in Nunavut According to Government Policy-Makers
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It can be taken from Table 12 that most respondents indicated that they anticipate their
departments’ actions to follow what is already being done. For instance, interviewees from
CanNor and AAND expect that the role of the department will continue to be more management
oriented, focusing largely on funding support and knowledge sharing. Moreover, both
departments agree that energy will be a key issue in Nunavut’s future. However, all respondents
from AAND added that, “[CanNor] has taken over all the economic development programming,
as well as the infrastructure programming [up North]”, and therefore, AAND’s role will be
greatly diminished.

Similarly, respondents from NRCAN expect that the department will likely continue to support
programs provided by AAND and CanNor, and as one respondent explains, because the
department’s focus “tends to be national in scope”, and they will likely not establish any targeted
Northern programs. Yet they do anticipate that the department will continue to provide general
input on renewable energy programs in the North.

Territorially, the Government of Nunavut and its crown agencies expect to play a growing and
active role in developing renewable energy projects and policies across the territory. Moreover,
the GN expects to begin an alternative and renewable energy study for all of Nunavut, as part of
the implementation of the 2007 Ikumattit - Nunavut Energy Strategy.

6.5 Perspective of Consultants and NGO’s Working on Northern Renewable Energy
There are a number of consultants whose work focuses on exploring RET opportunities in the
North, and providing input and advice to policy-makers. Therefore, as part of the qualitative
interview process, a handful of consultants and NGO representatives were included to understand
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the perspectives of those involved in northern renewable energy issues, yet external to
government departments.

In general, the involvement of these respondents focused largely on wind and hydropower in
Nunavut, however, some indicated that they have experience in solar studies in the North as well.
Often, this work was accomplished in partnership with a federal government department, in order
to assess either the potential energy production of a renewable energy system in the North, or to
provide the government with a framework outlining the necessary steps that should be taken to
properly address renewable energy in the North.

Similar to what respondents from the territorial and federal government said, the consultants and
NGO representatives acknowledged that there exists many technological challenges when using
RETs in the North, and that the ability to finance such projects is very complex. However, most
added that from a non-government perspective, “governments need to support and encourage
their utility [to support RETs].”

But they remain hopeful that as RETs matures, they could be successful in Nunavut. One
respondent explains that eventually, the ideal situation to develop RETs in Nunavut is one where,

"You… get to a point where you have a cookie cutter approach
so you don’t have to re-engineer every project, but use… a
standard engineering design just like you go and buy a generator.
You should be able to go and buy a wind/diesel system where
you just plug it in so you don't have to re-engineer it from
scratch every time".
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Added to this, respondents proposed that the “Northern Territories take the bull by the
horn…the way California [has done] with wind turbines and the way Ontario has been trying to
do with the feed-in-tariff program.” They believe that there should be even more leadership from
the federal government and that the territory must take the steps necessary to establish the longterm goal of having sustainable energy systems in Nunavut communities.

One potential method to develop a “cookie cutter” renewable energy system for Nunavut is
through research projects. These projects could be undertaken by either the federal government
(e.g. NRCAN) or by a university. An example of this is the NSERC Collaborative Research and
Training Experience (CREATE) grant for Distributed Generation for Remote Communities
recently awarded to the University of Toronto and Queen’s University (NSERC, 2011). This
program is designed to develop highly qualified personnel (HQP) with expertise in off-grid
electricity generation, through the use of clean energy technologies. The program will be run in
remote community pilot projects, with the first pilot project being developed in Iqaluit, Nunavut.
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Chapter 7
Discussion
7.1 General Discussion of the Importance of Economics
From the results in Chapter 4, it is evident that integrating RETs into Nunavut communities could
provide a number of environmental benefits and diesel fuel savings in communities. However, as
discussed in Chapter 5 and 6, within the communities and government, the main driver for change
still remains the economic feasibility of a system (McDonald, 2011; McDonald and Pearce,
2011a; McDonald and Pearce, 2011b).

There can be substantial economic savings from simply reducing diesel fuel use (Table 9).
Nonetheless, to provide an accurate and realistic economic assessment, it is essential to determine
the annualized return on investment (ROI) of the system, which is the time required to recover the
initial investment from the revenue stream (McLaughlin et al., 2010; Pearce et al., 2009). As part
of this calculation, one must also consider the complex government subsidies that exist for
electricity use and generation in Nunavut. In calculating the ROI it would be possible to
determine if these wind and solar PV systems are economically feasible for Nunavut
communities.

