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Abstract

The Canadian érritory of Nunavut covers one fiftB ¥ / | y | R @rid, withbuy &ro@d & a
network or linked powergrid, residentsrely exclusively oroff-grid diesel generated power
stations to supply electricityOnce consideredonvenient, thesesystens have now become
inefficient anddifficult to maintain Economic, environmental, and social analyses miest
conducted in order to recognizie viability of develomg clean renewable, and sustainable
energyin the territory. For the community of Rankilmlet, this involvesunderstanding the
benefits of reducindgnarmfuldiesel fuel emission&mulations ofpotentialwind and solar power
plantshelp to create an understanding of the economics behind such a project. This research
focuses on answeringthedgS a G A 2y dGaK2dzZ R NBYySglofS SySNBHe@
for the ageing diesel gemation stations in parts of Nunawité wS & dzf ( & hybridz33S &
generationsystems are a viable and feasible approach to the future of power generation in

Rankin ltet.
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Chapterl: Introduction

1.1Overview

The Canadiaretritory of Nunavut has an outdatednd inefficientenergygenerationsystem
This is mainlylue to the fact thatt is the only administrative division in Canada that does not
have a developed source of primary energy productAdhother provinces and territories gact
petroleum resources ancharness natural eergy to produce electricity that suppliesa local
power grid In Nunavutoff-grid mechanicaliesel electricity generators angsed extusively to
supply power, whichresults in approximately 36,000 peoptelying heavilyon external fuel
supplies This systemrequiresvery large quantitiesof fossilfuel in orderto maintain the basic
living amenitiesfor its people Each community in Nunavut has its own independdigsel
electricity geneation and distribution system andére is no backip grid (Nunavut Dept. of
Environment, 2018)There are no interconnecting road systems in Nunavut so fuel has to be
shipped along thgaggedcoast duringice-free summer months an@ventually stockpiled at
designated distribution centersltherefore, it is importantproposeand developnew energy
soluions, andto encourageenewable energy optionthat movetowardspower diversification
energy independence, arehhancingenvironmental awarenesghis research investigates wind
and solarelectricity generatiorpotential in an effort to answequestions concerningesource
availability, technological requirements, aldsts associated with creating the most effective
renewable energy projedor the town of Rankin InletNunavut (Figure 1)

The Qullig Energy Corporation (QEC) is the govebdg responsible fogenerating electricity
and maintaining all the diesel plants in theS NNJ (caniiirfitigs Proyiding powecoststhe
Government of Nunavutearly $200 million in fossil fuel annually This combinedwith
distribution expenditurestotals approximately$350 million per fiscal year a number thatis
steadily risingGovernment of Nunavut, 20).7Forthis type of systenthe electricitygeneration
costs are highethan the rest of the country andanvary significarly. In Arctic electricityrates
can range from $0.48Wh to $2.50/kWh, whilefor the rest of Canad#he averag electricity
rates range from $0.07/kWh t$0.17/kWh(Arriaga, M., Canizares, C., & Kazerabi4)
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Changig the way the Nunavummiubok at energy is now a government initiativiehe QEC and
other territorial governing bodies such as the Depaent of Community Service®junavut
Housing CorporatiomjunavutDepartment of Filance andNunavutDepartment of Environment
have structured several energy savingdiatives and incentives in an effort to educate citizens
and curb excess power usagentrepreneurial programs such abd ecoENERGYT Aboriginal
and Northern Communities Program (EAN@RJ Strategic Investment in Northern Economic
Development (SINEDjave been focusingpn providing funding support to Aboriginal and
northern communities for renewable energy projects awbnomic diersification

Nunavut has an array of unharnessed renewable energy potemtiaCumberland Sounadn
Baffinlsland windsare favorable for turbine installatiofwind atlasfrom Government of Canada
2018Db). This resource is just 140n north of the townof Igaluit (Figure 1which isthe most
populated and energy consuming community in the territdfgarthe town ofChesterfield Inlet

on mainland Nunavut, thennual potential photovoltaic energy capture isgter than that of
Victoria, BCand the town of Arviat hasremendous potential forwind harnessingUtilizing
renewable energyhas been attemptechere in the past, but encounterednixed results with
some projectsoperated for a short period befor@ventuallybeingdecommissioned (Numait
Dept. d Environment, 2018). Since the timing of these projesignificant improgments have
occurred inrenewable energyechnology andyenerating capabties. With available access to
more robust and efficient equipent, the QEC is now planning fostall wind resource
monitoring towers at potentialproject sitesin order to gain accurate dataTo date, two
monitoring towe's are scheduled for installatippne in Cape Dorset and one in Arviat. This is the
beginning of a new outlook on harsting renewable energy in ther&tic.

From a societal perspective, the need fdiesel continues toforce theseisolated northern
communitiesto be dependenton the outside worldfor fossilfuel. Even worsethe financial
demand associated Wi powering aossitfueled grid is de@ting furds that would be better put

to use supportingmportant social projpmsd a ¢ KA a NBIFf A& LINRPOARSAE
moving forward. Energy expenditures are ndiscretionary budget items, and as such, any
increase in engy prices directly impacts the funding of priorities such as health, education, and

housing (Government oNunawt, 2017, p. 1). Replacing, or at least incapating sustainable

Y‘I.v



energy intocommunities will not only provide a buffer between the unpredictable psaaf the
petroleum market, but wuld alsohelp developother important public services required for
residents Acommunity entirely powered by wind and/@olarpower couldalsohelpencourage
innovationand support a selfustaining environment that aligns with the core beliefs of the
Nunavut Inuitpeople.

