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Executive Summary

Environmental degradation in the arctic, caused by climate change, is posing a threat to the

wildlife present there by destroying their habitat. Though the arctic is mostly uninhabited, there

are nearly 50 communities in the Canadian arctic, and a good portion of them use diesel gener-

ators as the only means to generate electricity. This not only adds to the carbon footprint, but

also endangers the environment by elevating the risk of oil spills while transporting diesel to and

storing it in these communities. In addition to the environmental risks, the cost of fossil fuel

dependency is an economic problem in the North, as governments have to subsidize this fuel.

There are environmentally friendly and economic sources of energy for the arctic commu-

nities, which should help reduce their fossil fuel dependency. Thus, the Waterloo Institute of

Sustainable Energy (WISE) of the University of Waterloo has been involved in a consortium, led

by World Wildlife Fund (WWF) Canada, to perform studies, funded by WWF-Canada, on the

communities of Nunavut to integrate Renewable Energy (RE) sources in their grids. The task

is focused on gathering community size, load pro�le, transportation routing, high level data on

solar and wind resources, etc., and use them to select 5 of the 25 communities from Nunavut for

detailed feasibility studies for deployment of RE sources in some of these communities.

A two-step procedure has been adopted to determine the communities suitable for feasibility

studies. In the �rst step, a pre-selection of 13 out of 25 communities in Nunavut is made based on

high level data. In the second step, the HOMER software is used to simulate RE deployment in

the pre-selected communities, based on various assumptions and considerations. The simulation

results are ranked based on various prede�ned criteria, such as maximum Operation & Mainte-

nance (O&M) savings and emission reductions, at minimum cost, resulting in the following �nal

ranking of communities recommended for detailed feasibility studies:

i



1. Sanikiluaq

2. Iqaluit

3. Rankin Inlet

4. Baker Lake

5. Arviat

The result of this pre-feasibility study indicates that substantial reduction in CO2 emission

can be achieved at a relatively low initial investment costs, and at least 35% RE penetration can

be achieved for all the top 5 communities in Nunavut at a minimum cost of 7.8 M$, except for

Baker Lake (7.1%, 2.99 M$), while avoiding the purchase of a new diesel generator.

Feasibility studies are now being carried out for these communities. The analysis will be

based on detailed low-level data and modeling of the selected communities, using the well-known

mathematical programming tool GAMS (General Algebraic Modeling System). The results of

the studies will yield the actual wind and solar plants and battery storage systems that should

be deployed to maximize O&M savings and emission reductions, at minimum costs, in these

communities.
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1 Introduction

Climate change is a predominant issue in the arctic, as is evidenced by the ever-decreasing mass

of ice cover on the Arctic sea. This reduction is posing a threat to the wildlife in Arctic Canada.

Hence, there is an urgent need to reduce the environmental impact of energy use in this region.

The Canadian Arctic, also called “Far North”, is a part of Northern Canada, i.e., “The North”,

where The North politically refers to the territories of Yukon, NWT, and Nunavut. The Far

North is subdivided into the eastern arctic, comprising Nunavut, Nunavik (part of Quebec), and

Nunatsiavut (part of Newfoundland and Labrador), and the western arctic, i.e., the northernmost

portion of NWT and a small part of Yukon (see Figure 1).

The pre-feasibility study presented in this report is focused on selecting communities for RE

integration into the local grids, which are mostly dependent on diesel-based generation. The ge-

Figure 1: Canadian Arctic (the Far North) [1] (used with permission from Inuit Tapirit
Kanatami).
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Figure 2: Communities of Nunavut (contains information licensed under the Open Government
Licence of Canada [2]).

ographical region selected for this study comprises all 25 communities (Figure 2) in the territory

of Nunavut. It is important to note that all communities in Nunavut are solely dependent on

diesel for electricity generation; also worth mentioning that there is no territorial power grid and

inter-community road access.
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1.1 Motivation

It is well documented that the arctic habitat is continuously degrading due to the e� ect of climate

change, endangering the wildlife prevalent there, particularly in the Canadian Arctic, associated

with the loss of sea ice due to increased temperatures. In fact, the arctic has been found to be

warming at least twice as fast as the rest of the planet, as reported by the National Oceanic and

Atmospheric Administration (NOAA) of the US in their annual Arctic Report Card [3].

