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ᖃᐅᔨᓴᖅᑐᑎᑦ ᐊᑐᕈᓐᓇᕋᔭᕐᒪᖔᑕ ᓯᓚᒧᑦ ᐱᐅᓂᖅᓴᓂᑦ.
ᒪᓕᑦᑐᒋᑦ ᓄᓇᓕᒻᒥᐅᑦ, ᐊᒻᒪᓗ ᐆᒻᒪᖅᑯᑎᓂᑦ ᐊᑐᕐᓂᖏᓐᓂ ᐊᒻᒪᓗ ᐊᑐᐃᓐᓇᐅᓂᖏᓐᓂ ᐊᓄᕆᒧᑦ ᐆᒻᒪᖅᑯᑎᓂᑦ ᓯᕿᓐᓂᒧᓪᓗ, 
ᐆᒻᒪᖅᑯᑕᐅᔪᓐᓇᖅᑐᓂᑦ ᐊᓯᖏᓐᓂᓪᓗ ᐱᓕᕆᐊᓂᑦ ᓇᓗᓇᐃᔭᖅᓯᒪᔪᓂᑦ ᐅᓂᒃᑳᖅᑕᓕᒃ ᐊᒻᒪᓗ ᐃᒪᐃᑦᑑᓪᓗᑎᑦ:

ᓄᓇᒧᑦ ᐱᐅᔪᓐᓇᖅᑐᑦ ᓄᓇᓐᖑᐊᖅ ᓇᓖᕌᕈᑎᒃ
ᐆᒻᒪᖅᑯᑎᓄᑦ 

ᐊᑐᓐᖏᓂᖅᓴᐅᓂᒧᑦ 
ᑮᓇᐅᔭᓂᑦ

ᓄᓇᓕᓐᓂᑦ 
ᐊᐅᓚᑕᐅᓂᖏᑦ

ᐆᒻᒪᖅᑯᑎᓕᓂᕐᒧᑦ 
ᓴᓂᕐᕙᐃᓂᖅ ᐊᑭᖏᑦ ᐊᕐᕌᒍᓐᓄᑦ 

ᐊᑐᓕᖅᑎᑕᐅᒐᓱᓐᓂᖏᑦ
ᐅᑎᖅᑎᑕᐅᓂᖏᑦ 
(ᐊᕐᕌᒍᒐᓴᐃᑦ)

ᐆᒻᒪᑯᑎᓂᑦ ᐊᑐᑦᑎᐊᕈᓐᓇᓂᕐᒧᑦ ᐃᓕᓂᐊᕐᓂᖅ 
ᐅᓪᓗᒥᒧᓪᓗ ᐋᖅᑭᓱᖅᑕᐅᓂᖏᑦ 1-3 1-3

ᓯᕿᓂᕐᒧᑦ ᐆᒻᒪᖅᑯᑎᖃᕐᓂᑦ ᐃᓪᓗᕋᓛᓂᑦ 
ᐊᖏᕐᕋᓂᓪᓗ 1-3 3-5

ᐊᖏᓪᓕᒋᐊᕐᓗᒋᑦ ᐅᖅᑰᔾᔪᑕᐅᔪᓐᓇᖅᑐᑦ 3-5 5-7

ᓯᕿᓐᓂᕐᒧᑦ ᐆᒻᒪᓴᖅᑐᑦ  3-5 15-20

ᐊᓄᕆᒧᑦ ᐆᒻᒪᖅᑯᑎᓕᐅᕐᕖᑦ 7-9 15-20

ᓄᓇᓕᓐᓂᑦ ᐆᒻᒪᖅᑯᑎᓕᕆᓂᕐᒧᑦ ᐃᖅᑲᓇᐃᔮᑦ 1-20+ 3-5

CANADA
ᕿᒥᕐᕈᔭᐅᓂᖏᑦ ᐆᒻᒪᖅᑯᑎᓕᕆᓂᕐᒧᑦ ᐊᑭᑭᓪᓕᕚᓪᓕᕋᓱᓐᓂᖓᓐᓄᑦ, ᐊᕙᑎᑦᑎᓐᓂ 
ᐊᑦᑐᐃᓂᖏᓐᓂ ᐊᒻᒪᓗ ᐆᒻᒪᖅᑐᑎᓕᕆᓂᕐᒥᑦ ᐊᑐᖅᑐᓂ ᐅᖅᓱᐊᓗᖅᑐᖅᑐᓂ ᐆᒻᒪᖅᑯᑎᓂᑦ

ᐃᓱᖏᓐᓂ 2017, ᑐᔅᓯᕋᓚᐅᖅᓯᒪᒻᒪᑕ ᓄᓇᓖᑦ, ᓯᓚᕐᔪᒧ ᓂᕐᔪᑎᓄᑦ 
ᑮᓇᐅᔭᓂᑦ ᑲᓇᑕᒥ ᐊᒻᒪᓗ ᐊᓛᔅᑲᒥ ᐆᒻᒪᖅᑐᑎᓕᕆᔨᒃᑯᑦ 
ᑲᖏᖅᖠᓂᕐᒨᖁᔭᐅᓪᓗᑎᑦ ᕿᒥᕐᕈᔭᖅᑐᕐᓗᑎᑦ ᖃᓄᖅ 
ᐆᒻᒪᖅᑐᑭᓕᕆᓂᕐᒥᑦ ᐊᑐᑦᑎᐊᒃᑲᓐᓂᕈᓐᓇᓂᖅᓴᐅᒻᒪᖔᑖ. 
ᑲᑎᒪᖃᑎᖃᕐᓂᒃᑯᑦ ᓄᓇᓕᓐᓂᑦ ᐊᒻᒪᓗ ᐳᓚᕋᖃᑦᑕᕐᓂᖏᓐᓂ 
ᐃᓪᓗᓂᑦ ᒪᑭᑕᒌᖅᑐᓂᑦ, ᑐᓴᓚᐅᖅᓯᒪᔪᒍᑦ ᐱᔪᒪᔪᓂᑦ ᑕᑯᔪᒪᔪᓂᓪᓗ 
ᐋᖅᑭᐅᒪᔾᔪᑕᐅᔪᓐᓇᖅᑐᓂᑦ ᐆᒻᒪᖅᑯᑎᓂᑦ ᐅᖅᓱᓗᓐᓂᑦ 
ᐊᑐᓐᖏᓂᖅᓴᐅᒐᓱᓐᓂᕐᒥᑦ. 

ᐃᓱᒫᓗᓚᐅᖅᓯᒪᒻᒪᑕ ᐅᖅᓱᐊᓗᖅᑐᖅᑐᓂ ᐊᑐᕐᓂᖏᓐᓂ ᓯᓚᓪᓗ 
ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓐᓄᑦ ᓇᒥᑐᐃᓐᓇᖅ - ᓄᓇᓕᓐᓂᑦ ᕼᐊᒻᒪᓚᒃᑯᑦ 
ᑲᑎᒪᔨᖏᓐᓂᓪᓗ, ᐆᒪᔪᕐᓂᐊᖅᑎᒃᑯᓐᓂ, QEC−ᑯᓐᓂ ᓄᓇᕗᑦ 
ᒐᕙᒪᒃᑯᖏᓐᓂᓪᓗ ᓯᓚ ᐊᓯᔾᔨᐸᓪᓕᐊᓂᖓᓐᓄᑦ ᑲᑎᒪᔨᖏᓐᓂ ᐊᒻᒪᓗ 
ᓄᓇᓕᓂ ᒐᕙᒪᒃᑯᓂᓪᓗ ᐱᔨᑦᑎᕋᖅᑎᓂᑦ. 

© 1986 Panda symbol WWF-World Wide Fund For Nature (also known as World Wildlife Fund).  
® “WWF” is a WWF Registered Trademark.

ᓄᓇᓕᓐᓂᑦ ᐆᒻᒪᖅᑯᑎᓄᑦ ᐅᓂᒃᑳᖅ: 

ᑲᖏᖅᖠᓂᖅ

ᖃᓄᖅ ᐅᓂᒃᑳᖅ ᐊᑐᕈᓐᓇᕐᒪᖔᖅᐱᐅᒃ
ᑖᓇ ᐅᓂᒃᑳᖅ ᑐᑭᓯᒋᐊᕈᑎᑦᑎᐊᕙᖃᖅᑐᖅ ᑲᖏᖅᖠᓂᕐᒧᑦ 
ᐊᑐᕈᓐᓇᖅᑕᖏᓐᓂ ᐊᑐᓐᖏᓂᖅᓴᐅᒐᓱᐊᕐᓂᕐᒥᑦ ᐆᒻᒪᖅᑯᑎᓂᑦ. 
ᓯᕗᓪᓕᕐᒥ ᐊᓄᕆᒧ ᐊᒻᒪᓗ ᓯᕿᓐᓂᕐᒧᑦ ᑐᑭᓯᒋᐊᕈᑏᑦ (ᒪᑉᐱᒐᖅ 
3-9) ᐊᑐᖅᑕᐅᔪᓐᓇᖅᑐᑦ ᖃᓄᐃᑦᑑᓂᖏᓐᓂ ᐊᒻᒪᓗ ᑲᑐᔾᔨᓗᑎᑦ 
ᖃᓄᖅ ᐊᑑᑎᖃᑦᑎᐊᖅᑎᒋᔪᑦ ᐊᒻᒪᓗ ᐱᕚᓪᓕᐊᓂᖏᓂ 
ᑕᒪᑐᒧᖓ. ᐊᒻᒪᓗ, ᓇᓗᓇᐃᔭᖅᓯᒪᔪᓂᑦ ᓄᓇᓕᓐᓂ ᐆᒻᒪᖅᑯᑎᓂᑦ 
ᐊᑐᓐᖏᓂᖅᓴᐅᒐᓱᓐᓂᕐᒧᑦ (ᒪᑉᐱᒐᖅ 18), ᐊᒻᒪᓗ ᓯᕿᓂᕐᒧᑦ 
ᐆᒻᒪᖅᑯᑎᔅᓴᓂᑦ ᐋᖅᑭᔅᓱᐃᓂᖅ ᐃᓕᓐᓂᐊᑎᑦᑎᓂᕐᒧᓪᓗ (ᒪᑉᐱᒐᖅ 
22) ᒪᕐᕉᒃ ᐃᑲᔫᑎᖃᑦᑕᐅᑎᒋᔪᓐᓇᖅᑑᒃ ᐃᓕᓐᓂᐊᕈᑕᐅᓗᑎᑦ, 
ᐃᖅᑲᓇᐃᔮᓄᓪᓗ ᐅᖅᓱᐊᓗᓐᓂᓪᓗ ᐊᑐᓐᖏᓂᖅᓴᐅᓕᕐᓗᑎᑦ.