In order to advance the concept ehergy independencenergymodelling and project propossl
shouldbe executedn a manner thatenters orrenewable powegrid incorporation This can be
conducted by analyzing the shortcorggof past projectsthe natural power availabilityand the
costbenefitanalysiof new installations.

With nearly $200 million worth of dieselfuel consumed annuallysmall northern mdigenous
communitiesare forcedinto havinglarge financial and environmental footpreiWith the newly
introducedgreenhouse ga@GHGemission lintations and theFederal @bonPollution Pricing
Systemthe QEC anather developerswill likelybe looking to thesesolated, diesetlependent
communities to invest imenewable energy infrastructurand technologyldentifying Nunavut
as having thepotential to be anexemplarylocation for sustainableelectricity generationis
necessary in ordeo begin an energy paradigm shift that widhwer the economic burden dhis

heavily subsidizeterritory.

1.2 Diesel Electricity Generatiand Issues

Remote, offgrid communities throughoulNunavutuse diesel fuel generator sets to pracki
electricity (Figure 2) Depending on the size of the communityultiple generator sets may be
required to accommodate peakdd demand These systems alsequire a standby generator

that has thecapacityto produceenough electricity to handleritical load requirements during
maintenanceperiods A diesel generator can operate reliably in any location as long as there is a
steady fuel supplywith some running forup to 99.% of the yearFuel consumption fo
electricity generation in Nunavus in the tens omillions of litersand the currentpower plant

are withoutenergy storage optionghis all combines to form a steadily running, poorly efficient,

fossil fuel combustion engine théat cosly to operate andmaintain.
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For several decadekis has been the most feasible option for northern communit@song the
earlybenefits wereease of installationas well azonsistent operationwhichallowed for quick
grid setup and minimal maintenance requirements. Nearly 60 yearsrdgmn diesel generators
wereA Y i N2 RdzOS R  kcoifciitBey wekeytHe fates® techriologgnd the best possible
solution for remote areas. With the passagktine, the ageing equipment has bee® less
reliableandoperational costs began to rise dramatically. Having such a large fleet of ageing diesel
facilities requires the QEC to commagignificant portions of capital spending to replacing
components to extend operational lifédcquiring parts for thesageingplants is a constant
challengeandincreases the risk of power outagdable 11 shows the age and years remaining
on operation ife of these generators.

Tablel-mY ! 3S YR WSYIAYAYy3 [AFS 2F bdzyl @dzi Qa

Plant Name Constructed RET_?;:IHG
Grise Fiord 1063 o
Qikigtarjuag 15368 o
Cape Dorsst 1964 o
Cambridge Bay 1867 o
kugluktuk 1062 o
Arviat 1971 o
Pangnirtung™ 1871 o
Resolute Bay 1871 o
Taloyoak 1972 o
Rankin Inlet 1973 o
Arclic Bay 1974 o
Hall Beach 1974 o
Igloolik 1874 o]
Kugaaruk 1874 o
Chesterfield Inl=t 1975 1
Gjos Hawen 1877 3
Coral Harbour 18E2 14
Whals Cowve 1891 17
Fimimirut 10892 18
FPond Inlet 10892 18
Clyda River 1992 25
Maujzat 2000 26
Sanikiluag 2001 27
Bazker Lake 2003 2B
Igaluit 2014 40

(Government of NunavyR017)



Dieselas afuel sourceis combustible but not flammabland, as a result, relatively safe when
comparingit to gasoline and natural gaius making it the better fossil fuel for transportation
and storageThis safety factocombined withits high energydensity has madeiesel a modern
globalnecessityln 2016, wholesale diesehnged on average from $0.900Qper liter in Canada
with costs fluctuating due t@ number of economic, political, and supply factorhe cost of
crude oil is the largest compone of the retail price of dieselWorldwide supply déermines
crude oil prices and globaconomic conditionscontribute to the demand forpetroleum
products made from crude oilThe U.S. governmental Energy Information Administration
predicts that the cost orude oil anddiesel fuel will continue to risas demand increases due
to increasing global populatiorfhis inconsistencin price can lead to these offgrid systens
having an unpredictablgrowingfuelbudget.Ly Hnnu 3 GKS Oz2ad 2F 2LISNI
grid was approximately $121 million, amber thathas since tripledGovernment of Nunavut,
2017)

To keep electricity rates affordable for Nunavut community residents, the government operates
the Nunavut Electricity Subsidy Program, which provides a subsidy at 50% of the Igaluit rate
which turns out to be around $0.60 per kWh. In addition, all residents who live in public housing
(52% of the Nunavut population), have rates capped at $098Np 1 Asksdrh, @lectricity is
dramatically subsidized by government, thereby perpetuating diesel doesumption and
reducing the imperative to support clean power projedBembina Institute2016 p. 64. Table

1-2 showsthe cost breakdown and GH@pact resulting from diesel consumptiofhis dataloes

not include the transportation cost of shipping de# toremote communities, an expense that

exceeds the annual costs of fuel purchases in some towns.



