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Executive Summary
This study provides a preliminary assessment of wind and solar energy potential in the community of
Jean Marie River.

Jean Marie River has about 76 inhabitants and is located on the south shore of the Mackenzie River at
the confluence of the river bearing the community’s name. Jean Marie River is located about 340 km
southwest of Yellowknife and is accessible year round by air and by road, as well as by barge in the
summer. The average power use in the community is 39 kilowatts (kW), based on an annual energy
requirement estimated to be 340 megawatt-hours (MWh).

The five-year (2007-2011) average wind speed in Jean Marie River projected to be 2 m/s at a height of
10 m above ground, which is considered to be very poor for wind energy potential in the community.
Wind energy economics was thus not examined in detail in this study. The mean solar energy potential
according to NASA is 2.9 kwWh/m?/day (daily insolation), which is considered to be good for solar
electricity production.

For a potential solar energy project in a net metering home system, the installed cost is estimated to be
from $10,000 per kW (for a fixed solar array) to $12,500 per kW (dual axis tracking). In a utility scale
scenario (12 kW) the installed cost is estimated to be from $9,000 per kW to $11,500 per kW. An off-grid
summer camp solar system (including battery bank and power equipment) is expected to cost from
$25,000 to $27,500 per kW installed.

The 25-year levelized cost of energy from grid connected photovoltaic systems is expected to range
from $0.72 per kWh to $0.80 per kWh, which is more expensive than the marginal cost of diesel
generation at $0.526 per kWh (levelized over 20 years). However, since wind energy is not a practical
option in this community, solar PV systems are the only practical alternative.

The diesel fuel savings and the greenhouse gas emissions reduction from a fixed array solar energy
system in Jean Marie River is expected to be 411 litres and 1,233 kg of CO, equivalent per kW installed,
respectively. With a one axis array configuration, the fuel savings and greenhouse emissions reductions
go up to 537 litres and 1,610 kg of CO, equivalent per kW installed, respectively.

If Jean Marie River is considering alternative energy developments, the use of solar energy generation
would be a far more attractive option than wind energy. PV systems can be scaled to a community’s
needs and the equipment is far easier to transport, install, and operate than wind systems. Should Jean
Marie River wish to pursue a PV project, subsidies would be required to make the project cost-effective
compared to continued diesel generation.



Introduction

The cost of diesel fuel to serve northern remote communities continues to rise as world supplies
become scarce. The need for developing renewable energy is becoming more urgent as communities
struggle with rising energy costs. Over the past several years, the authors (JP Pinard, P.Eng., Ph.D. and
John Maissan, P.Eng.) have been retained by the Aurora Research Institute (ARI) to conduct pre-
feasibility studies for wind energy generation in many diesel-served communities in the NWT. All of
these studies are found at the ARI website (http://www.nwtresearch.com, search for “wind energy”).
With the decreasing costs of solar technology it has become apparent that solar energy is becoming
more attractive for remote communities in the North. In this study, the economic potential for solar PV
energy for Jean Marie River is assessed.

The community of Jean Marie River has about 76 people and is located on the south shore of the
Mackenzie River at the confluence of the Jean Marie River. Jean Marie River is located about 340 km
southwest of Yellowknife (see Figure 1) and is accessible by air, by summertime barge and by an all
season road connecting to the Mackenzie Highway. The average power use in the community is 39
kilowatts (kW) based on the annual generation requirement estimated at 340 MWh (from the last
general rate application or GRA, 2007/08). We understand that the electrical load may have decreased
in recent years. The community power plant has three diesel generators totalling 230kW of capacity (the
smallest of which we are told is 70 kW, thus the remaining two must be about 80 kW), owned and
operated by Northwest Territories Power Corporation (NTPC). The marginal cost of producing electricity
from diesel (fuel and variable maintenance only) is estimated to be $0.526 per kWh.

No previous wind or solar resource studies (that the authors are aware of) have been done for Jean
Marie River. The Arctic Energy Alliance has, however, produced a summary of the wind and solar
potential for the community. In their online report (resource section at www.aea.nt.ca) it is stated that
the average wind speed is considered low at 2.88 m/s (height was not noted); however the average
solar insolation (radiation) is 2.9 kWh/m?*/day, which is considered to provide high solar energy potential
for the community.

The purpose of this study is to examine the economics of wind and solar energy development to diesel-
generated electricity in Jean Marie River. In this study solar and wind climate data is collected and
analysed. It is also used to model potential energy output of various photovoltaic (PV) array
configurations. Detailed economic analyses were not carried out for wind energy as the wind resource is
too low to be practical for power generation. The economic analyses look at the costs of building and
operating various configurations of solar PV projects in the hamlet. Greenhouse gas emission reductions
from these projects are estimated. An outline of next steps is given regarding the pursuit of wind or
solar energy integration in the hamlet.
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Figure 1: Jean Marie River is located in the southwest NWT, about 340 km southwest of Yellowknife.
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Wind Climate Assessment
To estimate the wind energy potential in Jean Marie River, wind speed measurements are required. The

wind data used for the wind analysis was measured at the JMR administration building and also

extracted from Environment Canada’s (EC) climate data, which is available online at their website

(www.climate.weatheroffice.ec.gc.ca). The data from the EC website contain hourly measurements of

wind speed and direction, temperature, pressure, humidity, and other parameters (solar measurements

are not included in these data sets). The wind measurements at this station appear to be made at 10 m

above ground level (AGL), which is the standard height for airport weather measurements in Canada.

