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About IT Power

The IT Power Group, formed in 1981, is a specialist renewable energy, energy efficiency and
carbon markets consulting company. The group has offices and projects throughout the world.

IT Power (Australia) was established in 2003 and has undertaken a wide range of projects,
including designing grid-connected renewable power systems, providing advice for government
policy, feasibility studies for large, off-grid power systems, developing micro-finance models for
community-owned power systems in developing countries and modelling large-scale power
systems for industrial use.

The staff at IT Power (Australia) have backgrounds in renewable energy and energy efficiency,
research, development and implementation, managing and reviewing government incentive
programs, high level policy analysis and research, including carbon markets, engineering design
and project management.

About this report

This report summarises a pre-feasibility study conducted for renewable energy integration in 25
communities in Nunavut, Canada. The study was conducted using the techno-economic power
system modelling tool HOMER PRO.

This report was commissioned by World Wildlife Fund (WWF) Canada.
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EXECUTIVE SUMMARY

Canadads Arctic territory of Nunavut depends on f
heat generation. As well as facing high prices and environmental risk from fossil fuel use and

transportation through the territory, the extreme isolation and limited access year-round has

meant that supply disruption and gl obal price hik
security. The consequence of this risk has been highlighted when regular shipments have been

disrupted and vital fuel has instead been flown in via small aircraft to maintain services [1].

Previous studies have shown the potential to integrate renewable energy (RE) generation and

storage as a pathway to reduce costs, and improve energy security and community resilience.

ITP Renewables was engaged by WWF Canada to undertake an expanded and updated RE pre-
feasibility studye ncompassing all 25 communities serviced b
Corporation. This report is the updated pre-feasibility study, and includes assessment of the

renewable energy resources, technical pre-feasibility, and economic analysis of three minimum

RE scenarios (20%, 40% and 60% annual RE contribution) and the diesel-only base case.

The investigation finds that with an analysis period of 15 years, a discount rate of 8% (nominal),
and relatively low diesel prices compared to historical volatility, two communities (Rankin Inlet and
Igaluit) appear to have an immediate case to move to higher RE contributions, while nine other
communities have RE cases within $2m of breakeven. This suggests that, where grant funding is
available to these communities, RE may be attractive and further study would be warranted.

At a 4% discount rate, Baker Lake and Coral Harbour join Rankin Inlet and lgaluit as having an
immediate case for RE integration. This suggests that, where concessional debt financing is
available to these communities, and/or investment risk can be lowered, RE may be attractive and
further study would be warranted.

At Rankin Inlet, it was found that the installation of a single 2.3MW wind turbine coupled with
1.6MW/3.36MWh battery pack gave an Internal Rate of Return (IRR) of 9.2% and a simple
payback of 9.6 years. This could achieve around 49% RE, saving 2.4 ML of diesel fuel per year,
6.2 Mt of COze emissions, and potentially up to 21 kL of avoided heating oil consumption by using
excess renewable electricity for heating.

At Igaluit, the integration of SMW of PV (no storage) was found to have an IRR of 8.9% and
simple payback of 9.4 years. This system would achieve an annual RE contribution of 10%.

In general, RE was more attractive where the wind resource data available showed higher and

more consistent wind speeds, ardemandhwasdager{abthis c o mmu n
allowed for larger RE plant and the associated economies-of-scale). RE was also more attractive

when the lower discount rate was assumed, as the discount rate is a proxy for the cost of capital,

and RE investments are generally capital-intensive.
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Sensitivity analysis was undertaken for three communities to investigate the influence that
discount rate and diesel price has on the optimal RE capacity and return on investment. The
analyses show that sensitivity to these variables is highly dependent on the community, with
some communities being close to economic feasibility and others remaining a long way off.

Based on the lifecycle costs of RE scenarios relative to the diesel-only base case, the apparent
strength of local wind resources, and the potential for cost-effective reductions in GHG emissions,
Rankin Inlet, Iqaluit, Baker Lake, Coral Harbour, Chesterfield Inlet and Sanikuaq are suggested
as priorities for further study.

In all cases, falling renewable energy and storage costs will improve the financial case for
renewable energy investment in the medium term, and similarly for increasing diesel prices and/or
a price on carbon.

ITP/A0313 i September 2019 Y
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LIST OF ABBREVIATIONS

BESS Battery Energy Storage System

CAD Canadian Dollars

CO2-e Carbon Dioxide Equivalent, a unit of GHG emission

GHG Greenhouse Gas

HOMER Hybrid Optimisation of Multiple Energy Resources

IPP Independent Power Producer

IRR Internal Rate of Return

ITP IT Power (Australia) Pty Ltd

kw Kilowatt, unit of power

kwWh Kilowatt-hour, unit of energy (1 kW generated/used for 1 hour)

kWp Kilowatt-peak, unit of power for PV panels tested at STC

NPC Net Present Cost

PP2 Tesla Powerpack 2hr (charge/discharge rate allows full charge or discharge in 2
hours)

PP4 Tesla Powerpack 4hr (charge/discharge rate allows full charge or discharge in 4
hours)

PPD Petroleum Products Division

PV Photovoltaic

QEC Qullig Energy Corporation

RE Renewable Energy

STC Standard Test Conditions for PV panels
(1,000 W/m? irradiance, 25 °C cell temperature, Atmospheric Mass 1.5)