The communities in Nunavut use only diesel for electricity generation, and therefore the

emission from the power plants in these communities are further disturbing the environment.

The remoteness of these communities requires that fuel be transported by sea-barges and locally

stored in storage tanks, and thus there is also a risk for oil spills, which can do extensive dam-

age to the arctic environment. In addition, the cost of transporting diesel to all these remote

communities is considerably high.

All the aforementioned factors, coupled with the fact that a majority of these communities

have old diesel generators in operation that require replacement [4], is motivating the needs for

alternate sources of electricity generation. RE sources, mainly solar and wind, are of particular

interest for these communities, with well-designed RE implementation plans that have the poten-

tial for positive socio-economic-environmental e� ects as well. Building business cases for such

plans is the ultimate objective of feasibility studies being carried out by WISE for the WWF.

A total of 25 communities are in consideration here, for which performing RE feasibility stud-

ies would be too time consuming; thus, considering the urgency for replacement requirement of

diesel generators in some communities, the present report concentrates on selecting 5-6 com-

munities for detailed feasibility analyses, which will be used to identify 2-3 communities for

possible RE deployment.

1.2 Objectives

The objectives of the present pre-feasibility study are as follows:

� Determine 5-6 communities suitable for feasibility studies that will be used to build busi-

ness cases for RE deployment.
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� Rank communities based on several criteria, such as project investment cost versus O&M

savings or replacement of required diesel generators, at minimum costs.

� The primary target is to displace diesel fuel, not existing diesel capacity, by incorporat-

ing wind and solar plants and battery storage systems, so that local grids can be securely

operated, as required by utility standards.

1.3 Content

The rest of this report is divided in 3 sections. Thus, Section 2 discusses the pre-selection pro-

cess, where basic input data is considered for all 25 communities, describing the methodology

adopted for pre-selection, and presenting the �nal list of the pre-selected communities for pre-

feasibility ranking. Section 3 describes the ranking process of these pre-selected communities

for the following feasibility studies, using the HOMER (Hybrid Optimization of Multiple Energy

Resources [5]) software to determine optimal RE deployment for various battery storage system

capacities. The techno-economic optimization results from HOMER are used to develop the

ranking of the pre-selected communities based on certain pre-de�ned criteria, which basically

consists of maximizing O&M savings and emission reductions, at minimum costs. Section 4

provides the conclusions to the pre-feasibility study and recommends a list of communities that

should be considered for the feasibility study stage.
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2 Pre-Selection of Communities

The pre-feasibility study for incorporating RE in the communities of Nunavut was initiated by

performing a pre-selection of its 25 communities, based on certain parameters. The objective

of this pre-selection was to reduce the number of the communities to a manageable list, where

simulation of RE integration could be performed to rank these pre-selected communities based

on a certain set of ranking criteria.

2.1 Basic Input Data

The following set of basic input parameters was gathered for each community under considera-

tion:

� Geographical Location: The latitude and longitude was used to determine solar insolation,

wind, and temperature pro�les, when metered data was not available.

� Flight Connections: Air connection availabilities between communities and with big cities

of neighbouring provinces/territories [6], by various airlines, were used to assess the cost

involved in shipping smaller cargo to various communities from the purchase point. This

was also used to estimate the cost of transporting technical personnel required for RE

installation purposes.

� Air Distance from Iqaluit and Yellowknife[7]: The air-distance of a community from these

two hubs was considered to determine the shortest and cheapest routing available for air-

cargo and personnel required for RE installation.

� Air-cargo and Sea-lift Rates: These rates, coupled with the previous data set on �ight

connections and air-distances, helped to �nalize the cheapest route to transport goods and

personnel to/from communities, using the preferred/required modes of transport, as appli-

cable (e.g. converters can be put in air-transport, whereas wind turbine blades and hubs

will require sea-lift). Air cargo rates were obtained from [8], [9], [10], and [11]. The rates

for sea-lift to/from the communities were available in the websites of The NEAS Group
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(NEAS Inc, Nunavik Eastern Arctic Shipping, and Nunavut Eastern Arctic Shipping) [12],

Nunavut Sealink and Supply Inc. [13], and Northern Transportation Company Limited

(NTCL) [14]. NEAS transports to the communities from Valley�eld, Quebec, NSSI from

Ste-Catherine, Quebec, and NTCL from Hay River Terminal, NWT.