The measurements made at the administration building were on a tripod set up on top of the building at

a total height of 9.7 m AGL. Measurements were averaged to a 10-minute interval and included wind

speed, direction, temperature and solar insolation.

Wind Speed

According to EC there was a climate (weather) station located about 21 km south of Jean Marie River on

the Mackenzie Highway. It ran for just under two years (1999-2000). The two-year mean wind speed

from this data set is 1.82 m/s from a height of 10 m AGL at a surface elevation of 227 m ASL (above sea

level). Another longer term climate station is at the Fort Simpson Airport, which is located about 40 km
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northwest of Jean Marie River. This station has been collecting data since 2003 and has a mean wind
speed of 2.6 m/s, measured at 10 m ASL on ground that is 168 m ASL.

The weather station on the JMR administration building measured a mean wind speed of 1.9 m/s (at 9.7
m AGL) for the period of September to December, 2011. Using the Fort Simpson station data to make a
correlation, the JMR wind speed was projected to a longer term mean wind speed of 2 m/s. Projected
vertically, this translates into a mean wind speed of about 3 m/s at 40 m AGL. This is considered
inadequate for wind energy production. The nearby community of Trout Lake (see similar report from
Pinard and Maissan, 2012; found at ARl website) has a slightly better a wind regime of 3.3 m/s (at 42.7
m hub height) but a wind project there will produce electricity at a cost of over $5 per kWh, about ten
times the cost of diesel generated electricity. Similarly, wind energy would not be economically feasible
in Jean Marie River. Therefore, the remainder of this study will focus on options for solar energy.

Solar Climate Assessment

The information for the solar radiation in this study comes from NASA’s Surface Meteorology and Solar
Energy (SSE) website (eosweb.larc.nasa.gov/sse/). This site is a renewable energy resource centre that
keeps a database of compiled solar, wind and other meteorological data for the purpose of evaluating
the renewable energy potential at most locations around the world. This is also the same website from
which solar, wind and other meteorological data is officially used for input into the RETScreen and
HOMER Energy models (both described later). The database at SSE is a combination of meteorological
observations and numerical modeling that provides an estimate of such things as solar radiation for
locations that are lacking in measurements, such as is the case at Jean Marie River.

Solar Insolation at Jean Marie River

From the SSE website solar radiation data was extracted for the Jean Marie River area and it is
compared with actual measurements that were made in the past at other nearby locations such as Fort
Smith, shown in Figure 6 below. These average insolation values represent the monthly average daily
solar radiation onto a horizontal plane at the Earth’s surface. Typically solar radiation is measured with
the sensor pointing straight up on a flat horizontal (leveled) plane. The measurement is given in the
form of energy (kWh) per unit area (m?) per day. Solar photovoltaic panels are typically not set up on a
horizontal plane but rather at an angle that is as close to perpendicular to the sun as possible. Different
photovoltaic (PV) array configurations exist to address this and will be discussed later in this study.

The two nearest locations in the NWT where solar radiation data was collected in the past are Fort
Smith and Norman Wells. Fort Smith collected data from 1971 to 1988, and Norman Wells collected
data from 1967 to 1987. In Figure 6 we can see that the solar radiation estimated by SSE for Jean Marie
River is similar to that of Fort Smith. With respect to latitude, Jean Marie River is 160 km north of Fort
Smith. Norman Wells is about 440 km north of Jean Marie River, and shows slightly more insolation in
the summer and less in the winter compared to other communities to the south. The average annual
insolation for Forth Smith and Norman Wells were 3.01 and 2.66 kWh/m?/day respectively. The average
annual insolation for Jean Marie River was estimated to be 2.90 kWh/m2/day.
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Figure 2: Monthly average insolation, or solar radiation, on a horizontal surface measured at Fort Nelson, Fort Smith, and
Norman Wells, and estimated at Jean Marie River. All were acquired from the SSE website.

Site Selection for Solar Systems

Within the community of Jean Marie River, the insolation values are likely similar anywhere that there is
an open area without obstructions such as trees and buildings to shade the solar installation. Ideally the
solar PV installation would be next to the power grid. If a home PV installation is being considered, it
would be best placed on a south-facing roof or on the ground if there is clear exposure to the sun. For a
utility scale fixed array installation, the best location is close to a powerline in a large field exposed to
the south. If a tracking system is selected then the area must be exposed to the east, south, and west.

Community Power Requirements and Costs

The community of Jean Marie River has its electricity requirements supplied by an NTPC diesel power
plant consisting of three generators. The total capacity is 230kW, and we understand that the smallest
one is 70 kW, thus the other two must be about 80 kW. The most recent NTPC GRA (general rate
application) indicates that the fuel efficiency of the diesel plant is 2.749 kWh per litre.

Information available from the most recent GRA indicates that power generation in the community is
about 340 MWh per year. We understand that it may have declined in recent years. This represents an
average diesel plant load of about 39 kW and a peak load of about 78 kW at the GRA load factor. The
authors estimated that the minimum plant load is in the order of 15 kW. Relevant excerpts from the
NTPC GRA documents are attached as Appendix 1. With the diesel plant fuel efficiency provided above,



and the expected annual electrical energy produced from diesel, this represents about 123,681 litres of
diesel fuel consumed for electricity production in the community each year.

