
NNaknek, AAlaska ((Cape Suuwarof) WWind Reesource Report
 
Report w
Date of R
 

       Photo © 

 
Summary
 
The meas
tential fo

gy, LLC 

written by:  D
Report: Augu

Doug Vaught 

ry Informatio

sured wind r
or wind energ

Douglas Vau
ust 21, 2007

on 

resource at C
gy developm

ught, P.E., V3
7 

 

Cape Suwaro
ment as a hig

3 Energy, LL

of wind pow
gh-Class 4 w

LC 

wer site in Na
ind power cl

aknek showe
lass resource

 

ed very good
e with excell

d po-
lent 

V3 Energ 1 



Naknek, Alaska (Cape Suwarof) Wind Resource Report 
 

turbulence behavior.  Note that the measured wind power class is higher than that predicted by 
the Alaska Wind Resource Map (see below) which predicted a Class 3 resource at the test site. 
 
Test Site Location 
 

 
 
Alaska Wind Resource Map 
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Meteorological Tower Data Synopsis 
 
Wind power class Class 4 – Good  
Wind speed annual average (30 meters) 6.71 m/s 
Maximum two second wind gust  33.6 m/s (October 2006) 
Wind power density (50 meters) 471 W/m2 (projected) 
Wind power density (30 meters) 390 W/m2  
Mean energy content (30 meters) 3,364 kWh/m2/yr 
Weibull distribution parameters k = 1.93, c = 7.54 m/s 
Roughness Class 0.93 (fallow field) 
Power law exponent 0.141 (moderate wind shear) 
Frequency of calms (4 m/s threshold) 25% 
Turbulence Intensity (30 meters) 0.101 (excellent) 
Data start date July 20, 2006 
Data end date  August 6, 2007 
 
Community Profile 
 

Current Population: 577 (2005 State Demographer est.)  
Pronunciation/Other Names: (NACK-neck)   

Incorporation Type: Unincorporated  
Borough Located In: Bristol Bay Borough  

School District: Bristol Bay Borough Schools  
Regional Native Corporation: Bristol Bay Native Corporation 

 
Location: 
Naknek is located on the north bank of the Naknek River, at the northeastern end of Bristol Bay. It is 297 
miles southwest of Anchorage. It lies at approximately 58.728330° North Latitude and -157.013890° West 
Longitude.  (Sec. 03, T017S, R047W, Seward Meridian.)   Naknek is located in the Kvichak Recording 
District.  The area encompasses 84.2 sq. miles of land and 0.7 sq. miles of water.   
 
History: 
This region was first settled over 6,000 years ago by Yup'ik Eskimos and Athabascan Indians. In 1821, 
the original Eskimo village of "Naugeik" was noted by Capt. Lt. Vasiliev. By 1880, the village was called 
Kinuyak. It was later spelled Naknek by the Russian Navy. The Russians built a fort near the village and 
fur trappers inhabited the area for some time prior to the U.S. purchase of Alaska. The first salmon can-
nery opened on the Naknek River in 1890. By 1900, there were approximately 12 canneries in Bristol 
Bay. The Homestead Act enabled canneries to acquire land for their plants, and also made land available 
to other institutions and individuals. The parcel owned by the Russian Orthodox Church on the north bank 
of the River was the first land recorded in Naknek. Squatters built shelters on the church property and 
were eventually sold lots in what became the center of Naknek. A post office was established in 1907. 
Naknek has developed over the years as a major fishery center.  
 
Culture: 
Naknek is a fishing community, with a mixed population of non-Natives, Yup'ik Eskimos, Alutiiq and Atha-
bascans.  
 
Economy: 
The economy is based on government employment, salmon fishing and processing. Naknek has a sea-
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sonal economy as a service center for the huge red salmon fishery in Bristol Bay. One hundred fifteen 
residents hold commercial fishing permits, and several thousand people typically flood the area during the 
fishing season. Millions of pounds of salmon are trucked over Naknek-King Salmon road each summer, 
where jets transport the fish to the lower 48. Trident Seafoods, North Pacific Processors, Ocean Beauty 
and other fish processors operate facilities in Naknek. Naknek is also the seat of the Bristol Bay Borough.  
 