However, as seen in Chapter 4, it was determined that RET systems are technically viable in
Nunavut (McDonald et al., 2011) and moreover, that these systems can be economically viable
when viewed from a life-cycle perspective as an investment (Pearce et al., 2009). Very
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preliminary calculations based off of current prices for materials and electricity, for example,
show that a photovoltaic system in Iqaluit with an installed cost of $6.50/W, would provide
electricity to the community at about 51 ¢/kWh, which is similar to the current diesel-generated
rates of 52¢/kWh (CBC, 2011a). However, since electricity subsidies in Nunavut are multilayered and complex, the true cost of electricity in any community is difficult to assess (GN,
2007a; GN, 2007b). As such, while a photovoltaic system installed at $6.50/W is comparable to
the current electricity rate, it is likely that were the true unsubsidized cost of electricity to be
determined, renewable energy would be even more economically viable in Nunavut.

Therefore, it is important to perform a full life-cycle economic analysis of the current diesel
power system so the true cost of electricity in Nunavut is determined, in order to make a fair
comparison with the potential renewable electricity prices, as well as a full life cycle economic
analysis of renewable energy in Nunavut in order to determine the precise cost of an RET system
and levalized costs of renewable electricity. By completing these two economic assessments, a
precise picture of the economic viability of renewable energy, which is already clear but not
quantified from preliminary analysis, will be established, lending motivation to the territory to
shift away from diesel-generated electricity.

7.2 Technical Feasibility of RETs in Nunavut
Upon completing the energy simulations in Chapter 4, various notions and gaps could be drawn
from the results; these are discussed below.

11

These calculations employed the LCOE model, as outlined by Branker et al. (2011).
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7.2.1 Potential for PV and Wind
Based on the results of the RETScreen simulations, it is evident that wind and solar PV could
dramatically displace diesel use in the three case study communities. For instance, between the
months of March and August, as seen in Tables 3, 5, 7 and 9 solar power could potentially
provide about 40% or more of the current electricity use in each of the three communities. This is
especially true in Resolute Bay, where there is 24-hour sunlight during these months. Wind
energy, on the other hand, also shows excellent potential depending on the location of the
community. In Iqaluit, wind energy varies monthly, ranging from 28% to 70% throughout the
year, depending on the wind data used. However, winds in Resolute Bay and Rankin Inlet are
much stronger and continuous throughout the year, and as illustrated in Tables 6 and 8, could
provide wind energy that would displace more than 100% of the current diesel electricity used in
the communities each month with appropriate short-term storage or diesel used as a backup.
Moreover, by adding and more upfront power, it would be possible to offset diesel use in almost
all communities by 100%.

7.2.2 Importance of Developing a Natural Resource Portfolio
As previously discussed, there are numerous RETs that could be technically viable in Nunavut,
including hydropower, tidal power, and geothermal power. However, a major barrier to
determining their potential success is the availability of accurate resource data. In the case of
hydropower, there has been little hydrology data gathered in Nunavut. As a result, it is currently
not possible to create an accurate map outlining the hydrology resources in the territory, or the
energy that can be produced by a hydropower plant in any Nunavut community using existing
data.
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Furthermore, upon completing the solar and wind simulations in RETScreen, it became
apparent that the available data for both resources varies greatly depending on the source of the
data. Some climate databases, such as CERES by Environment Canada, lack data for a number of
Northern communities, including Rankin Inlet. Moreover, data that does exist is not openly
available for communities, and must be purchased from Environment Canada. This poses a major
barrier for future RET development in the territory as simulations may not provide accurate
models of potential energy output for RET systems in certain Nunavut communities and thus
strong economic cases cannot be made. Therefore, it is suggested that a comprehensive renewable
resource portfolio be developed in Nunavut; which should include accurate hydrology, solar and
wind data collected from ground monitoring stations, as well as data measuring the geothermal
potential, tidal stream data, and other natural resource data.

7.3 Perspectives from Nunavut Residents
From the results of Chapter 5, a number of underlying themes emerged, which are further
discussed below.

7.3.1 Overarching Knowledge Gap Regarding Energy
In discussing the topic of diesel-generated and renewable energy with Nunavut residents, it
became immediately apparent that many respondents had a limited understanding of anything
energy-related. This included not only the current energy system in their community, but also
specific details surrounding renewable energy. However, the one distinct subject respondents
were able to discuss frankly was the impact of electricity prices on their families, though this was
often only a problem for residents who were also homeowners in the community. This is likely
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because residents in government-owned housing pay largely subsidized flat electricity rates,
and therefore are not exposed to the true cost of electricity (McDonald, 2011).