� Population, Growth, and Number of Household: Present population (as of 2013) and its

annual growth data, available in [15], and [16], helped in determining the size of the com-

munity. The number of households, retrieved from [17], helped in estimating the feasibil-

ity of rooftop solar PV penetration limit; however, at the pre-feasibility stage stage, only

ground-mounted PV has been considered.

� Electricity Rates: The rates paid by the customers were divided into 2 groups: govern-

mental and non-governmental, and domestic and commercial. Nunavut's electricity rates

were provided by Qulliq Energy Corporation (QEC) [18], and these rates will be used to

estimate the return-on-investment for RE projects in the feasibility studies, and were not

used for the presented pre-feasibility results.

� Energy Use, Costs and Greenhouse Gas (GHG) Emissions: Energy use in the communities

was categorized in three sectors: electricity, heating, and transport. The data for the elec-

tricity sector, obtained from Nunavut Energy [19], included annual energy consumption in

kWh, the cost to generate this energy, and GHG emission resulting from it. For heating

and transport, the data, on individual sectors, comprised of the amount of fuel consumed

annually along with the associated costs and GHG emissions.

� Solar PV, Wind, and Small Hydro Potential: High level data for solar PV potential, on an

annual energy generation capability per installed capacity (kWh/kW) basis, was obtained

from photovoltaic and solar resource maps of Natural Resources Canada (NRCAN) [20].

Similarly, data on wind potential, i.e., annual average wind speed and wind energy, was

obtained from the Wind Atlas Canada [21]. The potential of small hydro, as a run-of-the-

river option, was determined from the water �ow measurement with good granularity (at

least daily values for a pre-feasibility study), which was available from the “Watero� ce”

website of the Government of Canada [22].
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Table 1: Parameters considered for pre-selecting communities and their corresponding ranges
for assigning attributes.

Attributes Parameters considered Range division for de�ning attributes

L is of
lowest

merit, and
H the

highest

Wind speed (WS) [m/s] L < 4 � ML � 5 � MH � 6 � H
Solar energy (SE) [kWh/kW] L < 900� ML � 1000� MH � 1100� H

Energy demand/ person (EDpp) [MWh/pp]
NU: L < 3 � ML � 4:5 � MH � 6 � H

NWT: L < 13 � ML � 14 � MH � 15 � H
GHG emission/ person (GHGpp) [tonnes/pp] L < 3 � ML � 5 � MH � 7 � H

Electricity rate (ER) [¢/kWh] L < 70 � ML � 85 � MH � 100� H
Community size (CS) L < 4 � ML � 5 � MH � 6 � H

L highest,
H lowest

Air transport cost (TCA) [$/tonne] L < 35 � ML � 40 � MH � 45 � H
Sea transport cost (TCS) [$/tonne] L < 350� ML � 375� MH � 400� H

� Existing Diesel and Natural Gas Generators: The age of generators present in the com-

munities of Nunavut and their rated capacities are obtained from a report by Opportunities

North [23], and this data was used to assess the urgency of replacing existing gensets,

which can be achieved by using RE.

2.2 Methodology

The �rst task was to gather all the information from various sources and compile them for com-

parative analysis. The next step was to de�ne attributes to di� erent ranges of a given parameter,

in order to perform a qualitative comparison. For example, it was found that the wind speed

data varies from 4.73 m/s to 7.71 m/s; hence, the ranges were divided in four categories, low

(L), medium low (ML), medium high (MH), and high (H), as follows:L < 4 m/s � ML � 5 m/s

� MH � 6m=s � H. This process of assigning attributes was con�ned to a certain set of input

parameters, which were deemed to be important in the selection process; these parameters and

their respective ranges for assigning attributes are shown in Table 1. Observe that the attributes

for air and sea cargo rates are considered in the opposite order than the rest.