In modelling the integration of solar energy with the diesel plant, the authors assume that the minimum
allowable load of the smallest diesel generator is 30% (typical) of the generator’s capacity. For the 70
kW generator, this sets the minimum load at 21 kW. If a community’s load drops below this level it
simply means that the generator is producing at a lower efficiency level and power quality may become
more difficult to control. When adding a renewable energy source to the overall system, on occasions
when the community load will be so low (e.g. down to 15 kW in the summer) and the renewable energy
production will be high (e.g. 12 kW), then the diesel generator will produce at less than 30% capacity (3
kW in this example). The plant operator will likely wish to cut back on the renewable energy source to
keep the diesel generator operating at above the 30% load to keep the efficiency up. To cut back on the
renewable energy system one must use power controllers that either dump the excess electric from the
solar system to outdoor heaters or store the excess electric for later use. The storage can take the form
of heat, say, in hot water tanks or in batteries which adds another level of complexity to the system. The
storage of renewable energy has a future in diesel communities like Jean Marie River; however, it is
beyond the scope of this study, which is simply to assess the economics of solar energy production. The
sizing of the renewable energy systems in this study are meant to be optimized so that little storage or
power stabilizing technology is required, thus keeping the renewable energy system integration
relatively simple.

This study examines solar PV opportunities in one generic seasonal (April to September) off-grid
application (e.g. a camp) involving a 1 kW array, and in two grid connected applications. The grid
connected options are a 5 kW net metering arrangement by a residential consumer and a maximum 12
kW utility owned project. A solar system large than 12 kW may result in the 70 kW diesel generator
being driven below a 30% load, which is NTPC's stipulated minimum. Larger PV systems would thus
require some form of energy storage (such as batteries) which is beyond the scope of this study. It is
noteworthy that the estimated minimum community load is already well below a 30% loading on the
70kW generator.

Considering this, additional advantages of solar energy over wind energy become evident for Jean Marie
River. PV arrays can be sized in small increments (of about 200W) and projects can easily be expanded,
and unlike wind turbines, solar energy is never available at night when electrical loads are at their
lowest, but is available only in the daytime when electrical loads are at their highest. As well, the
transport and installation of PV equipment is simple compared to wind turbines. The operation of PV
systems is also relatively simple, but the integration of significant PV capacity (e.g. 50 kW) with the
diesel plant may be as challenging as significant wind capacity.

For the purposes of this study it has been assumed that the NTPC diesel power plant would save diesel
fuel at a rate of 1 litre per 2.749 kWh displaced. This diesel plant would produce variable (or
incremental) electrical energy at a levelized cost of $0.526 per kWh over 20 years with diesel fuel
starting at $1.15 per litre and increasing with general inflation (2% in model). These costs include only



fuel and $0.03 per kWh for variable operation and maintenance (O&M) costs. The economic model
assumes that the cost of capital is 7.5%.

Solar PV Project

Project Owners

Three different solar PV applications were considered in this study, and in each case the ownership was
different. The first application was a small remote camp using a 1 kW PV array. In this case the camp
owner was assumed to own the PV project. The second application was a net metering installation of a
5 kW PV array (i.e. grid connected), assumed to be owned by a private residential power consumer. The
residential consumer was assumed to be acting individually as opposed to being part of a larger project
involving many homes. The third application was a larger grid connected project (e.g. 12 kW) owned
and operated by the utility owning the diesel plant, or an independent power producer operating in
several communities.

PV Equipment

For the 1 kW off-grid and the 5 kW net metering grid connected applications, complete system kits were
selected for use in this study. These costs were found to be up to 20% higher than individually sourced
components that could be assembled by an owner with appropriate skills and some professional advice.
However, the complete kit approach was considered to be a good first approximation on systems and
costs. The off-grid kit would include everything — PV modules, fixed array mounting system, charge
controller, battery bank, sine wave inverter, power panel/centre, and all required cabling.

The 5 kW net metering kit includes PV modules, micro-inverters, fixed array mounting system, and all
cabling (no batteries). Typical PV module sizes are 170 to 230 Watts. For both the off-grid and the net
metering applications retail single and dual axis tracking systems were also considered (see Figure 7).
The costs of such tracking systems were added to the cost of the kits described.



Single-axis Tracking Dual-axis Tracking

Figure 3: The two most common tracking modes for a solar system with dynamic tracking. A single-axis tracker tracks the sun
by rotating around an axis located in the plane of the collector. The axis can have any orientation but in the northern
latitudes it is usually pointing south with a tilt that is nearly parallel to the earth's axis. The dual-axis tracker always positions
the array surface normal to the beam of the sun by rotating about two axes. Source: www.RETScreen.net.

The 12 kW utility scale project was based on a reduction in cost from a 5kW residential scale net
metering kit (roof or simple self-ballasted ground mount).

The pricing for PV modules at a wholesale level is very competitive at the moment; some reports
indicate that costs have decreased to nearly $1.00 per watt of capacity (compared to a retail cost of
about $10/watt in 1990s).