WISE Waterloo Institute for Sustainable Energy

WWF World Wildlife Fund Canada

AUD Australian Dollar

ITP IT Power (Australia) Pty Ltd

kw Kilowatt, unit of power

kWh Kilowatt-hour, unit of energy (1 kW generated/used for 1 hour)

kWp Kilowatt-peak, unit of power for PV panels tested at STC

PV Photovoltaic

STC Standard Test Conditions for PV panels

(1,000 W/m? irradiance, 25 °C cell temperature, Atmospheric Mass 1.5)
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1.INTRODUCTION

1.1. Background

The northern Arctic territory of Nunavut has the highest cost of electricity in Canada, primarily due
to a low population density and a dependence on imported fossil fuels for generation. Using
diesel fuel for electricity generation contributes to climate change through the emission of
greenhouse gases, and its transportation and use across the territory presents spill risk in

N u n a vunigu@ satural environment. Pressingly, dependency on a single energy source
presents risks to energy security, due to supply interruption and future price exposures, as was
recently the case in the Northwest Territories when fuel and supplies had to be airlifted into
Paulatuk [1]. These factors have led to the identification of local renewable energy resources,
such as wind and solar, as important assets to make these remote communities more
independent, sustainable and reduce electricity costs.

Qullig Energy Corporation (QEC) is the generator and distributor of electrical energy for retail
supply in Nunavut and has approximately 15,000 electrical customers across the territory. The
Corporation generates and distributes electricity to Nunavummiut through the operation of stand-
alone diesel plants in 25 communities meeting community peak demands ranging from
approximately 200 kW at Grise Fiord to 10 MW at Igaluit [2]. For the 2018/19 financial year,
electricity generation is forecast to require 51,355,000 L of fuel at a cost of CAD $48 million.

Previous studies have investigated the potential integration of renewable energy and storage
systems, and found systems with renewable energy could provide an attractive alternative to
reduce fuel use for QEC. Both wind and solar have continued to become increasingly cost
effective, as has battery storage technology [3], which historically has been a limiting factor in
achieving higher renewable energy penetrations.

1.2. Objectives

The objective of the investigation is to perform a pre-feasibility study for integration of PV and
wind for the 25 communities serviced by QEC. A number of scenarios are to be explored. Firstly,
the baseline case which represents business as usual with diesel only, then three further
increasing renewable energy contributions - 20%, 40% and 60%.

For each community, the study describes:
I the solar and wind resource based on best available data
9 the existing diesel infrastructure

9 current diesel consumption for both electricity and heating

ITP/A0313 i September 2019 9
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i1 the decrease in diesel use and CO;-e emissions as well as savings to energy generation
and maintenance costs.

The report expands on earlier analysis [4] which considered a subset of 13 communities and
provides updated analysis, including cost and technology changes (e.qg. lithium-ion batteries are
now preferable to lead-acid batteries due to significant cost reductions in the past three years)
and quantification of surplus electrical energy that could be utilised by thermal loads in each
community.

1.3. Previous Studies

1.3.1. Renewable Energy Deployment in Canadian Arctic - Phase 1:
Pre-Feasibility Studies and Community Engagement for Nunavut
2016 [4]

The Waterloo Institute for Sustainable Energy (WISE) analysed the potential for solar PV and
wind energy integration into the 25 Nunavut communities receiving power from QEC. The
investigation conducted a two-step selection process to identify the communities for which
renewable energy would prove most feasible. The initial 25 communities were passed through
and assessed on the basis of their renewable energy resources, the transportation costs, the
community size, greenhouse gas (GHG) emissions and the electricity rate. Taking the top results
from each region, 13 communities were selected for further analysis. HOMER models were
developed for each of these communities and used to assess the feasibility of renewable energy
deployment based on 2015 load data. Ranking of the results was performed based on a number
of criteria, including potential O&M savings (Sanikiluaq), lowest Cost of Electricity (COE) in a
hypothetical no diesel case (Sanikiluag), and offset generator capacity (Rankin Inlet), among
others. The report then identifies the five communities recommended for more detailed feasibility
studies: Sanikiluag, Igaluit, Rankin Inlet, Baker Lake and Arviat.

1.3.2. Rankin Inlet Energy Assessment Report i March 2018 [5]

The Alaska Centre for Energy and Power (ACEP) and WWF conducted extensive consultations
with the community of Rankin Inlet in 2017 as a request from the community to identify solutions
to reduce energy costs and improve resilience. The report explores in detail the potential for wind
energy in the community and potential siting, and finds Rankin Inlet to be a highly promising site.
The report identifies eight roadmap options for the community to consider over the short and long
term. The detailed wind resource information provided by this report is included in our updated
investigation.

1.3.3.  Potential for Wind Energy in Nunavut Communities 2016 [6]

JP Pinard Consulting was engaged by QEC to the assess the wind resource in 25 communities,
determine which of the sites have the potential for economic wind operation and identify next
10 ITP/A0313 7 September 2019
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steps. Using RETScreen to conduct the analysis in the first instance and then HOMER to
subsequently model operational aspects, the study found the top five communities to be the same
as the above WISE report. The authors note that QEC is justified in moving forward in considering
wind energy developments with both large and small turbines. The cost assumptions provided in

the 2016 report, while noting their own considerable uncertainties, were considered to be suitable

for our study as a pre-feasibility estimate and used in the proceeding analysis to develop cost

curves for small- and large-scale wind.

1.4. Communities & Diesel Usage

Data on the consumption of diesel fuel for both heating and electricity generation for the

communities ranked by population is summarised in Figure 1. Appendix A includes a table of this

information for the 25 communities.
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Figure 1 Population and fuel consumption for each community [12]

The location of each community is shown in Figure 2.
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Figure 2: Location of communities analysed [7]
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2. DATA AND ANALYSIS

This section of the report summarises the operational and resource data obtained for the
investigation as well as the methods and analysis undertaken to develop the inputs for the
models.