Table2-2: Summaryf Utility Fossil Fuel Generation Costs for Nunavati@onities

Non Fuel Operating Costs

Plant Fossil Fuel

Fossil Fuel i , \ Average Capital o
. Reference ! ) efficiency  Fuel Price  Cost per Unit Non-fuel O&M Total Utility Costs
Territory Year ~ COMMURY Ge(x;::;: " (KWh/lj;  ($/1); ($/m3) of Generation Ov{e;t:\t:rﬁost {$/kWh) C?;z::he)nt (5/kWh)
(kWh/m3) ($/kwh}
2014715 Igaluit-Diesel 60,741 8 11 0.29 0.03 0.09 0.04 0.50
— 2014115 Cambridge Bay-Diesel 10,267 169 1.08 0.29 0.03 0.09 0.03 050
2014/15  Rankin Inlet-Diesal 17,625 LNy 106 028 0.03 0.09 0.08 049
201415 Baker Lake-Diesel 9,518 186 106 027 0.03 0.09 0.03 048
(Bullfrog Power2017)
Table3-3: Estimated GHG Emission Cost of Fuel Generation
Potential Impact of GHG Cost
. X Fossil Fl:IEI Total Utility GHG Cost based on GHG Cost based on
Territory Community Generation Current Costs $10/t $50/t
(MWh) ($/kWh) onne onne
($/kwh) % impact ($/kWh) % impact
Igaluit-Diesel 60,741 0.50 0.01 2.0% 0.05 10.0%
Nunavut Cambridge Bay-Diesel 10,267 0.50 0.01 2.0% 0.05 10.0%
Rankin Inlet-Diesel 17,625 0.49 0.01 2.0% 0.05 10.2%
Baker Lake-Diesel 9,518 0.48 0.01 2.1% 0.05 10.4%

(Bullfrog Power2017)

Diesel fuel consunption generates GH@missions that have negative implications on the
atmosphergTable 13). Envirooment Canada lists diesel fuel as having an emission factor of 2663
g/L CQ, 0.133 g/L Ckland 0.4 g/L of O (Environment Canada, 201Each of these compounds
contribute to the greenhouse effect and have measurable global warmirigngal (GWP)
valuesas defined by the International Panel on Climate Change (2007). After factoring in all GWP
values and normalizing it to G4 diesel fuel has an emission factor of8b/5 g/L. In 2012013
Nunavut consumingt4 million liters for their electricity gridGovernment of Nunavut, 2017
which results in 12242 tomes of CQreleased into the atmospher®&ankin Inlet, the study area

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

annually. Consumption results in each resident emitting an average of 24 tonnesgf CO

8



annually, a value thats 60% more than the national average of 15.1 tonnes per capita

(Government of Canada, 2018).

A federallyimposedcarbon tax designed to reduce the use of climat@ming fossil fuels will

soon see people in Nunavut paying more for electricity. For customers, this tax thaapswer

bills will increase by an average of about $100 per year and the additional athatictistomers

will pay will likely increase to $700 a year by 2022 (Nunatsiaq News, 2018). This is a result of the
recently signed Pafanadian Framework on Clean Growth and Climate Change agreement. The
agreement calls for carbeproducing fuels, includg diesel, to face an additional tax of $10 per
tonne starting in 2018That surchargeauld rise to $0 per tonne of emissiaby 2022Provnces

and territories that do notreate their own carbon pricing system, either through a direct carbon

taxoraapandi NI} RS YI NJ] Si adeadasSys gAatft KIS | aol O

a! £ £ St SYSy (i Ftaxgvill applKisa jurisdictiprittia@dbés not have

a carbon pricing system in place. The backstolpalgb supplemensystems that

do not fully meetthe benchmark. For example, the backstop could expand the
sources covered by provincial carbon pollution pricing or it could increase the
stringency of the provincial carbon pricks committed in the October 3, 2016
document ParCanadian Approach to Pmg Carbon Pollution, the federal
system will return direct revenues from the carbon price to the jurisdiction of
origin. The federal government is open to feedback onlieet mechanism to

I OK A S @Bepaitikentiof Environment and Climate Change Can20h8

p.1).
Other issues with diesel consumptianvolve transporting itto remote locations within the
territory. The Nunavut Petreum Products Division (PPD) purchaBes in the summertime
during sedransportseason when ships can move throught®B5 S 41 6 SNA® tt 5 0 dz
petroleum products under supplgnd transportation contracts andiéls are typically sourced
from refineries on the East Coat of Canada, the United States or, in some cases, overseas
countries such as Finland or Japan. All bulk fuels are transported to Nunavut from the East Coast
of Canada via oceangoing vesdélat deliver the cargo to the northern coastal communities
Occasiomllythislong distance shipping procesan be problemat.In 2010 a tanker contain 9.5

million liters ran aground neahe hamlet of Gjoa Havenand that same year another tanker



grounded near Pangnirtung on southern Baffin Isldxd.spils were detected and the potential

for devastation was avoidedlhe Spill Contingency Planning and Reporting Regulations for
Nunavut include the requirement for an emergency response plan to be prepared and filed for
facilities where petroleum, chemicals and other contaminantssaoeed. Thisplanis supported

by theEnvironmental Protection Act andentifiesproperauthorities by outliningeporting and
communication procedures that support an action plan in the event of a spill. Although mitigation

measures arén placethis does not eliminate the threat of enviramental contamination.

With increasing concern for diesel usag®, Bnergy Strategy for Nunavut (Ikummatiwas
passed in 2007 that provide3 dzA RAy 3 LINAY OA L)X S& FT2NJ bdzyl @dzi Q
Government programs and activities into the year 20@overnment of Nunavut, 2007)

Ikummatiit has four main objectives:

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

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

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

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

1.3 This Study

bdzy | @dzi Qa Sy SNIA @& art@ént ifs prévinciabanderditarial yédintekpads. The
Government of Nunavut is under constant pressure to supply consistent electricity to homes
while maintaining outdated equipmentthus making inhabitants deeply dependent on the
actions and policiesf the QEC. High dependency on social assistance conflicts with the strong
sense of values, resilience, and sustainability that have endured with the Nunavut Inuit culture

for centuries. In order for renewable energry penetrate the Nunavut offrid power system,
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research must be conductad an effort to outline electricity generation technigues that have

the right combination of operatioal reliability affordability,and efficiency.

