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Executive Summary

Colville Lake is a community of about 125 people whose electricity requirements are met
by a diesel power plant owned and operated by Northwest Territories Power Corporation
(NTPC). It is located on the south shore of Colville Lake and is accessible by winter road
or by air. The annual mean electrical load is estimated at 39 kilowatts (kW) with a peak at
103 kW and a minimum load of about 20 kW. The diesel fuel cost for energy produced
by the plant is $0.43 per kWh at a diesel fuel cost of $1.265 (November 1, 2007) per litre
and the plant efficiency is 2.957 kWh per litre. Alternative energy sources would need to
be $0.43 per kWh or less to be competitive with diesel energy.

Potential wind energy project sites identified are west and southwest of the hamlet.
Where the community borders the lake at 244 metres above sea level (m ASL), there are
small rises of land near the community that reach to about 290 m ASL. The wind speed
estimates for the candidate wind project sites based on the authors’ projections using the
airport data and the closest upper air stations are significantly below those based on the
wind atlas. The authors estimate that the wind speed at 30 m above ground level (AGL)
at a plateau that is 800 m southeast of the community is about 4.8 m/s compared to the
atlas prediction of over 6 m/s. An accurate assessment of the wind resource would be
needed if wind power remains a desire for Colville Lake.

Because of the very small electrical loads at Colville Lake, the authors have looked at
relatively small scale turbines, the Bergey 10 kW, and the Wenvor 30 kW, installed in the
lowest cost manner possible. Under these conditions a wind project of one 30 kW wind
turbine or three 10 kW turbines would yield a medium-high penetration wind-diesel
operation, and is estimated to cost about $280,000 to $300,000 ($9,400 to $10,000 per
kW). Such projects would generate power at a cost of $1.28 to $1.41 per kWh if the
wind resource was 5 m/s. Significant subsidies are required to make a project
economically viable, and even a $0.15 per kWh subsidy from the proposed ReCWIP
program would provide limited benefit.

If a private individual were to do a project themselves the costs could possibly be reduced
to about $7,000 per kW, and would yield power at a cost of about $1.00 per kWh with a 5
m/s wind resource.

Since it appears to be impractical to have a business operate such a small, costly project,
the authors suggest that alternative approaches should be considered. One option is mini-
hydro which has been considered in the past and may still be a consideration. Another
option is the subsidization of home scale wind generators for grid connection in a net
metering type of application. A third option would be to consider a grid connected solar
power project, in the same arrangement as above or as one large community project. On
this scale it might even be practical to have some battery storage. A fourth alternative
may be to have NTPC consider battery storage and a cycle charge system in combination
with the above. Further work on these options was considered outside the scope of this
report.



Background

JP Pinard, P.Eng. Consulting Engineer and John Maissan, P.Eng. of Leading Edge
Projects Inc. (the authors) have been retained by the Aurora Research Institute to conduct
a pre-feasibility study for wind energy generation in Colville Lake. This study examines
wind data from both the weather balloon (upper-air) and the airport stations and maps and
satellite images of the community to identify potential wind monitoring sites. This study
provides the following information:

1) Analysis of potential sites for location of wind equipment.

2) Refined estimates of the range of wind speeds around Colville Lake.

3) Size, capacity and condition of present power system in Colville Lake.

4) Analysis of different scenarios of power demands for Colville Lake.

5) Preliminary estimates of the cost of wind generation for Colville Lake.

6) Estimates of power production and gas displacement through integration of
wind power.

7) An outline of next steps needed to pursue the integration of wind power in
Colville Lake.

Introduction

Colville Lake is a community of about 125 people, located on the south shore of Colville
Lake (Figure 1). The community is situated 750 km northwest of Yellowknife and is at an
altitude of 244m above sea level (ASL). Colville Lake is accessible by air and winter
road. It is considered to be the most remote in the Mackenzie Valley and also has the
most expensive electrical rates of all diesel communities in the NWT.

A diesel-electric generating plant that is owned and operated by the Northwest Territories
Power Corporation (NTPC) supplies the electrical energy for Colville Lake. There has
been interest expressed in displacing the diesel energy with renewable energy. For
example the community now has a solar-powered/diesel hybrid water treatment facility
that has apparently been setup to operate from solar-power during the summer.

The purpose of this report is to examine the potential for wind power generation by
providing a selection of potential sites, estimating the mean annual wind speed and
estimating the economics of building a wind installation near the hamlet.
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Figure 1: Map of Colville Lake Hamlet with legal boundaries. Source: Municipal and Community
Affairs, Northwest Territories Government.



Measured Wind Directions

The wind data used for the wind analysis is extracted from Environment Canada’s (EC)
climate data which available online at their website (visit their website at
www.climate.weatheroffice.ec.gc.ca). The airport station is a 10-m tower located at 259
m above sea level (ASL) next to the airfield. The data contains hourly measurements of
wind speed and directions, temperature, pressure, humidity and other fields. About 13%
of the wind measurements are missing from the 5-year (2003-07) data set.

Wind turbines are typically placed in a row, preferably on a ridge top, perpendicular to
the prevailing wind direction. A wind rose provides an indication of the predominant
direction of the wind energy. The wind roses in these studies have two shapes (Figure 2).
The solid shaded areas represent the relative wind energy. The wind energy by direction
is calculated as the frequency of occurrence of the wind in a given direction sector
multiplied by the cube of the mean wind speed in the same direction. There are 16
direction sectors and each sector is 22.5 degrees wide. The given wind energy in each
direction is a fraction of the total energy for all directions.

Colville Lake Airport (2003-2007)

11
15%

Figure 2: Wind rose of the Colville Lake airport wind station. The shaded rose which
is outlined in grey shows the relative wind energy by direction, and the transparent
rose area outlined in black shows the wind frequency of occurrence by direction.
The mean wind speed by direction sector is labelled at the end of each axis.

The transparent area outlined in black is the wind frequency of occurrence by direction as
is typically shown in meteorological analyses (Figure 2). The wind frequency by



direction can sometimes be misleading, showing a commonly occurring wind direction
that is not significant for wind energy production. The outer numbers at the edge of each
rose are the average wind speeds in each direction sector.

According to data analysis the wind energy at Colville Lake comes from two dominant
directions: about 31% of the energy is from the northwest; and, about 30% is from the
east-southeast (Figure 2).

Suitable sites for wind energy development

When selecting a suitable site for a wind energy development there is a need to consider
site elevation, orientation and distance from existing power lines. The wind turbines
should have high exposure to the dominant wind directions. In this example a hilltop
ridge should ideally be perpendicular to the dominant wind directions and so should be
roughly oriented northeast to southwest. Wind turbines could be located along a
lakeshore with the open lake upwind (north-northwest) of the farm but with good
exposure to the opposite direction as well.

The Hamlet is located on a small peninsula on the south shore of Colville Lake whose
elevation is 244 m ASL. The land relief around the Hamlet undulates from the lake
elevation to over 280 m ASL. Towards the southeast the land rises gently until it reaches
the top of a large hill that peaks at 442 m ASL, 13 km southeast of the community. The
mean annual wind speed at this location is likely well above 6 m/s, however, this site too
far from the community to consider installing a wind farm economically.