Obtaining even limited data sets has proved challenging, with many unavailable, or only available
for one site. Best endeavours have been made to supplement existing data sets with information
from previous reports, and where necessary, assumptions and methods of derivation have been
stated for transparency.

2.1. Existing Assets

QEC provided updated information on the diesel fleet as at December 2018, which is summarised
for all communities in Appendix A. Information on updated run-hours for these generators was not
available so has not been considered in the analysis to date.

2.2. Community Electrical Loads

2.2.1. Annual Electrical Demand and Forecasts

The annual electricity generation for all power stations was available from the QEC Rate
Application Report (2017). The report consisted of actuals for FY15/16/17 and forecasts for FY18
and FY19. Additionally, a demand forecast for the year 2025 was provided by QEC separately.
This information is summarised in Figure 3. The annual electrical energy demand growth for
Nunavut is 1.1% p.a., which varies between communities with the maximum being at Naujaat
(2.0% p.a.) and the minimum being negative growth at Grise Ford (-1.8% p.a.).

ITP/A0313 i September 2019 13
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Figure 3: Historical & Forecasted (FC) annual electricity demand for each of the 25 communities

2.2.2. Load Profiles T Rankin Inlet

Time-series data for Rankin Inlet was provided in daily CSV files, covering an incomplete period
ranging from June 2016 to July 2017. Sampling rate was nominally 10 seconds with the data
fields including individual generator output and total station load. The data was cleaned, merged
and indexed?* for further analysis. 7 of the 13 months were found to have close to 100% of their
expected records intact, but the remainder had very limited samples available.

For the hours in which at least one data point was available, the total station load was averaged
to prepare the summary information for both weekdays and weekends. The load profile is shown
in Figure 4 below, with the seasonal difference shown.

'"00 and fANull o values were removed from the datbdevetoernecessanfidldsf urt her
for further analysis.
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Figure 5: Generated Monthly Load Profile for Rankin Inlet in 2025

2.2.3. Load Profiles T Other Sites

Times-series data was not available for other sites, so the hourly and seasonal variations were
traced from Rankin Inlet data and scaled based on the 2025 demand forecasts provided by QEC
(shown earlier in Figure 3). Hour-by-hour and daily variability was altered in the simulation
software to match forecasted peak loads.
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As this is a pre-feasibility study, we consider this approach acceptable but note that it is of limited
accuracy. Larger communities, such as Rankin Inlet, have a larger number of consumers and
therefore are likely to have more commercial or industrial activity, which will result in a more
daytime-biased consumption pattern and a lower diversity factor. Other communities are
expected to have different load profiles and higher or lower diversity factors, which would impact
key parameters of design, such as the sizing of generating equipment. This would require further
data and analysis on a site-by-site basis.

2.3. Resource Data

The approach taken for resource data inputs was to use measured data wherever possible and
defer to models if measured data was not available. As solar and wind data proved difficult to
obtain for each site,? ground measurements from neighbouring airport data were used where
available (source RETScreen [8]). In the communities that did not have an airport meteorological
station, NASA satellite data was used and downloaded through HOMER.

Previous studies have detailed the importance of measured data compared to satellite-derived
data, especially with respect to wind data. There can be significant differences between ground
measurement and the NASA satellite data, so results from sites using satellite data should be

treated with appropriate uncertainty. The resource data source for each site is listed in Appendix
D.

2Resource data for Rankin Inlet was provided by Northern Energy Capital. The data covers approximately four months, which was
insufficient to provide insight on seasonal variation.
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3. MODELLING

3.1. HOMER Pro

HOMER - the name derived from Hybrid Optimisation of Multiple

Energy Resources 1 is a software package initially developed by E*ﬂ!k
the US National Renewable Energy Laboratory (NREL) under the

Village Power Program in the 1990s. The software itself simulates m

power system operation, allowing optimisation and study of
energy balance and system economics.

Microgrid Decisions Simplified

There are three main tasks that can be performed by HOMER: simulation, optimization and
sensitivity analysis. In the simulation process, the program models a system, determines its
technical feasibility in meeting the load, and calculates life cycle costs. In the optimization
process, the program performs simulations on different system configurations within a user-
defined range to come up with the optimal design. In the sensitivity analysis process, the program
performs multiple optimizations under a range of inputs, allowing for uncertainty in model inputs to
be accounted for.

HOMER can simulate a large variety of componentry, from PV, wind and thermal plant to fly
wheels, batteries and the conventional grid. HOMER has the second highest user base of design
tools used for integration of renewables (on grid and off grid), second only to RETScreen. The
package is extensively used by financiers, micro-grid designers and academics throughout the
world. The software package is typically used at the pre-feasibility and detailed feasibility stage,
as it allows easy scaling and sensitivity analysis.

3.2. Assumptions

This section describes the key assumptions that were used in the HOMER models. More detailed
information on model parameters can be found in Appendix B.

3.2.1. Financial & Economic Assumptions

Economic inputs entered into the HOMER model were:

Discount rate of 8% nominal

1
1 Inflationrate of 2%,per t he Bank of Canadads target i nfl a
1 Analysis period of 15 years

1

No carbon tax applied to electricity generation

ITP/A0313 i September 2019 17
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Discount Rate: The discount rate is used to calculate the net present value of all future cash flows
in the project. While the financing structure of any project is unknown at pre-feasibility stage, 8%
was chosen in this report to reflect the expected weighted average cost of capital (WACC) that an
Independent Power Producer (IPP) would pay to debt and equity financiers. A utility, such as
QEC, would likely use a lower rate when assessing projects, and concessional loans may also be
available. To reflect the possibility of a lower cost of capital, a 4% discount rate scenario was also
studied.