All these attributes were then cumulatively considered attaching weights to them, where the

weights depend on the importance of the parameter in consideration (e.g. wind or solar charac-
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teristics have higher importance than community size). The cumulative attributes were �nally

sorted in descending order to determine the rank of the communities.

2.3 Pre-Selection List

The input data gathered during the pre-selection process, with the selected communities being

identi�ed (without ranking), was presented in tabular form during the “Expert Consortium Kick-

o� Meeting”, held on November 13, 2015, in Toronto. The table is reproduced here in parts,

with information for the di� erent regions being presented as follows:

� The Kitikmeot region of Nunavut being shown in Tables 2, 3, 4, and 5.

� The Kivalliq region is presented in Tables 6, 7, 8, and 9.

� For the largest region in Nunavut, i.e., Qikiqtaaluk, Tables 10, 11, 12, and 13 present the

input data used for pre-selecting its 13 communities.

Table 2: Location, �ight connections, and air distance for the communities of the Kitikmeot
region.

Community
Location

Flight connections
Air Distance from [km]

Lat. & Long. Iqaluit Yellowknife

Cambridge Bay
69� 07'02” N

105� 03'11” W
Yellowknife (First Air & Canadian
North); Rankin Inlet (Kivalliq Air)

1706.79 852.49

Gjoa Haven
68� 37'33” N
95� 52'30” W

Yellowknife (First Air); Cambridge
Bay (Kenn Borek Air)

1327.42 1087.74

Kugaaruk
68� 31'59” N
89� 49'36” W

Yellowknife (First Air); Cambridge
Bay (Kenn Borek & Kivalliq Air)

1088.27 1305.44

Kugluktuk
67� 49'32” N

115� 05'42” W
Yellowknife (First Air); Cambridge

Bay (Kenn Borek Air)
2117.48 598.18

Taloyoak
69� 32'13” N
93� 31'36” W

Yellowknife (First Air); Cambridge
Bay (Kenn Borek Air); Rankin

Inlet (Kivalliq Air)
1263.48 1217.74
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Table 3: Air and sea cargo rates and population for the communities of the Kitikmeot region.

Community
Air Cargo rate: First Air Sealift transport rates Population No. of
[Minimum cost, $+ $/kg] [$/1000 kg]

2013
% houses

Iqaluit Yellowknife NEAS NSSI NTCL change
Camb. Bay 47+ 5.11 35+ 2.72 438.00 443 1658 1.01 540
Gjoa Haven 43+ 7.83 43+ 5.07 438.00 443 1386 3.27 230
Kugaaruk 48+ 8.87 43+ 6.4 388.43a NA 878 2.96 170
Kugluktuk 43+ 7.88 43+ 3.47 438.00 443 1547 2.02 430
Taloyoak 45+ 8.37 43+ 5.73 438.00 443 980 2.13 220

aVia Nanisivik, Canadian Coast Guard post.

Table 4: Electricity rates, annual energy consumption and associated costs, and GHG emissions
for the communities of the Kitikmeot region.

Community
Electricity rates a [¢/kWh]

Annual Energy use, Cost, and GHG emission
Electricity Heating Transport

D-NG D-G C-NG C-G [kWh; $; tonnes] [Litres; $; tonnes]

Cambridge Bay 76.06 66.07
9414003
5367272

7432

4662271
5239460

13157

3713399
4173243

9181

Gjoa Haven 89.45 92.28 85.96
5009314
3504488

3738

2080186
2514657

5870

1505793
2332352

3748

Kugaaruk 114.16 101.77
2653519
2282923

2010

1214378
1525259

3427

1189992
1897043

2967

Kugluktuk 93.32 98.68 87.19
5576589
4116493

3932

2690377
2998476

7592

1807449
2697608

4501

Taloyoak 98.36 106.46 96.78
3371214
2777233

2350

1416487
1717179

3997

1118463
1708319

2795

aD - Domestic; C - Commercial; G - Governmental; NG - Non-Governmental.
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Table 5: Age and capacity of existing generators, and data on wind and solar potentials for the
communities of the Kitikmeot region.