A knowledge gap also emerged regarding the understanding that respondents had regarding the
three types of RETs discussed, solar, wind and hydropower. This was especially apparent in
discussions involving hydropower, as many respondents were not aware of the various forms of
hydropower, and within their interviews, assumed that all hydropower systems would flood and
contaminate the land. This knowledge gap has likely derived from the little exposure that
residents in Nunavut have had to renewable energy.

7.3.2 Including Inuit Qaujimajatuqangit (IQ) in Policy Research and Development
The Nunavut population is largely Inuit (85% of the population); consequently there is a strong
traditional and cultural Inuit influence within communities. As such, an important part of
community-based research in Nunavut is ensuring that Inuit Qaujimajatuqangit (IQ) is
incorporated into research and policy development. IQ can be defined as knowledge
“communicated from elders to younger Inuit at a very early age through stories, songs, direct
modeling of behaviour and legends that spoke of the success associated with remembering them”
(GN, 2005). Not surprisingly, within the interviews, many respondents formulated their
perspectives of solar, wind and hydropower from their knowledge of the local natural resources in
the region, including solar and wind patters, as well as rivers and waterways. Therefore, exploring
how a communities’ IQ can be incorporated into renewable energy research and policy
development could be very beneficial, since many Nunavummiut have a strong knowledge of
their land and natural resources.
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7.3.3 Frustration with Bureaucratic Barriers
Another theme that emerged from the interview responses is the dissatisfaction that
Nunavummiut have regarding the perceived bureaucratic barriers within government to shift to
renewable energy. There was an evident frustration among residents regarding the lack of
communication that has occurred between the different levels of government and the local
residents regarding the Nunavut energy situation, especially in regards to diesel alternatives. This
communication breakdown appeared to lead many to detach themselves from the energy
problems that exist in Nunavut, while also causing residents, municipal government, and
territorial government to work in silos as they explore RETs. However, it should be noted that the
Government of Nunavut published Ikummatiit: The Government of Nunavut Energy Strategy in
2007, which outlines a strategy to create an energy system in Nunavut that is affordable,
sustainable, reliable and environmentally responsible (GN, 2007a). Renewable energy is briefly
discussed, introducing the idea of integrating hydropower and residual heating in Nunavut
communities, as well as the importance of energy efficiency and energy reductions across the
territory. Nonetheless, there has been little movement towards implementing the renewable
energy actions outlined in the Energy Strategy.

7.3.4 Reluctant Acceptance of Diesel Energy
The results of the interviews with community residents exposed what can be defined as a
reluctant acceptance of diesel energy on the part of communities. Though respondents indicated
that they were greatly dissatisfied with the current energy situation in Nunavut, the manner in
which they responded revealed that they have in actuality accepted diesel, despite the negative
environmental, health, economic and social concerns. These concerns are supported by the
literature, which shows that diesel generators and engines have been linked to polluting the air,
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water and soil in the region (Lloyd and Cackette, 2001). However, one can assume that this is
because energy is a necessity in the North, as one cannot live in such extreme conditions without
it. However, it should also be noted that within the largely defeatist atmosphere, there still
lingered a sense of optimism among residents that alternatives exist that could improve their
quality of life, and that of future generations; likely propelled by the small-scale success of
renewable energy pilot projects in Rankin Inlet and Iqaluit.

7.4 Perspectives from Government Policy-makers
Following Chapter 6, a number of underlying gaps became apparent through discussions with
government policy-makers, which are further discussed below.

7.4.1 Gaps in Government Responsibilities with Regards to Renewable Energy in Nunavut
Upon completing the interviews with respondents from various departments and levels of
government, it became apparent that there exists some confusion within and across departments,
regarding what responsibilities each department has or should have with regards to renewable
energy in Nunavut. Often, respondents provided conflicting responses regarding what the role of
their department is with regards to renewable energy in Nunavut. This gap further existed
interdepartmentally, as many respondents were unaware of what responsibilities separate
departments had with regards to developing renewable energy programs for Nunavut, and
providing funding for said programs. Often times, the responses indicated that perhaps
departments are working in silos, rather than in collaboration with each other. However, as one
respondent explains, there has been increased collaboration among departments with the creation
of a National Working Group developed to share information and knowledge regarding
renewable energy use in remote communities.
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Increasing collaboration within and between departments is essential to ensure that future
comprehensive renewable energy policies are developed. Energy in Nunavut is a complex issue
that feeds into a number of areas, such as infrastructure, environment, health, economy, etc;
therefore, to ensure that renewable energy policies are successful, federal and territorial
departments must work together and be aware of their respective responsibilities.