Energy Production

For the off grid camp and the net metering home applications, energy production from three different
PV array configurations are considered: first, a fixed array that is tilted at about 45° (from the ground)
from April to September and at 90° from October through March; secondly, a single axis tracker set at a
tilt of 55° (optimum angle for Jean Marie River); and thirdly, a dual axis tracker. For the utility scale
system only the fixed array configuration was considered but with the same 45° and 90° settings for
summer and winter. The fixed and single axis tracker configurations are assumed to be facing south. The
tilt angles that are chosen for each configuration are the most optimum angles that maximize the annual
solar energy production in the Jean Marie River area. The reason for choosing to tilt the fixed array to
90° in the winter months is to avoid snow build up and subsequent maintenance cost associated with
snow clearing requirements. A solar array at any angle less than 90° will often build up with snow and
prevent the solar array from producing electricity after a snow fall in the winter. Another advantage to
tilting the array to 90° in the winter is the added effect of snow reflectance from the ground to the
array, which will improve the performance of the system.

If one chooses to use a fixed array at a permanent angle (the optimum angle would be at 50° for Jean
Marie River’s latitude) then the expected losses due to snow cover will be about 12% (based on work
done by Wohlgemuth, 2007) depending on snow fall and weather conditions. It should also be noted
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that a fixed array configuration set permanently at 50° will produce about 3% less energy than a fixed
array adjusted seasonally as indicated above. The total losses will likely amount to 15% if one chooses to
use a permanently fixed array system as opposed to one that is adjusted seasonally with the 45° tilt in
the summer and 90° tilt in the winter.

The above PV array configurations are analysed for their theoretical performances through the use of
the RETScreen Clean Energy Project Analysis Software. RETScreen (Microsoft Excel - based) is a decision
support tool developed and supported by the CanmetENERGY research centre of Natural Resources
Canada (NRCan). The software is free-of-charge and is used worldwide to evaluate the energy
production and savings, costs, emission reductions, financial viability and risk for various types of
Renewable-energy and Energy-efficient Technologies (RETs). More information on the software can be
found at www.retscreen.net.

For the utility scale solar system the HOMER Energy model was used to identify the maximum size a
solar system can be without producing excess energy and thus requiring grid power stability equipment
or storage. This situation is most likely to occur during the summer when the community load is smallest
and the solar production is greatest. The HOMER Energy model was developed by the National
Renewable Energy Laboratory of the US Government and is now distributed and supported by HOMER
Energy (www.homerenergy.com). HOMER is a power system analysis and optimization model.

Using the SSE insolation data for Jean Marie River and RETScreen’s modelling capability, the monthly
and annual energy production of each configuration at various tilt angles were evaluated. RETScreen’s
solar modelling tool takes into account such factors as ground (snow) reflectance, inverter efficiency,
solar cell types and sizes to calculate monthly energy production from these difference array
configurations.

The RETScreen energy production calculations are based on an array of generic PV modules with total
power capacity of 1 kW (7 m? area), with an efficiency of 14.4%, a temperature coefficient of 0.40%, and
a nominal operating cell temperature of 45°C. Losses of 10% from inverter inefficiency (90% efficiency
assumed) and 15% from miscellaneous sources (including module ageing) were assumed in the model.
The model also included additional losses of 10% for snow shading in the winter for the grid connected
home and utility systems on trackers; snow shading losses do not apply to the fixed array scenarios,
which assume a 90-degree tilt for the winter. Losses are an additional 20% for the off-grid system which
uses a charge controller (about 5%) and a battery bank (about 15%).

The result of the RETScreen solar array configuration performance evaluation for Jean Marie River are
summarised in Figure 4. Projections of the net energy production per kW of array capacity (after losses)
at Jean Marie River’s latitude are outlined in Table 1.
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Figure 4: Monthly electricity produced from each type of solar array configuration for Jean Marie River, based on RETScreen
analysis. Smr = Summer (April to September); Wtr = Winter (October to March).

Table 1: Projected net energy production in Jean Marie River.
Smr = Summer (April to September); Wtr = Winter (October to March).

System description Use Added losses Net annual energy
(B = battery, S = snow) | capacity in kWh / kW
Off grid camp
Fixed array: 45° April - September B: 20% 589
1 axis tracker: 55° April - September B: 20%, S: 10% 853
2 axis tracker April - September B: 20%, S: 10% 878
Net metering home (on grid) 1kw 5 kW
Fixed array: 45° Smr & 90° Wtr All year 1,130 5,650
1 axis tracker: 55° All year S:10% 1,475 7,375
2 axis track All year S: 10% 1,524 7,620
Utility 1 kW 18 kW
Fixed array: 45° Smr & 90° Wtr All year 1,130 20,340

As Table 1 shows, a 1 kW system on a fixed array will produce about 1130 kWh per year. The total
energy production for a 5 kW home based system on a roof using the fixed system will translate into
5650 kWh per year. A utility scale 18 kW fixed array system in Jean Marie River will produce 20,340 kWh
per year without producing significant excess electricity (based on the HOMER model).
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Figure 4 illustrates how a tracking system will have an advantage over a fixed south-facing configuration.
Because the tracker allows the solar array to face the sun from morning through afternoon, it captures
about 40% more solar energy over the year, mostly during the summertime. Despite the advantage, the
tracking system can be compromised if there is snow build up, shading by buildings, trees, or
neighbouring solar tracking arrays. For all configurations the advantage of snow reflectance is seen for
the months of March to May.