WWF-ᑲᓇᑕ ᓄᓇᓕᓂᓪᓗ 
ᐆᒻᒪᖅᑯᑎᓕᐅᕐᓂᖅ ᓯᓚᕐᔪᐊᒧᑦ ᐱᐅᔪᓂᑦ
ᐃᓱᒪᑐᓇᓱᐊᕐᓗᓂ ᐊᑐᓐᖏᓂᖅᓴᐅᓂᕐᒧᑦ ᐅᖅᓱᐊᓗᓂ 
ᐃᑲᔫᑎᖃᕈᓐᓇᑦᑎᐊᖅᑐᖅ, ᐊᑭᑭᓐᓂᖅᓴᐅᓗᑎᓪᓗ 
ᐅᖅᓱᐊᓗᑦᑐᖏᓂᖅᓴᐅᓗᑎᑦ ᓄᓇᕗᒻᒥ ᐊᒻᒪᓗ WWF-ᑲᓇᑕᒥ 
ᐃᑲᔪᖅᑐᐃᔪᒪᔪᑦ ᐅᑭᐅᖅᑕᖅᑐᒥ ᐅᖓᓯᑦᑐᓂᑦ ᓄᓇᓕᓂᑦ 
ᐊᑐᕈᓐᓇᕐᓗᑎᑦ ᑕᒪᒃᑯᓂᖓ ᐊᓯᔾᔨᖅᑐᓂᑦ ᓄᓇᒧᑦ ᐱᐅᔪᓂᑦ 
ᐆᒻᒪᖅᑯᑎᓕᕆᓂᕐᒥᑦ.

  ᐊᑦᑎᑦᑐᖅ       ᐊᑯᓐᓈᕿᔪᖅ       ᖁᑦᑎᑦᑐᖅ

ᑐᑭᓯᒋᐊᒃᑲᓐᓂᕈᒪᒍᕕᑦ ᖃᐅᔨᒋᐊᕐᕕᐅᔪᓐᓇᖅᑐᖅ, ᒪᑕ ᓕᓂᐅ ᐅᕙᓂ 
ᐱᓕᕆᔨᒻᒪᕆᒃ − ᐆᖅᑲᖅᑯᑎᓕᕆᓂᖅ, ᐅᑭᐅᖅᑕᖅᑐᒥ 
mlenio@wwfcanada.org
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Executive Summary 
 
Rankin Inlet is fortunate to have an array of solutions to pursue that can reduce energy costs, 
empower the local community and make their energy systems more resilient against external threats 
from economic recession, fuel shortages, environmental risks and geopolitical conflict. Table ES-1 
shows the options addressed in this report. While some options should be adopted in the near term 
because they can produce quick results at low cost, other options have the potential for far greater 
energy savings but take more time and/or money to design and implement. These options should not 
be ignored, as they offer the greatest opportunity for energy resilience and security as well as cost 
savings for the hamlet and for Government of Nunavut. Further, some options should be adopted 
because they foster greater capacity in the local workforce and empower more of the community to 
determine their energy future. 
 

 
 
Community-Scale Wind and Solar 
In simple terms, the wind resource in the Rankin Inlet is very good. Preliminary wind turbine 
production estimates are comparable with some of the more productive wind farms in North 
America. Any development of wind energy on the Rankin Inlet electrical grid will depend on:  

 Cooperation of the grid operator Qulliq Energy Corporation 
 Integration with the current/future capabilities of controls and power generation at the local 

power plant 
 Willingness of an independent power producer to develop a project 
 The cost of construction by an independent power producer (IPP) 
 Whether or not a project could be built at an attractive rate to QEC and its customers.  

 
The additional project challenges concern siting of the wind turbines relative to recreational cabins 
and airport navigation systems. While it is possible to find locations that are compatible with 
approach and take-off corridors from the airport (YRT), air navigation systems have not been 
upgraded to be compatible with large wind turbines that may appear as false signals to radar and 
other tools. Although it is possible to place wind turbines outside the 15 km zone for VOR systems, 
the greater distance from town increases costs due to longer transmission lines and more power 
poles. Any project developer should engage Nav Canada early in the process to request 
approval/variances of met tower and proposed wind turbine sites that would ideally be located well 
within 15km of Rankin Inlet. 
 
During the community engagement in October 2017 and the extensive analysis and research of the 
local solar and wind energy resource potential conducted by ACEP, no factors have been uncovered 

Iniative Potential Energy 

Savings

Empowerment of 

Local Community

Energy 

Security

Cost Payback Timeframe

Energy Efficiency Training and Upgrades Low>>Medium High Low Low 1-3 yrs Year 1-->3

Solar Energy Training for Rec Cabins Low High Low Medium 3-5 yrs Year 1-->3

Evaluate/expand heat loop Low Low Low Low>Med 5-7 yrs Year 3-->5

Solar resource assessment/prelim design Low>>Medium Low>>Medium N/A Low N/A Year 1-->3

Wind resource assessment/prelim design Medium>>High Low N/A Medium N/A Year 1-->3

Community-scale solar energy system Low>>Medium Low>>Medium Medium Medium 15-20 yrs Year 3-->5

Community-scale wind energy system Medium>>High Low High High 15-20 yrs Year 7-->9

Build local capacity to support energy systems Low High High Low 3-5 yrs Year 1-->20+

Table ES-1: Rankin Inlet - Energy Roadmap Options
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that would prevent the future development of community-scale renewable energy in Rankin Inlet. 
Due to the complexity of these systems, however, a more detailed study of the power plant and local 
grid is needed along with measuring of wind energy characteristics at heights well above the weather 
station at the airport. Higher frequency and local measurements of solar energy potential are also 
needed as existing models rely on measurements taken from communities hundreds of kilometers 
away. 
 
QEC provided important information on the current power delivery and electricity loads in Rankin 
Inlet for this report. While QEC has stated that they do not want to own renewable energy 
infrastructure, they did make it clear they are working on formal Power Purchase Agreement 
legislation to enable projects by outside developers to move forward. Maintaining a good working 
relationship with QEC to ensure projects integrate with QEC’s existing grid will be critical to a 
project’s future success.  Successful partnerships between renewable energy developers and the 
utility could bring outside funding to strengthen the QEC power plant and grid. These projects can 
reduce energy costs as well as energy subsidies paid out by the Government of Nunavut that could 
be used to further fund improvements in QEC infrastructure as well as provide for other social needs 
across the territory. 
 
It is recommended that Rankin Inlet issue a formal request for proposals from engineering firms who 
can conduct solar and wind resource assessments to industry standards and develop a conceptual 
design based on the extensive groundwork that has already been performed by the Alaska Center for 
Energy and Power. The full scope of the resource assessment and conceptual design are included in 
the Recommended Scope for RFP section.   
 
Energy Efficiency and Solar Training 
In the meantime, additional recommendations are made for a formal energy efficiency program with 
a radical light bulb replacement component and a residential/cabin solar energy training program in 
the Energy Option #1 and #2 sections of this report. The cost of these programs would be 
considerably less than that of a utility-scale wind or solar energy system. While the solar energy 
resource is not as strong as more southerly latitudes, improved technology and continual cost 
reduction in the industry allow for the use of photovoltaics (PV) where they were previously too 
expensive. Ease of installation makes solar PV a viable energy option for the many remote cabins out 
on the land near Rankin Inlet. 
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Wind Resource 
 
The wind resource in Rankin Inlet is unequivocally good. 
Data was pulled from the 10-meter CYRT airport 
meteorology station from Jan 2012 through mid-August 
2017. While not as accurate as a formal wind study1, the data 
set is sufficient to confirm that a formal wind energy study 
is warranted without risk of finding a weak energy source. 
 
A summary of the wind data from the airport station is 
shown in the table to the right. The average wind speed of 
7.451 meters/second (m/s) at 30 meters above ground level 
(AGL) is very close to the Canadian Wind Energy Atlas2 
estimate of 7.46 m/s. 
 
A wind shear value of 0.14 was used to extrapolate wind 
observations at 10 meters AGL. This wind shear was 
chosen as it correlates to a roughness class of 1, defined as 
“Open agricultural are without fences and hedgerows and        Table 1 – Rankin Inlet Wind Summary 
very scattered buildings. Only softly rounded hills.” From  
this assumption, the power law exponent of 0.14 with (which is equal to 1/7) for a known wind 
speed V1 at height H1, you can calculate V2 at height H2:       V2=V1*(h2/h1)(1/7) 
This calculation was performed for each time step to estimate wind speeds at 30m, 50m, 55m, 75m 
and 100m AGL. A curve of the average wind speed versus height above group is shown in Figure 1. 
While a reasonable and accepted practice by with to estimate wind speed with height, actual wind 
speed at wind turbine hub and rotor heights can’t be known without installing a 50m or 80m tower 
instrumented at multiple levels in a location undisturbed by buildings, as is the case with the 10m 
airport meteorological station.  
 