Facilities: 
The majority of households, the schools and HUD housing have individual wells. Almost all homes are 
fully plumbed. A piped sewage collection system operated by the Borough serves most residents; some 
have individual septic tanks. Funds have been requested to replace septic tanks in the Airplane Lake 
area with piped sewer. The landfill and bale fill are operated by the Borough, located at mile 5 between 
Naknek and King Salmon. Refuse collection is provided by a private firm.  
 
Transportation: 
Naknek is accessible by air and sea, and connects to King Salmon via a 15.5-mile road. The Tibbetts Air-
port has a lighted 1,700' long by 60' wide gravel runway. The State-owned Naknek Airport is located one 
mile north of Naknek. It has a 1,950' long by 50' wide lighted gravel runway and a 2,000' float plane land-
ing area. Jet services are available at King Salmon. The Borough operates the cargo dock at Naknek, 
which is the Port of Bristol Bay. It has 800' of berthing space, a concrete surface and a couple of cranes. 
No commercial docking facilities are available at the canneries, although the development of a Fisher-
men's Dock, Freight dock and Industrial Park are regional priorities. Pickup trucks and cars are common, 
and taxis are available.  
 
Climate: 
The climate is mainly maritime, characterized by cool, humid, and windy weather. Average summer tem-
peratures range from 42 to 63 F; average winter temperatures range from 29 to 44 F. Extremes from -46 
F to 88 F have been recorded. Total precipitation is 20 inches annually, including 45 inches of snowfall. 
Fog is common during summer months. 
 
(Above information from State of Alaska Department of Commerce, Community, and Economic 
Development website, www.dced.state.ak.us)  
 
Tower Sensor Information 
 
Channel Sensor type Height Multiplier Offset Orientation 

1 NRG #40 anemometer 30 m 0.765 0.35 ESE 
2 NRG #40 anemometer 30 m 0.765 0.35 NNW 
3 NRG #40 anemometer 20 m 0.765 0.35 ESE 
7 NRG #200P wind vane 30 m 0.351 110 WNW 
9 NRG #110S Temp C 2 m 0.136 -86.383 N/A 

 
General Site Information 
 
Site number 3398 
Site Description Site west of the city of Naknek on a sloping bluff above 

Naknek Bay 
Latitude/longitude N 58° 43.709’ W 157° 03.496’ 
Site elevation 30 meters 
Datalogger type NRG Symphonie 
Tower type NRG 30-meter tall tower, 152 mm (6 in) diameter 
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Data Quality Control 
 
Data was filtered to remove presumed icing events that yield false zero wind speed data.  Data 
that met the following criteria were filtered:  wind speed < 1 m/s, wind speed standard deviation 
= 0, and temperature < 3 °C.  Other obvious icing event data not meeting these criteria were fil-
tered manually. 
 

Ch 1, 30m A  Ch 2, 30 m B  Ch 3, 20 m 

Year  Month  Records 
Recovery 
Rate, %  Records 

Recovery 
Rate, %  Records 

Recovery 
Rate, % 

100.0  Jul  1,631  100.0 1,631 100.0 1,631 100.0 
2006  Aug  4,464  100.0 4,464 100.0 4,464 100.0 
2006  Sep  4,320  100.0 4,320 100.0 4,320 100.0 
2006  Oct  4,464  100.0 4,464 100.0 4,464 100.0 
2006  Nov  4,183  96.8 4,183 96.8 4,183 96.8 
2006  Dec  4,404  98.7 4,464 100.0 4,362 97.7 
2007  Jan  4,374  98.0 4,374 98.0 4,374 98.0 
2007  Feb  3,893  96.6 3,933 97.5 3,873 96.1 
2007  Mar  4,464  100.0 4,464 100.0 4,464 100.0 
2007  Apr  4,320  100.0 4,320 100.0 4,320 100.0 
2007  May  4,464  100.0 4,464 100.0 4,464 100.0 
2007  Jun  4,320  100.0 4,320 100.0 4,320 100.0 
2007  Jul  4,464  100.0 4,464 100.0 4,464 100.0 
2007  Aug  792  100.0 792 100.0 792 100.0 
All     54,557  99.2 54,657 99.3 54,495 99.0 