The Hamlet (whose land relief is 245 to 255 m ASL) is located just west of the airfield
(260 m ASL) and residences and public buildings are spread along a west-facing bay.
The land to the east of the airfield is mostly private land (Figure 1) and does not seem
accessible since trails do not appear to go beyond 1 km east of the airfield.

Over one kilometre southwest of the airfield there are several potential wind project sites
that have elevations equal to or greater than 260 m ASL (Figure 3). The first location,
Site #1 is the closest site to the Hamlet — being 300 m away from the nearest power line.
At 260 m ASL, it is essentially the same elevation as the airport. From the community’s
official land use plan there are intentions for a new housing area near this site, which will
likely bring the power line about 150 m closer to this site. However this means that the
wind turbines will be within 200 m to residences, this may encounter resistance from the
community. Site #2, is at 268 m ASL, is 150 m from the winter road and about 750 m
from the power line. Assuming that a new housing area will be developed at the
southwest end of the community this site may be about 600 m from the southwest end of
a future extended line.

To the east of Site #2 the land drops and then gently rises again to a plateau of that peaks
at 280 m ASL, 1.3 km away. Site #3 is on the northern edge of this fairly wide, flat area
and has potentially ample room for many wind turbines. This site is about 800 m from the



power line in the community. It is however 1 km south-southwest of the centre of the
airfield and at a minimum, lighting may be required on the towers.

There is a fourth site, #4, being at 288 m ASL may have significant wind energy
potential, but it is at least 1.3 km away (Figure 3) from the existing power line.

P

Figure 3: Map of Colville Lake overlain by a map of the community land use plan and the airfield.
The contour interval is 10 m, the lake is 244 m ASL. The grid squares are 1 km wide.

Measured and Projected Wind speeds

The long term mean annual wind speeds at the potential wind installation sites around
Colville Lake can be estimated using measurements from the airport and the nearest
upper-air stations (Table 1). Over a five-year period (2003-2007) the annual mean wind
speed measured at the Colville Lake airport was 3.14 m/s. This measurement was made
at 10 m above ground level (AGL) which is 259 m above sea level (ASL).



Table 1: The upper-air stations used in wind speed projections

Upper-air Site Location relative Elevation 10-yr mean Wind speed
to Colville Lake at 10 m AGL

Inuvik 350 km WNW 103 m ASL 2.8 m/s

Norman Wells 180 km S 95 m ASL 2.4 m/s

Fort Smith 1050 km SE 203 m ASL 2.2 m/s

The wind speed measurements from upper-air stations provide vertical profiles of mean
horizontal wind speeds that can be used as a guide to estimate the local winds at higher
altitudes above Colville Lake. In observing the profiles for the three upper-air stations in
the NWT it becomes clear that there are similarities in wind speed at certain elevations
AGL (Figure 4) . At 200 m AGL for example, the mean wind speeds at all three stations
are approximately 6.2 m/s. Included in Figure 4 is a fourth profile (labelled Colville
Lake log) that represents the estimated logarithmic profile for the Colville Lake site
based on its 10 m annual mean wind speed of 3.14 m/s.

The (natural) logarithmic law profile uses the equation:

o)

where Uj is the airport wind speed at height z; = 10 m AGL and U is the projected wind
speed at a higher elevation of z; m AGL. The length z, = 0.5 m represents the surface
roughness of the area around the wind station. The surface roughness is adjusted so that
the logarithmic profile intersects through the average wind speed of 3.14 m/s at 10 m
AGL and 6.2 m/s at 200 m AGL. The logarithmic profile more closely matches the Fort
Smith measurements at 100 and 200 m AGL. Fort Smith and Colville Lake are more
similar to each other than to the other sites because they are at similar elevations ASL and
they are more centrally located within the continent.

U, =0,

The fifth profile included (Figure 4) is the wind speed projections based on the Hellman’s
exponential law:

h a
v,(h)=v,e (h—wj

where v,,(h) [m/s] is the velocity of the wind at height, A, v,y [m/s] is the velocity of the
wind at height, 4;9 = 10 meters (or other reference point height); and a is the Hellman
exponent. The Hellman exponent is normally about 0.15 for relatively open areas,

! Note that at Norman Wells and Inuvik the balloon measurements are made at the surface and 200 m AGL
and the wind speed is interpolated between those two heights. The wind speeds between these two
elevations are underestimated. At Fort Smith measurements are made between surface and 100 m AGL.
The estimate of ten-year mean wind speed at 100 m AGL is considered more accurate above Fort Smith
than over Inuvik and Norman Wells.



however in these calculations it was set to 0.23 is achieve the nearest match with the Fort
Smith profile. The profile based on Hellman’s equation yields lower wind speed
projections above the reference points than does the logarithmic equation with the
calculated roughness coefficient of 0.5 m. The (natural) logarithmic law is generally
used in scientific circles and there is a higher confidence level in this law than in
Hellman’s exponential law, but both are used in the wind resource assessment industry.
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Figure 4: Profiles of the ten-year annual mean wind speed for three upper-air
stations listed in Table 1. The error associated with the logarithmic law speed wind
profile is the standard deviation of the annual mean wind speed over the 10-year
period.

The ground level at the airport wind station at Colville Lake is 259 m ASL. There is an
elevation gain ranging from 0 to 29 m between the airport and the sites identified. All of
the elevation gains of the sites along with the projected wind speeds are shown (Table 2).



The logarithmic profile in Figure 4 above indicate that the average annual wind speed at
30 and 60 meters AGL at the Colville Lake airport would be 4.29 m/s and 5.02 m/s
respectively. At 50 m AGL the standard deviation on the annual wind speed is about +
0.39 m/s thus the annual mean wind speed could vary from 4.63 m/s to 5.41 m/s. The
wind speeds at 30 m AGL for the identified hill top sites (#1 to #4) were estimated to be
in the range of 4.29 to 5.02 m/s (Table 2). Values were estimated at 30m AGL because,
as will be discussed later, this is the standard tower height of the wind turbines that are
appropriate for this community.

Table 2: A list of sites showing their elevations, and estimated 10-year mean wind
speed. This also includes the relative elevation of the site above the airport and the
spacing available at the site for wind turbines. The variation associated with the
speed wind is the standard deviation of the annual mean wind speed over the 10-
year period (also shown as error in Figure 4).

. ; i ; Annual mean

Wind . . Height Distance Approximate {
site Site height above from power space wind speed at 30
ASL . . .
airport line available m AGL

Site #1 260 m 0m 300 m 25by50m | 4.29+0.27 m/s
Site #2 271 m 12m 750 m 40by 60 m | 4.59+0.29 m/s
Site #3 278 m 19m 800 m 100 by 100 m | 4.83 £0.32 m/s
Site #4 288 m 29 m 1300 m 20by 100 m | 5.02+0.39 m/s

The five-year mean monthly wind speed at the airport (10 m AGL) is shown along with
estimates for the four potential wind turbine sites using a hypothetical tower at 30 m
AGL. (Figure 5) The monthly mean wind speeds (measured at 10 m AGL) at the airport
reach a maximum 3.6 m/s in September and October and reduce to a minimum 1.7 m/s in
January under the influence of winter inversions. At Site #1, for a 30 m tower the
estimated mean monthly wind speed should reach a maximum of 5.0 m/s in September
and minimum of 2.3 m/s in January. The other sites are higher and the wind estimates for
these sites are proportionately greater, however they are further away from the power
line.