Capital and Operating Costs

Capital costs for the off-grid camp and net metering home applications were based on retail kit costs
available on the open market. The authors estimate that knowledgeable owners could buy components
and assemble their own systems (with professional advice as required) for about 20% lower capital cost,
however, for the purposes of this report the retail kit cost was considered to be a good first
approximation. Costs for solar tracking systems for the off-grid and net metering home application were
taken from retail web site price listings and were simply added to the kit cost.

Capital costs for a small utility scale PV system of 18kW was based on a reduction in cost from a 5kW
residential scale net metering kit (roof or simple self ballasted ground mount). These are higher than
typical costs for larger utility scale installations (50kW or higher) which can be derived from a various
existing cost breakdowns available. These indicated that in southern Canada these size commercial
projects would probably cost about $6,500 per kW at the present time. With increased shipping costs
and higher installation costs in the north, $9,000 per kW would be considered to be a reasonable
estimate for these smaller utility scale projects (excluding tracking systems). With tracking systems the
costs would likely be about $11,000 per kW for single axis and $11,500 for dual axis.

Table 2: Capital and operating costs of PV systems

System description Capital cost O&M cost
(S per kw) (S per kW per year)

Off grid camp (1 kW battery based)

Fixed array $25,000 $25

1 axis tracker $27,000 S50

2 axis tracker $27,500 S50
Net metering home (5 kW grid connected)

Fixed array $10,000 S25

1 axis tracker $12,000 S50

2 axis track $12,500 S50
Utility (approximately 12 kW)

Fixed array $9,000 $25
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In all cases operating and maintenance costs were estimated at $25 per kW of capacity per year for the
PV system, and where trackers were used an additional $25 per year per kW of capacity was applied. A
summary of the operating and capital costs appears in Table 2 below. These costs are probably low for
an off-grid battery based system but the alternative of a gas or diesel generator would also involve
significant maintenance so these were considered to be off-setting costs.

Cost of PV Energy and Economic Analysis

The levelized cost of energy (LCOE) for PV was examined on the basis of a 25 year project life (some
solar products now carry a 25-year warranty) using an economic model that assumed that the cost of
capital was 7.5% and that the inflation rate was 2% per year. As well, a modified simple payback was
calculated. This consisted of offsetting the O&M cost on the basis of kWh at the applicable marginal
rate and then using the savings on the remainder to pay off the capital. The resulting costs and payback
are shown in Table 3.

For the off-grid camp two fuel efficiencies were considered, 2 kWh per litre and 1 kWh per litre, which
corresponds roughly to a small diesel generator reasonably well loaded and a Honda 6,500 watt
generator with the inverter loaded at about 50%, respectively.

For net metering homes, three PV energy value cases were considered: (1) the subsidized Yellowknife
rate of $0.232 per kWh, (2) the unsubsidized community rate of $1.487 per kWh, and (3) the
incremental diesel savings of $0.526 per kWh. Note that the diesel saving of $0.526 per kWh is a 20 year
levelized cost as is commonly used in wind project analyses (and in other NWT community renewable
energy studies). The cost of diesel will be a little higher (by $0.02) if levelized over 25 years, but in order
to be conservative on cost comparisons for the utility scale solar project, only the diesel saving of $0.526
per kWh was considered.

For off-grid camps, the 25 year LCOE ranged from $2.79 per kWh with the dual axis tracker to $3.74 per
kWh with the fixed array. This compares to $1.22 to $2.43 per kWh from small generators, depending
on fuel efficiencies. The simple payback after O&M expenses ranges from about 13 to 36 years,
depending on the fuel efficiency of the generator and whether a tracker is used on the PV array. A dual
axis tracker and the less fuel efficient generator results in the fastest payback, while the fixed array and
more efficient generator results in the longer payback.

For PV arrays on grid connected homes, the 25 year LCOE ranges from $0.75 per kWh with a tracker, to
$0.80 per kWh with a fixed array (with tilt adjusted twice per year). The modified simple payback at the
unsubsidized community rate is about 6 years, at the LCOE diesel cost is 17 to 18 years, and at the
subsidized Yellowknife rate (applied in Jean Marie River) is about 42 years.

For a Utility scale project, the LCOE of PV energy was $0.72 per kWh for the fixed array configuration
(with tilt adjusted twice per year). The modified simple payback was about 16 years. It is worth noting
that the LCOE was also calculated for single and dual axis trackers for the same utility scale PV array (size
reduced to 12 kW to avoid power instability) and the cost was found to be $0.69 and $0.70 per kWh
respectively; this indicates that there is no significant advantage to using trackers for small utility scale
PV arrays — and fixed arrays are much simpler to install and maintain.
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For home scale net-metering the single axis tracker offers a tiny advantage in term of cost per kWh (0.4
cents) over the dual axis tracker and about 4.3 cents per kWh over the fixed array option.

NTPC could consider the installation of smaller diesel generators in Jean Marie River more suited to the
small electrical load there. This would likely make the diesel plant more efficient and would also allow a
higher penetration level of solar PV. Alternatively a battery bank operated on a cycle-charge basis for
times when the electrical load is low may be an alternative to consider.