7.4.2 Gaps in Visibility and Accessibility to Funding for RET Projects
A further gap emerged from the interviews with government policy-makers, which is that of a
lack of visibility and accessibility of funding and support for RET projects from both a federal
and territorial perspective. Though not explicitly stated, respondents from the federal government
alluded to some confusion regarding which departments were providing funding to the territorial
government for renewable energy development. A respondent from AAND explains, “we
facilitate a lot of discussions on what’s happening up [North] and I guess there’s a misconception
that we can own the issue or that we fund everything directly. So people [will] try to bring us in
on quite a regular basis.” This misconception carries across a number of departments, where
funding and support for RETs was often believed to be the responsibility of other departments.

This gap further translated to a lack of accessibility and visibility within the territorial
government and crown agencies regarding the availability of funding. Through discussions with
territorial respondents, there is an evident frustration regarding where to find funding for RET
projects in Nunavut. Moreover, respondents explained that when funding becomes available,
there are often barriers to access it. For example, in 2007, AAND established the ecoENERGY
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for Aboriginal and Northern Communities Program, “designed to provide financial assistance
for aboriginal northern communities looking to develop renewable energy projects that are
reducing greenhouse gas emissions” (INAC, 2010a). While the program has been very successful
in British Columbia; the interviews revealed that no Nunavut communities were able to
participate in the program because communities were required to submit an energy audit,
something that is not done in Nunavut because there are no qualified auditors. Nunavut could
have capitalized on the ecoENERGY program by providing a small amount of funding to either
train local residents in energy audits or bring in auditors from other regions. For Nunavut to make
use of federal programs in the future it is imperative that these relatively small enabling
investments are developed in conjunction with federal programs.

Addressing issues of visibility and accessibility to funding are essential if the Nunavut’s goal is to
develop renewable energy. Nunavut communities interested in developing RETs must have a
clear point of contact within the federal and territorial government, which illustrates what funding
programs exist, and how they can go about to access the funding.

7.4.3 Education Gaps in Nunavut
As previously discussed by respondents, there is a perceived education gap in Nunavut, both
within adult education and a specialized renewable energy education context. Although
improving adult education in Nunavut is a complex issue, it is an essential step towards
developing capacity that will support renewable energy development and related jobs.
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In addressing the need to develop a niche specialized in renewable energy education, as
suggested by respondents, one way would be for the Arctic College and Trades School to partner
with other Canadian universities and colleges in order to provide courses through webinars and
virtual For example, St. Lawrence College recently developed the Energy Systems Engineering
Technology Diploma, which prepares students to work within the field of renewable energy and
energy efficiency in residential, and commercial buildings (ESET, 2010). In addition, because of
the enormous growth of the photovoltaic industry in Canada there was an increased demand for
high-quality research in solar systems design and optimization in realistic (and sometimes
extreme) Canadian outdoor environments. To answer this need, a partnership has formed the
Open Solar Outdoors Test Field (OSOTF), which is housed at the Sustainable Energy Applied
Research Centre (SEARC) at St. Lawrence College (Appropedia, 2011). The OSOTF is
organized under open source principles and thus all data and analysis when completed will be
made freely available to the entire photovoltaic community and the general public. This data can
directly assist in the optimization of systems throughout Canada including Nunavut.
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Chapter 8
Policy Recommendations
As the Government of Nunavut and the Government of Canada move forward in developing the
territory, it would be in the territory’s best interest to explore renewable energy in order to
address its dependence on imported diesel for electricity. As such, a number of policy
recommendations are outlined here to help overcome many of the opportunities, challenges and
gaps previously discussed in Section 4, 5, 6 and 7.

To ensure that these policy actions are successful, it is necessary that a single department oversee
development and implementation. As indicated through the results of interviews with
Nunavummiut and policy-makers, the Government of Nunavut (GN) currently faces a number of
challenges, in various sectors, including health, education and environment. As such, it is
suggested that the federal government department of Aboriginal and Northern Development
(AAND) take a leadership role in overseeing the expansion of renewable energy through policies
and programs, until the GN has established a strong and efficient capacity to address such
expansion.

8.1 Gather Renewable Resource Data for Nunavut
To integrate renewable energy in Nunavut, it is essential that basic steps be taken to assess the
viability of RETs in the communities; however, in Nunavut, renewable resource data is not
readily available or reliable. Therefore, in order to move forward with sound renewable energy
policy and program delivery, it is vital that the Energy Secretariat, within the Government of
Nunavut, develop a renewable resource portfolio for all twenty-five communities and makes it
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openly available. This data should be logged and collected using stations located in the
community, and include measured values over the year for wind speed at various heights
appropriate for wind power of the scale appropriate to the community (10m, 30m, 50m), solar
radiation (on a horizontal and vertical surface) and hydro flow rates, volumes and heads (height
of vertical drop). In gathering this data, future investors, engineers and developers will be better
able to accurately assess renewable energy potential in communities through reliable RET
simulations.

