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	Latitude (NAD27):        ˚ ’ ” N

Longitude (NAD27):    ˚ ’ ” W

Elevation:                     meters
Tower Type:                Wooden telephone pole
Sensor Height:            12 meters
Monitor Start:              10/6/2005 20:00
Monitor End:                3/14/2006 16:00
Annual Average Wind Speed:                    To be determined
Average Wind Power Density:                   To be determined
Wind Power Class (range = 1 to 7):           To be determined
Rating (Poor, Marginal, Fair, Good, Excellent, Outstanding):   TBD
Prevailing Wind Direction:               Northeast                                        
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	Snake River Site
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	Latitude (NAD27):        64˚ 34.290 N         

Longitude (NAD27):    165˚ 28.210 W

Elevation:                     meters (60 ft)

Tower Type:                30-meter NRG Tall Tower

Sensor Heights:           30m, 20m

Monitor Start:              11/10/2005 16:00 

Monitor End:                3/14/2006 15:00

Annual Average Wind Speed:                   To be determined
Average Wind Power Density:                   To be determined
Wind Power Class (range = 1 to 7):           To be determined
Rating (Poor, Marginal, Fair, Good, Excellent, Outstanding):  TBD
Prevailing Wind Direction:                                   Northwest           
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Both sites experienced some data loss due to icing of the sensors; however, icing at the Anvil Mountain site was much more severe than the Snake River Site, as shown below.

Data Loss Due to Icing of Sensors
	Month
	Anvil Mountain Site
	Snake River Site
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Anvil Mountain Site

	Jan
	31%
	9%
	

	Feb
	59%
	7%
	

	Mar
	43%
	3%
	

	Apr
	
	
	

	May
	
	
	

	June
	
	
	

	July
	
	
	

	Aug
	
	
	

	Sept
	
	
	

	Oct
	15%
	
	

	Nov
	13%
	4%
	

	Dec
	57%
	18%
	


The graph below summarizes the data collected to date for both sites.  
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The temperature sensor at the Anvil Mountain Site is not working or is missing.  The anemometer wired into Channel 1 of the data logger is no longer working.  It failed around the end of February or beginning of March.

Upon initial review, it appears that the Snake River site is a better candidate than the Anvil mountain site for wind power development in Nome.  Both sites are The data still needs to be adjusted based on long-term trends measured at the Nome Airport weather station.  The airport data can also be used to more accurately fill the gaps when the met tower sensors were frozen.

INTRODUCTION

Previous wind monitoring efforts have been conducted in the Bethel area with less than favorable results.  The equipment used in those studies was mounted on 20-meter towers and were located adjacent to the buildings that would be served by a wind turbine.  The Alaska Energy Authority (AEA) felt that the close proximity to buildings and the low elevation of the sites resulted in a wind resource that was not representative of the area and that winds suitable for a utility-scale wind project could be found a short distance outside of town.  In December 2004, AEA, V3Energy, and local residents installed a 50-meter meteorological tower (leased from Chugach Electric) on private land west of town.  This location is more likely to be representative of Bethel’s best wind resource area and was recommended by wind siting meteorologist John Wade.  The purpose of this monitoring effort is to evaluate the feasibility of utilizing utility-scale wind energy in the community.  This report summarizes the wind resource data collected and the long-term energy production potential of the site.

SITE DESCRIPTION

Bethel is located near the mouth of the Kuskokwim River, about 40 miles inland from the Bering Sea and 400 air miles west of Anchorage.  Figure 1 shows the location of the met tower relative to the surrounding terrain.  The met tower is located on a ridge at slightly higher elevation than the town site.
Figure 1. Topographic Map of Met Tower Site and Surrounding Area
The photos below illustrate the surrounding ground cover and any major obstructions, which could affect how the wind flows over the terrain from a particular direction.  As shown, the landscape surrounding the met tower site is free of obstructions and relatively flat.
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Figure 2. Views Taken from Met Tower Base

Table 1 lists the types of sensors that were used, the channel of the data logger that each sensor was wired into, and where each sensor was mounted on the tower.    