Table 3: Summary of PV energy cost and payback ranges.

Simple payback
System LCOE $/kWh LCOE* diesel Community | Yellowknife .
after maintenance
description S/kWh rate rate
years

Off-grid camp

Fixed array $3.74 $1.22t0 $2.43 18 to 36

Array on tracker | $2.791t0$2.82 | $1.22to0 $2.43 13 to 27
Net metering
home

Fixed array $0.80 $0.526 $1.487 $0.232 6to 42

Array on tracker $0.75 $0.526 $1.487 $0.232 6to 42
Utility

Fixed array $0.72 $0.526 16

* the LCOE for camp diesel is over 25 years, for other applications over 20 years

Greenhouse Gas Reductions

Greenhouse gas (GHG) reductions are directly proportional to the diesel energy displaced. For this
reason, off-grid applications (where the alternatives are small diesel or gas generators, which have poor
efficiencies compared to utility generators) offer the greatest GHG reductions per unit of capacity. The
GHG reductions at seasonal off-grid camps using a single axis tracker would range from 1,307 (436 litres
diesel saved) to 2,613 (871 litres of gasoline saved) kg of CO, equivalent per year per installed kW of
capacity. A dual axis tracker would be marginally better, and a fixed array would save about 32% less.

Table 4: Annual energy productions, fuel savings and GHG reductions from a grid-connected solar project of 1, 5, or 18 kW in
Jean Marie River. The two configurations are fixed frame configuration with 45° tilt in summer and 90° in the winter and a
single axis tracker.

Diesel Electricity Diesel Fuel Saved GHG Reductions
Project Configuration Displaced (kWh) (litres) (kg CO, equivalent)
fixed tracker fixed tracker fixed tracker
Grid-connected — 1 kW 1130 1475 411 537 1,233 1,610
Grid-connected — 5 kW 5650 7375 2,055 2,683 6,166 8,048
Grid-connected — 18 kW 20,340 - 7,399 - 22,197 -
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The GHG reductions resulting from three scales of solar systems connected to the grid are shown in
Table 4. Net metering and utility scale projects all displace fuel at utility power plant fuel efficiencies,
which in the case of Jean Marie River is 2.749 kWh per litre. These systems would save 1,233 kg of CO,
equivalent per kW of installed capacity per year when fixed (with tilt adjusted twice per year), 1,610 kg
of CO, equivalent per year on a single axis tracker, and 1,663 kg of CO, equivalent per year on a dual axis
tracker. This assumes all of the installed capacity displaces diesel fuel. Larger projects in which some of
the PV energy is surplus to system needs would result in lower GHG reductions.

PV Project Conclusions
1. PV systems can be utilized in a variety of applications and scaled in size to meet requirements.

2. Complete PV systems of about 1kW of capacity for off-grid applications are likely to cost in the order
of $25,000 to $27,500 per kW of installed capacity depending on whether fixed arrays or trackers
are used.

3. Home size net metering (grid connected) PV systems are likely to cost in the order of $10,000 to
$12,500 per kW of installed capacity for fixed and tracker mounted systems, respectively, and
corresponding small utility scale projects would likely cost in the order of $9,000 per kW of installed
capacity for a fixed array system.

4. The cost of energy from grid connected PV systems at $0.72 to $0.80 per kWh is more expensive
than the marginal cost of diesel generation at $0.526 per kWh.

5. ltis possible that capital costs for grid connected systems could be reduced with larger scale
projects or a larger number of projects, but at present it would appear that the resulting energy
would still be more costly than the marginal cost of diesel generation.

Next Steps

1. If Jean Marie River is considering alternative energy developments, the use of PV energy generation
would be a far more attractive option than wind energy. PV systems can be scaled to a community’s
needs and the equipment is far easier to transport, install, and operate than wind systems.

2. Should Jean Marie River wish to pursue a PV project, a subsidy would be required to make the
project cost-effective compared to continued diesel generation.

3. Given the small size of the Jean Marie River electrical load, installing a few residential scale net
metering projects may be more practical than having the utility do an 18 kW project. Alternatively
the utility could consider installing smaller diesel generators more suited to the electrical load,
which would make a larger utility project possible and probably reduce unit costs.

4. To increase the total capacity addition beyond the maximum size stated in this study (18 kW),
further feasibility work with energy and economic modelling would be recommended.

Reference
Pinard, JP, and John F. Maissan, 2012. Trout Lake Wind and Solar Energy Pre-Feasibility Analysis. For
the Aurora Research Institute.

Wohlgemuth, D., 2007. Solar Photovoltaics in the NWT, Jean Marie River Band Office, System
Overview. Summary paper for the Arctic Energy Alliance.
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NORTHWEST TERRITORIES

POWER

CORPORATION

Department of Finance, 4 Capital Drive, Hay River, NT X0E 1G2; Phone (867) 874-5200 Fax (867) 874-3251

November 24, 2006

John Hill, Chair

Northwest Territories Public Utilities Board
203-62 Woodland Drive

Box 4211

Hay River, NT

Dear Mr. Hill,

Enclosed are seven copies of Northwest Territories Power Corporation’s
(“NTPC’s”) 2006/07 and 2007/08 Phase | General Rate Application and
supporting materials (‘Phase | Application”). The Phase | Application sets out the
forecast costs to supply customers for the two test years, the revenues that are
forecast to arise at existing rates, and a consequent shortfall requiring changes
to rates.