8.2 Increase Community Consultations Regarding Renewable Energy
Further laying the foundation for renewable energy integration in Nunavut, it is essential that the
Energy Secretariat focus on addressing the awareness gap of RETs across the territory. The most
basic way to address this gap, and mitigate any fears that Nunavummiut may have with regards to
the impact RETs might have on the land, wildlife and environment, is to begin large-scale
community consultations on the topic of energy and more specifically, renewable energy.
Moreover, these consultations could be combined with environmental assessments (EAs) prior to
any RET development to determine the true impact of the technologies. These consultations
should be done in partnership with AAND, since the federal government has much more
developed capacity resources.

Community consultations are an effective way to increase community awareness regarding
renewable energy, and follow not only the spirit of IQ, but are also an essential part of
community-based research, which supports the successful development of policies in Aboriginal
communities (Leung et al., 2003; Minkler, 2005). This approach, defined by the Loka Institute,
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largely entails research “conducted by, for or with the participation of community members”
and aims “not merely to advance understanding, but also to ensure that knowledge contributes to
making a concrete and constructive difference in the world” (2002). To ensure that these
consultations and EAs are being properly understood by the community, government could also
undertake follow-up exercises that would use deliberative polling, in which participants are
polled for their views before and after an information sessions on a technical or ill-understood
issue, to determine how opinions change as result to exposure to information on an issue (Fishkin
et al., 2000).

Another method to overcome the awareness gap is for the Energy Secretariat to work in
parternship with the Department of Education to integrate renewable energy education into the
elementary school curriculum in Nunavut, similar to programs that exist in other Canadian
provinces. By exposing children to RETs, they obtain strong lessons in applied science and learn
the benefits of renewable energy in their community, the need to be energy efficient and finally,
become more aware of the impact of diesel energy on the environment. Moreover, students may
begin to bring their understanding of renewable energy into their homes, exposing their families
to the benefits of renewable energy.

8.3 Build Stronger Partnerships with Universities, Colleges and Industry
Once a foundation exists within the territory, regarding the viability of renewable energy and
community awareness of the technologies, it will be essential for the territorial government to
work in partnership with the federal government, in order to explore opportunities to build
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partnerships with various organizations to support Northern RET research, project funding and
to develop a structure to support renewable energy related jobs.

A number of universities in Canada have focused research in the fields of renewable energy, but
more recently, this research has begun to shift towards renewable energy in remote communities.
The University of Toronto and Queen’s University were recently awarded an NSERC CREATE
grant to establish a program in “Distributed Generation for Remote Communities”. This program
aims to train highly-qualified personnel (HQP) in electricity generated off-grid through clean
energy technologies; and through a partnership with the Nunavut Arctic College, the program
could take the shape of clean energy pilot projects in Nunavut communities. It could be extremely
beneficial to Nunavut to build on these types of programs, as it helps offset some of the up-front
costs associated with data collection, design, and pilot testing to ensure that technologies are
appropriate for northern climates.

Partnerships should also be developed with Canadian colleges that offer renewable energy
technician programs, such as the Energy Systems Engineering Technician Program at St.
Lawrence College, in Ontario and the Wind Turbine Technician Program at Holland College, in
P.E.I. In partnership with the new Trades School in Rankin Inlet, these colleges could provide
webinars and virtual classes to students in Nunavut, preparing them to work in the field of
renewable energy; thereby creating a foundation of HQP that would support RET expansion. This
training could also be done in partnership with the current diesel generator technician training
programs already in use in Nunavut, in order to create HQP that could manage hybrid dieselrenewable energy systems.
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8.4 Develop a Knowledge Sharing Network
As the partnerships are developed with various organizations and schools, it will be equally
important that AAND, within the Government of Canada, take a leadership role in developing a
Northern and Remote Community Renewable Energy Network, established to oversee, manage
and openly distribute research and progress that is being done not only in Nunavut, but in other
northern remote communities, within the context of renewable energy.

This Network could act as a point of contact for all departments, organizations and communities
involved in renewable energy policy development and program delivery. The Network’s role
would be to connect various stakeholders working in the field of remote renewable energy
generation, while also overseeing research being done across Canada – in essence, creating an
arena for open knowledge sharing. Moreover, this Network will likely help increase awareness
between departments and governments regarding what policies and programs exist, what future
work remains, and hopefully eliminate the current silos that respondents indicated within the
studies.