Community
Diesel generatorsa Wind data Solar data

Installed Cap. Addns. Speed Energy Weibull Tilt= Lat.
[Yr.] [kW] [Yr.] [m /s] [W/m2] [k] [A] [kWh /kW]

Cambridge Bay 1967 3110 1970 6.08 250.50 1.75 6.83 900-1000
Gjoa Haven 1977 1650 None 5.94 193.63 2.07 6.71 1000-1100
Kugaaruk 1974 835 None 6.30 238.13 2.01 7.11 1000-1100
Kugluktuk 1968 2220 1989 4.98 146.25 1.66 5.57 900-1000
Taloyoak 1972 1500 1986, 1993 5.46 163.13 1.91 6.16 900-1000

aAs per the data gathered by Nov. 2015.

Table 6: Location, �ight connections, and air distance for the communities of the Kivalliq region.

Community
Location

Flight connections
Air Distance from [km]

Lat. & Long. Iqaluit Yellowknife

Arviat
61� 06'29” N
94� 03'25” W

Rankin Inlet (Skyward Aviation,
Kivalliq & Calm Air); Winnipeg

(Kivalliq & Calm Air)
1337.36 1073.63

Baker Lake
64� 19'05” N
96� 01'03” W

Rankin Inlet (Skyward Aviation,
Kivalliq & Calm Air)

1330.14 933.66

Chester�eld Inlet
63� 20'27” N
90� 42'22” W

Rankin Inlet (Calm Air); Winnipeg
(Kivalliq & Calm Air)

1095.93 1194.39

Coral Harbour
64� 08'13” N
83� 09'51” W

Iqaluit & Yellowknife (First Air);
Rankin Inlet (Kivalliq Air)

715.42 1554.22

Rankin Inlet
62� 48'35” N
92� 05'58” W

Yellowknife & Iqaluit
(Canadian-North & First); Winnipeg

(First, Calm & Kivalliq Air)
1176.21 1134.19

Repulse Bay
66� 31'19” N
86� 14'06” W

Rankin Inlet (Kivalliq Air) 880.89 1406.73

Whale Cove
62� 10'22” N
92� 34'46” W

Rankin Inlet (Skyward Aviation,
Kivalliq & Calm Air)

1219.96 1118.32
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Table 7: Air and sea cargo rates and population for the communities of the Kivalliq region.

Community
Air Cargo rate: First Air Sealift transport rates Population No. of
[Minimum cost, $+ $/kg] [$/1000 kg]

2013
% houses

Iqaluit Yellowknife NEAS NSSI change
Arviat

Calm Air cargo.a

343.36
361.43
255.72b

2508 2.27 530
Baker Lake 2140 2.45 550

Chester�eld Inlet 393 1.73 110
Coral harbour 23.94+ 4.89 47+ 6.3 945 2.36 190
Rankin Inlet 23.94+ 3.38 35+ 3.27 2777 1.69 800
Repulse Bay

Calm Air cargo.a
365.13 1040 4.17 180

Whale Cove 343.36
361.43
255.72b 463 3.39 100

aCalm Air provides matrix of cargo rates for all communities [9].
bDenotes rates from Churchill, Manitoba.

Table 8: Age and capacity of existing generators, and data on wind and solar potentials for the
communities of the Kivalliq region.

Community
Diesel generatorsa Wind data Solar data

Installed Cap. Addns. Speed Energy Weibull Tilt= Lat.
[Yr.] [kW] [Yr.] [m /s] [W/m2] [(k)] [(A)] [kWh /kW]

Arviat 1971 2240 1979 7.55 419.63 1.96 8.62 1100-1200
Baker Lake 2003 2240 None 6.49 294.63 1.79 7.30 1100-1200

Chester�eld Inlet 1975 810 None 7.50 423.50 1.90 8.45 1100-1200
Coral Harbour 1988 1310 None 5.91 267.75 1.55 6.58 1100-1200
Rankin Inlet 1973 3550 1986, 1993 7.46 403.25 1.97 8.42 1100-1200
Repulse Bay 2000 990 None 6.71 299.13 1.93 7.57 1000-1100
Whale Cove 1991 750 None 7.71 429.63 2.04 8.70 1100-1200

aAs per the data gathered by Nov. 2015.
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Table 9: Electricity rates, annual energy consumption and associated costs, and GHG emissions
for the communities of the Kivalliq region.