The main objective of this researghoject is to identify and analyzareas m Nunavut where

wind andor solar electricity generation can be used to lessen the need for expensive diesel
power generation.

The area near Rankin Inlet has high potential for wind electricity generation ifhatilized

properly, could aid in dereasing themore than $12,000 per resident beingnnually on

supporting the currensystem Through a codbased approacfthis study willexamine whether

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

combined withwind and/or solar power generation.

This research project will take on a mudisciplinary approach and focus on the three pillars of
sustainability. Environment and energy balance will be the initial considerationawitgmalysis

of electricity demand versus potential renewable energy availabilihe Jtudywill look at

economic feasibility over the life span of the project, which is estimated t®dbexs. The social

pillar will be examined by outlininghe benefis that energy independenceould have for

Indigenous commuities. A key question t6 S | & {CBURl dévalopingsustainableenergy

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

for by money saved due to reducd&d2 & 4 A f  FQimSriqueskénk t8 Bekaddressed include

G2 KIG GSOKy2ft238 06Said adAaida (KSAILKE AaQIOf t 6 21 &
FNRY 20KSNJ NBySglotS LINP2SO0la GKIFIG KIF@S NBOSy
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Chapter 2Nunavutand an Enhanced Standard of Living

2.1 Nunavut Territoryand SeHsufficiency

Prior to 1999 the territory of Nunavut was part of the Northwest Territorles1993, Canada
incorporated two pieces of legislature thaelp createthe Nunavut territory The Nunavut Land
Claims Act (NCLA) and the Nunavut Act. The NCLAgneed upon angdigned by the territorial

Inuit andwas based on 4 objectives:

(@) To provide for certainty and clarity of rights to ownership and use of lands
and resources and of rightsrfinuit to participate in decisiemaking 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
decisionrmaking concerning wildé harvesting;

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

(d) To encourage setkeliance and the cultural and social wb#ing oflnuit
(Nunavut Tunngavik Incorporated, 20381)

Upon separating wh the Northwest Territoriesin 1999 discussions initiated the topic of
devolution of rights betwen the Government of Canadend the Government of Nunavut
GKSNBAY | (NI ya¥TSNI 2F FTSRSNIt Ccozhibiaadvinish 2y 2 0
to the Territorywould beestablished. There still remains no concrete agreement in plaae

legislates this authorityAn agreementas suchis essential for the territory to control natural
NBE&2dzNOS&a FyR (2 RS@OSt 2 L) brahtedlds NCEA aBdNuhaie  LJ2
Act followed a historical, fossil fubhsed and extractive mindset and largely ignores the energy

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

In 1948, with the rapid expansion ofgimining sectarthe Canadiagovernment recognized the

need for an intgrated utility industry in the arth. An Act of Parliament established the
Northwest Territores Power Commission, renamed the Northern Canada Power Commission
(NCPCj)n 1956 Dieselpower plantswere installed and ownedby the NCPefore being

transferred to the territorial governing bodybut not before othermore controversiabptions

were consideredDuring the 197@, there had been suggestions of NCPC emplogiogvpoke

nuclear generators to produce power in the many isolated communitiied. f 2 & IndRrp-S €

nuclear reactors are a loenergynuclear reactodesigned byAtomic Energy of Canada Limited

(AECL) in the late 1980for research purposesi 2 KAt S GNI RAGA2Yy L ydzOf ¢
upwards of 1,000 megyvatts of electrical power, far too much for a small community to use
economically, smaller designs in the 10 MW range could power largagridffowns effectively

FYR SAGK LIzNILR2NISRfe FS¢ 2F (KS (INKEBEDAM2Y I R
p.1). The economics of this type of system were estimated to be competitive with that of
conventionalfossil fuelshowever, the market for this technology did not materialize. With the

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

Nunavutcommunities areurrentlyall off-grid with no connections tdlorth American electricity
or natural gas grids. Low population, severe weatlad emotenessnake long distancigh
voltage grids unviable Therefore fossil fuelsare needed. While Nunavut 8 abundant

offshore oil and gadeposits, no wells have been brought into productiéig(re 3.
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Figure3: Fossil fuel reserves in Nunavut

Nunavut’s Oil and Gas Resources

181.43 TRILLION CUBIC FEET 18.25 BILLION BARRELS
é Technically Recoverable Natural Gas é Technically Recoverable Crude Ol
0 BILLION CUBIC FEET/DAY E 0 MILLION BARRELS/DAY
' Total Natural Gas Production (2013) &= Total Crude Oil Production {2013)
0 BILLION CUBIC FEET/DAY 0 MILLION BARRELS/DAY
Shale/Tight Gas Production (2013) Tight Qil Production (2013)

Source:

- Resource estimates: Meyerhoff, 1982; Nassichuk, 1983; Procter et al, 1984, Procter, 1989; Chen et al, 2000; Bent et al., 2013
- Production estimates: National Energy Board (may not align with territorial data due to differences in methodology)

(NRCan2018a)