Regionally, the Network could provide communities with a clear point of contact within the
government as they explore opportunities to integrate RETs into their own micro-grids. As the
studies suggest, communities are often unaware of what steps are necessary to develop an RET
system. Therefore, by ensuring that communities have a clear point of contact within the
government, there will be more transparency within programs, and communities in Nunavut will
be better able to take advantages of existing and future federal programs.
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8.5 Increase Accessibility to Renewable Energy Programs and Policies in Nunavut
Lastly, while communities become more aware of alternative energy options and understand the
steps necessary to pursue development of RET systems, the territorial and federal government
must take a proactive policy development role, and ensure that future remote and Northern
community policies and programs are applicable to all Northern regions, including Nunavut
communities. While the federal government should act as a leader in this initiative, it is essential
that they work very closely with the GN to ensure that policies are responsive and applicable to
Nunavut.

An excellent example of where this is needed is the ecoENERGY for Aboriginal and Northern
Communities Program, which has been very successful in many parts of Canada, but remains
untapped in Nunavut since communities do not have the resources or capacity to perform energy
audits, a required step in applying to the program. Policy development oversights such as this
must be addressed in the future, ensuring that programs are developed in a manner that all remote
communities in Canada can apply; and if unable to do so, have access to the necessary resources
to overcome whatever challenge has barred them from applying.
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Chapter 9
Conclusions

It is inevitable that Nunavut will face a number of sustainable development challenges in the
coming decades; however, if addressed properly, shifting to a sustainable energy plan should not
be included. Given the strong renewable resources in Nunavut, alternative energies, such as solar,
wind and hydro, hold much promise for communities that wish to reduce their diesel dependence.
This thesis explores the potential for renewable energy in Nunavut through three steps, and by
integrating the results, provides a number of policy recommendations that could support the
expansion of renewable energy in Nunavut Communities.

First the technical feasibility of two RETs, solar PV and wind turbines, for three Nunavut
communities, Iqaluit, Rankin Inlet, and Resolute Bay are examined. RET systems were designed
to match the current diesel power plant capacity in each community. Through the analyses it was
found that a solar PV plant could reduce diesel electricity production by 33% to 50%, depending
on the community, and provide economic savings between $493,885 and $4.3M/year. Moreover,
PV systems proved to potentially save between 1,527,501 and 15,057,165 kg of CO2 equivalent.

Wind energy proved to be even more successful, providing potential diesel electricity reductions
of more than 100% in Rankin Inlet and Resolute Bay, and about 49% in Iqaluit. Moreover, the
potential economic savings from wind were found to be between $891,028 and $5.6M a year,
while the GHG savings could be between 3,089,256 and 19,786,652 kg of CO2 equivalent.
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Next, the perspectives of Nunavummiut regarding the potential expansion of renewable energy
in the territory are explored. It was found that community respondents’ greatest concern with
energy in Nunavut is the impact that any technology has on the environment, as well as their
economic livelihood. In identifying concerns for both the current diesel plants and future
renewable energy systems, respondents expressed an overwhelming need to protect the land and
wildlife. Overall residents identified five major impacts of diesel fuel: i) environmental, ii)
economic, iii) total reliance on diesel, iv) noise pollution and v) health. Moreover, it was also
revealed that Nunavummiut perspectives of RETs varied greatly with respect to each technology
(solar energy, wind energy and hydropower). While Nunavummiut generally supported the use of
wind and solar power in their community, they greatly opposed hydropower given the perceived
negative environmental impacts that hydropower dams have had in other Canadian regions. Some
respondents also indicated that they would benefit from a fuller understanding of the technologies
to adequately give their perspective of renewable energy – this alludes to an overarching
knowledge gap concerning RETs in Nunavut.

Nonetheless, while some residents are skeptical of RETs, they still believe that there are a number
of steps that can be taken to simultaneously increase community participation in energy issues
and successfully expand RET projects and policies in Nunavut. More importantly, while they are
reluctant to shift from what has been coined a “safe and reliable” energy source, residents have
begun to see the negative impacts of diesel use in their communities and acknowledge the need
for change – often in the form of renewable energy. What remains, in their opinion, is for the
territorial government to incorporate Nunavummiut perspectives in the research and development
of programs and policies to expand the use of RETs, and to take a more creative approach to
renewable energy in Nunavut.
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Finally, the views of policy-makers from various territorially and federal departments
regarding the challenges, opportunities and gaps to developing renewable energy policies and
programs in Nunavut were identified. The results of the interviews helped shape syntheses of
each department’s involvement in Nunavut renewable energy policy and program development.
Moreover, numerous challenges and opportunities that exist with regards to developing renewable
energy policies and programs in Nunavut were explored and respondents identified five major
categories of challenges: capacity gaps within the communities and government, bureaucratic
barriers, barriers to financing RET projects, technological uncertainty, and
development/infrastructure challenges. Moreover, it was identified that many departments and
divisions at the territory and federal level are not only working independently of each other, but
are unclear of their roles in renewable energy development in Nunavut, which hamstrings the
ability of Nunavut to develop and fund renewable energy projects.