The Phase | Application addresses company-wide costs, revenues and
investments required to determine the NTPC overall revenue requirement. Also
included in the Phase | Application is the NTPC’s response to various directives
of the Northwest Territories Public Utilities Board (“PUB” or “Board”) related to
revenue requirement matters. :

Community-specific revenue requirements and resulting final rate proposals will
be addressed as part of NTPC’s Phase Il Application. In addition, the Phase Il
Application is expected to address three remaining Board directives from the
2001/03 GRA'.

1 Roard Directive 10 from Decision 3-2003 regarding time of use rates, Directive 2 from Decision 7-2003 regarding legacy
assets in cost-of-service and Directive 3 from Decision 7-2003 regarding cosl-of-service for Rae/Edzo (now Behchoko)
and Dettah are all properly cost-of-service or rate design topics and are more properly suited to a Phase |l filing.



NORTHWEST TERRITORIES POWER CORPORATION

2007/08 FORECAST PRODUCTION FUEL COST

Schedule 3.3.2

Plant Fuel Fuel Fuel

Line Plant Generation Efficiency  Required Price Cost

No. No. (kWh) (kWh/L) {Litres) ($/L) {$000's)
1 101 Yellowknife 1,379,000 3.500 394,000 0.755 297
2 104 Wha Ti 1,730,422 3711 466,256 0.897 418~
3 105 Gameti 975,320 3.398 287,008 0.927 266
4 108 Behchoko 21,125 3.250 6,500 0.778 5
5 110 Lutsel K'e 1,637,723 3.778 433,468 0.896 388
6 201 Fort Smith 465,700 3.277 142,102 0.793 113
7 203 Fort Resolution 60,000 3.459 17,345 0.860 15
8 205  Fort Simpson 8,238,565 3.755 2,193,767 0.862 1,890
9 206  Fort Liard 2,719,334 3725 730,105 0.877 641
10 207  Wrigley 667,892 3.525 189,491 0.885 168
11 208  Nahanni Butte 372,594 2.511 148,360 0.877 130
12 209 Jean Marie River 339,598 2.749 123,647 0.858 106
13 301  Inuvik Power - D 1,675,500 3.635 460,935 0.797 367
14 304 Norman Wells - D 63,000 3.414 18,451 0.841 16
15 305  Tuktoyaktuk 4,584,515 3697 1,240,016 1.001 1,241
16 306  Fort McPherson 3,422,267 3.609 948,301 0.926 878
17 307  Aklavik 2,776,285 3.475 798,914 0.914 730
18 308 Deline 2,658,924 3.546 749,826 1.015 761
19 309  Fort Good Hope 2,874,492 3.576 803,823 1.001 804
20 310  Tulita 2,200,488 3.634 605,551 0.905 548
21 311 Paulatuk 1,350,941 3.492 386,914 1.090 422
22 312 Sachs Harbour 907,022 3.189 284,401 1.075 306
23 313 Tsiigehtchic 864,359 3.537 244 353 0.985 241
24 314 Colville Lake 338,554 2.957 114,488 1.133 130
25 315 Ulukhaktok 1,986,962 3.616 549,489 b ) 610
26 Subtotal - Diesel 44,310,582 3.603 12,337.411 0.931 11,491

NATURAL GAS
Plant Fuel Fuel Fuel

Line Plant Generation Efficiency Required Price Cost

No. No. (kWh) (kWh/L) (m®) (m®) ($000's)
27 301 Inuvik 29,773,906 3.399 8,758,336 0.430 3,769
28 Subtotal - Natural Gas 29,773,906 8,758,336 3,769

PURCHASED POWER

Line Plant Generation Price Cost

No. No. (kWh) {$/kWh) ($000's)

29 304 Norman Wells 9,305,234 0.279 2,583
30 Subtotal - Purch. Power 9,305,234 0.279 2,593

NTPC General Rate Application 2006/07 and 2007/08




Northwest Territories Power Corporation
2006/07 - 2007/08 General Rate Application