The Canadian Wind Atlas has been used to identify areas of high wind energy potential
but is of limited use in northern Canada because it uses large scale models to estimate
wind speeds at a given location within the country and the wind data available for the
north is relatively sparse. The grid resolution of the model is 5 km by 5 km and wind
speed and energy information is available at each of these grid points. According to the
Wind Atlas the nearest grid point to Colville Lake (Colville Lake is at 67.038N and
126.092W) is at 66.988N and 126.174W. At this grid point the simulated long term
mean wind speed is 6.01 m/s, and 6.30 m/s at 30 m, and 50 m AGL respectively. The
wind speed at 50 m AGL is substantially greater than the wind speed of 4.83 m/s
estimated in this report. Given these significant variations in wind speed estimates from
different methodologies, preparing more accurate estimates of the wind resource from an
onsite wind monitoring station would be important if serious consideration is to be given
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to the development of wind power. Adequately high wind speeds will be critical to the

economics of a project.
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Figure 5: Estimated mean monthly mean wind speed at the four elevations
comparable to the 30-m hub height for wind turbine at the identified nearby sites.
These are compared to the 2003-2007 mean monthly wind speeds measured at the
airport.

The Colville Lake airport wind speeds should not be used in isolation of other
information for projecting wind speeds at higher elevations. Results from the Community
Wind Resource Assessment Program in Yukon show that when wind speed
measurements at 10 m AGL are used in isolation to project wind speeds at higher
elevations they typically underestimated the wind resource.

Two additional considerations for wind speeds around Colville Lake include: i) it is
possible that there is an enhancement of the wind resource on the hill tops due to speed-
up effect of wind flowing over them and i1) there is an increased risk of rime icing effects
on these hilltops and there is high cost of roads and power lines to access these sites.

Power requirements and costs

Power demand and energy forecasts for 2006 to 2008 prepared by the NTPC for a late
2006 rate application indicate a peak demand of 103 kW and an annual energy
requirement of 339,000 kWh for 2007-2008. The average annual energy indicates an
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average electrical demand of 39 kW, and the authors would further estimate that the
minimum demand would be in the order of 20 kW. Relevant NTPC rate application
information is contained in Appendix 1. The diesel plant contains three generators, two
are rated at 75 kW (Detroit Diesel model #4-71), and the third is 90 kW (Isuzu A6GB1T).

Also according to NTPC rate filings the forecast fuel efficiency for the diesel plant is
about 2.957 kWh per litre (for 2007-2008), and the fuel cost was $1.265 per litre on
November 1, 2007 at the time NTPC prepared their wind generation RFP (see Appendix
2). The incremental cost of electrical energy is $0.43 per kWh; this is the price that
NTPC would pay for electricity from an independent power producer such as a wind farm
owner.

Appendix 3 provides a table of the value of diesel fuel savings as a function of diesel fuel
cost using the plant’s efficiency of 3.0 kWh per litre (rounded up from 2.957). As can be
seen from this table a fuel cost of $1.25 to $1.50 per litre results in per kWh costs of
$0.417 to $0.500 per kWh. In addition to the fuel there may be a small amount of other
variable costs that are displaced when diesel generation is avoided. The savings that
would be attributable to wind generation are thus substantially below the retail cost of
electricity which is between $2.50 and $3.00 per kWh on the margin for residential
consumers. Retail electricity rates contain cost components related to distribution and
generation capital costs, distribution and generation maintenance costs, distribution and
generation losses, billing system and other administrative and overhead costs. These
costs will not be reduced by wind power generation.

Wind power project

Wind turbines

The average electrical load of 39 kW and a minimum of 20 kW suggest that the usual
community size wind turbines of 60 to 100 kW are too large for Colville Lake. The
authors considered that the use of one 30 kW three phase Wenvor wind turbine or three
single phase Bergey EXCEL-S 10 kW units in this community would be appropriate as
that would be the most that could be installed as a medium-high penetration project. A
community scale wind turbine (i.e. 60 to 100 kW) would result in a high penetration
wind-diesel system with all its complexities, a significant amount of surplus wind energy,
and with a significant capital cost. The Wenvor turbine is Canadian made and has been
developed over the past 5 to 10 years, so has limited track record and none are installed
north of 60. The Bergey EXCEL-S 10 kW unit (or predecessors) has been in the market
place for over 30 years and has been used the world over. It is rated for operation in
temperatures down to -40°C.

Energy Production

Both the Bergey and the Wenvor turbines exhibit limited power production in low wind
speeds. They have power curves that are more suited to high wind speed regimes. This
is in contrast to the Northwind 100 (a 100 kW turbine with a rather large 21 meter rotor,
suited for larger community loads) which has a relative power output substantially higher
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at low wind speeds. The energy produced by three Bergey EXCEL-S 10 kW wind
turbines is detailed in Appendix 4.

At an average annual wind speed of 5.0 m/s (optimistic for the realistic installation sites)
the amount of useful energy that would be produced from three Bergey units is 22,572
kWh per year. This represents a penetration level of just over 6.6% if it all displaced
diesel energy but we know that the installed capacity would exceed the minimum diesel
plant load, so some will be surplus.

Capital costs
Capital cost estimates were gathered for two possible project options: one with three

Bergey 10 kW turbines and a second with one 30 kW Wenvor turbine. Both of these
projects would be considered medium-high penetration wind diesel projects. These two
wind-diesel projects were examined because there are few other turbines available in the
5 kW to 30 kW range. This study did not consider a single community scale (60 to 100
kW) turbine as this would result in a high penetration wind diesel system with its
additional complexities in wind-diesel integration and higher capital costs. Power lines
are very expensive to build in Colville Lake, probably in excess of $200,000 per
kilometre. Thus the authors minimized the estimated capital costs, particularly with the
power line, by assuming that the turbines would be installed within the confines of the
community where there are suitable power lines nearby. All costs not associated with the
purchase of the equipment were also estimated as low as could be justified. An
alternative to spending money on power lines would be to spend it on custom designed
taller towers. There may be a downside of increased airport concerns.

Appendix 5 details the capital cost estimates. The cost for a single 30 kW Wenvor
turbine project was estimated to be $282,000, whereas the three Bergey turbine project
was estimated to cost $298,000. These figures represent per kW costs of about $9,400 to
$10,000 per kW of installed capacity.

Annual Costs

The annual costs of wind projects as a function of the capital costs (at 8%, 6%, and 4%
cost of capital spread mortgage style over 20 years) and a range of operating costs are
presented in Appendix 6. Even at 4% effective interest rate the annual mortgage style
payments for the projected capital costs would be about $20,000 to $22,000 per year.
Operating costs of $1,000, $2,000, and $3,000 per year for a 30 kW project were
considered. This is likely to be a bit optimistic.

Cost of wind energy, economic analyses and discussion

A matrix of capital costs (at 8%, 6% and 4% interest rates), operating costs (three levels),
and a range of wind speeds was then constructed to yield the cost of the wind energy
produced. The results show that the cost of wind energy from a 30 kW wind project at
the expected capital and operating costs with a wind speed of 5.0 m/s is $1.28 to $1.41
per kWh before subsidies (8% interest). This is not even close to the cost of diesel power
at 0.43 per kWh that would be provided as revenue for the wind energy produced. If the
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wind speed were 6 m/s rather than 5 m/s, the cost of energy would still be $0.76 to $0.84
per kWh. The power cost tables are presented in Appendix 7.