                                                             
1 Automated Surface Observing System (ASOS) stations do not collect data continually. Rather, they take 
measurements on a set interval – typically hourly or every 20 minutes. This hourly measurement should not be 
interpreted as equivalent to an hourly average. It is in fact an hourly sample. By comparison, instrumentation for a 
formal wind study will sample wind speed, direction, temperature and other factors every 2 seconds and then log 
10-minute average, minimum, maximum and standard deviation based on all 300 samples in that 10-minute period. 
2 http://www.windatlas.ca/index-en.php 

Average Wind Speed @ 30 m: 7.451 m/s

Average Power Density @ 50 m: 536 W/m^2

Average Power Density @ 30 m: 665 W/m^2

Air Density: 1.333 kg/m^3

Weibull k: 1.95

Shear Factor: 0.140

Roughness Class: 0.000

Turbulence Intensity @ 15 m/s: N/A

IEC Turbine Class: III-B

Wind Class @ 30 m: 5 to 6

Associated CF: 32.0%

Predicted CF: 34.2%

ACEP Wind Data (Rich Stromberg)

Rankin Inlet Wind & Solar

Application/Grant #
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Figure 1 – Average wind speed at 10m AGL and extrapolations to 30m, 50m, 55m, 75m and 100m 

 
Seasonally, the winds are strongest in the winter months and have the least energy in the summer 
months. (Figure 2) This is consistent across the northern hemisphere. Stronger winter winds are a 
benefit given that Rankin Inlet has a higher energy load to better match energy demand with energy 
supply.   
 
Diurnal (over the course of a day) wind patterns are shown in Figure 3. Caution should be used when 
relying on this graph as all heights other than 10m AGL are extrapolation from the 10m data set. 
Lower level winds are driven by solar heating of the Earth’s surface, so winds increase throughout 
the day and subside at night. Higher-level winds are dominated by stably stratified flows that sink 
down at night into the wind turbine rotor swept area, but get pushed higher during the day as solar-
induced turbulence picks up. Thus, wind speeds experienced by megawatt-scale wind turbines will 
likely will be stronger at night.  (Figure 4 – actual data from an Alaska wind farm.) This is one of the 
reasons that a formal resource study using a tall meteorological tower is needed to accurately predict 
the wind characteristics of any future built project. 
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Figure 2 – Rankin Inlet monthly wind speed averages for various wind turbine hub heights 

 

 
Figure 3 – Rankin Inlet wind speed estimates throughout the day. These are likely only accurate for 

the lower heights. 
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Figure 4 – Alaska wind farm showing strongest winds at 10m (bottom line) during the day while 

higher winds at hub height of 50m (top line) are stronger at night. 
 
The direction is predominantly out of the 
north-northwest s seen in the Figure 5 
wind rose. This graph is weighted by the 
intensity of wind speed from each 
direction to show which directions wind 
turbines would be pointed when 
generating the most energy. This matches 
the predictions from the Canadian Wind 
Energy Atlas. It is possible that the site of 
the airport meteorological tower is 
blocked by nearby buildings or other 
structures. An industry standard wind 
energy study, properly sited away from 
disrupting structures and landforms will 
be able to accurately confirm predominant 
wind directions in order to properly 
configure the location of multiple wind 
turbines in a manner that minimizes one 
wind turbine robbing wind from another.              Figure 5 – Rankin Inlet wind direction rose    
 
Temperature is an important factor in wind energy systems given that colder air is more dense and 
denser air has more energy for a given wind speed. A five-plus year trend of temperature is shown 
in Figure 6. This also bodes well for solar photovoltaic modules that produce more energy in cold 
temperatures due to less electrical resistance in the cell circuits. 
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Figure 6 – Rankin Inlet temperature trend (Celsius) 

 
The distribution of wind speeds throughout the data collection period (Figure 7) reveal that a wind 
would turbine rarely shut down for high wind speed (> 25 m/s for most wind turbines).3 

 
Figure 7 – Rankin Inlet wind speed distribution  
 
In addition to maximum operating speeds, statistical methods can be used to take the above 
distribution and estimate the probability of extreme wind events that could potentially damage 

                                                             
3 Most large wind turbine models will feather the blades out of the wind at speeds above 25 m/s to prevent excessive 
stresses on the drive train, generator or physical structure. 
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wind turbines even when placed in a safe mode. The 
maximum extreme winds predicted are 35.2, 35.7 and 
38.7 m/s (139 km/h) by the three methods used. This 
places the wind regime on the boundary between an IEC 
Turbine Class4 II and III with II being the more severe. 
Given the average wind speeds at expected turbine hub 
heights of 50m or 55m at 8 and 8.1 m/s, this pushes the 
Rankin Inlet into an IEC Turbine Class II location. Any              Table 2– Extreme wind estimates must 
wind turbines selected be designed and built to this specification.  
 
Two appropriate wind turbines were modeled against the CYRT airport wind data set. The EWT 
Directwind DW52 is a 900-kilowatt direct drive turbine that has been proven in Delta Junction, 
Kotzebue and Nome, Alaska. The Enercon E-44 is a 900kW turbine proven in Canada and Europe in 
colder climates. This modeling shows that wind turbines would sit idle, not producing any power 
less than 4 percent of the time. Conversely, the turbines would be expected to produce maximum 
power up to 9.6 percent of the time. The net capacity factor5 estimates for the two turbines are 34.1 
and 30.5 percent respectively. This is at the upper end of wind turbine performance for Alaska 
microgrid systems. 
 

 
Table 3 – Wind turbine output estimates 

 
While the wind data presented is promising, it does not preclude the need to conduct a formal wind 
energy study. Some assumptions or extrapolations in this section may not hold when a tall tower is 
erected and data is collected at much higher resolution. Please see the Recommended Scope for RFP 
section for details. 
 

Solar Resource 
Reliable solar irradiance data is lacking in Rankin Inlet. The nearest reference point for a formal 
energy study is 464 km to the south in Churchill, Manitoba. Estimates from Churchill predict a net 
capacity factor of 14.6%. The next closest reference station is in Yellowknife, Northwest Territories 
which is the same latitude as Rankin Inlet. The predicted net capacity factor in Yellowknife is 13.9%.  
 
Modeling solar irradiance without the benefit of instrumentation on site is achieved by retrieving 
datasets of the known position of the sun in the sky for any given latitude and longitude for every 
hour throughout the year. Meteorological data quantifying the degree of sunny to overcast skies from 

                                                             
4 Not to be confused with Class 1 through 7 wind speed classes. 
5 Gross energy produced in a year minus predicted maintenance downtime, curtailment, wind farm layout and other 
environmental impactors. Capacity factor is a measurement of how much power a diesel generator, wind turbine, 
solar module or hydroelectric generator could produce relative to its maximum power output. If a generator ran at 
full power output all day long for 365 days, this would equal 100 percent capacity factor. Even diesel generators run 
well less than 100 percent net capacity factor – typically around 60 percent. Hydroelectric generators average about 
40 percent. Solar ranges between 10 and 18 percent in far northern latitudes. 
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airport observations is then used to derate the maximum solar irradiance that can be assumed from 
the positional data set. This method is only as accurate as the sun-cloud observational data.   
 
Using the HOMER Pro Microgrid Analysis Tool, NASA solar irradiance data corrected to clear sky 
estimates is extracted for Rankin Inlet. The resulting estimate is an annual average of 2.77 solar hours 
per day. Figure 8 shows how the solar resource varies by month. The 2.77 value is very close to 
Anchorage, Alaska empirical data of 2.74 annual average solar hours measured on the roof of the 
Alaska Energy Authority building at 61 degrees latitude.  The maritime climate of Anchorage makes 
it a reasonable comparison to Rankin Inlet. Running a HOMER model with this data set estimates a 
net capacity factor of 15.4%. Assumption of a net capacity range from 13.9% to 15.4% would be 
reasonable for estimating annual average output of a roof-top solar array or off-grid cabin system, 
but would be inadequate for the higher resolution needed to design a utility-scale system that can 
integrate with an isolated microgrid such as Rankin Inlet. Instrumentation including pyranometers 
at latitude tilt, horizontal and south-facing vertical plus a data logger are needed to collect data for a 
utility-scale solar farm. Fortunately, this instrumentation is relatively low in cost and easy to install.  
Please see the Recommended Scope for RFP section for details. 
 

 
Figure 8 – HOMER modeling estimates of the solar resource for Rankin Inlet (Source: NASA) 
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Siting 
An AOC 65kW wind turbine was previously standing along the northeast shore of Nipissak Lake, 2.7 
road kilometers from the power plant. While this turbine met airport approach and takeoff corridor 
restrictions, an 80-meter meteorological tower at this site would exceed allowable height 
restrictions.   
 
Another restriction that may come into play 
is that of airport navigation aids. There is a 
standard 15 km perimeter around VOR6 
systems. Any turbines sited within this 15 
km radius must be evaluated by Nav   
Canada under a land use change approval 
process. If required to maintain a 15 km 
distance, any wind project would need to be 
sited right at the perimeter to avoid the need 
for a more expensive transmission line that 
keeps distributed generation voltage rise to         Table 4 – 3-phase voltage rise is just less than 3%  
no more than 3 percent. (See table 4). The costs                               for a 15 km transmission line 
of a straight-line cross-country transmission line would need to be weighed against the lower costs 
of constructing a power line along the existing mine road, which would add distance. Alternate 
solutions would be to go with a large conductor size that has less resistance or increase the energized 
voltage to 35keV. Figure 9 shows a reference for 15 km from the airport toward the mine. A reduction 
or variance of the VOR perimeter would shift siting focus to recreational cabins and shadow flicker.  
 

 
Figure 9 – 15 km distance from YRT airport. Note partial inventory of recreational cabin sites. 

                                                             
6 VHF omni-directional radio range 
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Shadow Flicker 
An additional limitation to siting is the presence of numerous recreational cabins that begin about 2 
km out of town and extend to at least 12 km. These sites were identified by scanning satellite 
imagery on Google Earth at high zoom. It is possible that some smaller cabins were missed using 
this method. Ground truthing of any proposed wind turbine site should be required early in the 
wind turbine siting process. Wind turbines would need to be sited a minimum of 0.4 km from any 
occupied buildings to provide a safe perimeter from unexpected collapse or ice throw. An 
additional concern is shadow flicker, where the sun’s path across the sky can cast a shadow of the 
spinning turbine blades on occupied buildings. This can be an annoyance to anyone inside and 
guidelines have been set at no more than 30 hours per year of shadow flicker being cast on an 
occupied building. One consideration is that these recreational cabins are not occupied full time, so 
that may allow for extra margin.   
 