Summary of Generation, Sales, and Revenue
209 Jean Marie River

Schedule A.14

2002/03 2006/07 2007108
Line Negotiated 2004/05 2005106 Forecast @ Forecast @
no. Description Settl Actual Actual Existing Rates Existing Rates
SALES AND REVENUE
Residential
1 Sales (MWh) 101 119 110 121 123
2 Customers 25 22 23 22 22
3 Av. MWh Sales/Cust. 4.07 5.40 477 5.53 5.47
4 Revenue (000s) 91 102 98 107 109
5 Cents /kWh 89.88 85,58 89.17 B8B.49 B88.53
General Service
=] Sales (MWh) 105 108 95 109 111
7 Customers 18 15 15 15 16
8 Av. MWh Sales/Cust. 577 7.20 8.31 7.15 711
9 Revenue (000s) 138 140 124 141 144
10 Cents /kKWh 131.54 129.92 130.58 129.76 128.76
Wholesale
1 Sales (MWh)
12 Customers
13 Revenue (000s)
14 Cents /KWh
Industrial
15 Sales (MWh)
16 Customers
17 Av. MWh Sales/Cust.
18 Revenue (000s)
19 Cents /k\Wh
Streetlights
20 Sales (MWh) 11 12 11 10 11
21 Revenue (000s) 20 22 19 18 18
22 Cents /k\Wh 175.89 174.15 174.14 186.59 174.14
Total Community
23 Sales (MWh) 218 239 216 239 244
24 Customers 43 37 38 37 38
25 Revenue (000s} 249 264 241 266 21
26 Cents /kWh 114 .47 110.19 111.73 111.30 110.94
GENERATION (MWHh)
27 Total Station Service 37 3 31 A 31
28 Total Losses 19 57 58 83 65
29 Losses - % of Gen. 7.0% 17.3% 19.0% 19.0% 19.0%
30 Total Generation 274 327 304 333 340
Source (MWh)
31 Hydro Generation
32 (Gas Generation
33 Gas Efficiency
34 Cubic Meters (000s)
35 Diesel Generation 274 327 304 333 340
36 Diesel Efficiency 2.520 259 2.907 2749 2.749
37 Liters (000s) 109 126 105 121 124
38 Purchased Power
39 Total Generation 274 327 304 333 340
% of Total Generation
40 Hydro
41 Gas
42 Diesel 100.0% 100.0% 100.0% 100.0% 100.0%
43 Purchased
Peak (kW)
44 Total Peak 80 B4 70 76 e
45 Load Factor 39.1% 58.4% 49.6% 49 8% 49.8%

NTPC General Rate Application 2006/07 and 2007/08



NORTHWEST TERRITORIES

=

CORPORATION

RATE SCHEDULE

Effective Date: December 1, 2010
Supersedes: November 1, 2008

Zone: Thermal

Residential Government

Monthly Service Charge:

Energy Charge
Wha Ti

Gameti

Lutsel K'e

Fort Simpson
Fort Liard
Wrigley
Nahanni Butte
Jean Marie River
Inuvik
Tuktoyaktuk
Fort McPherson
Aklavik

Deline

Fort Good Hope
Tulita

Paulatuk

Sachs Harbour
Tsiigehtchic
Colville Lake
Ulukhaktok

Minimum Monthly Bill:

Residential Non-Government

Monthly Service Charge:
Energy Charge:

Minimum Monthly Bill:

$18.00

84.57 ¢/kWh
129.80 ¢/kWh
78.53 ¢/kWh
73.44 ¢/kWh
78.06 ¢/kWh
137.92 ¢/kWh
166.40 ¢/kWh
148.70 ¢/kWh
60.35 ¢/kWh
70.80 ¢/kWh
81.59 ¢/kWh
64.84 ¢/KWh
83.20 ¢/kWh
72.41 ¢/kWh
89.51 ¢/kWh
122.92 ¢/KWh
152.12 ¢/kWh
112.71 ¢/KkWh
230.26 ¢/kWh
70.75 ¢/kWh

$18.00

$18.00
47.39 ¢/kWh

$18.00
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NORTHWEST TERRITORIES

POWER

CORPORATION

RATE SCHEDULE

Effective Date: December 1, 2010
Supersedes: November 1, 2008

Zone: Thermal

General Service Government

Demand Charge:

Energy Charge
Wha Ti

Gameti

Lutsel K'e

Fort Simpson
Fort Liard
Wrigley
Nahanni Butte
Jean Marie River
Inuvik
Tuktoyaktuk
Fort McPherson
Aklavik

Deline

Fort Good Hope
Tulita

Paulatuk

Sachs Harbour
Tsiigehtchic
Colville Lake
Ulukhaktok

Minimum Monthly Bill:

Stand-by Charge:

$8.00/kW

78.50 ¢/kWh
149.18 ¢/kWh
73.03 ¢/kWh
64.34 ¢/kWh
70.37 ¢/kWh
14749 ¢/kWh
214.65 ¢/kWh
200.65 ¢/kWh
53.68 ¢/kWh
62.87 ¢/kWh
74.64 ¢/KWh
61.95 ¢/kWh
78.50 ¢/kWh
63.42 ¢/kWh
86.46 ¢/kWh
116.15 ¢/kWh
142.58 ¢/kWh
99.84 ¢/kWh
200.26 ¢/kWh
64.04 ¢/kWh

$40.00

$24.00 /kW

* General Service — Billing Demand shall be the greater of the current month’s maximum Demand
or the maximum Demand experienced during the 12 month period ending with the current billing

month.

* Stand-by eligibility is negotiated with NTPC on a per customer basis and subject to all

applicable energy rates and riders.
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NORTHWEST TERRITORIES

POWER

CORPORATION

RATE SCHEDULE

Effective Date: December 1, 2010
Supersedes: November 1, 2008

Zone: Thermal

General Service Non-Government

Demand Charge:
Energy Charge:
Minimum Monthly Bill:

Stand-by Charge:

$8.00 /kW
40.20 ¢/kWh
$40.00

$24.00 /kW

* General Service — Billing Demand shall be the greater of the current month’s maximum Demand
or the maximum Demand experienced during the 12 month period ending with the current billing

month.

* Stand-by eligibility is negotiated with NTPC on a per customer basis and subject to all

applicable energy rates and riders.
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