Al2 T b dzydlesdlgoivéd alantsfall under the jurisdiction of the QE®/ith headquartersin
Baker Lake, the organizatios responsible for operatiorand maintenance of equipment
throughout the territory. The QE@vas established by the Namut Power Utilities Adin 2001,
two years after the 1999 creation of therritory. Origirally namedNunavut Power Corporatign
it was renamedin 2002 withthe mardate of the corporation expandintp include energy
conservation and altmative generation developmenT.heQECstablishedhe Nunavut Energy
Centre in 2006 as a division focusargenergy conservation tbugh public outreach. The centre
was closed down on March 31, 2009, andutsctions were transferred tterritorial government

departmentsin a move to focus solely on the business of power generation

As of 2014, there arapproximately 17iesel powerplants that had reached the enof their

designed service lifeBecause of thjghe QEC isonsideing a new approacho the future of

electricity generationThe arrent vision statemenNB | RayY avdz  Alj vsigrANBE & [/ 2
to provide the communities of Nunavut with safe, reliable, sustainable and economical energy
supply and service. Our foundation to achieve our vision is based on an empowered and

I OO02dzyil 0f S 62NJ] F2NOS3S NFBLINE acflattive di luipSocie?taF b dzy |
+| £ dzSaé¢ ov9/ I HaAmMy3I LIOmMUO P
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2.3Renewable Energp the North Past to Resent

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

Sincetls S| NI @rojectplyamedeel proposed and tested $mme ofthe windiest parts of
the territory, and fom 1985-1994 there were severaltudies conductedo test the viability of a
diesel generatin system backed up hyindturbines These early testsupported heinstallation

of a wind turbine in Cambridge Bay in 1994 that operatedtil 1999, and two turbinesn
Kugluktukthat ranfrom 1997 to 2002Rankin Inlehas alsdeenan attractivetarget for wind-
poweredelectricitygeneration andin 1998the townwas chosen for a test installation to collect
data that could help understand the viabilié§y wind infrastructure A single50 kWturbine was
eventually erected that produced 80 M/h at 36% wind availability from the months of
November 2000 to December @0. The gneration of 80 MWh of wind electricity displaced
approximately 20,000 liters of diesel fuel finathe power grid (WEICan, 2008fowever, issues
did arise when the turbine was left inoperaldee to lack of maintenance personndlhe QEC
decided hat only having one turbine does not justify having-futie qualified maintenance
personnel, and it was stated that theigport for wind power strongly depended on the current
price of diesel fuel.

Recently, companies havébeen experimentingrad A YL SYSyGdAy 3 Of Sty
Arctic. In 2014, TUGLIEnergy based in northernmost Quebemnstructedthe Glencore Raglan
Mine Renewable Electricity Smadtrid Pilot Demonstratiora 120metre high wind turbine and
battery storage &cility. Most mine sites are heavily dependenh diesel, making fuel cos
significant expensélhisturbine takes advantage of the high winds in the area, hadsaved the
mine about 2.1 million litres of diesel in its first year of operatibhe company estimatabat
the installwill savemore than $40 million in fuel costs ovie next20years. TUGLIBEnergy has
stated thatthe same technology wdd work in remote areas of tharctic and they wanto do
business withmine sites in Nunaviét(CBC, 2016kp.1).

Photovoltaic(PV)energy capturealso has potentiain the north Locations alondgdiudsonBay
receive the highest amount of solar energy in Nung¥igure 4. The annual sun exposure here

is comparale to the amount of sunshinthat reaches southern Quebemuch of Ontario, and
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the Maritimes.Solar PV applications haa@readydemonstrated sccess in parts of Nunavui

PV array at the Arctic College in Igaluit has delivered electricity sincstédiation in 1995.

Figure4: Annual Photovoltaic potential for Canada
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(NRCan2018h

Largescale slar projects havdbeen implemented imorthern communities as of late. Colville
Lake, high in the Northwest Territories, has successfully tested a system of dmted solar

panelsthat allowsthe community to run entirely on the sun's energy for periods throughout the
summer. The town, a Dene community of about Ife@entlyreplaced its aging diesel generator
Oncethe town installed thegeneratorit was supplemented with an arraf solar panels capable
of generating 136 kilowatts and batteries that store 200h. Inthe dark winter months Colville

Lakeruns entirey on dieselbut during the summemonths enough solar energy is captured and
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stored to supply adequate electricityT&, 2016). Currently, 1/5 die town's annual energy use
comes from the sun, even though the panels produce almost nothing between November
January. The batteriesllow more efficient operation of the diesel generatamd enhance the
electricity geneated by the solar PV system, minimizithg impacts of system maintenance and
smoothing out the load delivery required by the generators. This results in lower maintenance
and extends the useful life of the generators. THerthwest Territories Power Coopation
estimates that it saved 37,000 liters of diesel fuel just from sgéareration in the first yearit

KFra o6SSy NBLIZ2NISR I & erlthe dld yedeiatiorh dysiaMPvatls My 0 ¢
appreciating the reduction in noise pollution caused by the constantly running old sy&téw
2016, p.1) This project validates the technical and economic feasibility of integrating solar PV
with significant battery storage and serves as a benchmarkhi® amount of renewables that

can be imegrated successfully into an effid location in Nunavut

Other renewable energy options have also been considefée.QEChasrecently designeda
hydroelectricproject that couldoroduce between 15 MWfor the town oflgaluit. Gapital costs

for the projectwere estimatedat $250$450 million, and as a resultthe territory'sfinance
ministerdecided to put iton a hiatusas it was deemed too expensive for an energy project that
would only supply 800 people A more indirect approach to utilizingydropower wasrecently
considered when &ransmissiorproject was proposed thatould connect powerline between
mainland Nunavutand Manitoba. Both governments haveenewed a memorandum of
understandingon atransmission line that would deliveytdroelectric power to Arviat anBankin
Inlet (CBC, 2016b