       
Figures 10a & b – Example of shadow flicker being cast on the surrounding landscape 

 
Once wind turbine sites have been narrowed down, a shadow flicker model (Figure 11) should be 
run and compared with nearby recreational cabin locations to determine if the proposed wind 
turbine sites will create conflict.  
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Figure 11 – Example shadow flicker model showing regions around wind turbine of no flicker, low 

flicker (green) and excessive flicker (red). 
 

Figure 12 shows two recommended turbine sites that meet height restrictions for runway approach 
and takeoff, but would still need an exception to the VOR 15 km perimeter. Using the same 
calculation method as shown in Table 4, Site #1 is 3.04 km out of town and could be developed with 
a transmission line energized to only 12,470 volts with a distributed generation voltage rise of 
2.42% - below the 3% limit. Site #2 at 9.44 km out of town would require stepping up to a 25keV 
transmission line and would have voltage rise of 1.87% at maximum wind farm output. Site 2 
would have less shadow flicker impact on known recreational cabins. 
 
Wind Farm Footprint 
The other siting consideration is the footprint 
required to space turbines apart to minimize rotor 
wake effects. It is assumed that three 900kw 
turbines would be placed side by side 
perpendicular to the prevailing winds. The Enercon 
wind turbines would require a farm footprint of 
396 meters by 44 meters while the EWT would 
require 468 meters by 52 meters. (Table 5) 
Turbines would still need to be a minimum of 0.4 
km from the coast or from an occupied building or 
main road.             Table 5 – Wind farm minimum footprint 
 
 

Enercon EWT 52

900 900

44 52

1 1

3 3

396 468

44 52

17424 24336

6.453333333 9.013333

Min. farm length (m)

Min. farm width (m)

Total area (sq. meters)

Area:sq.m per kW

Turbine spacing

Rated power (kW)

Rotor diameter (m)

Rows of turbines

# of turbines in rows
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Figure 12 – Potential wind turbine sites near Rankin Inlet. Site #1 is low confidence due to shadow 

flicker. Site #2 is higher confidence but would still need a VOR waiver from Nav Canada.  
 
Geotechnical Concerns 
Surface observations by the ACEP/WWF team identified tundra with minimal active layer and rock 
outcroppings with numerous fractures. Permafrost conditions are assumed to 300 meters. 
 
In 2010, the Government of Nunavut commissioned a terrain and soil analysis.7 This report should 
be referenced to exclude any known areas of ice wedge polygons and thermokarst features. 
 
In 2013 a geotechnical study was conducted in Rankin Inlet in advance of a new arena.8 From this 
report, we know that “roughly 80% of the regional surface is comprised of bedrock with 
sparse vegetation.” Permafrost is up to 300m with an active layer (summer thawing) between 
0.25m and 1.8m. Geotechnical/topographic/ESA Report (GENIVAR 2013) should be referenced for 
both foundation design and meteorological tower anchors. Pile foundations should be assumed for 
wind turbines along with assessing the long term need for thermopiles. Geotechnical 
drilling/sampling will eventually be needed, but not until after completion of a wind resource study 
and conceptual design report.  
 
Terrain Flow Modeling 
ACEP modeled the wind resource with respect to the interaction between prevailing wind directions 
and intensity compared with the surrounding terrain using Continuum 2.2 software. Turbines sites 
#1 and #2 (shown in Figure 13 as red squares) were compared to the wind data collected at the 
airport (represented as a green square). 

                                                             
7 http://www.climatechangenunavut.ca/sites/default/files/nunavut_terrain_and_soil_analysis_-_2011.pdf  
8 Found in Annex 9.2 of the following report: http://www.nunavuttenders.ca/UploadedDocs/AE%202016-
01%20Rankin%20Inlet%20Arena%20Complete.pdf  

http://www.climatechangenunavut.ca/sites/default/files/nunavut_terrain_and_soil_analysis_-_2011.pdf
http://www.nunavuttenders.ca/UploadedDocs/AE%202016-01%20Rankin%20Inlet%20Arena%20Complete.pdf
http://www.nunavuttenders.ca/UploadedDocs/AE%202016-01%20Rankin%20Inlet%20Arena%20Complete.pdf
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Figure 13 – Terrain flow model for Rankin Inlet. Turbine site #1 is red square in the center. Turbine 
site #2 is red square in upper left. Airport is green square in lower right. Graph scale is gross annual 

megawatt-hours of electricity expected for a single 900-kilowatt wind turbine. 
 
While the best producing wind sites are occupied by recreational cabins, both proposed wind turbine 
sites are still considered high-producing. Assuming 17.15% losses for curtailment, equipment 
availability, environmental factors and line losses9, the model projects net annual energy production 
of 2,325 megawatt-hours per year. This equates to a net capacity factor of 29.5 percent – very good 
for remote Arctic wind installations.  
 

 
Figure 14 – 900-kilowatt wind turbine annual megawatt-hour (Net AEP) and capacity factor 

estimates for Rankin Inlet sites. 
 
 

 
 
 
 

                                                             
9 These are consistent with actual wind turbine performance observed on Alaska microgrids. 
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Energy Infrastructure  
 
Qulliq Energy Corporation (QEC) has provided Rankin Inlet 10-second load data for 27-Jul-2016 
through 6-Mar-2017 plus short gaps in June 2016 and June 2017. This data was split into two 
formats: a “Wide” file with total load and each generator output in separate columns and a “Float” file 
with total load and generator output listed in separate subsequent rows. Most data were available in 
the easier-to-process Wide format. Custom Java code was needed to convert the Float data into Wide 
format. The source code can be found in Appendix B-1.  
 
From this data set, ACEP was able to determine load variation and range throughout the year and 
from one minute to the next. Monthly load summaries provided allowed for the creation of a 
simulated hourly load file to be used in future HOMER energy models. Note that power was being 
curtailed/rationed in November/December 2016 due to generator repairs. 
 

 
Figure 15 – Load data provided by QEC (blue) and simulated load model (green) derived by custom 

Java code based on empirical variation plus monthly generation values provided by QEC. 
 
In order to integrate renewable energy into the Rankin Inlet grid, the following information will be 
required from QEC if a project is to be properly designed:  
 

 What are the station service loads? 
 Are there existing diversion electrical loads in the community? Are there electrical loads that 

could be converted to dispatchable loads if needed? 
 What is the make and model of each diesel genset? What are the fuel curves for each unit? 

What type of mechanical or electronic throttle controls exist? What are the actual reported 
kWhrs per gallon of fuel for this facility? 

 What kind of switch gear exists – make, model, manual/automatic? Can the existing system 
be expanded for the proposed wind turbine and secondary loads? What kind of SCADA 
currently exists? 

 Are upgrades or replacements planned for any key system components? 
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 For the existing waste heat recovery system, what loads does it feed? How are those heat 
loads monitored/quantified? How much heat is lost in the system? Is there capacity to serve 
additional heat loads in the community? 

 Are there additional potential electrical loads in the community that are not currently being 
met? Are any new electrical loads being planned? 

 Where are the major electrical loads located in the community from a geospatial perspective? 
 How well are the phases balanced in the distribution system? How are the transformers in 

the community loaded or overloaded? Where is there phase or transformer capacity to add 
additional loads? 

 What is the condition of the distribution lines, transformers and poles?  
 Provide a map showing single versus three-phase power lines and varying voltage levels?  
 What are the parasitic and other system losses?  

 

 
Figure 16 – Rankin Inlet power plant summary based on available information 

 

Commercial Heat Loads 
 
Large heat loads in a community provide an alternate destination for excess solar and wind energy 
when all electrical loads are being met and diesel generators are running at minimum capacity. Fuel 
consumption data has been provided for several large buildings in Rankin Inlet by Community and 
Government Services:  

 Leo Ussak Elementary School 
 Old Health Centre 
 Kivalliq Hall 
 Maani Ulujuk School 
 RSO Regional Office 
 Men's Healing Facility 
 Kivalliq Health Centre 

 
Hourly heat loads have been built for each of these buildings to determine how much excess solar 
and wind energy could be absorbed for any hour of the year. This information is essential to maximize 
the benefit of any renewable energy system and not waste potential kilowatt-hours and will be 
needed for the HOMER model in the conceptual design report. 
 

Engine Make/Model                             

Serial #

Generator  Make/Model                                                        

Serial #

Year 

Hours
Min Load %

Rated Capacity (kW)  

(kVA)

Average Load 

on Genset

Average Load on 

Genset w/ Wind

Unknown Unknown 2009 820

Unknown Unknown 1993 950

Unknown Unknown 2011 1500

Unknown Unknown 2006 1450

Unknown Unknown 2003 2150

Total>>>>> 6870

Heat Recovery Loop:  

Need a description of the length of the loop, customers and their heat demand. Diagram or schematic would be helpful. We need to assess if there is 

capacity for more heat customers on the existing loop or by expanding the loop.

25%

25%

Comments:  

133% 72%

93% 50%

Application/Grant #

Diesel Gensets

Rankin Inlet  

244% 132%25%
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Figure 17 – Hourly heat load (green) and temperature (blue) for Rankin Inlet health centre 

 
Figure 18 shows the degree of fit between the hourly model using ACEP’s and Western State’s 
method10 of apportioning annual fuel consumption across heating degree hours by hourly delta T 
calculations.  
 
The heat load analysis performed across all 7 buildings confirms the confidence in heat load models 
for Rankin Inlet and indicates that three or more buildings would need to be connected to an 
electric boiler to absorb excess solar and wind energy and minimize burning of heating oil. HOMER 
modeling with true power plant load data, true solar and wind data and these high-confidence heat 
load profiles will be needed to design an optimal system. 