Ch 7, vane  Ch 9, temperature 

Year  Month  Records 
Recovery 
Rate, %  Records 

Recovery 
Rate, % 

2006  Jul  1,632  100.0 1,631 100.0
2006  Aug  4,464  100.0 4,464 100.0
2006  Sep  4,320  100.0 4,320 100.0
2006  Oct  4,464  100.0 4,464 100.0
2006  Nov  4,320  100.0 4,320 100.0
2006  Dec  4,121  92.3 4,464 100.0
2007  Jan  4,374  98.0 4,374 98.0
2007  Feb  3,915  97.1 4,032 100.0
2007  Mar  4,464  100.0 4,464 100.0
2007  Apr  4,320  100.0 4,320 100.0
2007  May  4,464  100.0 4,464 100.0
2007  Jun  4,320  100.0 4,320 100.0
2007  Jul  4,464  100.0 4,464 100.0
2007  Aug  792  100.0 792 100.0
All  54,434  98.9 54,893 99.8
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Measured Wind Speeds 
  
The 30 meter anemometer annual wind speed averages (anemometer A and B) for the reporting 
period are both 6.71 m/s.  The 20 meter anemometer annual average wind speed is 6.35 m/s. The 
maximum recorded wind gust was 33.6 m/s recorded in October 2006.   
 

30 m A speed  30 m B speed  20 m speed 

Month  Mean  Max 
Std. 
Dev. 

Weibull 
k 

Weibull 
c  Mean  Max  Mean  Max 

(m/s)  (m/s)  (m/s)  (m/s)  (m/s)  (m/s)  (m/s)  (m/s) 
Jan  7.23  32.9  4.29  1.78  8.15  7.19  33.2  6.65  31.8 
Feb  6.54  27.1  3.55  1.94  7.38  6.49  26.8  6.14  26.8 
Mar  8.38  26.8  4.09  2.14  9.44  8.40  27.1  8.06  26.0 
Apr  7.04  26.0  3.57  2.07  7.94  7.02  26.0  6.59  25.6 
May  5.40  21.0  2.62  2.16  6.09  5.54  21.0  5.23  21.0 
Jun  5.38  21.0  2.67  2.11  6.07  5.34  21.0  5.11  21.0 
Jul  5.81  18.7  2.91  2.10  6.56  5.84  19.5  5.48  18.7 
Aug  7.11  22.9  3.38  2.22  8.02  7.04  23.3  6.72  20.6 
Sep  5.58  26.3  3.21  1.81  6.28  5.66  27.1  5.32  25.6 
Oct  7.68  33.6  3.73  2.10  8.61  7.58  33.6  7.27  32.4 
Nov  8.32  27.1  3.95  2.19  9.36  8.40  27.1  7.90  26.8 
Dec  6.08  27.9  3.42  1.86  6.84  6.06  27.5  5.68  27.9 

Annual  6.71  33.6  3.45  2.04  7.56  6.71  33.6  6.35  32.4 
Note: max wind speeds are monthly highest two second gust recordings  
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Daily wind profile 
 
The daily wind profile indicates that the lowest wind speeds of the day occur in the morning 
hours of 4 to 7 a.m. and the highest wind speeds of the day occur during the afternoon and even-
ing hours of 3 to 6 p.m.  The daily variation of wind speed is minimal on an annual basis but 
more pronounced on a monthly basis. 
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Wind Shear  
 
The power law exponent was calculated at 0.141, indicating moderately low wind shear at the 
new Naknek test site.  The practical application of this data is that a higher turbine tower height 
is desirable as there will be a worthwhile marginal gain in wind speed/power recovery with addi-
tional height.  A tower height/power recovery/construction cost tradeoff study is advisable. 
 

 
 

 
 

V3 Energy, LLC  9 



Naknek, Alaska (Cape Suwarof) Wind Resource Report 
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Wind power class  
 
Another view of wind shear is wind power density by height above ground level. As can be seen in 
the figure below, power density and hence potential turbine power production increases substantially 
with turbine hub height. Note that the measured power densities in the figure below differ from those 
reported in the data summary table on page 2 of this report. The figure below uses all data (October 
2005 through May 2007) while in the summary table this data is converted to annual averages. 
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Probability Distribution Function 
 