Inflation: The rate at which the price of goods increases over time. The Bank of Canada aims to
keep inflation between 11 3%. The inflation rate used in the modelling was 2%.

Analysis Period: A 15-year analysis period was chosen to assess projects from the perspective of
an external investor or IPP. However, projects undertaken by QEC, Inuit Orgs, or Community
Cooperatives may be comfortable with longer project timelines and payback periods on
investments.

Carbon Tax: Currently electricity generation in Nunavut is excluded from the Canadian Carbon
Tax. However, the Carbon Tax does apply to heating fuel and a number of transportation fuels.
As this report accounts for savings achieved by off-setting heating fuel, the saving on the Carbon
Tax is applied to these calculations, and accounted for in the increase in transportation of goods
over time.

3.2.2. Technical Assumptions

System Dispatch and Operation

The following operating settings were assumed:

1 A maximum allowable annual generation capacity shortage (unmet load) of 0.1% (~9
hours)

i1 Operating reserve (spinning diesel generator capacity and/or battery capacity) of:
A 10% of the annual peak load
A 80% of solar power output

A 50% of wind power output

Allowable Capacity Shortage: Ideally this value is 0%, however this can cause high cost
increases in HOMER, the modelling program used, and so this value was set at 0.1%, or 9 hours
per annum, of potentially unmet load in system designs.

Operating Reserve: Also called spinning reserve,this i s t he f#Abuf f eforenelggt we en
and the amount being generated. All diesel generators undergo a short start-up sequence i or
Awa+umo p-ebeforecttity can connect to the power station bus and become loaded. In a

18 ITP/A0313 7 September 2019
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situation where load increased beyond the capacity of already loaded generators and without any
Operating Reserve, the time-delay to start an additional generator may result in overloading of
generators or a system trip. Operating Reserve therefore ensures that there is sufficient capacity
online,o r fi s p, tompiokiumamyorapid increases in load.

When integrating renewable energy into a system, the potential for solar or wind energy to

suddenly drop off needs to be taken into account as well. For a wind turbine, this means that

when itbés operating, the gr +58% aiwhatthe winddurbibee abl e t o
produces if it was suddenly to disappear. For solar, the grid needs to be prepared to take up

~80% of what the solar panels were generating. This can be done through fast-ramping diesel

generation, battery storage, load management, or other control mechanisms.

Electrical Load

The average daily electrical load profile for each month for Rankin Inlet was used as the base
profile for each site, with the total annual load scaled to equal the forecast 2025 load for each site

[9].

Diesel Generators

Data on the quantity, capacity and lifetime of diesel generators at each site was retrieved from the
2016 WISE report [4].

Minimum Load Ratio: Diesel generators can operate at different percentages of their rated

capacity. In order to operate as cleanly and efficiently as possible, however, they should be

carrying a minimum | oad whenever theyOre running.
on QECOGs past wind energy study.

PV

Large, Tier 1 manufacturers such as Canadian Solar, Trina, Jinko, and JA Solar, produce roughly
equivalent modules. Characteristics typical for these modules were assumed.

Other PV assumptions were:

1 Ground reflectance (albedo) of 60% - this is an average, year-round number. Albedo off
snow can be as high as 90%.

Wind
Two different wind turbines were modelled:

1. Northern Power NPS100-21 ARCTIC (formerly known as North Wind 100) with 25m

hydraulic tilt towers (100 kW)
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2. Enercon E70 57m towers (2.3 MW)

Battery Energy Storage System (BESS)

ITP has assumed that any batteries installed in Nunavut will be lithium-ion. Tesla Powerpack®&
have been installed in a number of large-scale systems in remote locations. They contain
industry-leading thermal management systems, making them suited to the low temperatures that
may be encountered. Two Tesla BESS products were modelled in HOMER:

1 Tesla Powerpack 2 4hr (maximum charge/discharge rate allows for a full charge or
discharge in a minimum of 4 hours)

1 Tesla Powerpack 2 2hr (maximum charge/discharge rate allows for a full charge or
discharge in a minimum of 2 hours)

Thermal Load

A simplified approach to thermal modelling was developed by quantifying the spilled electricity in
kwh, and then converting this to the equivalent litres of fuel that would be displaced, assuming an
electric boiler efficiency of 85%. This provided a figure of 1L of Arctic Heating Oil displaced per
11.4 kWh of electrical energy spilled.

For example, if there are times when a wind turbine is producing more electricity than is needed
in the community, that extra electricity can instead be used to offset heating loads. The value of
offsetting the carbon tax on the heating fuel is included in these calculations.

3.2.3. Cost Assumptions

Diesel Fuel

The forecast diesel fuel prices for each community in 2018/19 were retrieved from the latest QEC
rate application [2]. The 2024/25 price was calculated assuming an annual increase of 1.5%,
based on information that fuel prices were anticipated to increase by 3% from 2017 to 2019. With
inflation rates at 2% this means the price of fuel is dropping in real terms. The resulting assumed
diesel fuel prices are shown in Table 1.

Carbon Tax and Arctic Heating Oil

While fuel use for electricity generation is exempt from the carbon tax, fuel for heating purposes is
not. A carbon tax of $50/tonne was used in calculating the value of spilled electricity in scenarios
with renewable generation, assuming that excess electricity could be used for heating [10] [11].
Within HOMER, this approach could not be modelled directly. Instead, the excess electricity in
each result was converted into the equivalent avoided heating fuel consumption.
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The avoided greenhouse gas emissions were determined based on greenhouse gas and fuel use
figures previously published by QEC, which indicate CO; emissions of 2.82 kg/L of Arctic Heating
Oil combusted.