To be economic very substantial capital and / or operating subsidies would need to be
provided. Other alternative project approaches or other alternative energies should be
considered given the projected high cost of wind energy. Four alternatives are suggested
by the authors for consideration and discussion, but it was considered beyond the scope
of this report to examine them in more detail.

First is consideration for a mini hydro project that could displace all of the diesel power.
Total diesel displacement would result in a saving of $145,770 per year in fuel. If
$125,000 per annum of this were available to repay capital at 8% cost of capital
(mortgage style), the justifiable capital cost would be $1.44 million. Given that with a
mini hydro plant carrying the entire load there would also be maintenance and capital
cost savings for NTPC, the revenue would be higher and the justifiable capital cost
higher. Furthermore, any surplus hydro could go to offset oil heating costs. Heat energy
would have a value of about $0.13 per kWh (at $1.265 per litre), but it would at least be
some additional revenue.

A second alternative would be to provide rebates to individual customers to allow them to
put up small individual turbines designed for low wind speeds. Some examples of
turbines that could be considered include the Southwest Windpower Skystream 3.7 with
an output of up to 2.6 kW, or the Southwest Windpower Whisper 200 of about 2 kW
peak output. Residents could then put the turbines up themselves in grid connect / net
metering fashion (or perhaps on the NTPC side of the meter) and avoid all the cost that
businesses would need to incur. Some issues would need to be resolved with NTPC, as
well as with Transport Canada, and Nav Canada (towers) on a community wide basis
before this approach could proceed.

A third alternative would be to subsidize PV systems to be installed on the roofs of
homes and buildings, and connect them to the grid in the net metering fashion described
above for wind. An advantage of solar PV is that it is very low maintenance compared to
wind generators, they make no noise, and there are no towers involved (no bird issues
and no Transport Canada or Nav Canada issues). Given the expected cost of wind power
($1.28 to $1.41 per kWh) solar PV is likely to be cheaper and much easier. PV arrays
could be permanently mounted for the optimum solar power generation (vertical facing
south).

A fourth and final alternative would be for NTPC to consider battery storage and a cycle
charge system to improve fuel efficiency, perhaps in combination with the small wind or
PV alternatives discussed above. With this approach when the electrical load is low the
surplus power produced at windy or sunny times would be stored, then recovered through
an inverter at times when the load is higher and or the alternative energy in short supply.
This option does introduce complexity and may not be attractive for that reason.
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GHG Reductions

For the purposes of this report it has been assumed that all of the electrical energy
available to reduce diesel generation does in fact reduce diesel generation. While it may
a bit optimistic it is a reasonable first approximation.

The diesel fuel and GHG reductions that would be achieved by a 30 kW project at
various annual average wind speeds are shown (Table 3). The calculations are based on a
diesel plant efficiency of 3.0 kWh per litre, and GHG emissions of 2.83 kg CO,; (based on
GNWT’s figure for non-motive diesel) equivalent per litre of diesel fuel consumed.

Table 3 Annual GHG reductions from a 30 kW wind project by wind speed

Diesel electricity Diesel fuel saved, GHG reductions,
Wind speed, m/s displaced, kWh litres kg CO; equivalent
4.50 16,313 5,438 15,390
5.00 22,572 7,524 21,293
5.50 29,985 9,995 28,286
6.00 37,962 12,645 35,785
6.50 46,170 15,390 43,554
Conclusions
1. The highest hill in the area of Colville Lake that could provide over 6 m/s annual

mean wind speed (desired for an economic wind project) is 13 km away and too far
for consideration. The wind speed at the airport at 10 m AGL is only 3.14 m/s annual
average and at 30 m AGL would be projected to be about 4.29 m/s. Nearby sites that
could have wind project potential are up to 30 metres higher in elevation than the
airport and have projected wind speeds of up to 5 m/s annual average. Many of these
sites are too far from power lines to be economic.

Colville Lake has an average electrical load of only 39 kW and a minimum load in
the order of 20 kW, very small indeed. The most appropriate size of wind power
project is 30 kW, which would likely cost $280,000 to $300,000 ($9,400 to $10,000
per kW) or more to construct, estimated on the low side, and on an unsubsidized basis
would produce power at a cost of $1.28 to $1.41 per kWh with a wind speed of 5 m/s.
Very significant subsidies would be required for wind power to be economic. The
purchase of the turbines and towers, and their transportation to the site would be well
over half of the total capital cost.

The only logical sites for wind development to avoid the high cost of power lines
(probably in excess of $200,000 per km) are the highest sites directly adjacent to the
community’s existing power lines. Rather than incur power line costs it may be more
practical to consider custom designed taller towers.
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4. Given these high costs it is recommended that a different approach to wind energy
could be considered. Individual household turbines could be owned, installed,
operated, and maintained by residents for the utmost simplicity.

5. There is a significant discrepancy between the projected wind speeds as calculated by
the authors and the Canadian Wind Atlas figures. This discrepancy could only be
resolved by the installation of a wind monitoring station near the community.
However, given the very poor economics of wind energy based on the airport
measurements, it may be wise to put that money towards subsidizing another
alternative energy approach.

6. It is also recommended that other alternative energies be examined, including the
mini hydro and solar PV. Solar PV is easy to install, requires very little maintenance,
involves no moving parts or towers, and can be installed on existing buildings. It is
likely to be no more costly than wind energy and may be less costly if the equipment
is purchased in bulk.

7. Green house gas reductions in the order of 21,293 kg per year would be achieved with
a wind project of 30 kW and a wind resource of 5 m/s.

Next steps

Careful and critical consideration needs to be given to all of the information in this report
with regard to developing a wind power project in Colville Lake. It is recommended that
the following be considered as next steps.

1. Given the projected high cost of wind energy, other alternative energy approaches
should be considered prior to proceeding with a wind monitoring station. Wind
monitoring stations can be quite costly and the costs could be allocated to
subsidies for another alternative energy approach.

2. Ifitis desired to consider wind energy seriously, a wind monitoring tower should
be installed at a location near the existing grid where a wind turbine could be
installed. A tower of 30 meters would probably serve the intended purpose but a
taller tower would provide more information transferable to locations outside the
community.

3. Ifitis desired to promote wind energy all things having been considered, it can be
done most practically by encouraging individual citizen installation and
ownership at their homes and businesses.

16
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NORTHWEST TERRITORIES

POWER

CORPORATION

Bepartment of Finauce, 4 Copitel Drive, fay River, NT X0 1G2; Pl (867) BT4-32000 Feex (867) 874-5231

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 Teritories 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 ||
Application is expected to address three remaining Board directives from the
2001/03 GRA'.

! Board Directive 10 from Decdision 3-2003 regarding time of use rates, Directive 2 from Decision 7-2003 regarding legacy
assels in cost-of-service and Direclive 3 from Decision 7-2003 regarding cost-gl-senvice for RaafEdzo (now Behchoka)
and Deitah arz all properly cost-of-service or rale design lopics and are more properly suiled to a Phass I fillng.




