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m = Volume of Air (m3) = Air Density (p) (g/m3)
m
Volume of Air = Area of Rotor (m?) * Wind Speed (;) * Time (s)

Volume of Air = AVt
m = pAVt
Energy Formula

1 1 1
E=—-—mV?2=—=(pAVt)V? = = pAV3t
5 m 2(p ) P

Energy is a function of Wind Speed CUBED

 Doubling Wind Speed increases energy available by 8x! (2> = 8)



The power in wind can be described using the following equation:

P=1/2pAv3

* p = Air Density (kg/m3)
* A = Wind Swept Area (m?)

* v = Wind Velocity/Speed (m/s)



Both air pressure and air density
decrease with increasing altitude. 1.2041

1.2250
1.2466
1.2690
1.2920
1.3163
1.3413
-15 1.3673
-20 1.3943

-25 1.4224

Standard Atmospheric Pressure = 101.325 kPa, 14.969 psi




Endurance E-3120:
3,120.0 sq. ft.,, 63.0 ft. diam.

Gaia-Wind 133-11

1,425.0 sq. ft,, 42.6 ft. diam.

Proven 35

684.5 sq. ft., 29.5 ft. diam.
Fortis Alize:

426.0 sq. ft., 23.3 ft. diam.
Excel-R:

380.0 sq. ft., 22.0 ft. diam.
Scirocco:

265.0 sq. ft., 18.4 ft. diam.

Evance Iskra R9000:
246.0 sq. ft., 17.7 ft. diam.

Whisper 500

176.0 sq. ft., 15.0 ft. diam.

Kestrel e400i

135.0 sq. ft., 13.0 ft. diam.

ARE 110:
110.0 sq. ft,, 11.8 ft. diam.

Kestrel 2300i

76.0 sq. ft,, 10.0 ft. diam.

Whisper 200

63.5 sq. ft., 9.0 ft. diam.

Blade Diameters & Swept Area

* Area is proportional to the power available in wind.
* Increasing the area by a factor of 2 will increase the available power

by a factor of 2!

Northwind 100:
3,725.0 sq. ft., 69.0 ft. diam.

Halus Power Systems V-17:
2,462.0 sq. ft., 56.0 ft. diam.

WTIC 31-20:
754.0 sq. ft,, 31.0 ft. diam.

ARE 442:
4420 sq. ft., 23.6 ft. diam.

Excel-S:
415.0 sq. ft., 23.0 ft. diam.

Endurance S-343:
3430 sq. ft,, 21.0 ft. diam.

Proven 11:
255.6 sq. ft.,, 18.0 ft. diam.

Fortis Montana:
2110 sq. ft., 16.4 ft. diam.

Raum 3.5:
135.0 sq. ft,, 13.2 ft. diam.

Skystream 3.7:

113.0 sq. ft,, 12.0 ft. diam.
Proven 7:

103.0 sq. ft,, 11.5 ft. diam.

Raum 1.3:
73.0 sq. ft.,, 9.5 ft. diam.

XL1T
53.0 sq. ft., 8.2 ft. diam.



Example: Consider two sites. One site with a wind speed of 10 mph and another site with a

wind speed of 12 mph.

: o : L
P,/P.=(V,/V,)3 P, = (12/10)%P, There is only a 20% increase in wind speed,

o/ ; : :
P, = (V,/V,)3P, p.=1.73P, but a 73% increase in available power

between the sites.



Heigit Above Ground [m)
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Wertical Wind Shea

data
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Mean Wind Speed {mJs}
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captured by a wind turbine is 59.3%.