The probability distribution function provides a visual indication of measured wind speeds in one 
meter per second “bins”.  Note that most wind turbines do not begin to generate power until the 
wind speed at hub height reaches 4 m/s, known as the “cut-in” wind speed.  The black line in the 
graph is a best fit Weibull distribution.  At the 30 meter level, Weibull parameters are k = 1.93 
and c = 7.54 m/s (scale factor) for the data period.  The PDF information is shown visually in 
another manner in the second graph, the Cumulative Distribution Function.  In this view, one can 
see that fifty percent of winds (at 30 meters) are 6 m/s and less and ninety percent of winds are 
11.5 m/s and less. 
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Wind Roses 
 
Naknek winds are not especially directional; the wind frequency rose indicates north, northeast, 
southwest and southwest wind directions.  This observation is reinforced with reference to the 
mean value and total value power density roses below.  Power producing winds are chiefly north 
and southeast with secondary power winds from the northeast and southwest.  The practical ap-
plication of this information is that a site should be selected with adequate freedom from ground 
interference in northerly through southwesterly directions and if more than one turbine is in-
stalled, the turbines should be adequately spaced apart to prevent downwind (from the power 
producing winds) interference problems between the turbines.   
 
Note also that a wind threshold of 4 m/s was selected for the definition of calm winds.  This wind 
speed represents the cut-in wind speed of most wind turbines.  By this definition, Naknek expe-
rienced 25 percent calm conditions during the measurement period (see wind frequency rose be-
low). 
 
Wind Frequency Rose 
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Mean Value (power density) rose by direction 
 

 
 
Total value (power density) rose 
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Wind power density roses by month; scale is common 
 

 
 
 
 

V3 Energy, LLC  15 



Naknek, Alaska (Cape Suwarof) Wind Resource Report 
 

Turbulence Intensity 
 
The turbulence intensity is acceptable with mean turbulence intensity of 0.101, indicating relatively 
smooth air for wind turbine operations. This turbulence intensity is calculated with a threshold wind 
speed of 4 m/s (only wind speeds exceeding 4 m/s are considered). The relatively high turbulence 
intensity to the northwest is of little consequence as no power producing winds are from this direc-
tion. 
 
30-meter Turbulence Intensity 
 

 
 
 
IEC Turbulence Intensity Standards 
 
As indicated below, turbulence at the Naknek project test site is well within International Elec-
trotechnical Commission (IEC) standards at all measured wind speeds and from all four qua-
drants of the wind rose. 
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Turbulence Table 
 

Turbulence Intensity Table, 30 m A speed, 30 m vane, 7/20/06 to 8/6/07 
Bin  Bin Endpoints  Records  Standard Deviation  Mean  Standard Deviation  Characteristic 

Midpoint  Lower  Upper  In  of Wind Speed  Turbulence of Turbulence  Turbulence 
(m/s)  (m/s)  (m/s)  Bin  (m/s)  Intensity  Intensity  Intensity 
1  0.5  1.5  377  0.401  0.416  0.156  0.572 
2  1.5  2.5  909  0.409  0.207  0.074  0.281 
3  2.5  3.5  1229  0.454  0.156  0.048  0.204 
4  3.5  4.5  1171  0.494  0.125  0.045  0.170 
5  4.5  5.5  1015  0.516  0.105  0.034  0.138 
6  5.5  6.5  858  0.584  0.098  0.028  0.126 
7  6.5  7.5  826  0.627  0.090  0.026  0.117 
8  7.5  8.5  730  0.711  0.090  0.023  0.112 
9  8.5  9.5  600  0.778  0.087  0.023  0.110 
10  9.5  10.5  465  0.864  0.087  0.019  0.106 
11  10.5  11.5  419  0.973  0.089  0.02  0.108 
12  11.5  12.5  380  1.023  0.086  0.019  0.105 
13  12.5  13.5  255  1.098  0.085  0.016  0.101 
14  13.5  14.5  207  1.187  0.085  0.014  0.099 
15  14.5  15.5  102  1.318  0.089  0.016  0.104 
16  15.5  16.5  52  1.431  0.090  0.016  0.106 
17  16.5  17.5  15  1.533  0.091  0.018  0.108 
18  17.5  18.5  7  1.629  0.092  0.012  0.104 
19  18.5  19.5  0  1.629  0.092  0.012  0.104 
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Air Temperature and Density 
 