Table 1. Summary of Sensors Installed on the Met Tower

	Ch #
	Sensor Type
	Height
	Offset
	Boom Orientation
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Aerial view of equipment on tower

	1
	#40 Anemometer
	50 m
	NRG Standard
	20˚ True
	

	2
	#40 Anemometer
	50 m
	NRG Standard
	290˚ True
	

	3
	#40 Anemometer
	40 m
	NRG Standard
	110˚ True
	

	4
	#40 Anemometer
	30 m
	NRG Standard
	280˚ True
	

	7
	#200P Wind Vane
	50 m
	290˚ True
	110˚ True
	

	8
	#200P Wind Vane
	40 m
	110˚ True
	290˚ True
	

	9
	#110S Temperature
	4 m
	NRG Standard
	-
	


Long-term Reference Station
The year of data collected at the met tower site can be adjusted to account for inter-annual fluctuations in the wind resource based on long-term measurements at a nearby weather station.  [image: image18.jpg]


Wind data from the Bethel airport weather station, located 2.5 miles east of the met tower site, serves as a long-term reference for the wind resource in the area.  Data is measured at a height of 10 meters above ground level and an elevation of 37.5 meters.  

The National Weather Service upgraded the meteorological monitoring equipment at the Bethel airport to an Automated Surface Observing System (ASOS) on November 1, 1998.  This new equipment, although more accurate, represents a      
      discontinuity in the long-term wind speed record.  Therefore, 
       Figure 3. ASOS Equipment in Bethel
this report is based on measurements beginning January 1, 1999.  
Hourly wind speed measurements from the Bethel airport weather station that are concurrent with recordings from the met tower site were purchased from the National Climatic Data Center.  The correlation coefficient between these sites is 0.87 (a value of 1 is perfect).  This suggests that, although the actual wind speed values at the two sites are different, the pattern of wind speed fluctuations is similar between the sites.  Any historical patterns in the airport station data can also be applied to the met tower site with a high degree of certainty.

As shown in Table 2 and Figure 4, the area has a strong seasonal pattern, with greater wind speeds in the winter months than the summer months.  The long-term annual average wind speed at the Bethel airport site is 5.2 m/s, which is fairly consistent, fluctuating up to 3% from year to year.  
Table 2. Monthly Average Wind Speeds at Bethel Airport, 10-meter height (m/s)

Figure 4. Monthly and Annual Average Wind Speeds at Bethel Airport, 10-meter height

The air temperature can affect wind power production in two primary ways: 1) colder temperatures lead to higher air densities and therefore more power production, and 2) some wind turbines shut down in very cold situations (usually around –25(C).  The monthly average temperatures for Bethel are shown below.  Typically, the temperature drops below -25(C during 2% of the year, or 185 hours per year.
	
	Month
	Measured (˚C)
	Long-Term (˚C)

	
	Jan
	
	

	
	Feb
	
	

	
	Mar
	
	

	
	Apr
	
	

	
	May
	
	

	
	Jun
	
	

	
	Jul
	
	

	
	Aug
	
	

	
	Sep
	
	

	
	Oct
	
	

	
	Nov
	
	

	
	Dec
	
	

	
	Ave
	
	


Wind Data Results for BETHEL Met Tower Site

Table 4 summarizes the amount of data that was successfully retrieved from the data logger at the met tower site.  There was significant data loss during the winter months due to icing of the sensors, particularly in November, December and February.  The airport ASOS data was used to fill these gaps where possible, using a linear correlation equation.  The remaining gaps were filled with the software program Windographer (www.mistaya.ca).  Windographer uses statistical methods based on patterns in the data surrounding the gap, and is good for filling short gaps in data.  The raw data set is available on the Alaska Energy Authority website.
Table 4. Data Recovery Rate for Met Tower Anemometers
Wind Speed Measurements
The wind resource was measured at various heights on the tower.  Results from the 30-meter height is summarized below. 
Table 5. Measured and Long-Term Average Monthly Wind Speeds at Met Tower Site

	Wind Speeds (m/s)
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Ave

	30m Height, Measured
	
	
	
	
	
	
	
	
	
	
	
	
	

	30m Height, Long-term
	
	
	
	
	
	
	
	
	
	
	
	
	


The seasonal wind speed profile shows that the highest wind month is January and the lowest wind month is June.  The daily wind speed profile shows that wind speeds are typically greater in the afternoon and evening hours and calmer in the morning.
Figure 6. Seasonal and Diurnal Wind Speed Profile for Met Tower Site, Long-term Estimate
Table 6. Estimated Long-Term Wind Speeds at Met Tower Site, 30m Height (m/s)

The estimated long-term average wind speed is 7.3 m/s at a height of 30 meters above ground level.
Wind Frequency Distribution
A common method of displaying a year of wind data is a wind frequency distribution, which shows the percent of time that each wind speed occurs.  Figure 7 shows the measured wind frequency distribution as well as the best matched Weibull distribution, which is commonly used to approximate the wind speed frequency distribution.  