Proposed 2006/07 Iinterim Refundable Rates by Community and Customer

Class (cents/kW.h)
Hesidentsl Ganarel Seraes Siresdighting 'Whalasals - Firm Inisstrial
Exitbrng  Prghegad Ewxstesy Propossd| | Exising Proposed | | Exdling  Propoted Existng Proposed

Piars Oeneration | Aaximum Erergy  mieren Emergy  lrierim Energy  Inbefim Erergy  Memrim Energy  Inienm
Bt |Community Gource Ridesr Fste  Faie Rided Fiate  Frain Riides] Fatn  Rate Rider| | Fate  Rais Rides] Rate  Rate Riderd

101 |Yeliowhnide Hydra 10.55 158 1.8 .14

108 |Behchoko Hydro 1984 z18 25.44 298 A58 218

100 |Dettan Hydr 1084 214 2544 26 4968 218

201 |Fo Smuth Hoptira: 1213 182 a1 1.3 1681 26 470 o7z

3 |Ford Resclution  |Hpdmo 14,05 =11 11.70 ] 2100 AT

104 [WhaTi Therinal 5,02 252 TO&T sk 12385 38z

o |Gameat Thefinal B270 352 10150 353 12205 42

110 |Luteel Ka Thediral 62 06 353 58 68 A5 11236 a8

205 |Fon Simpsan Trinmal 36,80 a5y 2091 ] FE T ] 152

208 |Fam Lard Themral A0/04 352 33.85 182 40,88 52

207 [Wrgley Themral TH.04 353 B4.80 152 283 352

=08 [Mohanni Buss Themal 0573 52 13020 A82 16084 a5

708 |Jear Mane River | Themat B4.58 362 12322 152 17278 352

301 [k Themal 38.72 23t 152 #0.48 352

34 [Nommen Wels Thenra! 30,84 2683 As2 EEED 35z

306 |Tukdoyaktuk Thema 6161 53.84 352 6754 347

306 |Fori McPherson | Thenral 52.85 48.07 158 8177 352

307 |Aklavk Themal B7.34 54,51 157 5106 a5z

308 |Deins Thairnel L. 3 53.27 352 502 342

308 {For Good Hepa  |Thernal 5358 5520 3,52 TT.14 A5

a0 [Tuits Tharmal A3 T 162 6381 252

311 |Poulstsk Therensl 84,32 ] 1537 10645 ak:

M2 |Gachs Habour | Thamal &7.75 BO,52 1.52) 106.25 as2

I |Taigehichic Thamnal 9.0 BE 73 3,52 12780 A5

A4 |Colvils Lake Thernal 268 80 237.36 3.82 sat.on a5

315 FLAuhasrtok Thamal 72.35 65.64 .45 D300 352

Proposed Process

NTPC proposes that the Board establish a process at the earliest practical
opportunity to allow for procedural matters to be addressed (e.g., identification of
intervenors and production of a draft schedule for full public review of this
Application). As per standard practice, NTPC will arrange for publication of a n
advertisement requesting interested parties to register with the Board and a
notice of the Board's process once plans are finalized.

NTPC proposes to address preliminary information requirements regarding the
Application as follows:

e Public Information: Per established practice, NTPC will ensure public
communications of a general nature are delivered to the affected
communities, including media briefings and discussions as required with
municipal officials. To support this effort, NTPC will make materials
available on its website.




NORTHWEST TERRITORIES POWER CORPORATION

2007/08 FORECAST PRODUCTION FUEL COST

Schedule 3.3.2

Plant Fuel Fuel Fuel
Line Plant Generation Efficiency Raquired Price Cost
No. No. (kWh) {KWhIL) {Litres) ($1L) {$000's)
i 101 Yellowknife 1,379,000 3.500 394 000 0.755 287
2 104 Wha Ti 1,730,422 3TN 465,256 0.8497 418
3 105 Gameti 975,320 3.398 287,008 0.927 266
4 108 Behchoko 21,125 3.250 6,500 0.778 5
5] 110 Lutsel K'e 1637723 3.778 433,468 0.896 kTiti]
5] 201 Fart Smith 465,700 3277 142,102 0.793 113
T 203 Fort Resolution 60,000 3.459 17,345 0.880 15
8 205 Fort Simpson B,238,565 3.755 2193767 D.8e2 1,890
9 206 Fort Liard 2,719,334 3725 730,105 0.877 641
10 207 Wigley 667, 892 3.525 189,451 0.885 168
11 208 Mahanni Butte 372 504 2.511 148,380 0.877 130
12 209 Jean Marie River 339 5598 2.749 123,547 0.858 106
13 201 Inuvik Power - D 1,675,500 3.635 460,925 0.797 BT
14 304 Marman Walls - D G3,000 3414 18,451 0.841 16
15 305 Tuktoyakiuk 4,584 515 3697 1,240,016 1.001 1,241
16 306 Fart McPherson 3,422 267 3.609 948 301 0.926 B7B
17 307 Aklavik 2,778 285 3475 798914 0.914 T30
18 308 Deline 2,658,924 3.548 749,826 1.015 761
19 209 Fart Good Hope 2,874 452 3.576 803,823 1.001 04
20 310 Tulita 2,200 488 3.634 605,551 0.905 548
21 311 Paulatuk 1,350,941 3.492 386,914 1.090 422
22 312 Sachs Harbour 07,022 3189 284 401 1.075 306
23 313 Teiigehtchic 8564 359 3.537 244 353 0.985 241
24 314 Colville Lake 338,554 2.957 114,488 1,133 130
25 35 Uukhaktok 1,985 962 3.618 540,480 1.111 610
26 Siibtotal - Diesel 44 310,582 3.603 12337411 0.931 11,491
NATURAL GAS
Plant Fual Fuel Fuel
Line Plant Generation Efficlency  Required Price Cost
No. Ho. {(KWh) {KWhiL) {m?) {m’) {5000's)
27 a0 Inuvik 20,773,006 3,388 8,758,336 0.430 3,769
28 Subtotal - Natural Gas 29,773,906 8,758,336 3,769
PURCHASED POWER
Line Plant Genaration Price Cost
No. No. (KWh) ($/kWh) ($000's)
20 304 Norman Wells §.305,234 0.23_9 2,593
1] Subtotal - Purch. Power 9,305,234 0.279 2,583

NTPC General Rale Application 200607 and 2007/08



Morthwest Territories Power Corporation
2006/07 - 2007108 General Rate Appllcation
Summary of Generation, Sales, and Revenue