Over the reporting period, Naknek had an average temperature of 2.3° C.  The minimum record-
ed temperature during the measurement period was -32.8° C and the maximum temperature was 
23.3° C, indicating a wide variability of an ambient temperature operating environment im-
portant to wind turbine operations.  Consequent to Naknek’s cool temperatures, the average air 

density of 1.278 kg/m3 is nearly five percent higher 
than the standard air density of 1.222 kg/m3 (14.8° 
C and 100.9 kPa standard temperature and pressure 
at 30 m elevation), indicating that Naknek has dens-
er air than the standard air density used to calculate 
turbine power curves (power curves are calculate at 
a sea level standard of 15° C and 101.3 kPa pres-
sure).  This density variance from standard is ac-
counted for in turbine performance predictions in 
this report. 
 
 

 
Temperature  Air Density 

Month  Mean  Min  Max  Std. Dev.  Mean  Min  Max 
   (°C)  (°C)  (°C)  (°C)  (kg/m³)  (kg/m³)  (kg/m³) 

Jan  ‐8.5  ‐32.8  11.4  12.4  1.330  1.221  1.463 
Feb  ‐4.7  ‐20.3  8.8  7.1  1.311  1.247  1.391 
Mar  ‐11.8  ‐21.9  4.3  5.3  1.346  1.267  1.400 
Apr  4.0  ‐6.0  15.2  3.7  1.269  1.219  1.316 
May  7.5  ‐1.1  18.0  3.6  1.253  1.208  1.293 
Jun  11.5  4.8  23.0  3.0  1.235  1.187  1.265 
Jul  13.9  8.7  23.3  2.6  1.225  1.186  1.248 
Aug  13.1  6.9  21.6  2.0  1.228  1.193  1.256 
Sep  11.2  2.3  20.4  3.2  1.237  1.198  1.277 
Oct  6.3  ‐5.9  15.0  4.1  1.258  1.220  1.316 
Nov  ‐6.7  ‐16.1  5.8  5.3  1.320  1.261  1.368 
Dec  ‐8.4  ‐25.5  4.0  7.2  1.329  1.269  1.420 

Annual  2.3  ‐32.8  23.3  5.0  1.278  1.186  1.463 
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Air Density DMap 
 
The DMap below is a visual indication of the daily and seasonal variations of air density (and 
hence temperature).  Air densities higher than standard will yield higher turbine power than pre-
dicted by turbine power curves, while densities lower than standard will yield lower turbine 
power than predicted.  Density variance from standard is accounted for in the turbine perfor-
mance predictions. 
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Wind Turbine Performance 
 
The turbine performance predictions noted below are based on 100 percent and 90 percent tur-
bine availabilities.  The 100 percent data is for use as a baseline of comparison, but it is realistic 
to expect losses or downtime for wind turbines, perhaps as high as ten percent, at least during the 
first year of operation. 
 
Note that these performance estimates were predicted with use of Windographer® wind analysis 
software; power curves provided by manufacturers are not independently verified and are as-
sumed to be accurate. The power curves are presented for a standard air density of 1.225 kg/m3 at 
sea level.  However, the predictions of power production are density compensated by multiplying 
the standard density power output by the ratio of the measured air density to standard air density, 
accounting for the site elevation.   
 
A few medium and large wind turbines are profiled in this report for comparison purposes.  
These turbines were selected because they have market availability and they are deemed to be 
within a suitable range for consideration of wind power development in a community the size of 
Naknek.   
 
Entegrity eW-15:  65 kW rated power output, 15 meter rotor, stall-controlled (power curve pro-
vided by Entegrity Energy Systems).  Available tower heights:  25 and 31 meters.  Additional 
information is available at http://www.entegritywind.com/.  
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Northwind 100/20:  100 kW rated power output, 20 meter rotor (19 meter rotor blades with 0.6  
meter blade root extensions added), stall-controlled (power curve provided by Northern Power 
Systems).  Available tower heights:  25 and 32 meters.  Additional information is available at 
http://www.northernpower.com/.  
 