                                                             
10 Stromberg, Rich (2015) Modeling Alaska heat loads quickly with better accuracy. Alaska Wind Working Group - 1Q 
2015. 
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Figure 18 – A comparison of the modeled health centre energy loads based on hourly heat loss 

calculations versus actual heating fuel delivery  
 

Additional Energy Option #1 – Efficiency 
 

A community-wide energy efficiency initiative is recommended as a high priority because these 
measures: 

 Offer a quick payback on investment 
 Are generally low cost to implement 
 Do not have to wait for energy infrastructure upgrades 
 Will be compatible with both current and future energy infrastructure 
 Relieve energy loads on existing power grid 
 Reduce the cost of future energy upgrades due to efficient/reduced energy loads 
 Address both electrical and heat energy demands 
 Provide for local training and employment of energy advisors/raters and 

installers/tradespeople 
 Can be split into separate commercial and residential efforts to optimize approach, outreach 

and implementation   
 
For commercial buildings and large residential structures, a complex and thorough energy is 
recommended using Natural Resources Canada’s CIPEC (Canadian Industry Program for Energy 
Conservation) audit methods and tools.11 12 This approach would entail hiring outside, trained 
contractors or recruiting local residents with construction experience to become trained to the CIPEC 
certification standards. To fully develop local human capacity, employees should apprentice with 

                                                             
11 http://www.nrcan.gc.ca/energy/efficiency/industry/cipec/5161  
12  
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/oee/pdf/publications/infosource/pub/cipec/energyauditman
ualandtool.pdf   

http://www.nrcan.gc.ca/energy/efficiency/industry/cipec/5161
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/oee/pdf/publications/infosource/pub/cipec/energyauditmanualandtool.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/oee/pdf/publications/infosource/pub/cipec/energyauditmanualandtool.pdf
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existing commercial energy advisors before working independently. This may require working 
outside the hamlet or territory during the apprenticeship or it could involve negotiating with outside 
contractors to hire and train local people on audit and retrofit projects for a year or longer. 
 
For residential buildings housing one to four family units, local energy advisors and retrofitters can 
be recruited and trained through Natural Resource Canada’s EnerGuide Rating System (ERS).13  
Energy advisors must show knowledge and experience in areas such as: 
 

 EnerGuide Rating System  
 Residential construction practices for low-rise housing 
 Energy efficiency renovation practices 
 Building science 
 Basic arithmetic, geometry and computers skills 
 Data collection requirements 
 Energy simulation modeling using HOT2000, and 
 Good client relations14  

 
For both the commercial and residential energy audit and retrofit programs, significant funding must 
be secured or budgeted to build a structured program that will operate for a five- to 10-year period. 
Natural Resources Canada has multiple funding opportunities, grants and initiatives that could 
support a community-wide energy efficient program (Green Infrastructure and others15). The hamlet 
would need to decide if federal funding applications should cover the initial startup and training 
phases with ongoing support provided by fees charged for audits and retrofits, ask for additional 
monies to provide audits at no cost to business owners and resident or ask for even more monies to 
cover 50-percent matching on energy efficiency retrofits. Scope and funding amount requested 
should be weighed against perceived likelihood that federal funding will be awarded when compared 
with other community applicants. 
 
Western State Colorado University developed the Gunnison Valley Home Energy Quick Assessment 
Tool (GV-HEQAT) for homeowners and renters who cannot afford a $250 energy audit using the 
RESNET Home Energy Rating System (HERS).16 The advantages of this no-cost Excel™ based tool are: 

 Ease of use 
 Includes local electricity and natural gas rates 
 Incorporates an accurate hourly heat load profile 
 Allows the user or community energy volunteer auditor to model the home as-is and then 

calculate the energy cost reduction of a wide variety of retrofits/upgrades 
 All funds spent by the homeowner or renter go toward actual improvements that save money 

 
The HEQAT tool has been modified for use in Rankin Inlet by using metric scale inputs and outputs 
where appropriate, using hourly heat load data specific to Rankin Inlet, using local electric and 
heating oil rates and most importantly, reflecting the subsidy contribution paid for by the 
Government of Nunavut. Calculating the financial impact on the territorial government highlights 

                                                             
13 http://www.nrcan.gc.ca/energy/efficiency/housing/home-improvements/5005  
14 Source: http://www.nrcan.gc.ca/energy/efficiency/housing/new-homes/16631  
15 http://www.nrcan.gc.ca/energy/funding/4943  
16 https://www.resnet.us/hers-index  

http://www.nrcan.gc.ca/energy/efficiency/housing/home-improvements/5005
http://www.nrcan.gc.ca/energy/efficiency/housing/new-homes/16631
http://www.nrcan.gc.ca/energy/funding/4943
https://www.resnet.us/hers-index
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where there may be financial incentives for territorial funding of energy efficiency upgrades that 
could reduce future GN costs. (See Figures 22a & b.) 
 

 
Figure 19 – Rankin Inlet Home Energy Quick Assessment Tool data entry sample portion  

   

 
Figure 20 – Rankin Inlet Home Energy Quick Assessment Tool summary report 

 

 
Figure 21 – Residential energy load for electricity and heat sources 

Electric Rate per kWh: $0.06000

Heating oil $/liter $1.32

Elec Rate Unsubsidized $0.49800 $0.43800

Rich Stromberg, Research Faculty   restromberg@alaska.edu

# of people in Houshold: 4 Address (Optional) 1313 Inukshuk St Town: Rankin Inlet If not in a town, enter GunnCounty

House Length (m): 10 Width (m): 8 Footprint (sq m): 80 Insulation R-Factors

Dimensions Ceiling height: 2.6 Exterior Walls (sq m): 93.6 R-Factor: 19 0.62

Number of floors: 1 Uninsulated exterior wall OSB/Plywood+Drywall 1.07

Total Energy Loss Through Walls Per Year (kWh) 6,462 Annual Cost $387.71 Insulated exterior wall 2x4 wood studs 13

Insulated exterior wall 2x6 wood studs 19

Garage Length (m): 0 Width (m): 0 Footprint (sq m): 0 Rigid foam insulation board - add R-5 per inch thick 5

Dimensions Ceiling height: 2.8 Exterior Walls (sq m): 0 Attic insulation 4-5" deep 15

Attached? N If no garage, zero out blue fields and select 'N' for attached Attic insulation 6-7" deep 21

Heated? N Insulation R-Factor: Attic insulation 13-14" deep 38

49

Nunavut Home Energy Quick 

Assessment Tool

Attic insulation 16-17" deep

Uninsulated exterior wall OSB or Plywood (garage)

Rankin Inlet Heat Profile

All costs/prices are in Canadian $

Address 1313 Inukshuk St Town: Rankin Inlet

# people in household 4

Size of home (sq m) 80

Number of floors 1

Total Energy Loss Through Walls Per Year (kWh) 6462 Annual Cost (elec) $387.71 Annual Cost (heat oil) $1,392.46

Total Energy Loss Through Doors Per Year (kWh) 193 Annual Cost (elec) $11.58 Annual Cost (heat oil) $41.60

Total Energy Loss Through Attic Per Year (kWh) 3711 Annual Cost (elec) $222.66 Annual Cost (heat oil) $799.68

Total Energy Loss Through Windows Per Year (kWh) 4920 Annual Cost (elec) $295.17 Annual Cost (heat oil) $1,060.12

Total Heat Loss (kWh): 15,285 Annual Res Cost to Heat: $917.12 Monthly Avg: $76.43 GN Subsidy: $6,694.99

Total Heat Loss (L heatoil): 2,493 Annual Cost to Heat: $3,293.86 Monthly Avg: $274.49

Total Energy For Lighting Per Year (kWh) 853 Annual Cost $51.20 Monthly $4.27

Total Energy For Showers Per Year (kWh) 9,285 Annual Cost $557.09 Monthly $46.42 Annual Cost (heat oil) $1,500.61

Total Energy For Other Appliances/Loads Fall>>Spring 5,019 Annual Cost $301.16 Monthly $37.65

Total Energy For Other Appliances/Loads Summer 2,170 Annual Cost $130.22 Monthly $43.41

Annual Energy Load (kWh equivalent) 32,613 Annual Res Energy Cost (All Elec) $1,956.79 GN Subsidy: $14,284.58

Annual Res Energy Cost (Elec & HeatOil) $3,776.44 GN Subsidy: $3,522.81

Nunavut Territory Home Energy Quick 

Assessment Tool Summary Report
Nunavut Heat Profile
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Figures 22 a & b – Energy costs for same house comparing all electric (including heat loads) and 
electric plus heating oil for water and home heating. Note conflicting impact to homeowner costs 

and GN subsidies. 
 
A structured program could be developed with the hamlet to train local people to become HEQAT 
auditors. The hamlet would need to determine how auditors are compensated and whether a 
sufficient local construction trades workforce exists to implement the more complex energy 
retrofits beyond simple lighting and appliance improvements.  
 
Free LED Light Bulbs – A Radical Solution With Fast Payback 
Because of the structure of Government of Nunavut residential electric subsidies, ACEP 
recommends that GN work with the Kissarvik Co-op, Northern Store and any other local supplier to 
1) cease the stocking/supply of all incandescent and compact fluorescent (A19 style) light bulbs 
2) provide coupons to all residents for free LED lightbulbs purchased from these local stores. 
  
For residents living in Nunavut Housing Corporation buildings who pay 6 cents per kilowatt-hour, a 
$5 LED bulb (60-watt equivalent, 9-watt actual) does not seem like a wise option when compared 
with a $1.25 incandescent or $1.50 compact fluorescent (CFL) bulb. Even if the resident were to 
calculate the energy savings from LED bulbs, the payback to replace an incandescent is 6.5 months 
and to replace a CFL is more than 10 years. 
 
From the perspective of GN, however, paying a subsidy of 44 cents per kilowatt-hour changes the 
economic payback to less than a month to replace an incandescent and 9 months to replace a CFL. 
This does not include the added benefit of eliminating trace amounts of mercury in each CFL from 
the waste stream that could end up in the landfill and leach into the water table. 
 
For residents living in non-NHC housing who pay approximately 25 cents per kilowatt-hour with GN 
picking up the other 25 cents, the payback for the resident and GN to replace an incandescent is 1.5 
months and to replace a CFL is 1.5 years. While the CFL payback is longer in this scenario, free LED 
light bulbs are still recommended so that a single rebate/coupon system can be easily administered 
with equity among all members of the community. 
 