Schedule A28

314 Colville Lake
2002103 2008107 2007108
Lina Negotiated 004106 Z005/06 __ Forecast @ Forecast &
ne, Daser Seftlemant Actual Actual Existing Rates __ Existing Rates
SALES AND REVENUE
Residantial
1 Sales [ MWh) B4 140 144 141 141
2 Customers 27 33 3 a5 a5
3 Ay. MWWh Sales/Cust, 344 4,24 4.3 4.05 4.00
4 Ravenue (0D0s) 256 339 o 383 a4
5 Cents fkivh arz2es 27825 27162 27183 272.00
Ganeral Service
B Sales (MWh) R 119 128 132 134
7 Cuslomers B 12 1" 10 10
a Ay, Mvh Sadea/Cust. B.41 108 11.76 1265 13.41
& Revenus (000s) 172 288 2 N7 aza
i ] Ceams knh 243.07 24273 241489 241,14 24088
Whalesale
1 Sales (MWh)
12 Customers
13 Revanuse (0005}
14 Cans v
Industrial
15 Sales (MWh)
16 Customers
17 Av. MW Sabes/Cust,
18 Revenue (000s)
19 Cents 'kWh
Streetlights
20 Sales (M) 6 ] G ] B
21 Revenus (0005) 24 a5 kL 35 a5
2 Cents khWh 41264 G012t 601,21 80132 B01.22
Total Community
3 Sales [MWh] 170 265 21a 2 81
24 Customers 38 48 44 45 45
28 Revenue [(D00s) 452 713 738 T8 T43
26 Cants &Wh 26534 288,10 284 50 264.23 28398
GENERATION (MWh)
r Total Statlon Service 35 4 2 2 2
28 Total Losses 16 49 35 54 85
29 Losses - % of Gen. 0% T5.5% 11.0% 18.2% 16.3%
30 Total Generation Fral 318 316 335 338
Source (MWh)
b Hydro Genaration
32 Gas Generatlon
aa as Efficlency
34 Cubic Melers (0005)
35 Diesel Generation 22 b Bt 36 335 338
36 Diesel EMiciency 2414 2773 3.081 2,957 2957
ar Litars (0003) a8t s 103 13 114
8 Purchased Power
ki) Totdl Ganeration 221 3B ] 335 339
%% of Total Generation
40 Hydra
41 Gas
42 Diaaza| 100.0% T100.0% 100.0% T 0% 100.0%
43 Purchased
Peak (kW)
44 Tolal Pask 63 e a9 102 103
45 Load Factor A0.0% 38.T% 36.5% 37 6% iTh6%

NTPC Gangral Rele Applicalion 200807 and 200708
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REQUEST FOR PROPOSALS

WIND GENERATION
IN THE NORTHWEST TERRITORIES

RFP No. 20804



Purchase of Power from Wind Generation for the Northwest Territories
RFP Mo 20804 APPENDIX B

APPENDIX A — EXAMPLE OF PURCHASE PRICE BAsED ON NOVEMBER 1 2007 FUEL
PRICES (SEE SECTION 3.3 FOR A PRICING DISCUSSION)

Fuel Price
DIESEL ($/L) | $/Kwh
Wha Ti 0.979] $ 0.26
Gameti 1.069| $ 0.31
Behchoko 0.778| $ 0.24
Lutsel K'e 1.016] $ 0.27
Fort Simpson 0.931] % 0.25
Fort Liard 1.066| $ 0.29
\Wrigley 0.956| $ 0.27
Nahanni Butte 0.958| $ 0.38
Jean Marie River 0.956| § 0.35
Tuktoyaktuk 1.055| $ 0.29
Fort McPherson 1.137| $ 0.32
Aklavik 1.030| $ 0.30
Deline 1.125| § 0.32
Fort Good Hope 1.096| $ 0.31
Tulita 0.998| $ 0.27
Paulatuk 1.226| $ 0.35
Sachs Harbour 1.167| $ 0.37
Tsiigehtchic 1.137] $ 0.32
Colville Lake 1.265| § 0.43
Ulukhaktok 1.191] $ 0.33
Fuel Price
NATURAL GAS | ($/m°) | $/kWh
Inuvik 0438 | % 0.13

Fuel Price is effective November 1 2007,
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Appendix 3

Electricity Cost as a Function of Diesel Cost

Electricity value per kWh as function of diesel
fuel cost

Diesel fuel cost per kWh, diesel

plant efficiency 3.0 kWh per litre
Fuel cost per litre

$1.25 $0.417
$1.30 $0.433
$1.35 $0.450
$1.40 $0.467
$1.50 $0.500

Page 1 of 1
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Appendix 4

Bergey 10 kW Annual Energy Production

Bergey 10 kW EXCEL-S annual energy production

kWh @ 95% kWh diesel 3 turbines, kWh

Wind Speed m/s Theoretical kWh availability 10% for all losses displaced diesel displaced
4.00 4,400 4,180 418 3,762 11,286
4.25 5,300 5,035 504 4,532 13,595
4.50 6,360 6,042 604 5,438 16,313
4.75 7,100 6,745 675 6,071 18,212
5.00 8,800 8,360 836 7,524 22,572
5.25 10,160 9,652 965 8,687 26,060
5.50 11,690 11,106 1,111 9,995 29,985
5.75 12,560 11,932 1,193 10,739 32,216
6.00 14,800 14,060 1,406 12,654 37,962
6.25 16,400 15,580 1,558 14,022 42,066
6.50 18,000 17,100 1,710 15,390 46,170

Page 1 of 1
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Appendix 5
Colville Lake Wind Project Capital Costs

Colville Lake Project Capital Costs

3 Bergey 10 kW EXCEL-S wind turbines or 1 Wenvor 30 kW turbine; 30 kW of Capacity

Expected

Expected

medium-high penetration

medium-high penetration

Cost category Units Unit costs 3 Bergey 10 kW turbines 1 Wenvor 30 kW turbine
Project Design & Mgmt
project design lump sum $10,000 $10,000
environmental assessment lump sum $2,000 $2,000
project management lump sum $10,000 $10,000
Site Preparation
powerline and collection per km 1 $200,000 $10,000 $10,000
site work $1,000 $5,000 $5,000
Wind Equipment Purchase
wind turbines each $132,000 $100,000
Tower raising kit $5,000
cold weather premium $0 $0 $20,000
shipping each $0 $10,000 $10,000
transformers $10,000 $0 $1,000
Installation
foundations $5,000 $5,000 $5,000
equipment rental $3,000 $3,000 $3,000
utility interconnection $10,000 $10,000 $10,000
labour - assembly & supervision lump sum $5,000 $5,000
travel and accommodation lump sum $15,000 $15,000
Diesel Plant Modifications
dump loads 1 $0 $5,000 $5,000
plant modifications / integration 1 $25,000 $25,000 $25,000
Other
initial spare parts 1 $1,000 $1,000 $1,000
SUBTOTAL CONSTRUCTION $253,000 $237,000
Contingency lump sum $25,000 $25,000
TOTAL CONSTRUCTION $278,000 $262,000
Owners Costs
manage project organization lump sum $10,000 $10,000
negotiate agreements lump sum $10,000 $10,000
TOTAL OWNERS' COST S $20,000 $20,000
TOTAL PROJECT COST $298,000 $282,000
Installed capacity kW 30 30
Installed cost per k W $9,933 $9,400

Page 1 of 1
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Appendix 6

Annual project costs

Colville Lake wind project annual costs as a function of capital and operating costs