Figure 7. Wind Speed Frequency Distribution of Met Tower Data, 30-meter height
The cut-in wind speed of many wind turbines is 4 m/s and the cut-out wind speed is usually 25 m/s.  The frequency distribution shows that a large percentage of the wind in Bethel is within this operational zone.
Wind Direction
Wind power roses show the percent of total power that is available in the wind by direction.  The annual wind power rose for the met tower site is compared to the airport site in Figure 8.  The met tower site is based on one year of data, while the airport site is based on seven years of data.  The correlation coefficient between the sites is 0.97.  The predominant wind direction at both locations is northeast.
	Met Tower Site (2005)
	Airport Site (1999-2005)

	
	


Figure 8. Annual Wind Power Roses for Met Tower Site and Airport Site
Monthly wind power roses for the met tower site are shown below.  The strong winter winds come from the northeast, while the lighter summer winds tend to come from the south.
Figure 9. Monthly Wind Power Roses for Met Tower Site
Turbulence Intensity
Turbulence intensity is the most basic measure of the turbulence of the wind.  Typically, a turbulence intensity of 0.10 or less is desired for minimal wear on wind turbine components.  As shown in Figure 10, the turbulence intensity from all directions and for all months is low and unlikely to contribute to excessive wear of wind turbines.  
	Month
	Turbulence Intensity
	
	

	Jan
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	Mar
	
	
	

	Apr
	
	
	

	May
	
	
	

	Jun
	
	
	

	Jul
	
	
	

	Aug
	
	
	

	Sep
	
	
	

	Oct
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	Ave
	
	
	


Figure 10. Turbulence Intensity Characteristics of Met Tower Site

Figure 10 plots the average turbulence intensity versus wind speed for the met tower site as well as for Category A and B turbulence sites as defined by the International Electrotechnical Commission Standard 61400-1, 2nd Edition. Category A represents a higher turbulence model than Category B.  In this case, the met tower data is less turbulent than both categories across the whole range of wind speeds.         

Wind Shear
Typically, wind speeds increase with height above ground level.  This vertical variation in wind speed is called wind shear and is influenced by surface roughness, surrounding terrain, and atmospheric stability.  The met tower is equipped with anemometers at 20 and 30-meter heights so the wind shear exponent can be calculated and used to adjust the wind resource data to heights other than those that were measured.  Results are summarized below.  
	Month
	Wind Shear
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Figure 11. Wind Shear Characteristics of Met Tower Site
As shown, the wind shear varies by month, direction of the wind, and time of day.  The average wind shear for the site is 0.19.  Typical values can range from 0.05 to 0.25.

Wind Power Class

Wind power density provides a more accurate representation of a site’s wind energy potential than the annual average wind speed because it includes how wind speeds are distributed around the average as well as the local air density.  Units of wind power density are watts per square meter and represent the power produced per square meter of area that the blades sweep.  A seven level classification system based on wind power density is used to simplify the comparison of potential wind sites.  Areas of Class 4 and higher are considered suitable for utility-scale wind power development.  The wind map below shows that Bethel lies within a Class 4 wind resource, which is confirmed by the data measured at the met tower.
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Speed (m/s)