                                      
 
 
Vestas V27:  225 kW output, 27 meter rotor, pitch-controlled (power curve provided by Alaska 
Energy Authority).  Turbine available as remanufactured and reportedly also as new. 
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General Electric 1.5sle:  1500 kW power output, 77 meter rotor, pitch controlled (power curve 
from GE).  Available tower heights: 61 m, 64 m, 80 m, 85 m, 100 m.  Additional information is 
available at www.gepower.com.  
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Entegrity eW-15 
 

eW‐15, 31 meters, 100% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.23  26.2  8.4  21.5  16,006  33.1 
Feb  6.52  23.1  5.4  16.9  11,355  26.0 
Mar  8.41  17.2  15.9  31.6  23,507  48.6 
Apr  7.06  21.7  3.4  20.7  14,891  31.8 
May  5.47  30.8  0.1  10.5  7,827  16.2 
Jun  5.44  34.0  0.1  10.6  7,622  16.3 
Jul  5.86  28.6  0.3  12.7  9,472  19.6 
Aug  7.17  18.8  0.6  20.8  15,469  32.0 
Sep  5.64  33.2  0.7  11.9  8,542  18.3 
Oct  7.73  16.3  3.1  24.7  18,394  38.0 
Nov  8.38  12.1  12.8  29.1  20,920  44.7 
Dec  6.01  29.7  3.1  14.0  10,427  21.6 

Annual  6.74  24.3  4.5  18.8  164,432  28.9 

eW‐15, 31 meters, 90% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.23  26.2  8.4  19.4  14,406  29.8 
Feb  6.52  23.1  5.4  15.2  10,220  23.4 
Mar  8.41  17.2  15.9  28.4  21,156  43.7 
Apr  7.06  21.7  3.4  18.6  13,402  28.6 
May  5.47  30.8  0.1  9.5  7,045  14.6 
Jun  5.44  34.0  0.1  9.5  6,860  14.7 
Jul  5.86  28.6  0.3  11.5  8,525  17.6 
Aug  7.17  18.8  0.6  18.7  13,922  28.8 
Sep  5.64  33.2  0.7  10.7  7,687  16.4 
Oct  7.73  16.3  3.1  22.3  16,554  34.2 
Nov  8.38  12.1  12.8  26.2  18,828  40.2 
Dec  6.01  29.7  3.1  12.6  9,385  19.4 

Annual  6.74  24.3  4.5  16.9  147,990  26.0 
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Northwind 100/20 
 

NW100/20, 32 meters, 100% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.27  26.1  8.1  32.3  24,040  32.3 
Feb  6.55  23.0  5.2  25.3  17,031  25.3 
Mar  8.43  17.1  14.3  46.9  34,916  46.9 
Apr  7.10  21.5  3.5  30.6  22,017  30.6 
May  5.49  30.5  0.1  15.7  11,648  15.7 
Jun  5.46  33.9  0.2  15.7  11,285  15.7 
Jul  5.89  28.4  0.4  18.9  14,096  18.9 
Aug  7.20  18.7  1.2  30.7  22,852  30.7 
Sep  5.66  33.0  1.0  17.8  12,805  17.8 
Oct  7.77  16.2  3.5  36.4  27,107  36.4 
Nov  8.41  11.8  12.1  43.1  31,010  43.1 
Dec  6.04  29.4  2.3  20.8  15,454  20.8 

Annual  6.77  24.1  4.3  27.9  244,261  27.9 

NW100/20, 32 meters, 90% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.27  26.1  8.1  29.1  21,636  29.1 
Feb  6.55  23.0  5.2  22.8  15,328  22.8 
Mar  8.43  17.1  14.3  42.2  31,425  42.2 
Apr  7.10  21.5  3.5  27.5  19,816  27.5 
May  5.49  30.5  0.1  14.1  10,483  14.1 
Jun  5.46  33.9  0.2  14.1  10,157  14.1 
Jul  5.89  28.4  0.4  17.1  12,686  17.1 
Aug  7.20  18.7  1.2  27.6  20,567  27.6 
Sep  5.66  33.0  1.0  16.0  11,524  16.0 
Oct  7.77  16.2  3.5  32.8  24,396  32.8 
Nov  8.41  11.8  12.1  38.8  27,909  38.8 
Dec  6.04  29.4  2.3  18.7  13,909  18.7 

Annual  6.77  24.1  4.3  25.1  219,836  25.1 
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Vestas V27 
 