If each of the approximately 825 residences in Rankin Inlet were to replace 10 LED bulbs, the cost 
would be $41,250. Assuming 600 of those residences are through NHC and the light bulbs are used 9 
hours per day, the savings to GN in the first year is $432,345.60. If the other 225 residences are non-
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NHC, the savings to GN in the first year is $91,489.50. The net savings to GN after subtracting the cost 
of the light bulbs would be $482,585.10 that could be directed to other social needs in the community. 
The longer life of LED bulbs (replace every 7 years) compared with CFL (replace every 3 years) and 
incandescent (replace every 4 months) means subsequent years will require far fewer free light bulb 
coupons to be funded and there will be fewer light bulbs in the solid waste stream. 
   
 

Additional Energy Option #2 – Solar Photovoltaic Training 
 

The map in Figure 12 shows a partial inventory of the many recreational cabins sited in the outlying 
regions of Rankin Inlet. These cabins represent energy loads that should also be considered as they 
have real, measurable impact on the residents of Rankin Inlet. Besides the potential for energy 
efficiency impacts listed in the previous section, these cabins could benefit from reduced generator 
fuel and noise through the installation of off-grid battery-based solar photovoltaic (PV) systems at 
each cabin.  
 
The hamlet or Kivalliq Inuit Association could structure a solar PV installation and community bulk 
purchase program funded in part through the Arctic Energy Fund, Green Infrastructure or other 
available federal programs. A request for proposals could be issued for training in the design and 
installation of simple PV systems that are tailored to the needs of recreational cabin owners in the 
region. Solar training could cover: 

 Inventory and sizing of current energy loads 
 Determining number of PV modules required 
 Mountain options for panels 
 Voltage, serial and parallel configurations of modules and batteries 
 Battery technologies and why sealed (e.g. absorbed glass mat/AGM) batteries are preferred 

for cabin applications to eliminate buildup of hydrogen gas during charging 
 Wire sizing 
 Selecting the appropriate charge controller and inverter 
 Safety equipment and safe working practices 
 Proper system grounding 
 Calculating expected energy generation by month and overall economic payback 
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Figure 23 – Sample schematic for typical recreational cabin power system 

 
Some cabins near Rankin Inlet already have solar PV systems. Proliferating this technology to all 
cabins will result in fuel savings, reduced environmental risk of fuel spills and a more pleasant 
experience out on the land through the elimination of generator noise. 
 
Funding for a one-time training seminar could be done with minimal investment and during the next 
summer season. Requests for federal matching of solar PV equipment purchase and delivery to 
Rankin Inlet would require more coordination, planning and time but could greatly expand the 
participation level and improve system payback times.    
 

Recommended Scope for RFP 
 
Solar and Wind Data Collection Equipment 
A qualified contractor with experience installing meteorological towers in remote locations should 
install the following equipment that can either be sourced directly from suppliers such as NRG 
Systems, Vaisala or Campbell Scientific or provided by the firm hired to install the meteorological 
tower, write the wind resource study and develop a conceptual design. The recommended 
equipment includes: 

 A minimum 50-meter17 meteorological tower to collect wind speed, wind direction, 
temperature and solar irradiance. Standard non-heated anemometers must be used in 

                                                             
17 80-meter recommended. See below for details. The actual project developer/investor should decide whether the 
added expense and logistics of the 80-meter tower are justified by the additional data across the rotor swept area. 
A 60-meter tower would be a reasonable compromise. 
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order to assess potential ice and frost impacts at the wind turbine site.18 A red and white 
painted tower option should be used for aviation safety/visibility.  

 This system should be instrumented at heights of 10m, 30m and 50m above ground level 
with a minimum of two anemometers and one vane at each height - three anemometers and 
two vanes should be considered for redundancy in the harsh environment.  

 Temperature and solar irradiance should be measured between 1m and 3m above ground 
sufficient to remain above the highest snow accumulation. A backup temperature sensor 
and SCM card should be installed as these have a ~10 percent failure rate in extreme cold 
climates.   

 The recommended example kit below will also need an additional wind vane and 2.4m 
boom, additional/backup temperature sensor, three Li-Cor pyranometers with SCM cards 
and plane-of-array booms mounted horizontally, vertical south-facing and at latitude tilt 
south facing. 

 https://www.nrgsystems.com/products/complete-met-systems/wind-resource-
assessment-systems/detail/50m-xhd-now-system 

 The install kit with tools, gin pole and winch will need to be ordered. 
https://www.nrgsystems.com/products/accessories/tool-kits/detail/install-kit-60m-hd-
50m-xhd-60m-xhd-talltowers  

 Leave the gin pole on site attached to the meteorological tower. Do not under any 
circumstances allow the contractor to disconnect the gin pole nor ship the gin pole to 
another location.19  

 The data logger will need an SD card, iPack GPS/3G/GSM for uploading data to the internet, 
15-watt solar panel and USB cable for configuration - 
https://www.nrgsystems.com/products/data-loggers/detail/symphoniepro-data-logger  

 A 60m or 80m tower can also be considered to quantify more of the wind resource in the 
rotor swept area. Instrument the same heights as specified for a 50m tower, plus at 60m or 
80m depending on the height chosen. Note that the 80m tower requires special training to 
erect. Make sure your installer is qualified to install this system. 

 The installer will need to assess the needed anchor systems based on preexisting 
geotechnical studies in the community. 

 Collect 10-minute or better resolution data. 1-minute resolution could be collected for a 
short period to determine high-resolution variability and the need for any regulation 
storage in the power system, but long-term collection at this resolution can actually hamper 
data analysis and is not needed for industry-standard (10-minute) reports. 

 Collect 10-minute power plant data concurrent with the wind study, including kilowatts, 
volts/amps by phase, power factor, frequency, heat recovery loop temperature. 

 All data collected must be shared with the hamlet and the funding entity within one month 
of each data pull. The data collected cannot be considered proprietary to the contractor. 

 Utilize local labor for the installation of the met tower and monthly monitoring to the 
greatest extent possible to foster local community involvement and sense of ownership. 

 Community consultation should be a part of this and subsequent project development 
phases. 

                                                             
18 This is non-negotiable. Do not let a contractor deviate from this requirement.  
19 This mistake has been made in numerous installations across Alaska and elsewhere in the US. Any savings in 
sharing a gin pole with other locations has been lost in the shipping costs and occasional urgent need to lower a met 
tower. 
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 Wildlife considerations and potential conflicts should be addressed with local experts and 
territorial agencies when selecting a met tower site. Moving the proposed project site is 
much easier and less costly to do early in the process timeline.  

 
See Appendix A for additional met tower specs and example tower profile. 
 
Scope of a formal solar/wind energy study and conceptual design 
These are the bare essential aspects that should be addressed when developing wind feasibility studies.  
Wind turbines are not a stand-alone component, but rather an energy source that must be integrated into 
an over-arching power generation and distribution system for the community. Conversely, a Conceptual 
Design Report with an overly broad scope wastes time and money and can make it more difficult to 
recommend next steps. 
 
Wind Resource Study 

 How reliable is the overall data? Are there gaps? Did any sensors or data logger fail? Was a log 

sheet filled out during tower erection? 

 How fast is the wind? Average speed, maximum, std. dev.? 

 How does the wind speed vary throughout the day? Month to month? 

 What does the wind speed distribution look like? Weibull K? Is it bi-modal with periods of calm 

then severe storms? Is the distribution more continuous? 

 How does the wind shear change with elevation (power law exponent)? How turbulent is the 

wind? What are the predicted maximum speeds over 20 and 50 years? 

 How much icing is experienced at the site? How thick is the icing and how long does it last? 

 What is the air temperature and density? 

 How consistent is the wind data from one year to the next? How does it compare with long-

term trends? 

 How was the met tower site chosen? Are there nearby obstructions? 

 How does the wind speed and wind rose compare with the national wind resource model for 

that location? 

 How closely will wind turbines be placed near the met tower site? 

 How does the wind rose affect siting for multiple turbines? 

 What issues were raised by the Nav Canada, Canada Wildlife Service and Nunavut Impact 

Review Board during the met tower permitting process? 

 What is the estimated net production for turbines being considered, assuming no wasted/excess 

power? Windographer defaults to an 82% availability. This is a reasonable estimate. 

Solar Resource Study 

 How does the solar resource vary over the course of the year? 

 How would the power from a solar array vary from minute to minute? 

 How do clouds affect variability on partly-cloudy days? 

 What array orientations work best for your location? 
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 How does your projected power production match up against energy demand throughout the 

day and the seasons? 

 How much benefit will you see from snow bounce? 

 
Existing Electrical System Overview 

 How does the community electrical load vary throughout the day? Month to month? What is 

the average, peak and minimum? 

 Are there seasonal loads due to commercial or traditional activities? How do the residential 

electrical loads compare with industrial and commercial loads throughout the day and month to 

month? What are the station service loads? 

 Are there existing diversion electrical loads in the community? Are there electrical loads that 

could be converted to dispatchable loads if needed? 

 What is the make, model, kW rating and age of each diesel genset? What are the fuel curves for 

each unit? What type of mechanical or electronic throttle controls exist? What are the actual 

reported kWhrs per gallon of fuel for this facility? 

 What kind of switch gear exists – make, model, manual/automatic? Can the existing system be 

expanded for the proposed wind turbine and secondary loads? What kind of SCADA currently 

exists? 

 Are upgrades or replacements planned for any key system components? 

 Is there a heat recovery system? What loads does it feed? How are those heat loads 

monitored/quantified? How much heat is lost in the system? 

 Are there additional potential electrical loads in the community that are not currently being 

met? Are any new electrical loads being planned? 

 Where are the major electrical loads located in the community from a geospatial perspective? 

 How well are the phases balanced in the distribution system? How are the transformers in the 

community loaded or overloaded? Where is there phase or transformer capacity to add 

additional loads? 

 What is the condition of the distribution lines, transformers and poles?  

 Provide a map showing single versus three-phase power lines and varying voltage levels?  

 What are the parasitic and other system losses? 

Heat Loads Overview 

 What is the heat recovery percentage of each diesel genset?  What heat loads are tied into the 

heat recovery system? How are those heat loads monitored/quantified? How much heat is lost 

in the system? What additional capacity is available? 

 Pull heating fuel consumption/purchase records (minimum one year) for the buildings being 

considered and provide annual estimates (high/low) for each. Provide building dimensions. 