The value of the avoided heating fuel use was based on 2017/18 average Arctic Heating QOil
prices sourced from fuel sale data provided by the governmentd Petroleum and Products Division
[12] for each community. These prices were scaled up to 2024/25 assuming an annual increase
of 1.5%. The resulting assumed Arctic Heating Oil prices are shown in Table 1.

Table 1: Diesel fuel and Arctic Heating Oil prices (2025)

Community Diesel fuel price | Arctic Heating Oil
($/L) price ($/L)
Arctic Bay ‘ $1.02 $1.13
Arviat | $0.98 $1.09
Baker Lake | $1.03 $1.10
Cambridge Bay ‘ $1.04 $1.19
Cape Dorset ‘ $1.03 $1.13
Chesterfield Inlet | $1.03 $1.00
Clyde River | $0.98 $1.13
Coral Harbour ‘ $1.03 $1.09
Gjoa Haven ‘ $1.09 $1.19
Grise Fiord | $1.02 $1.13
Hall Beach | $1.02 $1.13
igloolik | $1.02 $1.13
Iqaluit | $1.02 $0.95
Kimmirut | $1.03 $1.13
Kugaaruk ‘ $1.09 $1.19
Kugluktuk | $1.05 $1.19
Naujaat ‘ $1.02 $1.13
Pangnirtung ‘ $1.02 $1.13
Pond Inlet | $1.02 $1.13
Qikigtarjuaq | $1.02 $1.10
Rankin Inlet | $0.98 $1.10
Resolute Bay | $1.02 $1.13
Sanikiluag | $1.03 $1.09
Taloyoak ‘ $1.09 $1.19
Whale Cove | $1.03 $1.09
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Diesel Generators

The capital costs of diesel generators installed/replaced in Nunavut from 2014-2018 were
retrieved from the latest QEC rate application [2].

A linear regression was applied to create a cost curve that was entered into HOMER for diesel
generator replacement costs. The regression line is shown in Figure 6.

$3,500,000

$3,000,000 ®

$2500000 e

$2,000000  _® g7

s1500000 e :

Capital Cost

$1,000,000

$500,000

200 400 600 800 1,000 1,200 1,400 1,600
Generator Rating (kWp)

Figure 6: Diesel replacement costs with best fit line

Diesel generator O&M was assumed to be $35/MW  apacity/run-hour, matched to assumptions
found in the QEC-commissioned Wind Prefeasibility Study [6].

Battery Energy Storage System (BESS)

The cost curves for Tesla Powerpack battery syste
and project experience. The Tesla Powerpack system includes bi-directional inverters (i.e.
inverters that can both charge and discharge the battery).
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PV

Acost curve for PV was developed based on | TPO6s ex
the increased shipping and labour costs in the Arctic, as well as greater risk margins for

contractors. The indicative cost curve developed for Rankin Inlet, for example, was $4.37/W for a

50kW and $3.33/W for a 2MW system. The model assumes all shipping via sea freight, and

scaling as per the methodology mentioned in the Shipping section below. The resulting cost curve

was checked against national data and found to be between approximately 1.5 - 2.0x higher than

6near futured installati on remotsitswllation[E3f. | ect i ng t he

Wind

The capital costs for 1, 2, 3, 6 and 10 Northern Power turbines from [6] were used to create a cost
curve which was used across all communities. This is shown in Figure 7 below.

$60,000
$50,000
$40,000
$30,000

$20,000

Capital Cost ($/kW)

$10,000

200 400 600 800 1,000 1,200
Installed Capacity (kW)

Figure 7: Northern Power NPS100C-21 100 kW turbine cost curve

Capital costs for Enercon turbines in Igaluit, Arviat, Baker Lake, and Rankin Inlet were also set
per [6]. Of these sites, Igaluit comprised the most data points, with capital costs listed for 2, 3, 4
and 5 turbines. The resulting cost curve (Figure 8) was therefore used as the base data for the
remaining sites, with scaling applied to differentiate between communities.
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Figure 8: Enercon E-70 2.3M W turbine cost curve Iqgaluit

Shipping

All equipment cost curves were approximated to be from Rankin Inlet in the first instance. To
represent the differences in project costs for more remote or accessible communities, a scaling
factor was applied to all component costs (including capital costs, replacement costs, and O&M
costs) indicative of the additional or reduced transport costs incurred. The scaling factors are
listed in Table 9 in Appendix B.2.7.
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4. RESULTS & ANALYSIS

A summary of results from all sites is given in Table 2 and Table 3 below. The first column
indicates the Net Present Cost (NPC) of the base case (i.e. business-as-usual, diesel only
scenario for each community). Net Present Cost accounts for all system costs over the 15-year
lifetime of the system, converted to present terms via the discount rate.

For each scenario of minimum RE contribution (20%, 40% and 60%) the optimal® configuration is
presented in terms of the Net Present Value (NPV). The NPV represents the difference in NPC
when compared to the base case. A positive NPV indicates a scenario that is financially attractive
(based on the assumptions made), while a negative NPV indicates a scenario is unattractive. Also
presented are the estimated emission reductions; the achieved renewable energy contribution,
and a simplified indication of what technology was involved.

Highlighted in green text is the one case for each community that is considered to be financially
optimal®. NPV results are those that are negative but greater than -$2m. Red NPV results
are less than -$2m.