Community
Electricity rates a [¢/kWh]

Annual Energy use, Cost, and GHG emission
Electricity Heating Transport

D-NG D-G C-NG C-G
[kWh; $;
tonnes]

[Litres; $; tonnes]

Arviat 79.14 74.03
8028691
4993939

12373

2974762
3319307

8395

1410911
1593403

3463

Baker Lake 70.31 66.09
8938192
4761879

5472

4331683
4879176

12224

2184670
2545162

5542

Chester�eld Inlet 97.54 91.14
2002200
1497389

1307

819947
913085

2314

420826
471357

1028

Coral Harbour 94.66 87.11
3367600
2392802

2660

1380260
1554600

3895

1288046
1823065

3208

Rankin Inlet 62.23 55.04 60.64
17396062
8108206

13598

5598152
6238064

15798

14120218
21248477

36808

Repulse Bay 85.06 75.30
3584709
2374327

2603

1473913
1625892

4159

766633
835903

1878

Whale Cove 90.42 144.80 111.18 122.71
1754637
1692094

1479

688478
760008

1943

310521
342901

756

aD - Domestic; C - Commercial; G - Governmental; NG - Non-Governmental.
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Table 10: Location, �ight connections, and air distance for the communities of the Qikiqtaaluk
region.

Community
Location

Flight connections
Air Distance from [km]

Lat. & Long. Iqaluit Yellowknife

Arctic Bay
73� 02'11” N
85� 09'09” W

Iqaluit and Resolute Bay (First Air) 1227.9 1670.56

Cape Dorset
64� 13'54” N
76� 32'25” W

Iqaluit (First Air) 394.68 1869.24

Clyde River
70� 28'26” N
68� 35'10” W

Iqaluit (First Air) 748.28 2152.38

Grise Fiord
76� 25'03” N
82� 53'38” W

Iqaluit - Resolute Bay (First Air)-(Kenn
Borek Air)

1499.93 1930.17

Hall Beach
68� 46'38” N
81� 13'27” W

Iqaluit (First Air); Rankin Inlet (Kivalliq
Air)

794.92 1648.84

Igloolik
69� 22'34” N
81� 47'58” W

Iqaluit (First Air); Rankin Inlet (Kivalliq
Air)

855.41 1637.91

Iqaluit
63� 44'55” N
68� 31'11” W

Ottawa, Montreal, and Yellowknife (First
Air); Ottawa and Yellowknife (Canadian

North)
NA 2261.43

Kimmirut
62� 50'48” N
69� 52'07” W

Iqaluit (First Air & (Kenn Borek Air) 120.67 2228.28

Pangnirtung
66� 08'52” N
65� 41'58” W

Iqaluit (First Air & Kenn Borek Air) 297.89 2320.19

Pond Inlet
72� 41'57” N
77� 57'33” W

Iqaluit [via Clyde River] (First Air) 1066 1870.57

Qikiqtarjuaq
67� 33'29” N
64� 01'29” W

Iqaluit (First Air & Kenn Borek Air) 470.62 2360.28

Resolute Bay
74� 41'51” N
94� 49'56” W

Iqaluit & Edmonton-Yellowknife (First Air) 1572.38 1558.5

Sanikiluaq
56� 32'34” N
79� 13'30” W

Montreal (Air Inuit) 993.83 2059.74
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Table 11: Air and sea cargo rates and population for the communities of the Qikiqtaaluk region.