However, respondents also identified a variety of opportunities, including; future funding options
for RETs; potential success of RETs given Nunavut’s strong renewable resources; the ability to
develop partnerships with various organizations and increase community engagement; education
opportunities to create a renewable energy niche to support employment opportunities; and
various community development initiatives, such as energy efficiency programs. Respondents
then outlined actions that they anticipate their department will take in the short and long-term
with regards to renewable energy in Nunavut. And while most indicated that their department’s
role will focus largely on managing projects, AAND, CanNor and the GN discussed the
possibility of developing future renewable energy programs and studies that could help expand
RETs in Nunavut, ultimately helping communities reduce their dependence on imported diesel
fuel and become more self-sufficient.
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Upon completing the three stages of research, it was evident that RETs are not only technically
viable in the Nunavut, but that community residents and government policy-makers support
renewable energy expansion. Therefore, the results of the thesis were combined to develop
recommended policy actions, which can be taken by the Government of Nunavut and the
Government of Canada to support renewable energy policy development, project creation and
program delivery in Nunavut in the future. These include gathering accurate renewable resource
data in Nunavut; increasing community consultations on the subject of renewable energy;
building strong partnerships with universities, colleges and industry; developing a knowledge
sharing network; and finally increasing accessibility to renewable energy programs and policies
in Nunavut.

By implementing these policy actions, it is expected that many of the barriers that have
previously challenged the expansion of renewable energy in Nunavut will be overcome. But more
importantly, it will help address the current dependence on diesel fuel that exists in the territory,
and help Nunavut shift towards a more sustainable and self-sufficient energy plan.
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Appendix A
Interview Question Set
Interview will aim to answer general questions associated with current energy generation within
the communities, as well as potential future energy generation and energy generation programs.
Interviewees will consist of two groups: key informants in the federal and territorial governments
and Nunavut residents. Two sets of questions have been prepared; one for each set of
interviewees. Follow up questions will be asked according to the interviewee's answer.
The following are examples of the interview questions for key informants in the federal and
territorial governments:
1) What are your government’s and/or department’s views on renewable energy in
Nunavut?
2) Does your government and/or department have policies covering renewable energy in
Nunavut that have been made public? What are they?
3) Has your department taken any action on renewable energy in Nunavut?
a. What types of renewable energy sources has your department explored and/or
promoted?
b. Were the actions successful? Why or why not?
4) What kind of action would you like to see regarding renewable energy in Nunavut?
a. How would you make this action happen?
5) What do you think are the barriers to renewable energy in Nunavut?
6) What do you think are the opportunities for renewable energy in Nunavut
7) What actions do you think your government and/or department will be taking over the
next five years regarding decreasing diesel dependency in Nunavut? Regarding using
renewable energy in Nunavut?
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The following are examples of the interview questions for Nunavut residents:
1) How would you describe the energy source that is used in your community to provide
electricity?
a. How did you become aware that your community uses diesel?
b. What are your reservations, if any, about using diesel in your community?
c. Why do you think your community uses diesel as its primary electricity source?
2) What are your impressions about renewable energy?
3) How would you describe wind energy?
a. What are your reservations, if any, about using wind energy in your community?
b. Do you believe it could work in your community?
4) How would you describe solar energy?
a. What are your reservations, if any, about using solar energy in your community?
b. Do you believe it could work in your community?
c. Would you be willing to set up and maintain any of the home equipment used for
solar panels?
5) How would you describe hydropower?
a. What are your reservations, if any, about using hydropower in your community?
b. Do you believe it could work in your community?
6) Would you support government action, over time, that would eliminate diesel power
generation in your community?
a. Do you think it would improve your quality of life?
b. Would you be willing to pay more taxes to make this a reality?
7) Would you like the government to take more action on renewable energy?
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a. What kind of action would you like to see the government take on renewable
energy?
b. Are there certain actions you would like to avoid?
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Appendix B
Interview Letter of Information and Consent Form