With momentum building towards shift to renewablespolicies are taking form that outline
strategic objectives to improve energy system security, reduce reliance on fossil fuels, manage
costs, reduce environmental impa@nd provide new business and job opportuniti®cent
decisions to develop net metering anddependent power productionpolicies (IPP are
considered groundbreaking In the past, theQulliq Energy Corporation Actid not allow non

QEC entities to gemate power but wth this new strategyhere has been positive change. The

public is responding and the IFFbpening the door fopeople who create their own power ugjn
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solar panels by helping thesend excess energy to the community's power grid. Ressdget a
credit on their energy bill fathe excess power they generatéile using renewable sources. This
type of net metering program ifor customers who generate up a maximum of 10kW of power.
However, here is a limitation for the system and howuch it can accept andherefore, it only
allows acertainnumber of people to take part in the program in each community. 9s/also
involved in preliminary discussions with the territorial government about purchasing power from
businesseghat generat renewable power or investing in its own renewableat¢hnology
2LI0A2ya¢ o/ ./ X HAMCRI Ll M0 ®

2.3.1 Outside Interests

The NDGAO KlFa oSSy | NS ésearchIdtitutes 2hhi stivve & 9 b D
emphasize the relationship between climate change and renewable energy. Organizations such

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

of de-carbonizing Actic electicity for several yearsThe growing interest in researclgrclean

energy options for the wstic has led to several revealing studies that support the iddéahis

project.

In 2016, the University of Waterloo prepara pre-feasibilityreport (Das & Canaes, 2016jor
the WWF highlighting thatenewable energy usage can provide 35%hefaverall power supply
in the fivelargest Nunavut communitie$he restruturing would involvebuildinga hybrid-diesel
system with the existing power plants as a wakéep overall costs lowThe objective®f the
studywere stated as follows: Ipetermine 56 communities suitable for feasibility studies that
will be used to build bsiness cases for renewable energy deployment;aBk rcommunities
based on several cadtia, such as project investment cost versus O&M savings or replacement of
required diesel gearators, at minimum costs and; 3)isplace diesel fuel, not existing diesel
capacity, by incorporating wind and solar plants and battery storage systems, dodabgids
can be securely operatedhe study selectedommunities that had thdiighest cost of energy
combined with the most demand and highest access to renewable clean elgyy.costs such

as equipment purchases, transportation, purchase poiatgl age of current generators were
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consideredFindings in this report concluded that the most suitable communfbesenewable

installationsto be Sanikiluagigaluit, Rankin Inlet, Baker LalandArviat

2.3.2 Federal Support

Qupporting Indigenousommunities in clean power projectsas beenand continues to bea

major objectve of federal governancdhe Governmentof Canaddnas provided funding through

several departments, including I G dzNJ £ wS & 2 dzNJO $EENERGHr Abbrigidal 6 b w/ |
and Northen Communities programand Indigenous and Northern Affairs Canadas (INAC)
Community Opportunity ReadineBsogram. Ottawalsoprovides loan suppothrough various

business programs targety Indigenous entrepreneurs, as well r@search and development

support through programs including Sustainablevelopment Technology Canada.

As 0f2015, the Canadian Energy Strategy includes a specific mention on reducing diesel reliance
in off-grid communities. In July 2015, a P@anadianTask Force consisting of all provinces and
territories was created to tackle diesel fuel dependence in remote communities (Pembina
Institute, 2016).In August 2016NRCan announced ¢hEnergy Innovation Program with the
objectiveto support energytechnology innovationn northern communities Promisego ramp

up infrastructure spending and accelerate the transitiom ¢leaner energyare currently
underway andhie Government oNunavutislooking for funding for territorialenergy transition

that is long overdué (OpenCanada, 201§. 1). The federal governmenhas sinceannounced a

$10.7 millionbudgetto INACover two yeargo implement renewable energy projects in @jffid

Indigenous and northern communitiespecifically

2.4 SocialConsiderations

2.4.1 Social Assistance and Unemployment

The Nunavummiut aréaced with severalsocial obstacles that create a lower than average

standard of living for its people.ddsing shortageare widespreagdand most of the homes in
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the territory areowned and managed by the Nunavut Housing Corporation. For tinagin

social housing, there appears be noincentive to encourage energy efficiency and conservation
behaviour. Nunavut is also challenged by unemploymieat is twice the national r& and social

assistances needed foreverydaysurvival Territorial statisticsorm 2013indicate that 41% of

the population received some forraf social assistancdhis type of dependenagonflicts with

the strong sense of values, resiliencand resoucefulness that have endured witkthe
Nunavummiut for centuries. Today, the lack of education, skills and mobility continues to unravel

the social and economic fabric of the territory. i K|l & 0SSy admic8al 6 SR G Ff
government must address the wide gap between job requirements and available skills and, if

necessary, encourage employment mobdi{Government of Canada, 2015. 49.
2.4.2 Health Effects of Diesélsage