 What is the daily and month-to-month profile of each heat load? Preferred: use ACEP’s hourly 

heat load spreadsheet to generate heat data for HOMER modeling. ACEP can assist in setting 

this up. 
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 If the heat load is a water treatment/storage/delivery system, provide details of annual fuel 

consumption records, storage tank size (gallons and dimensions) and insulation, distribution 

piping and distances, incoming water temperature in winter and summer, water system 

temperature target and maximum temperature set points. Use ACEP’s hourly heat load 

spreadsheet for water systems to generate a heat model for HOMER modeling.   

 If the heat load is a washeteria, provide annual fuel estimates and number of 

washers/dryers/showers. Estimate daily and seasonal demand profile. 

 Where are the major heat loads located in the community from a geospatial perspective? Which 

could connect to an existing or planned heat recovery loop? Which could be clustered together 

for a remote electric boiler? 

 Are there additional potential heat loads in the community that are not currently being met? 

Are any new heat loads being planned? Where are they located relative to the powerhouse? 

 What is the efficiency of current boilers? Where is space available to add electric boilers? 

 What is the thermal mass in the heat load and how much excess energy can it temporarily 

absorb as a buffer? 

 Run a HOMER model for the turbine types being considered comparing excess wind energy 

throughout the year and how that is aligned with the heat load profile(s). 

 Are heat loads better served by connecting an electric boiler to the existing heat recovery loop 

or placing electric boilers in other community buildings? 

 What are the trade-offs between a few large electric boilers versus numerous nodes throughout 

the community? 

 What agreements are needed to establish heat sales with customers? 

Compiling the Final Conceptual Design Report 
In addition to answering all of the above questions, please provide the following materials in your 
report. 

 Proposed electrical system line drawings showing turbines, transmission lines, distribution 

system and powerhouse. Label voltage and phase of lines, plus conductor type, size and 

resistance factor at 0 deg Celsius. 

 How will turbine type, quantity and location affect power quality issues such as reactive power, 

power factor, voltage rise and other distributed generation issues? Does a basic voltage 

drop/rise calculation indicate the need for additional analysis using the DG Toolbox or running a 

load flow analysis? Is complex Power System Simulation for Engineering (PSS/E) modeling 

required? 

 Detailed line drawing showing how wind power connects to the powerhouse through 

switchgear and how wind, diesel and diversion loads integrate with each other. 

 Proposed and existing SCADA system drawing and description. 

 Proposed physical layout at turbine site, powerhouse and transmission route. 

 Proposed and existing diversion load drawing and description. 

 Wind turbine models, sizes and quantities considered. Power curves for each turbine. Which 

qualified third-party test facility has certified the proposed turbines? 
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 Proposed budget and schedule based on current turbine pricing and construction estimates. 

 A list of what permits will be needed for the project. 

 A copy of the geotechnical reconnaissance report. 

 HOMER model with accurate wind resource, electrical load, thermal load, wind turbine power 

curves, turbine availability, diesel power curves and diversion loads. Pay special attention to the 

excess power in the system and how that can be put to value-added use. (Include the electronic 

HOMER file in your submission, but limit the printed report to HOMER output from the 

proposed system.) 

 Show how the economies of scale are affected by using different types and quantities of 

turbines. How do these options vary the overall system cost, the cost per installed kilowatt and 

unusable excess power? This analysis should reflect that offsetting electrical load has greater 

economic benefit than offsetting heat loads due to the varying efficiencies of diesel generators 

versus oil-fired boilers. 

 If the project involves, or could involve, the intertie of two or more communities, analysis 

becomes more complex to determine where diesel and wind power generation are located 

relative to community loads. Cost and efficiency of reliable communication between the wind 

site and the powerhouse should be considered. Savings may be gained through consolidation of 

bulk fuel facilities or idling of power plants. Further, the larger load of the combined 

communities may allow for larger turbines with better economies of scale. These benefits 

should be weighed against any loss of rural employment or higher heating oil delivery costs for 

communities losing power plants.  

Common Pitfalls 

 Placing all focus of the design at the wind turbine site - Much of the needed design activity 

deals with integrating wind power with the existing power plant, distribution system and 

community heat loads. 

 Not realizing that most modeling tools estimate turbine performance on the national grid 

where all wind power can be absorbed by the grid – Greater than 40% capacity factors 

aren’t reasonable estimates and they degrade the impression of your report. 

 Ignoring the excess kilowatt hours reported by HOMER – This number must be subtracted 

from your total kilowatt hours to accurately estimate diesel fuel savings. Proposed projects 

should find a dispatchable load that can use this excess energy. Bear in mind that the 

economic benefit of offsetting a heat load is less than offsetting diesel electric generation. 

 Insufficient analysis of heat loads in the community. Simply placing an electric boiler on the 

heat recovery loop is likely the best choice if 80-percent of the BTUs being added to the HR 

loop are being consumed by users to offset heating oil. If only 30-percent of the HR energy is 

being used to offset heating oil, a different building that cannot tie into the HR loop would 

be the better location. 

 Consider hiring an independent technical advisor to review designs and reports on behalf of 

the hamlet, GN and QEC. 
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 Oversized diesel generators may negate any assumed benefits from wind power – Wind 

diesel systems require small, medium and large gensets so that as wind power comes 

online, smaller diesel generators can be selected based on which generator is currently in 

the optimum part of the fuel efficiency curve for the net system load. A 1MW wind system 

proposed in Nome resulted in no actual fuel savings under the existing diesel configuration. 

Adding smaller gensets to the SCADA system provided for ~ 900,000 gallons of diesel savings 

per year with the proposed wind turbine. Further, lowering the minimum load setting on a 

generator may result in sending unburned fuel up the exhaust stack. 

 Small (<400kW) 1200-RPM generators do not respond quickly enough to variable wind 

power to maintain frequency control on the system. 1800-RPM engines in this size range 

have proven to be more effective in wind-diesel systems - preferably with electronic 

controls. Larger (500kW and up) 1200-RPM generators have not been an issue to date.  

 Oversizing the proposed wind system – A 250kW wind turbine on a system with an average 

load of 70kW is a potential disaster. Simply adding battery storage and an inverter may 

sound like a trivial solution, but this has proven more challenging in Alaska. Large turbines 

can trip diesel gensets offline.   

 Proposing unproven wind, storage or controls technology. New technology falls under the 

scope of research or technology development and should be proven out in a more 

accessible location than remote Arctic communities. 

 Proposing turbines that are not certified by an independent 3rd party – Turbine 

manufacturers make optimistic claims on the performance of their product. ACEP 

recommends wind turbines that have been verified by a certified test facility.20 These 

turbines also need cold weather packages.  

 Ignoring the O&M challenges of a wind system – Communities who have personnel that are 

trained on wind systems and are comfortable climbing exposed towers to perform 

maintenance have a better chance at meeting the output projections of your design. Major 

impacts to production are seen the more remote a community is if there is no local trained 

support.  

 Building a wind-diesel project without a remote SCADA system that allows for performance 

data collection and offsite troubleshooting. 

 Building a wind project without performing a structured wind resource analysis. Building a 

wind project when the wind resource analysis indicates poor wind conditions. 

 Once a project is ready to begin permitting and final design, a power purchase agreement 

(PPA) must be negotiated with the utility. Failure to obtain a PPA early has stalled projects. 

 
 

 
 
 
                                                             
20 NREL, Intertek, RISO, Bureau Veritas, TUV, DNV GL or similar. 
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Conclusions 
In simple terms, the wind resource in the Rankin Inlet is very good. Preliminary wind turbine 
production estimates are comparable with some of the more productive wind farms in North 
America. Key factors to development of wind energy on the Rankin Inlet electrical grid lie with 
engaging the grid operator Qulliq Energy Corporation, the current capabilities of controls and power 
generation at the local power plant, the willingness of an independent power producer to develop a 
project, the cost of construction by an independent power producer (IPP) and whether a project 
could be built at an attractive rate to QEC and its ratepayers.  
 
The additional project considerations concern siting of the wind turbines relative to recreational 
cabins and airport navigation systems. While it is possible to find locations that are compatible with 
approach and take-off corridors from the airport (YRT), air navigation systems have not been 
upgraded to be compatible with large wind turbines that may appear as false signals to radar and 
other tools. While it is possible to place wind turbines outside the 15 km zone for VOR systems, the 
greater distance from town increases costs due to transmission lines and towers. 
 
Due to the complexity of utility-scale renewable energy systems, a more detailed study of the power 
plant and local grid is needed along with measuring of wind energy characteristics at heights well 
above the weather station at the airport. Higher resolution and local measurements of solar energy 
potential are also needed as existing models rely on measurements taken from communities 
hundreds of kilometers away. 
 
Close cooperation is needed from Qulliq Energy Corporation. Although QEC has made it clear that 
they do not have the bandwidth to develop renewable energy generation projects, their assistance in 
sharing detailed operational data, equipment configurations and grid specifications is essential to 
designers and developers who could bring outside funding for clean energy projects. A well-designed 
project would reduce energy costs as well as energy subsidies paid out by the Government of Nunavut 
that could be used to further fund improvements in QEC infrastructure as well as provide for other 
social needs across the territory. 
 
It is recommended that Rankin Inlet issue a formal request for proposals from engineering firms who 
can conduct the formal solar and wind resource assessment to industry standards and develop a 
conceptual design based on the extensive groundwork that has already been performed by the Alaska 
Center for Energy and Power.  
 
In the short term, additional recommendations are made for a formal energy efficiency program and 
a solar energy training program. The cost of these programs would be considerably less than that of 
a utility-scale wind or solar energy system. While the solar energy resource is not as strong as more 
southerly latitudes, improved technology and continual cost reduction in the industry allow for the 
use of photovoltaics (PV) where they were previously too expensive. Ease of installation makes solar 
PV a viable energy option for the many remote cabins out on the land near Rankin Inlet. 

 
 

 
 
 
 



Rankin Inlet Energy Assessment 
Report - March 2018 

 

31 
 

Author 
 
Rich Stromberg is a member of the research faculty with the Alaska Center for Energy and Power at 
University of Alaska Fairbanks. He managed the wind and solar programs for the State of Alaska for 
6 and 3 years, respectively between 2009 and 2015. He is presently pursuing a Master’s Degree in 
Environmental Management with an emphasis in sustainable and resilient communities from 
Western State Colorado University with an expected completion date of May 2018. 
 