The following is a sample Letter of Information and Consent Form for Government PolicyMaker.
Interview Information and Consent Form
Replacing Diesel Dependency in Nunavut: Integrating Renewable Electricity Sources
You are invited to participate in research on issues associated with electricity generation
and renewable energy sources in Nunavut. The purpose of this research is to explore potential
opportunities and challenges associated with integrating renewable electricity sources within
Nunavut remote communities.
To this end I, Nicole McDonald would appreciate the chance to interview you at a time of your
convenience. Your time commitment would require between 20-25 minutes, as follow-up
questions may be asked depending on your answers. I would prefer, with your permission, to tape
record the interview for accuracy and reference. You may chose not to be recorded and also if
you wish, you may keep your anonymity as a participant by checking and signing the appropriate
fields.
There are no known risks associated with your participation in this study. Participation is
completely voluntary and this study has been granted clearance according to the recommended
principles of Canadian ethics guidelines, and Queen's policies. You are free to withdraw at any
time for whatever reason without penalty. You are not obliged to answer any questions that you
find objectionable or make you feel uncomfortable and may withdraw from the interview at any
time. All data will be stored in a secure computer file accessible only to the researchers until
published, at which point the files will be erased from the computer. Any personal or confidential
information gained by the research will be used solely for the purposes of this study and shared
only with the research supervisor. If you so request, your name, position and organization will be
kept confidential to the extent possible, in order to protect your official position. The interviewer
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will do so by removing identifying features from the resulting transcript or the questionnaire.
If you do withdraw from the research at any time, all information collected will be destroyed.
Your signature below confirms that you have read and understood the form and agree to
participate.
Name________________________ Position_____________________
Department___________________ Organization__________________
Email________________________________Phone__________________________
Signature_____________________________ Date___________________________
For Email interview please fax your signature or reply via email with an affirmative or this box
checked off as “Yes” for your consent:

Yes No

Please initial your conditions for the interview:
I am willing to have our conversation recorded?

Yes No

I allow the researcher to use my name in publication: Yes No
Any questions about study participation may be directed to the researchers:
Graduate Student: Nicole McDonald, MES, School of Environmental Studies, 9nm@queensu.ca
Supervisor: Dr. Joshua M. Pearce, Material and Mechanical Engineering,
pearce@me.queensu.ca, (613) 533-3369
Any ethical concerns about the study may be directed to the Chair of the General Research Ethics
Board at: Chair.GREB@queensu.ca or (613) 533-6081
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The following is a sample Letter of Information and Consent Form for Community Residents.
Interview Information and Consent Form
Replacing Diesel Dependency in Nunavut: Integrating Renewable Electricity Sources
You are invited to participate in research on issues associated with electricity generation
and renewable energy sources in Nunavut. The purpose of this research is to explore currently
known problems associated with sustainable development of electricity sources within Nunavut
remote communities, and the use of renewable energy in these communities.
To this end I, Nicole McDonald would appreciate the chance to interview you at a time of your
convenience. Your time commitment would require between 20-25 minutes, as follow-up
questions may be asked depending on your answers. I would prefer with your permission, to tape
record the interview for accuracy and reference. You may chose not to be recorded and also if
you wish, you may keep your anonymity as a participant by checking and signing the appropriate
fields.
There are no known risks associated with your participation in this study. Participation is
completely voluntary and this study has been granted clearance according to the recommended
principles of Canadian ethics guidelines, and Queen's policies. You are free to withdraw at any
time for whatever reason without penalty. You are not obliged to answer any questions that you
find objectionable or make you feel uncomfortable and may withdraw from the interview at any
time. All data will be stored in a secure computer file accessible only to the researchers until
published, at which point the files will be erased from the computer. Any information gained by
the research will be used solely for the purposes of this study and shared only with the research
supervisor. If you so request the interviewer will protect your anonymity as much as possible
(your name or associated organization) by removing identifying features from the resulting
transcript or the questionnaire. If you do withdraw from the research at any time, all information
collected will be destroyed.
Your signature below confirms that you have read and understood the form and agree to
participate.
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Name _________________________
Email________________________________Phone__________________________
Signature_____________________________ Date___________________________
For Email interview please fax your signature or reply via email with an affirmative or this box
checked off as “Yes” for your consent:

Yes No

Please initial your conditions for the interview:
I am willing to have our conversation recorded?

Yes No

I allow the researcher to use my name in publication: Yes No
Any questions about study participation may be directed to the researchers:
Graduate Student: Nicole McDonald, MES, School of Environmental Studies, 9nm@queensu.ca
Supervisor: Dr. Joshua M. Pearce, Material and Mechanical Engineering,
pearce@me.queensu.ca, (613) 533-3369
Any ethical concerns about the study may be directed to the Chair of the General Research Ethics
Board at: Chair.GREB@queensu.ca or (613) 533-6081
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