In some instances, the RE% achieved exceeds the minimum requirement. This indicates that a
higher RE penetration is preferable over a lower RE penetration (e.g. Chesterfield with 29%
penetration). Similarly, in some cases, a single optimised result fulfils both the 20% and 40%
minimum RE requirement (eg. Rankin Inlet).

Further detail on each result, including the sizing of components, the OPEX impacts, fuel savings,
and the potential value of spilled electricity is included in Appendix C.

3 HOMER optimises in terms of lowest Net Present Cost.
4 The value of spilt electricity has been excluded from this summary analysis but is included and discussed in the appendix.
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Table 2: Summary of HOMER Pro modelling results i 8% discount rate scenario

Annual
Consumption Minimum 20% RE Scenario Minimum 40% RE scenario Minimum 60% RE scenario
Community NPV w NPV w NPV w

coz-e coz-e coz-e
215 (F,\‘A*S Tech RE (%) red NV Heal ro i RE@®) red NPV Heal o h RE(®) red NPV (M) Oﬁ'fs‘zt

($M) offset ($M) offset
(kt/yr) (M) (kt/yr) (M) (kt/yr) (M)

Arctic Bay ]
Arviat =]
Baker Lake 20 1.22 -213 -1.98 | & 67 423 427 -1.90 | » 67 4.23 -4.27 -1.90
Cambridge Bay 20 1.94 -6.93 -6.93 | »E& 40 3.72 -11.85 -11.80| »~éxEm 60 5.65 -17.08 -15.98

20 0.88 -2.84 -2.76
29 0.45 -0.81 -0.79
20 0.58 -2.76 -2.72
20 0.58 -0.51 -0.43
20 0.88 -3.68 -3.45
20 0.15 -1.13 -1.12
20 051 -1.25 -1.23
20 1.03 -2.90 -2.78
20 8.73 -4.06 -3.31
21 0.29 -0.89 -0.89
20 0.45 -1.92 -1.89
20 0.84 -4.28 -4.21
20 0.69 -1.88 -1.87
20 097 -242 -2.38
20 0.96 -4.23 -4.17
20 0.46 -2.04 -1.99
49 6.20 1.74 1.96
20 059 -212 -211

40 1.83 -6.24 -5.83
40 0.64 -1.03 -097
40 119 -6.49 -6.14
40 1.20 -098 -0.79
40 181 -840 -7.97
40 032 -222 -210
40 1.05 -2.89 -2.69
40 211 -731 -6.82
40 17.61 -10.78 -8.88
40 059 -147 -1.33
40 092 -425 -3.97
40 172 -990 -9.44
40 140 -420 -3.83
40 202 -575 521
40 1.95 -10.42 -9.86
40 0.89 -454 -433
49 6.20 174 1.96
45 134 -5.02 -4.94

60 278  -1447 -12.18
60 0.98 -2.01 -1.81
60 1.79 -16.56 -15.79
60 1.82 -3.19 -2.60
60 274 -2335 -20.07
60 0.47 -6.68 -6.61
60 1.56 -5.46 -5.29
60 319 -21.74 -17.78
60 26.76 -25.74 -19.50
60 0.90 -3.06 -2.60
60 139 -10.95 -9.23
60 260 -2417 -21.07
60 212 -10.90  -9.08
60 3.07 -14.36  -11.97
60 295 -36.24 -30.46
60 131 -9.81 -8.83
74 9.46 1.25 7.24
61 1.83 -6.20 -5.72

Cape Dorset
Chesterfield Inlet
Clyde River
Coral Harbour

BB (S B B |

Gjoa Haven
Grise Fiord
Hall Beach
Igloolik
Igqaluit 2
Kimmirut

o
v

n
. | B

B 8 | B B BB B B

Kugaaruk
Kugluktuk
NEUJEEY
Pangnirtung
Pond Inlet
Qikigtarjuaq
Rankin Inlet

rH) IH} IH} ﬂ) ﬂ) rﬂ) rH} ~ ﬂ} ~
B BEREBEBEREEEREB®E:B E BeB|BEEEEERE

o
L

~r
v
B EEREEEEEE: 'Ef BB BB EEMBRM®

o
v

Resolute Bay

4

IH} IH} IE} IE) -‘i’ IH) IH} IH} IE) IE) IE) IH} IH} IH} IE) IE) Iﬂ) IE} IH} IE} IE) -‘i' Im) IH} IH}
BEBBEBRRRBBEEBE BB B EREREDSADRDREBB|B|B

B B (B~ B BB B B B B

SEQIIVED] 20 0.55 -1.18 -1.13 m 40 113 -253 -231 |# 62 1.76 -3.81 -3.51
Taloyoak 20 0.60 -2.72 -2.71 Em 40 122 -6.28 -5.98 Em 60 185 -17.21 -14.77
Whale Cove 20 0.29 -0.82 -0.79 m 40 059 -147 -1.36 m 60 0.89 -3.26 -2.83

° The optimal case for Igaluit achieves 10% RE with a solar array and no wind or BESS. It has an NPV = $0.6M and reduces CO2-e emissions by 4.1 kt/yr.
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Table 3. Summary of HOMER Pro modelling results 1 4 % Discount Rate

Annual

. Minimum 20% RE Scenario Minimum 40% RE Scenario Minimum 60% RE Scenario
Consumption

Community CO2-e NPV w CO2-e NPV w CO2-e NPV w
Elec —Fuel o0k RE %) red Heal rech RE@) red NPV HeA qoih RE(©6) red v Heat
(GWh) (ML) (ktlyr) Offset ($M) Offset ($M) Offset