Any questions with this report can be directed to the author at restromberg@alaska.edu 
 
Report last updated in March, 2018. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:restromberg@alaska.edu


Rankin Inlet Energy Assessment 
Report - March 2018 

 

32 
 

Appendix A: Meteorological Tower Specs and Profile 

 

Meteorological Tower Specs for Rankin Inlet
Minimum Requirement Optional Configuration(s)

50-meter tall guyed tubular tower with gin pole to collect 

wind speed, wind direction, temperature and solar 

irradiance.  Gin pole must remain attached to tower and gin 

pole anchor. The painted tower option should be used for 

aviation safety. 

60- or 80-meter tall guyed tubular tower with gin pole. 80-

meter guyed lattice tower if intended to for 20+ year 

monitoring. Note that the 80m tower requires special training 

to erect. Make sure your installer is qualified to install this 

system.

The installer will need to assess the needed anchor systems 

based on preexisting geotechnical studies in the community. 

Anchors must be sufficient through summer thawing of 

active permafrost layer.

Winch and pulley system using locally sourced equipment. If not locally available, a suitabale winch and pulley system 

must be purchased and remain in town in case the tower needs 

to be lowered in an emergency.

Standard non-heated anemometers must be used in order to 

assess potential ice and frost impacts at the wind turbine site.

Heated sensors are only allowed if accompanied by a full array 

of non-heated sensors.

Instrumented at heights of 10m, 30m and 50m above ground 

level with a minimum of two anemometers and one vane at 

each height. Instrument booms should place anemometers 

and vanes a minimum of 4 feet from the tower. Anemometer 

booms should be oriented at least 90 degrees apart. 

Recommend 270 deg and 90 deg based on bprevailing wind 

direction. Boom configuration must be consistent at all 

heights (10m, 30m, 50m). 

Three anemometers and two vanes at each height. Add 

instument suite at 60 or 80 meters if taller tower is used. Orient 

optional third anemometer at 0 deg.

Temperature and solar irradiance should be measured 

between 1m and 3m above ground sufficient to remain 

above the highest snow accumulation. A backup temperature 

sensor and signal conditioning module card should be 

installed as these have a ~10 percent failure rate in extreme 

cold climates.  

Humidity and air pressure sensors can be added but are not 

required.

Two pyranometers to measure solar irradiance: one oriented 

horizontally and one at latitude tilt, south facing.

Third pyranometer oriented vertical, south facing.

Collect 10-minute or better resolution data. Mean, 

miniumum, maximum and standard deviation vaalues logged 

for each time step is required for each sensor.

1-minute resolution could be collected for a short period to 

determine high-resolution variability and the need for any 

regulation storage in the power system, but long-term 

collection at this resolution can actually hamper data analysis 

and is not needed for industry-standard reports.

Collect 10-minute power plant data concurrent with the wind 

study, including kilowatts, volts/amps by phase, power 

factor, frequency, heat recovery loop temperature.

Data is stored to an SD (or similar) card that is retrieved at 

least monthly by a local  agent/contractor.

Data is stored to an online shared drive via cell-phone 

communication.

Data logger is powered by batteries with are replaced by a 

local agent/contractor often enough to prevent any data loss.

Solar panel compatible with data logger that is mounted 

vertical, south facing and above the highest snow accumulation 

level. 

All data collected must be shared with the hamlet and the 

funding entity within one month of each data pull. The data 

collected cannot be considered proprietary to the contractor.
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Appendix B: Java source code to convert QEC Float format into Wide 
format 
  
//QECFloatDataConvert.java 
 
import java.text.DecimalFormat; 
import java.util.Scanner; 
import javax.swing.JOptionPane; 
import java.io.File; 
import java.io.FileWriter; 
import java.io.IOException; 
  
public class QECFloatDataConvert 
{ 
   
     public static void main(String[] args) throws IOException 
     { 
       String inputline = "Date,Time,Total Load, Gen3, Gen4, Gen5, Gen6"; 
       String Date = "1/1//1900"; 

Meteorological Tower Configuration Profile
Tower is painted red/white according to aviation safety requirements

80 meters --> Optional 2 or 3 unheated anemometers and 1 or 2 vanes. Anemometer booms must be oriented

 at least 90 degrees apart from each other. Recommend 270 deg & 90 deg for first two and 0 deg for 

optional 3rd. Anemometer and vane boom configuration must be consistent across all measured heights.

70 meters

60 meters --> Optional 2 or 3 unheated anemometers and 1 or 2 vanes

50 meters --> 2 or 3 unheated anemometers and 1 or 2 vanes

40 meters

30 meters --> 2 or 3 unheated anemometers and 1 or 2 vanes

20 meters

10 meters --> 2 or 3 unheated anemometers and 1 or 2 vanes

1 to 3 meters --> Data logger, 2 temperature sensors, 2 or more pyranometers, optional data logger PV panel, humidity

and air pressure sensors.
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       String Time = "99:99:99"; 
       String Time1 = "99:99:99"; 
       String DataVal = "-9999"; 
       String DataType = "-9993"; 
       String TotLoad = "-9998"; 
       String Gen3 = "-9998"; 
       String Gen4 = "-9998"; 
       String Gen5 = "-9998"; 
       String Gen6 = "-9998"; 
       String DataReview; 
        
       int ErrorCount = 0; 
       int RecordCount = 0; 
       int CommaColumn; // CommaColumn CommaColumn Comma Chameleon.... 
        
        
       Scanner kybd = new Scanner(System.in); 
       JOptionPane.showMessageDialog(null,"***UAF/ACEP Converter for QEC(Float) Load Data 
Files)***\r\n"+"This program takes data from (Float) files split into separate rows and converts it to  
Date Time Total Load Gen3 Gen4 Gen5 Gen6\r\n"+"The output format is comma separated value 
file.\r\n"+"Dummy values of 9999 (etc) are removed.\r\nThis executable file and your data file need 
to be in the same folder.\r\n"); 
      
//       sopl("***UAF/ACEP Converter for ***\r\n"+"This program takes data from \r\n"+"The output 
is comma separated value file.\r\n"+"Dummy values of 9999 (etc) are removed."); 
//       sopl("Enter file name (example: 'CANA4.WY2') - "); 
//       String filename = kybd.nextLine(); 
       String filename = JOptionPane.showInputDialog(null,"Enter raw file name (ex: 2017 06 27 0000 
(Float).csv ) :"); 
        
       File infile = new File(filename); 
       Scanner scan = new Scanner(infile); 
       String OutputFile = filename.substring(0,filename.length()-10)+"Wide).csv"; 
       String SummaryFile = filename.substring(0,filename.length()-10)+"Sum).csv"; 
        
              sopl("Output will be written to " + OutputFile); 
        
 
       FileWriter fw = new FileWriter(OutputFile); 
       fw.write("Date,Time,Total Load,Gen 3,Gen 4,Gen 5,Gen 6\r\n"); // write header 
        
       FileWriter fw2 = new FileWriter(SummaryFile); 
       fw2.write("Records,Errors\r\n"); // write header 
        
       inputline = scan.nextLine(); //read first line of input file - assumed to be header 
        
       while(scan.hasNext()) 
       { 
       TotLoad = "-9998"; 
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       Gen3 = "-9998"; 
       Gen4 = "-9998"; 
       Gen5 = "-9998"; 
       Gen6 = "-9998"; 
        
       int i; 
        for (i = 0; i<5; i=i+1)  // Loop 5 times to get TotalLoad, Gen3, Gen4, Gen5 and Gen6 
        { 
 
          inputline = scan.nextLine(); //read first line of input file - assumed to be data 
          CommaColumn = inputline.indexOf(","); 
  //        sopl("The first comma is in column " + CommaColumn + "\r\n"); 
  //        DataReview = kybd.nextLine(); 
           
          Date = inputline.substring(0,CommaColumn); 
          Time = inputline.substring(10,CommaColumn+9); 
          DataType = inputline.substring(CommaColumn+27,CommaColumn+31); 
          DataVal = inputline.substring(CommaColumn+270,CommaColumn+278); 
 
          if (DataType.equals("MISC")==true) TotLoad = DataVal; 
          if (DataType.equals("GEN3")==true)  Gen3 = DataVal; 
          if (DataType.equals("GEN4")==true) Gen4 = DataVal; 
          if (DataType.equals("GEN5")==true) Gen5 = DataVal; 
          if (DataType.equals("GEN6")==true) Gen6 = DataVal; 
        
              }; // End for loop 
 
       if (TotLoad.equals("-9998")) ErrorCount++; 
       if (Gen3.equals("-9998")) ErrorCount++; 
       if (Gen4.equals("-9998")) ErrorCount++; 
       if (Gen5.equals("-9998")) ErrorCount++; 
       if (Gen6.equals("-9998")) ErrorCount++;         
         
       RecordCount++; 
        
          fw.write(Date+","+ Time +","+TotLoad+","+Gen3+","+Gen4+","+Gen5+","+Gen6+"\r\n"); 
         
//      sopl(" This is what I think the record looks like \r\n" + Date+","+ Time 
+","+TotLoad+","+Gen3+","+Gen4+","+Gen5+","+Gen6 +"\r\n"); 
//      sopl("Hit <enter> if all looks good. Otherwise, cancel."); 
//      DataReview = kybd.nextLine(); 
       
      } // Run this loop as long as there is more data in the file 
        
       fw.close(); 
       JOptionPane.showMessageDialog(null,"Output written to " + OutputFile +"\r\n"); 
 
       fw2.write(RecordCount + "," + ErrorCount + "\r\n"); 
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       fw2.close(); 
       JOptionPane.showMessageDialog(null,"Summary written to " + SummaryFile +"\r\n"); 
 
 
        
     } //main 
      
     public static void sopl(String m) 
     {   System.out.println(m);   } 
  
     public static void sop(String m) 
     {   System.out.print(m);   } 
           
} //QECFloatDataConvert 
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