In 2016, Health Canada published& 2 NIi GA Gt SR al dzYky | SFfGdK waA
9 E K | (4&althé Canada, 2018The newly publishedtudy concludel that diesel exhaust is
carcinogenic in humans and is specifically associated with the development of lung @ancer.
limited number ofstudies have investigated other cancers in association with exposure, but the
evidence is inadequate to draw conclusions regarding causality. Overall, these conclusions are
consistent with the categorization of diesel exhaust as a human carcinogen (Grduypthe
International Agency for Research on Candeegarding noftancer health effects anthe
potential causal role of diesel emissiangheir developnent, a number of conclusions have been
drawn. The evidence supports a causal relatlipsbetweenacute exposurat relatively high
concentrations and effects on the respiratory system, including increases in airway resistance
and respiratory inflammation. The eMince reviewed suggestéselationship between exposure

and 1) adverse caliovascular outomes 2) adverse reproductive and developmental effects
and, 3) central nervous system effects. In general, it has been shown that sensitive
subpopulations, such as the elderly, childrand asthmatics, can be at greater risk of adverse
respiratory effets due to diesel emissioaxposure. Exposure of the elderly aasthmaticshas

been shown to inease respiratory inflammation, arekposure in children has been implicated

in potential ashma development later in lifeOverall, itis concluded that diesexhaustis
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assocated with significanthealth impacts in Canada and efforts should continue to further
reduce emissins of and human exposufgélealth Canada, 2018)Vhile reducing emissions in
rural Arctic regions may not have a profound effect on human health as say reducing emission in
urban centers would, an initiative to do so would help set community health and environment

standards and contribute to overall bettpractices

2.4.3 Traditional Attittdes and Renewable Energy

Access to clean energy is only one of many challenges fawiingenous peopleAt the 2017
Renewables in Remote Communities Conference hosted by the Pembina Institlitgsnious
leaders spoke of the strugglem their communities Organizations working to encourage
renewalle energy projects in communities were told recognizethe realities facing these
communities, and ensure projects are consistent witle overarching objectives of healthy

community development.

Topics such s culturalreconciliation anddecolmization are becoming more mainstream in
conversations and media coverage across CanReaonciliationnvolvesacknowledging the
colonial settler history of Canada and working to build stronger, more positive relationships
between Indigenous and neimdigenous CanadianBecolonizatioris about acknowledging the
western institutional systems that were imposed on Indigenous people, and empowering
Indigenous people to regain control of the institutions and decisi@king processes that
control their everyday lives. More Canadians are beigig to recognize the need for
reconciliation and decolonizationh& federal government hagcently made encouraging steps

by initiating a reviewof federal laws, policies, and practices to identify and remedy thoae th
are not consistent with Canadian equalgyginciples.Community-led renewable energy projects
are one smalbut vitally important link to remedying thi©f the 36,000peopleacross Nunavut
that depend on diesel for etdricity generation and heatingover 8446 are Inuit(Nunavut
Tourism, 2018)Renewable energy projecencouraged by northerrommunities can lessen
these health and environmental issues, provide economic opportundied harness energy in

a way that is more compatible with traditional valuesliging in harmony with naturePlacing
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energy generation responsibility solely in thands of the Nunavummiutvith no dependence

on importeddiesel| can be seen as a positive step towards reconciliation.

2.4.4 U.N. Sustainable Development Goals and Nunavut

The U.N Sustainable Development GodSDG}pare a collection of 17 global goalst $y the

United Nations in 2018igure 3. The SDGs covsocial and economic development issaesl

act as a framework for achieving global sustainable developmEm initiative is a resolution

adopted by the General Assemlzlgd has been summed upa | 3JIdzZA RS (G2 aUKS ¥
TheSDGs started as a ntninding document released as a resultidrth Summiheld inRio in

2012.The fdlowing isan exerpt from the vision statement

G2S> GKS | SIFRa 27F { Gl de&l répeseatDes,H&NY YSYy i | YR
met at Rio de Janeiro, Brazil, from 20 toR@e 2012, with the full participation

of civil society, renew our commitment to sustainable development and to

ensuring the promotion of an economically, socially and environmentally
sustainableuture for our planet and for presentand future g¢iNJ G A2y aé¢ 6! yA (G SR
Nations, 2012, p. 1)

In a recent speech to the United Nations General Assembly, Prime Minister Justin Trudeau
FFFANNSR (KI { Devélaprkesit Gpatite (a$ hedrtingfll 8Canada as they are
everywhere else in the world, and we are committed to implementing them at home while we
also work with our international partners to achieve them around thaldé (Brookings, 201,7

p.1).! YAR [/ lmgny Rinddkable societal accongiiments, the country is not yet fully on
track for any of the SDGEigure 6showsa study by Brookings focusing @8 o 241 SDG

indicators the results indicate:

1 17 are on track, meaning on course for the SDG target.

1 12 need acceleration, meaning they are currently on course to cover at least half the
distance to the target but not yet the whole way.

1 26 need a breakthrough, meaning they are currently on course to cover less than half the

distance to the target.
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1 18 are mwing backwards.

There ismajor disconnectwhen observingSDGs in relation tindigenous groupsindigenous
people throughout the country tend to face the most severeiall disparities, includinghild
poverty, food insecurity, access to medical care,oregd violence, and anfidence in public

institutions.

Climate Action immong the list of UN SDGs that require attenti@en though the dignce to

reaching the targets aremall, the current trajectory is simply not fast enou@anada still

requiresa breakthrough ints approach to climate change order to meet its 2030 emissions

targets In an effort to accomplish thist would be wise for governing bodies to inveasartilyin
NBySgloftS SySNHE 2LIiA2ya TF2N LARaHESRyE dzaf O2 Y Y dz
grid diesel generation towards a cleaner energy option would also contribute to other SDGs that

are lacking such as: (8) Decent Work and Economic Growth; (9) Industry, Innovation and
Infrastructure; (11) Sustainable Communities; darfl2) Responsible Consumption and
Production. With a tricklelown effect resulting from renewable development, it has been
suggested that Nunavut could see an increase in skilled labour training, global awasemess,

overall quality of living.
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Figue 5: UN Sustainability Goals