(M) (kt/yr) (M) (kt/yr) (M)

Arctic Bay fl 200 054 -1.36 -1.30 |[@E 400 112 -3.30 -2.86 | »&EE00 169 -13.73 -13.43
Arviat Al 200 137 -1.81 -154 |@E 400 281 -473 -393 | &E 600 424 -12.33 -9.52
Baker Lake B 685 432 141 432 [»E 685 432 141 432 | »E 685 432 141 432
Cambridge Bay 8 | 466 @ 254 241 419 -417 |EE 401 379 -6.87 -5.68 60.0 563 -10.12 -8.77
Cape Dorset 1.33 200 0.88 -1.92 -1.81 400 1.83 -411 -350 | &E 600 278 -11.30 -8.28
Chesterfield Inlet . 0.82 fom 400 064 015 010 |@E 401 064 015 010 |&E 601 098 065 038
Clyde River ) 1.59 200 0.58 -2.06 -2.00 400 119 -488 -4.42 | »E 604 179 -14.25 -13.22
Coral Harbour . 138 |@@ 380 114 087 105 |@E 400 120 085 109 |&E 600 182 037 041
Gjoa Haven |2.08 201 0.89 -253 -2.47 400 1.81 -583 -509 | &E 600 2.74 -19.51 -14.86
Grise Fiord . 057 ja@ 200 015 095 092 |@E 400 032 175 160 | Fé@BE01 047 -601 -592
Hall Beach . 129 @ 205 052 06/ 063 [@E 400 105 152 105 | ydaBig01 157 -338 -3.20
Igloolik ] 2.62 in' 200 1.03 -167 -1.41 |[@E 400 211 -454 -389 | &E 600 3.19 -17.78 -12.23
Igaluit Achieved viability with 8% Discount Results above

Kimmirut ) 0.7 in' 254 036 -049 -042 |[@E 401 059 -066 -047 |@&E 600 090 -1.76 -1.15
Kugaaruk . 121 fBE 203 046 105 105 |@E 400 092 -249 -212 | FE&EI600 138 -1011 -9.46
Kugluktuk 2.69 200 0.84 -327 -3.18 400 1.72 -759 -7.00 | »&EI60.0 257 -16.43 -15.87
Naujaat ) 1.47 in' 213 074 094 -000 |BE 400 140 -221 -1.70 | &A@ 600 212 -7.93 -538
Pangnirtung 2 205 1.00 -1.34 -1.26 400 2.02 -3.28 -256 | &E 600 3.07 -10.69 -7.52
Pond Inlet 17 [J258 E‘l 20.0 096 -3.08 -3.00 |@E 400 195 -7.92 -7.10 | @@ 60.0 295 -32.94 -24.90
Qikigtarjuaq ) 1.01 200 046 -1.41 -1.32 400 0.89 -3.23 -2.85 | &E 600 131 -7.89 -6.40
Rankin Inlet Achieved viability with 8% Discount Results above

Resolute : 1.9 207 061 -1.36 -135 [»& 512 153 -296 -2.93 | 4#@ 624 187 -333 -3.27
Sanikiluag . 1.22 iﬂ' 200 055 046 030 |[@E 400 113 091 069 | ¥8 621 176 115 075
Taloyoak 48 [ 1.42 in' 200 0.63 -162 -069 |[@E 400 122 -441 -402 | @&E 600 1.85 -14.48 -11.25
Whale Cove . 0.69 iﬂ' 20.0 030 035 003 |@E 400 059 059 044 | @& 600 089 183 127
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In Table 2, where an 8% discount rate was assumed, RE appears immediately attractive only for
Rankin Inlet and Igaluit (highlighted in green). However, nine other communities have RE cases
within $2m of breakeven (highlighted in ). This suggests that, where grant funding is
available, RE may be attractive in these communities and further study would be warranted.

In Table 3, a 4% discount rate is assumed, and Baker Lake and Coral Harbour joins Rankin Inlet
and lgaluit as having a case for immediate implementation of large amounts of renewable energy.
This suggests that, where concessional debt financing is available, and/or investment risk can be
perceived to be low, RE may be attractive in these communities and further study would be
warranted.

In general, the discount rate chosen (a proxy for the cost of capital) has a significant impact on
the financial viability of renewable energy projects as lifecycle costs for wind, solar PV, and
battery storage technologies are predominately capital costs.

Also apparent is that, when higher RE% must be met, the optimal scenarios tend to involve a
single technology type (wind or PV). Technology diversity is only optimal at higher RE fractions in
a small number of sites (e.g. Cambridge Bay, lgaluit).

Overall, Rankin Inlet stands out as the most convincing instance where renewables are
immediately attractive i 49% RE gives an NPV of $1.8M, an IRR of 9.2%, and simple payback of
9.6 years, leading to 6.2 kt/yr of CO.-e abatement, and 2.4 ML of avoided fuel usage each year.
This scenario utilised a single Enercon E-70 turbine with a 1.6 MW / 3.36 MWh Tesla Powerpack.
This result comes most notably due to the strong wind resource and the larger size of the
community. With such a high renewable energy penetration, additional value could be realised by
offsetting up to 21 kL of heating fuel each year with the spilt electricity.

The optimal result for Igaluit falls halfway between the base case and the minimum 20% RE
scenario. In this case, a 10% RE scenario gives an NPV of $0.6M and leads to 4.1 kt/yr of CO»-e
abatement. This scenario has a 5.36 MW solar array, no wind and no BESS. Previous reports
have indicated a promising wind resource for Igaluit, but based on the ground measurements
from the RETScreen data sets this has not been found during this study. The effect of uncertainty
with respect to the available wind resource is explored in detail in the sensitivity analysis in the
next section.