Community
Air Cargo rate: First Air Sealift rates Population No. of
[Minimum cost, $+ $/kg] [$/1000 kg]

2013
% houses

Iqaluit Yellowknife NEAS & NSSI change
Arctic Bay 47+ 6.79 63+ 11.67 388.43 861 2.62 210

Cape Dorset 23.94+ 4.82 47+ 11.38 336.82 1491 2.02 390
Clyde River 53+ 9.66 78+ 14.51 388.43 1004 2.29 220
Grise Fiord Kenn Borek Air: from Resolute Bay [24]. 388.43 157 1.09 60
Hall Beach 47+ 6.47 62+ 11.35 365.13 851 3.22 170

Igloolik 47+ 6.47 62+ 11.35 365.13 1974 3.08 390

Iqaluit
35+ 4.84 (From

Montreal & Ottawa)
40+ 5.0 297.14 7177 1.40 2560

Kimmirut 47+ 2.54 47+ 7.82 336.82 479 1.64 130
Pangnirtung 35+ 4.13 48+ 9.03 336.82 1611 2.22 430
Pond Inlet 60+ 10.98 85+15.81 388.43 1612 2.30 350

Qikiqtarjuaq 35+ 5.93 59+ 10.82 388.43 520 0.72 170
Resolute Bay 47+ 6.79 64+ 11.89 388.43 225 -0.85 70
Sanikiluaq Air Inuit: from Montreal [25]. 376.26 884 1.94 200

Table 12: Age and capacity of existing generators, and data on wind and solar potentials for the
communities of the Qikiqtaaluk region.

Community
Diesel generatorsa Wind data Solar data

Installed Cap. Addns. Speed Energy Weibull Tilt= Lat.
[Yr.] [kW] [Yr.] [m /s] [W/m2] [(k)] [(A)] [kWh /kW]

Arctic Bay 1974 1070 None 4.95 164.13 1.51 5.49 900-1000
Cape Dorset 1964 1800 1973, 1992 6.79 359.25 1.7 7.61 1000-1100
Clyde River 1999 1350 None 6.46 293.63 1.78 7.26 900-1000
Grise Fiord 1963 Not Available 7.08b Not Available 800-900
Hall Beach 1974 1345 1993 6.01 226.5 1.84 6.77 1000-1100

Igloolik 1974 1740 2005 6.12 241.38 1.82 6.89 1000-1100
Iqaluit 1964 14900 2014 5.65 226.00 1.59 6.30 1000-1100

Kimmirut 1992 930 None 5.78 280.63 1.43 6.36 1000-1100
Pangnirtung 1971 2220 None 5.92 432.50 1.17 6.25 1000-1100
Pond Inlet 1992 2250 None 4.73 199.25 1.23 5.06 900-1000

Qikiqtarjuaq 1963 1305 1975, 1986 6.45 396.13 1.42 7.09 1000-1100
Resolute Bay 1971 2050 None 5.69 187.50 1.88 6.41 800-900
Sanikiluaq 2001 1200 None 7.69 407.25 2.14 8.68 1100-1200

aAs per the data gathered by Nov. 2015.
bWind speed measured from [26].
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Table 13: Electricity rates, annual energy consumption and associated costs, and GHG emissions
for the communities of the Qikiqtaaluk region.

Community
Electricity rates a [¢/kWh]

Annual Energy use, Cost, and GHG emission
Electricity Heating Transport

D-NG D-G C-NG C-G [kWh; $; tonnes] [Litres; $; tonnes]