Efficiency: Overall modern small wind turbines can expect to produce electrical energy

with 20 — 40% efficiency.
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Airports
WeatherBug Stations
Home Weather Stations
NASA

NOAA National Weather
Service

Idaho National Laboratories
. Reliable websites for wind data:
Wind Maps

Home weather stations® . http://windenergy.cisat.jmu.edu/SBALP/

http://wind-for-schools.caesenergy.org/wind-for-schools/Welcome.html

http://www.ncdc.noaa.gov/oa/ncdc.html

Griggs-Putnam Index*
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Virginia - Annual Average Wind Speed at 80 m
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Source: Wind resource estimates developed by AWS Truepower,
LLC for windNavigator®. Web: http://www.windnavigator.com |
http://www.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: UTM Zone 17 WGS84.
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\_J - C Udld U C Cd U C VCd

preferred for small scale, three years for
commercial scale development

Annual cycle — using monthly mean wind ,
speed data
Diurnal cycle — using data from one full day |

Frequency Distribution — using raw data in
wind speed bins

Height of measurements is also

important

— Wind Shear




 Wind vane or sock
 Data logger
* Data chip




Measuring the Wind: SoDAR

New remote sensing wind
measurement technology

Uses sound waves to
measure the wind up to
200m

— Generally used for onshore
commercial applications

Can be used to validate MET
tower data if there is any
question of reliability

Robust construction can be
sited in many environments

Operate on minimal power
requirements — 7 watts

Triton SoDAR installation at Cow Knob in Rockingham County, VA



DIOE V seC
prewously for land and ocean
floor mapping

Allows for measurements in
complex and otherwise
inaccessible terrains

Portable and no permitting
required (like MET Towers)

Ideal for offshore applications




The Griggs-Putnam Index of Deformity

Index Top View Side View Description Average
of Tree of Tree Wind Speed
No
No o
: Significant
Brushing 11-14 kph
Flagging 3-4 m/s
’ Slight ‘9‘_‘;‘18 "P:
i mp
Flagging 4-5 mis
18-21 kph
Moderate
' Flagging 11-13 mph
5-6 m/s
’ E Complete 1231_122 ;%hh
Flagging 6-7 mis
- ! Partial 12;-1289 r:pp';'
Throwing 7-8 mis
£ o oy
< Throwing 16-21 mph
8-9 m/s
. 35+ kph
-. -—- Carpeting 22+ mph
10+ m/s
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* Bergey Excel 10 kW Wind Turbine
* 50m Tower



center for W|nd Energy at JMU 540-568-8770 VAcenterdwindenergy@jmu.edu windpowerVA.org
Wind Consultation - Nansemond Water Treatment Plant, Suffolk, VA

Coordinates: 36°53'38.45"N, 76°25'30.468"W
Elevation: 3 m (~11 ft)

Wind Speed at 20m — 4.38 m/s (9.79 mph)
wind Speed at 34m — 4.86 m/s (10.86 mph)
Wind Speed at 50m — 5.24 m/s (11.71 mph)
wind Speed at 80m — 5.76 m/s (12.89 mph)

Mean Annual Wind Spesd at 34 m (m/s)
B <300 [ |e50-875

P so0-225]  |675-7.

25.380 [ | 700-7.
B ss0-275] | 725.7.
B :75-400] | 750-7
I <00-425] | 775-8
B 25-450 [ |so00-8
B 4s0-475 [ 825-8,
I a75-500

[ | 525-550 [ 5.00-9.
" |sso-s57s [ 0250
" |s75-coo [l 250-975
I so0-czs [ =750
[ 62s5-e50 I =000

Nearest Data Available
0 miles, HRSD 50m MET Tower

1.5 Miles|



center for W|nd Energy at JMU 540-568-8770 VAcenterdwindenergy@jmu.edu windpowerVA.org
Wind Consultation - Nansemond Water Treatment Plant, Suffolk, VA

Coordinates: 36°53'38.45"N, 76°25'30.468"W
Elevation: 3 m (~11 ft)

Mean Annual Wind Spesd at 34 m (m/s)
B <300 [ |es0-875
P so0-z325[  |675-7.00
B :25-z2s0[ | 7o0-725
B ss0-275[ | 725-750
B :7s5-400] | 750-775
I <o0-425[ | 775-8.00
B 25-450 [ |so0-825
B 4s0-475 [ 8.25-8,
[ 475-500 850
[ s00-525 [ B.75 -9,
[ | 525-550 [ 5.00-9.
" |sso-s57s [ 0250
" |s75-coo [l 250-975
I so0-czs [ =750
[ e2s-e50 [l - 1000

Nearest Data Available
0 miles, HRSD 50m MET Tower

Wind Rose

1.5 Miles|



SWCC Summary Report
Manufacturer: Bergey Windpower Company

Wind Turbine: Excel 10 (240 VAC, 1-phase, 60 Hz)

Certification Number: SWCC-10-12

The above-identified Small Wind Turbine is certified by the Small Wind
Certification Council to be in conformance with the AWEA Small Wind
Turbine Performance and Safety Standard (AWEA Standard 9.1 — 2009).