The most cost-effective GHG reductions (on the basis of net present cost) occur for lower RE
fractions (where storage requirements, and therefore costs, are lower) and in larger communities
(where RE is larger and therefore cheaper per unit). The top five sites for cost-effective emissions
reduction are Rankin Inlet, Igaluit, Coral Harbour, Baker Lake, and Chesterfield Inlet (Table 4).
Note that a negative cost indicates that the scenario has a positive net present value (ie. is cost-
effective even without consideration of GHG abatement).
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Table 4. GHG abatement (net present) cost for five most cost-effective communities

CO; Abatement. ($'000/t/yr)
Community 20 RE  40% RE 60% RE

Rankin Inlet

Coral Harbour

Baker Lake

Chesterfield Inlet

|
|
|
Igaluit ‘
|
|
|
|

SERTIED|

4.1. Sensitivity Results

The modelling has been undertaken using the best available information and transparent
assumptions i however as with all models, establishment and usage involves uncertainty.
Sensitivity analysis is a useful tool to give a better understanding of the impact of such
uncertainty, and HOMER Pro facilitates such analysis on almost all variables within the model. In
consultation with WWF, Rankin Inlet, Kugluktuk and Sanikiluaq were selected for further analysis,
each representing one of the three regions of Nunavut.

Firstly, two variables were considered most important for this analysis and to inform the audience
idi scount rate and diesel price. A projectds
of the investor(s). Typically, a public utility will have a lower discount rate than a private
Independent Power Producer (IPP). Discount rate was therefore varied across this spectrum
between 4% and 14% (varying with 2% step changes).

Diesel prices have also historically been volatile on global markets, and geopolitical
developments are likely to continue this trend. The diesel fuel price was therefore varied between
$0.70/L and $2.20/L (varying with $0.30 step changes).

Modelling across both sensitivities (6 x 6) means that there will be a total of 36 optimised results
for each community. The results for Rankin Inlet are plotted in Figure 9.
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ENERGY COST & RENEWABLE FRACTION - RANKIN INLET
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Figure 9: Sensitivity results for Rankin Inlet

The 36 markers represent each modelled case, and for each of these the resulting levelized cost

of energy generation (in $/kWh) is printed.® The iso-lines on the graph represent the levelized

cost of energy generation. The backgroundcolour (or fAheat mapo) i n this <cbh
RE% that HOMER found to be optimal for the sensitivity variables on the x and y axes, as per the

legend provided.

As could be expected, the optimal RE fraction has a strong dependence on both the diesel fuel
price and the discount rate. Moving first vertically from bottom of the chart to the top, a higher
diesel price will evidently penalise the configurations that use more diesel. Moving left to right,
higher discount rates will favour technical configurations with a lower initial capex, as is evident in
the 0% RE (diesel only) scenarios in blue becoming increasingly favourable. There is also a

51t can be noted that the levelized cost of energy generation is substantially lower than the stated Cost of Supply (COS) in the QEC
General Rate Application (e.g. 78.16c/kWh for domestic non-government) and the tariff rate born by consumers. This is because
HOMER does not account for transmission/distribution costs, transmission/distribution losses, or administrative costs.
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dramatic step change in which the optimal result changes from low to high renewable energy
mostly due to the optimal componentry being a relatively large step change from zero, one and
then two x 2.3 MW wind turbines.

The reader should note that the results are also heavily site dependent. High RE fractions were
feasible in Rankin Inlet under a much broader range of conditions than both of the other sites.
This is because of the strong wind resource and the larger electricity demand, which allows for
larger turbines and the associated economies-of-scale.

For Kugluktuk and Sanikiluaq, the results are shown in Figure 10 and Figure 11 respectively. For
Kugluktuk, renewable energy scenarios are quite a long way from being economically feasible
and really only optimal in the top left quadrant, with feasibility requiring a discount rate below 6%
and a diesel price increase of around 50%. As solar is most economical given the poor wind
resource, the flexibility in its sizing capacity means the move from high to low RE% is a much
more gradual change.
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Diesel Fuel Price ($/L)
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Figure 10: Sensitivity results for Kugluktuk
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ENERGY COST & RENEWABLE FRACTION - SANIKILUAQ
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Figure 11: Sensitivity results for Sanikiluag

Similar to Rankin Inlet, Sanikiluaq shows a step change from low to high renewable energy
generation, but at a much higher diesel price.

Renewable Energy Fraction (%)

Another variable that can impact results significantly is that of the available wind resource. This is

evident in Igaluit most notably, where previous analysis had estimated average winds speeds in
excess of 7.4 m/s at hub height [6], a result certain to make wind technology much more
attractive. However, as analysis in this report has been based on ground-measured RETScreen
data and more conservative assumptions of scaling factors, the average wind speed was

estimated at about 6 m/s at hub height. The impact of varying wind speed on the modelled results
was examined in a further sensitivity case, varying wind speeds between 41 8 m/s as measured

at 10 meters height, and also altering discount rate from 6% to 12%. The results are presented i
Figure 12 below.
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—— Energy Cost ($/kWh)

Figure 12: Wind speed and discount rate sensitivity results for Igaluit

As can be seen by comparing the vertical results for the 10% discount case, a difference of 1 m/s
average wind speed at ground level can be the difference between an optimal result of no RE vs
an optimal result of approximately 50% RE. The limitations of scaling wind data from such low
hub heights are well known, and this underlines the importance of obtaining reliable wind data at
intended hub heights for communities such as Igaluit.
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