Arctic Bay 87.87 78.97
2694201
833259

2570

1338749
16157
3773

1536560
2335171

3856

Cape Dorset 68.59 71.87 64.47 71.87
6110277
3407697

4837

1330493
1439596

3755

1137756
1431160

2843

Clyde River 78.19 78.67 69.66
3681411
2125545

3197

1593433
1707242

4497

1406677
1952827

3746

Grise Fiord 92.09 110.79 105.92
1093204
806513

1166

569154
623002

1606

274039
378157

685

Hall Beach 89.03 92.32 85.91
3257607
2201664

2322

1290022
1397656

3640

1093848
1708287

2758

Igloolik 63.23 58.35 unknown
2620022
2805857

7394

1858221
2707218

4656

Iqaluit 60.29 50.68 52.04
56888646
24458774

38085

22446151
23635797

63343

35830881
34876372

90411

Kimmirut 103.74 103.51 87.70 88.13
2062661
1517785

2359

699306
749624

1973

362225
383811

887

Pangnirtung 65.74 70.13 58.66 64.26
6477118
3316528

4276

2001310
2152201

5648

1975768
2253920

4924

Pond Inlet 89.95 97.29 82.88
5993849
4105681

4707

2579698
2759564

7280

1824051
2761715

4556

Qikiqtarjuaq 77.92 88.71 74.06 88.71
2531400
1714261

1958

1008376
1037308

2846

806435
1067527

2004

Resolute Bay 101.35 103.15 96.81
3371214
2777233

2350

1901999
2167346

5367

2287347
3717131

5915

Sanikiluaq 82.25 79.01
3483467
2243977

2626

1217204
1278911

3435

861574
1087728

2240

aD - Domestic; C - Commercial; G - Governmental; NG - Non-Governmental.
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Figure 3: Overall ranking of all 25 communities in Nunavut to pre-select them for pre-feasibility
studies.

2.4 Selected Communities for Pre-Feasibility Ranking

The overall ranking for all the communities in Nunavut is shown in Figure 3, along with the

important parameters considered for the pre-selection process, and the region the ranked com-

munity belongs to. The �rst four parameters have been given twice the weight than the other

parameters, because they have a large impact on possible RE deployment. Observe that none

of the communities of the Kitikmeot region, which includes Cambridge Bay, feature in the top

15 rank; on the other hand, all the communities in the Kivalliq region ranks in the top 10. This

regional disparity can be largely attributed to the vicinity of the Kivalliq region to the main sea

16



Table 14: Regional ranking of Nunavut's communities for selection for pre-feasibility studies.

Region Rank Community Selected Region Rank Community Selected

Qikiqtaaluk

1 Iqaluit

X Kivalliq

1 Rankin Inlet
X2 Cape Dorset 2 Arviat

3 Sanikiluaq 3 Baker Lake
4 Pangnirtung 4 Repulse Bay

�5 Igloolik 5 Chester�eld Inlet
6 Qikiqtarjuaq 6 Coral Harbour
7 Hall Beach 7 Whale Cove
8 Clyde River

Kitikmeot

1 Cambridge Bay X9 Kimmirut

�

2 Kugaaruk
10–11 Grise Fiord 3 Gjoa Haven

�10–11 Resolute Bay 4 Kugluktuk
12 Pond Inlet 5 Taloyoak
13 Arctic Bay

connection points, i.e., Valley�eld in Quebec and Churchill in Manitoba, as RE equipment would

require sea-lift transport. Hence, a better way was to do a regional ranking of the communities of

Nunavut (as shown in Table 14), based on the results of Figure 3, to properly consider the merits

of possible RE deployment in all regions. Thus, for each region, approximately 50% of the com-

munities were selected for further study, stopping when there were some signi�cant di� erences

in some of the criteria illustrated in Figure 3 for the region. For example, for the Kivalliq region,

the community of Baker Lake has better solar potential and similar electricity rates than Repulse

Bay.
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3 Communities Selection for Feasibility Study

The pre-feasibility study determines suitability of the communities for RE integration, and de-

�nes the �nal rankings of the communities for feasibility studies, based on more detailed rank-

ing criteria for the group of communities selected in the previous stage. The HOMER soft-

ware [5], developed by the US National Renewable Energy Laboratory (NREL), was used in the

pre-feasibility study to determine the least-cost RE deployable option with and without battery

storage systems.

3.1 Procedure

HOMER was used in this study as the main tool to simulate the RE integrated operation of the

remote micro-grids, the generation planning of the communities. Certain operational constraints

and various input requirements were carefully considered to simulate a realistic scenario. The

results obtained were used to determine the best suited set of communities that deserve further

in-depth analysis for developing business cases for possible deployment of RE. The simulation

procedure adopted was as follows:

1. The base case, i.e., the �rst run, for any community was the case of “No RE”, consider-

ing the present scenario, which provided the basis for computing certain ranking criteria

parameters, e.g. O&M cost and emission reduction.

2. The next run incorporated RE with no storage availability.

3. Further runs were based on increasing storage/battery capacities.

4. Increment of battery capacity was stopped based on the following stopping criteria:

� Replacement of required new diesel generators by RE.

� O&M costs when introducing RE (included batteries) was more than the base-case

O&M costs, i.e., O&M savings becoming negative.

5. Battery and RE capacities were increased to determine the costs of a diesel free operation,

if possible.
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