Mortgage style repayments over 20 years at 8%, 6% and 4% interest

30 kW project

Annual Low ann Med ann High ann
Capital cost kw mortgage cost  operating operating operating Total Ann Total Ann  Total Ann
per kW capacity Total capital @ 8%, 20 yrs cost cost cost cost low cost med cost high
$5,000 30 $150,000 $14,910 $1,000 $2,000 $3,000 $15,910 $16,910 $17,910
$6,000 30 $180,000 $17,892 $1,000 $2,000 $3,000 $18,892 $19,892 $20,892
$7,000 30 $210,000 $20,874 $1,000 $2,000 $3,000 $21,874 $22,874 $23,874
$8,000 30 $240,000 $23,856 $1,000 $2,000 $3,000 $24,856 $25,856 $26,856
$9,000 30 $270,000 $26,838 $1,000 $2,000 $3,000 $27,838 $28,838 $29,838
$10,000 30 $300,000 $29,820 $1,000 $2,000 $3,000 $30,820 $31,820 $32,820
$11,000 30 $330,000 $32,802 $1,000 $2,000 $3,000 $33,802 $34,802 $35,802
Annual Low ann Med ann High ann
Capital cost kW mortgage cost  operating operating operating Total Ann Total Ann | Total Ann
per kW capacity Total capital @ 6%, 20yrs cost cost cost cost low cost med cost high
$5,000 30 $150,000 $12,825 $1,000 $2,000 $3,000 $13,825 $14,825 $15,825
$6,000 30 $180,000 $15,390 $1,000 $2,000 $3,000 $16,390 $17,390 $18,390
$7,000 30 $210,000 $17,955 $1,000 $2,000 $3,000 $18,955 $19,955 $20,955
$8,000 30 $240,000 $20,520 $1,000 $2,000 $3,000 $21,520 $22,520 $23,520
$9,000 30 $270,000 $23,085 $1,000 $2,000 $3,000 $24,085 $25,085 $26,085
$10,000 30 $300,000 $25,650 $1,000 $2,000 $3,000 $26,650 $27,650 $28,650
$11,000 30 $330,000 $28,215 $1,000 $2,000 $3,000 $29,215 $30,215 $31,215
Annual Low ann Med ann High ann
Capital cost kW mortgage cost  operating operating operating Total Ann Total Ann | Total Ann
per kW capacity Total capital @ 4%, 20yrs cost cost cost cost low cost med cost high
$5,000 30 $150,000 $10,875 $1,000 $2,000 $3,000 $11,875 $12,875 $13,875
$6,000 30 $180,000 $13,050 $1,000 $2,000 $3,000 $14,050 $15,050 $16,050
$7,000 30 $210,000 $15,225 $1,000 $2,000 $3,000 $16,225 $17,225 $18,225
$8,000 30 $240,000 $17,400 $1,000 $2,000 $3,000 $18,400 $19,400 $20,400
$9,000 30 $270,000 $19,575 $1,000 $2,000 $3,000 $20,575 $21,575 $22,575
$10,000 30 $300,000 $21,750 $1,000 $2,000 $3,000 $22,750 $23,750 $24,750
$11,000 30 $330,000 $23,925 $1,000 $2,000 $3,000 $24,925 $25,925 $26,925
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Appendix 7
30 kW Project Electricity Cost with Low Operating Costs

3 turbine project electricity cost per kWh as a function of wind speed and capital cost (low operating cost)

=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh
=  Viable at fuel cost of $1.30 per liter, diesel fuel cost $0.433 per kWh
=  Viable at fuel cost of $1.35 per liter, diesel fuel cost $0.450 per kWh
=  Viable at fuel cost of $1.40 per liter, diesel fuel cost $0.467 per kWh
=  Viable at fuel cost of $1.50 per liter, diesel fuel cost $0.500 per kWh
=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh plus subsidy of $0.15 for total of $0.567 per kwWh

m/s > 45 475 5.00 5.25 5.50 5.75 6.00 6.25 6.50
8% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
Capital cost Total Ann cost
per kW low Cost per kWh below
$5,000 $15,910 $0.975 $0.874 $0.705 $0.611 $0.531 $0.494 $0.419 $0.378 $0.345
$6,000 $18,892 $1.158 $1.037 $0.837 $0.725 $0.630 $0.586 $0.498 $0.449 $0.409
$7,000 $21,874 $1.341 $1.201 $0.969 $0.839 $0.729 $0.679 $0.576 $0.520 $0.474
$8,000 $24,856 $1.524 $1.365 $1.101 $0.954 $0.829 $0.772 $0.655 $0.591 $0.538
$9,000 $27,838 $1.706 $1.529 $1.233 $1.068 $0.928 $0.864 $0.733 $0.662 $0.603
$10,000 $30,820 $0.042 $1.692 $1.365 $1.183 $1.028 $0.957 $0.812 $0.733 $0.668
$11,000 $33,802 $2.072 $1.856 $1.498 $1.297 $1.127 $1.049 $0.890 $0.804 $0.732
m/s > 45 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
6% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
Capital cost Total Ann cost Cost per kWh below
per kW low
$5,000 $13,825 $0.847 $0.759 $0.612 $0.531 $0.461 $0.429 $0.364 $0.329 $0.299
$6,000 $16,390 $1.005 $0.900 $0.726 $0.629 $0.547 $0.509 $0.432 $0.390 $0.355
$7,000 $18,955 $1.162 $1.041 $0.840 $0.727 $0.632 $0.588 $0.499 $0.451 $0.411
$8,000 $21,520 $1.319 $1.182 $0.953 $0.826 $0.718 $0.668 $0.567 $0.512 $0.466
$9,000 $24,085 $1.476 $1.322 $1.067 $0.924 $0.803 $0.748 $0.634 $0.573 $0.522
$10,000 $26,650 $0.037 $1.463 $1.181 $1.023 $0.889 $0.827 $0.702 $0.634 $0.577
$11,000 $29,215 $1.791 $1.604 $1.294 $1.121 $0.974 $0.907 $0.770 $0.695 $0.633
m/s > 45 475 5.00 5.25 5.50 5.75 6.00 6.25 6.50
4% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
CaggralL\j\;JSt foul chn cost Cost per kWh below
$5,000 $11,875 $0.728 $0.652 $0.526 $0.456 $0.396 $0.369 $0.313 $0.282 $0.257
$6,000 $14,050 $0.861 $0.771 $0.622 $0.539 $0.469 $0.436 $0.370 $0.334 $0.304
$7,000 $16,225 $0.995 $0.891 $0.719 $0.623 $0.541 $0.504 $0.427 $0.386 $0.351
$8,000 $18,400 $1.128 $1.010 $0.815 $0.706 $0.614 $0.571 $0.485 $0.437 $0.399
$9,000 $20,575 $1.261 $1.130 $0.912 $0.790 $0.686 $0.639 $0.542 $0.489 $0.446
$10,000 $22,750 $0.031 $1.249 $1.008 $0.873 $0.759 $0.706 $0.599 $0.541 $0.493
$11,000 $24,925 $1.528 $1.369 $1.104 $0.956 $0.831 $0.774 $0.657 $0.593 $0.540
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Appendix 7
30 kW Project Electricity Cost with Medium Operating Costs

3 turbine project electricity cost per kWh as a function of wind speed and capital cost (medium operating cost)