600D HEALTH
AND WELL-BEING

DECENT WORK AND 1 0 REDUCED
ECONOMIC GROWTH INEQUALITIES

A

(=)

CLIMATE LIFE PEAGE, JUSTICE
ACTION AND STRONG
INSTITUTIONS

(Brookings2017)

GENDER CLEANWATER
EOUAUTY WSANITATM
susnmm

1

PARTNERSHIPS
FORTHE GOALS

&

24



FigureeY { dzYYlI NBE 2F /Iyl Rl Qa R2YSaitao

Moving Breakthrough Acceleration
Sustainable Development Goal backwards needed needed On track
1 Poverty . . ese
2 Hunger & food systems s
3 Good health & well-being . .o seseee see
4 Quality Education .e . see
5 Gender equality . ssnee
6 Clean water & sanitation .e e .
7 Affordable & clean energy . . . .
& Decent work & economic growth .e ® .
9 Industry, innovation & infrastructure . oe
10 Reduced inequalities . .
11 Sustainable cities & communities sse .
12 Responsible consumption & praduction sse
13 Climate action .
14 Life below water . ° '
15 Life on land see .
16 Peace, justice & strong institutions (] .e ° oo

(Brookings2017)
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Chapter 3Methodology

3.1SolarPotential in the Study rea

Solar photovoltaic systems have beeecently beengrowing in popularitySolar cells were first

used in a prominent application when they were proposed and flown OnSasatellite in 1958,

as an alternative power source to th@imary batterypower source. By adding cells to the
outside of the body, the mission time could be extended with no metjanges to the spacecraft

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

0 KS wmvgilt thed&S. National Science Foundation's Advanced Solar Energy Research and
Development Division (National Science ik@ation, 2018).Following the1973 oil crisis oil
companies used theihigher profits to startsolar firms, and were for decades the largest
producers. Exxon, ARCO, Shathoco, and Mobil all had major solar divisions during the 870

and 198@. Technology companies also patrticipated, including General Electric, Motorola, IBM,
Tyco and RC{Reed Business Information, 1979)a Oz aiia o6S3aly (2 RSOfAYS
MppnQa Y2NB G SNNBna omMidelahd wihy suliséqgtientl imipkogeyhénts @ I
efficiency the solar industry began to takéf. Recently, there has been tremendous
advancements in efficiencgnd material reductions, witlpurchaseprices as low as $0.50 per

watt per panel.

The first solainstallation in Nunavut was built in 1995 whénctic Collegénstalled solar panels

on itsmain building irlqaluit. Theinstallis a 3.2 kWsysem producing 20kWh of electricity

annually enowgh to power one classroom for a year. Despite b&ngrtwo decadesld, most

of the 60 panels are still active and working bbat 70-75%capacity (CBC, 2019)hese panels

are mouwnted on a vertical surface thata y Q4 2 LJG A Y I  , b dodElmininize Idgde© 2 f £ S C
due to snow collection (Figurg.The array is estimated to haedficiencies ranging from-Z1%,

depending on the time of year and sunlight conditioReiésant, Y., Thevenard, D. & Turcotte,

D, 2004).There have not been any largeale P\8ystems installed in Nunavwlthoughseveal

projects are currently being assessed.
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Figure7: Solar PV Array vertically oriented on Arctic College in Igaluit, Nunavut

(CBC2015)

3.1.2SolarMapping inthe Study Area

To determine the viability of a solar installation near Rankin Inlet a renewable energy simulation
was conducted with RETScreen software. RETScreen is a free numerical simulation program
devebped by NRCawhereby it is pogble to determine the solar exposure and potential energy
productions for a given geographic ar@daeRETScreen simtilan was designed to the specific
power needdor the sudy area.Datasets used in RETScreenam@vided by NASA and includes
climatic \ariables such as daily horizontal solar radiatiand mean temperatureshat were
recordedfrom 1983-2005(Figures8 & 9.

27



Figure8: Map of Solar Exposure for Nunavut and Study Area
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Figure9: Daily Solar Radiation for Rankin Inlet
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(Adapted from RETScree2019

3.1.2 PV Simulation Variablies the Study Area

When determining simulation variables for RETScreen digyharshArctic environment should
be considered. Therefore, it is important to simulate usmgust PV modulegherefore, Jinko
mono-Si JKM32With a 16.49% efficiency were usedelazimuthfor the simulation waset at
0°and facing directly soutlThe tiltof the panels corresponds to the angle of orientation relative
to the flat ground surface. The optimahglefor the study area ikigh due tothe 62.8° latitude
of the study area resulting inlaw solarpathway relative to lhe horizon. Because tie latitude
and of the posdility of snow interference, this simulatiomsed a 90° tit similar to that being
utilizedat Arctic College in IgaluEnergydsses occur in mogtVsystems due to substancesdik
dirt and snow covering theells. For the purpose of thetudy the losses were set to 10% bds
on losses occurred at thastall at Arctic Colleg&hesesystems are equipped with an inverter

that converts DC power produced by the system to AC power required by the grid. Efficiency of
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modern inverters is apprarately 9P4 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 Bgsiause

there is an excessive amount of open space on the tundra near Rankin Inlet, An optimal PV
spacing design is consider that results in no array losses or shading of any panels as a result of

interference.

After the values were entered for the RETScreen simulation a 13% capacity factor was
determined for the array (Figure 10). The PV system fositinellation contain 10000 panels with
an installed capacity of 3.2 MW and a 3.0 MW

FigurelO: PV Plant Input Parameters for RETScreen Simulation

(Adapted from RETScree2019
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