V27, 33 meters, 100% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.31  14.1  10.2  79.1  58,848  35.2 
Feb  6.58  12.7  6.0  62.9  42,241  27.9 
Mar  8.46  10.6  12.8  109.0  81,445  48.7 
Apr  7.13  12.9  4.1  76.7  55,227  34.1 
May  5.51  16.9  0.2  41.0  30,530  18.2 
Jun  5.48  21.1  0.4  40.6  29,232  18.0 
Jul  5.92  16.8  1.2  48.9  36,409  21.7 
Aug  7.23  10.9  3.6  78.0  58,000  34.6 
Sep  5.69  20.9  2.4  45.8  32,950  20.3 
Oct  7.80  11.3  6.7  90.4  67,222  40.2 
Nov  8.44  6.9  12.1  102.0  73,707  45.5 
Dec  6.07  16.8  3.2  52.6  39,133  23.4 

Annual  6.80  14.3  5.2  68.9  604,944  30.7 

V27, 33 meters, 90% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  7.31  14.1  10.2  71.2  52,964  31.6 
Feb  6.58  12.7  6.0  56.6  38,017  25.1 
Mar  8.46  10.6  12.8  98.5  73,300  43.8 
Apr  7.13  12.9  4.1  69.0  49,704  30.7 
May  5.51  16.9  0.2  36.9  27,477  16.4 
Jun  5.48  21.1  0.4  36.5  26,309  16.2 
Jul  5.92  16.8  1.2  44.0  32,768  19.6 
Aug  7.23  10.9  3.6  70.2  52,200  31.2 
Sep  5.69  20.9  2.4  41.2  29,655  18.3 
Oct  7.80  11.3  6.7  81.3  60,500  36.1 
Nov  8.44  6.9  12.1  92.1  66,336  40.9 
Dec  6.07  16.8  3.2  47.3  35,220  21.0 

Annual  6.80  14.3  5.2  62.1  544,450  27.6 
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General Electric 1.5sle 
 

GE 1.5sle, 80 meters, 100% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity  
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  8.58  9.9  20.1  687.0  511,236  45.8 
Feb  7.55  9.5  10.6  564.0  379,193  37.6 
Mar  9.24  7.8  24.5  845.0  628,422  56.3 
Apr  8.18  9.7  12.4  682.0  491,110  45.5 
May  6.16  14.1  2.3  378.0  281,211  25.2 
Jun  6.19  16.6  3.2  382.0  274,835  25.4 
Jul  6.79  12.6  6.2  453.0  337,363  30.2 
Aug  8.22  9.2  15.0  666.0  495,812  44.4 
Sep  6.52  17.1  6.7  425.0  305,781  28.3 
Oct  8.81  10.3  15.5  770.0  573,204  51.4 
Nov  9.51  5.6  19.7  861.0  619,843  57.4 
Dec  6.98  12.5  5.8  502.0  373,718  33.5 

Annual  7.73  11.2  11.8  601.3  5,271,728  40.1 

GE 1.5sle, 80 meters, 90% availability 
Hub Height  Time At  Time At  Average Net  Average Net  Average Net 

Wind 
Speed 

Zero  
Output 

Rated  
Output 

Power  
Output 

Energy  
Output 

Capacity 
Factor 

Month  (m/s)  (%)  (%)  (kW)  (kWh)  (%) 
Jan  8.58  9.9  20.1  618.0  460,113  41.2 
Feb  7.55  9.5  10.6  508.0  341,274  33.9 
Mar  9.24  7.8  24.5  760.0  565,580  50.7 
Apr  8.18  9.7  12.4  614.0  441,999  40.9 
May  6.16  14.1  2.3  340.0  253,090  22.7 
Jun  6.19  16.6  3.2  344.0  247,352  22.9 
Jul  6.79  12.6  6.2  408.0  303,627  27.2 
Aug  8.22  9.2  15.0  600.0  446,231  40.0 
Sep  6.52  17.1  6.7  382.0  275,203  25.5 
Oct  8.81  10.3  15.5  693.0  515,883  46.2 
Nov  9.51  5.6  19.7  775.0  557,859  51.7 
Dec  6.98  12.5  5.8  452.0  336,346  30.1 

Annual  7.73  11.2  11.8  541.2  4,744,557  36.1 
 