=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh
=  Viable at fuel cost of $1.30 per liter, diesel fuel cost $0.433 per kWh
=  Viable at fuel cost of $1.35 per liter, diesel fuel cost $0.450 per kWh
=  Viable at fuel cost of $1.40 per liter, diesel fuel cost $0.467 per kWh
=  Viable at fuel cost of $1.50 per liter, diesel fuel cost $0.500 per kWh
=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh plus subsidy of $0.15 for total of $0.567 per kwWh

m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
8% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
per kW medium Cost per kWh below
$5,000 $16,910 $1.037 $0.929 $0.749 $0.649 $0.564 $0.525 $0.445 $0.402 $0.366
$6,000 $19,892 $1.219 $1.092 $0.881 $0.763 $0.663 $0.617 $0.524 $0.473 $0.431
$7,000 $22,874 $1.402 $1.256 $1.013 $0.878 $0.763 $0.710 $0.603 $0.544 $0.495
$8,000 $25,856 $1.585 $1.420 $1.145 $0.992 $0.862 $0.803 $0.681 $0.615 $0.560
$9,000 $28,838 $1.768 $1.583 $1.278 $1.107 $0.962 $0.895 $0.760 $0.686 $0.625
$10,000 $31,820 $0.044 $1.747 $1.410 $1.221 $1.061 $0.988 $0.838 $0.756 $0.689
$11,000 $34,802 $2.133 $1.911 $1.542 $1.335 $1.161 $1.080 $0.917 $0.827 $0.754
m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
6% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
Capital cost Total Apn cost Cost per kWh below
per kw medium
$5,000 $14,825 $0.909 $0.814 $0.657 $0.569 $0.494 $0.460 $0.391 $0.352 $0.321
$6,000 $17,390 $1.066 $0.955 $0.770 $0.667 $0.580 $0.540 $0.458 $0.413 $0.377
$7,000 $19,955 $1.223 $1.096 $0.884 $0.766 $0.665 $0.619 $0.526 $0.474 $0.432
$8,000 $22,520 $1.380 $1.237 $0.998 $0.864 $0.751 $0.699 $0.593 $0.535 $0.488
$9,000 $25,085 $1.538 $1.377 $1.111 $0.963 $0.837 $0.779 $0.661 $0.596 $0.543
$10,000 $27,650 $0.038 $1.518 $1.225 $1.061 $0.922 $0.858 $0.728 $0.657 $0.599
$11,000 $30,215 $1.852 $1.659 $1.339 $1.159 $1.008 $0.938 $0.796 $0.718 $0.654
m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
4% Interest | kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
CasgfLs\;)St TOti:eAd?:nSOSt Cost per kWh below
$5,000 $12,875 $0.789 $0.707 $0.570 $0.494 $0.429 $0.400 $0.339 $0.306 $0.279
$6,000 $15,050 $0.923 $0.826 $0.667 $0.578 $0.502 $0.467 $0.396 $0.358 $0.326
$7,000 $17,225 $1.056 $0.946 $0.763 $0.661 $0.574 $0.535 $0.454 $0.409 $0.373
$8,000 $19,400 $1.189 $1.065 $0.859 $0.744 $0.647 $0.602 $0.511 $0.461 $0.420
$9,000 $21,575 $1.323 $1.185 $0.956 $0.828 $0.720 $0.670 $0.568 $0.513 $0.467
$10,000 $23,750 $0.033 $1.304 $1.052 $0.911 $0.792 $0.737 $0.626 $0.565 $0.514
$11,000 $25,925 $1.589 $1.424 $1.149 $0.995 $0.865 $0.805 $0.683 $0.616 $0.562
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Appendix 7
30 kW Project Electricity Cost with High Operating Costs

3 turbine project electricity cost per kWh as a function of wind speed and capital cost (high operating cost)

=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh
=  Viable at fuel cost of $1.30 per liter, diesel fuel cost $0.433 per kWh
=  Viable at fuel cost of $1.35 per liter, diesel fuel cost $0.450 per kWh
=  Viable at fuel cost of $1.40 per liter, diesel fuel cost $0.467 per kWh
=  Viable at fuel cost of $1.50 per liter, diesel fuel cost $0.500 per kWh
=  Viable at fuel cost of $1.25 per liter, diesel fuel cost $0.417 per kWh plus subsidy of $0.15 for total of $0.567 per kwWh

m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
8% Interest kwWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
Capital cost Total Ann cost
per kW high Cost per kWh below
$5,000 $17,910 $1.098 $0.983 $0.793 $0.687 $0.597 $0.556 $0.472 $0.426 $0.388
$6,000 $20,892 $1.281 $1.147 $0.926 $0.802 $0.697 $0.648 $0.550 $0.497 $0.453
$7,000 $23,874 $1.463 $1.311 $1.058 $0.916 $0.796 $0.741 $0.629 $0.568 $0.517
$8,000 $26,856 $1.646 $1.475 $1.190 $1.031 $0.896 $0.834 $0.707 $0.638 $0.582
$9,000 $29,838 $1.829 $1.638 $1.322 $1.145 $0.995 $0.926 $0.786 $0.709 $0.646
$10,000 $32,820 $0.045 $1.802 $1.454 $1.259 $1.095 $1.019 $0.865 $0.780 $0.711
$11,000 $35,802 $2.195 $1.966 $1.586 $1.374 $1.194 $1.111 $0.943 $0.851 $0.775
m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
6% Interest kWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
Capital cost Total Ann cost
per kW high Cost per kWh below
$5,000 $15,825 $0.970 $0.869 $0.701 $0.607 $0.528 $0.491 $0.417 $0.376 $0.343
$6,000 $18,390 $1.127 $1.010 $0.815 $0.706 $0.613 $0.571 $0.484 $0.437 $0.398
$7,000 $20,955 $1.285 $1.151 $0.928 $0.804 $0.699 $0.650 $0.552 $0.498 $0.454
$8,000 $23,520 $1.442 $1.291 $1.042 $0.903 $0.784 $0.730 $0.620 $0.559 $0.509
$9,000 $26,085 $1.599 $1.432 $1.156 $1.001 $0.870 $0.810 $0.687 $0.620 $0.565
$10,000 $28,650 $0.039 $1.573 $1.269 $1.099 $0.955 $0.889 $0.755 $0.681 $0.621
$11,000 $31,215 $1.914 $1.714 $1.383 $1.198 $1.041 $0.969 $0.822 $0.742 $0.676
m/s > 4.5 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50
4% Interest kwWh > 16,313 18,212 22,572 26,060 29,985 32,216 37,962 42,066 46,170
CaggralL\j\;JSt TOtalrﬁSr? cos! Cost per kWh below
$5,000 $13,875 $0.851 $0.762 $0.615 $0.532 $0.463 $0.431 $0.365 $0.330 $0.301
$6,000 $16,050 $0.984 $0.881 $0.711 $0.616 $0.535 $0.498 $0.423 $0.382 $0.348
$7,000 $18,225 $1.117 $1.001 $0.807 $0.699 $0.608 $0.566 $0.480 $0.433 $0.395
$8,000 $20,400 $1.251 $1.120 $0.904 $0.783 $0.680 $0.633 $0.537 $0.485 $0.442
$9,000 $22,575 $1.384 $1.240 $1.000 $0.866 $0.753 $0.701 $0.595 $0.537 $0.489
$10,000 $24,750 $0.034 $1.359 $1.096 $0.950 $0.825 $0.768 $0.652 $0.588 $0.536
$11,000 $26,925 $1.651 $1.478 $1.193 $1.033 $0.898 $0.836 $0.709 $0.640 $0.583
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