1

<100

<4.4

<160

<5.1

<200

<5.6

Poor

2

100 - 150

4.4 - 5.1

160 - 240

5.1 - 5.8

200 - 300

5.6 - 6.4

Marginal

3

150 - 200

5.1 - 5.6

240 - 320

5.8 - 6.5

300 - 400

6.4 - 7.0

Fair

4

200 - 250

5.6 - 6.0

320 - 400

6.5 - 7.0

400 - 500

7.0 - 7.5

Good

5

250 - 300

6.0 - 6.4

400 - 480

7.0 - 7.4

500 - 600

7.5 - 8.0

Excellent

6

300 - 400

6.4 - 7.0

480 - 640

7.4 - 8.2

600 - 800

8.0 - 8.8

7

>400

>7.0

>640

>8.2

>800

>8.8

Outstanding

Class 

Classes of Wind Power Density

10 m

30m

50m

Rating


Potential Power Production from Wind Turbines

Various wind turbines, listed in Table 7, were used to calculate the potential energy production at the met tower site based on the long-term wind resource data set.  Although different wind turbines are offered with different tower heights, to be consistent it is assumed that any wind turbine rated at 100 kW or less would be mounted on a 30-meter tall tower, while anything larger would be mounted on a 50-meter tower.  The wind resource was adjusted to these heights based on the measured wind shear at the site.  Also, since wind turbine power curves are based on a standard air density of 1.225 kg/m3, the wind speeds measured at the met tower site are adjusted to create standard wind speed values that can be compared to the standard power curves
Results are shown in Table 7.  Among the results is the gross capacity factor, which is defined as the actual amount of energy produced divided by the maximum amount of energy that could be produced if the wind turbine were to operate at rated power for the entire year.  Inefficiencies such as transformer/line losses, turbine downtime, soiling of the blades, yaw losses, array losses, and extreme weather conditions can further reduce turbine output.  The gross capacity factor is multiplied by 0.90 to account for these factors, resulting in the net capacity factor listed.

CONCLUSION

This report provides a summary of wind resource data collected from December 2004 through January 2006 in Bethel, Alaska.  The data was compared to long-term trends in the area and, based on correlations with the local airport weather station, estimates were made to create a long-term dataset for the Bethel met tower site.  Both the raw data and the processed data are available on the Alaska Energy Authority website. 
It is estimated that the long-term annual average wind speed at the site is 7.3 m/s at a height of 50 meters above ground level and 6.7 m/s at a height of 30 meters.  Taking the local air density and wind speed distribution into account, the average wind power density for the site is 440 W/m2.  This information means that Bethel has a Class 4 wind resource, which is “good” for wind power development.  
The adjusted wind data set was used to make predictions as to the potential energy production from wind turbines at the site.  The net capacity factor for large scale wind turbines would range from 21 – 36%.
Table 7.  Power Production Analysis of Various Wind Turbine Models
	Wind Turbine Options
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	N/A
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	Manufacturer Information
	Bergey
10 kW
	Fuhrlander FL30
30 kW
	Vestas 
V15*
65 kW
	Entegrity 15/50
65 kW
	Fuhrlander FL100
100 kW
	Northern Power NW100
100 kW
	Fuhrlander FL250
250 kW
	Vestas 
V27*
225 kW
	Vestas 
V47*
660 kW

	Tower Height
	30 meters
	30 meters
	30 meters
	30 meters
	50 meters
	50 meters
	50 meters
	50 meters
	50 meters

	Swept Area
	38.5  m2
	133 m2
	177 m2
	177 m2
	348 m2
	284 m2
	684 m2
	573 m2
	1,735  m2

	Weight 
(nacelle & rotor)
	N/A
	410 kg
	N/A
	2,420 kg
	2,380 kg
	7,086 kg
	4,050 kg
	N/A
	N/A

	 Gross Energy Production (kWh/year)

	Jan
	
	
	
	
	
	
	
	
	

	Feb
	
	
	
	
	
	
	
	
	

	Mar
	
	
	
	
	
	
	
	
	

	Apr
	
	
	
	
	
	
	
	
	

	May
	
	
	
	
	
	
	
	
	

	Jun
	
	
	
	
	
	
	
	
	

	July
	
	
	
	
	
	
	
	
	

	Aug
	
	
	
	
	
	
	
	
	

	Sep
	
	
	
	
	
	
	
	
	

	Oct
	
	
	
	
	
	
	
	
	

	Nov
	
	
	
	
	
	
	
	
	

	Dec
	
	
	
	
	
	
	
	
	

	Annual
	
	
	
	
	
	
	
	
	

	 Annual Average Capacity Factor

	Gross CF
	
	
	
	
	
	
	
	
	

	Net CF
	
	
	
	
	
	
	
	
	

	Notes: The sizes of Vestas turbines listed are no longer available new.  Remanufactured turbines are available from various suppliers.
            Energy estimates are based on the wind resource measured at the met tower site, adjusted for long-term trends and local air density.
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