CERTIFIED

For the SWCC Certificate visit: www.smallwindcertification.org SMALL WIND TURBINE
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Estimated Annual Energy Production

with Standard Uncertainty
Bergey Excel 10
Reference air density: 1.225 kg/m®
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Estimated Annual Energy Production
with Standard Uncertainty
Bergey Excel 10
60,000 Reference air density: 1.225 kg/m®
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Estimated Annual Energy Production
with Standard Uncertainty
Bergey Excel 10
60,000 Reference air density: 1.225 kg/m®
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Energy Production Predictions

* Real-World Example
— Suffolk, VA
— 50m MET Tower
— March 2012
— August 2014
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02/26/2013 23:40:00
02/26/2012 23:50:00
02/27/2013 00:00:00
02/27/2013 00:10:00
02/27/2013 00:20:00
02/27/2013 00:30:00
02/27,/2013 00:40:00
02/27/2013 00:50:00
02/27/2012 01:00:00
02/27/2013 01:10:00
02/27/2013 01:20:00
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02/27/2013 04:00:00
02/27/2013 04:50:00
02/27/2013 05:00:00
02/27/2013 05:10:00
02/27/2013 05:20:00
02/27/2013 05:30:00
02/27/2013 05:40:00
02/27/2013 05:50:00
02/27/2013 06:00:00

eights
— Average, SD
Temperature
— Average, Min,
Max, SD
32 Parameters at

106,097 Data Points -> 3,395,104 Measurements






Bin Start (m/s)
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

HRSD Wind Speed

Bin End (m/s)
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

Count (50m #1)

Count (50m #2)



Bin Start (m/s)
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
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7.5
8.0
8.5
9.0
9.5
10.0
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13.0
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14.0
14.5

HRSD Wind Speed

Bin End (m/s)
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

Count (50m #1)
1212

Count (50m #2)
1131



Bin Start (m/s)
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

HRSD Wind Speed

Bin End (m/s)
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

Count (50m #1)
1212
1578

Count (50m #2)
1131
1643



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed

Bin End (m/s)

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

Count (50m #1)
1212
1578
2680
4450
7119
9442
11397
12228
11908
10618
8261
6482
5117
3723
2738
2058
1527
1131
748
526
385
261
181
127

97
64
45
29
18
6
106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160



Power (W)

14,500

13,500 -
12,500 -

11,500

10,500 -
9,500
8,500 1

7,500

6,500 -
5,500 1

4,500

3,500
2,500 -
1,500 -

500

500 -

Power Curve

with Combined Standard Uncertainty

Bergey Excel 10

Reference air density: 1.225 kg/m?3
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Power (W)
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Power Curve

with Combined Standard Uncertainty
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Reference air density: 1.225 kg/m?3
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Power (W)

14,500

Power Curve
with Combined Standard Uncertainty

Bergey Excel 10
Reference air density: 1.225 kg/m?3
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6. Tabulated Power Curve

Corrected to a sea level air density of 1.225 I:gfm“ Category B Combined
Hub Height Power o 1-minute Standard Stamdard
Wind Speed | Output Uncertainty, Ui Uncertainty, Ci
my's Warts Watts Watts

1 0.5 -12

2 10 -12 0.9 0.3

3 15 -11 0.3 10
4 20 0 29 3.0

5 25 33

[ 30 102

7 35 229

B 4.0 339

9 4.5 596

10 5.0 548

1 5.5

12 6.0

13 6.5

14 70

15 75

16 8.0

17 85

18 S.0

13 95

20 10.0 6,856 0.29 707 214 790.8 791.0
21 105 7,843 0.29 650 26.2 9121 9125
22 11.0 8,863 0.28 599 28.0 5994.0 594.4
23 115 9,928 0.28 635 243 10%8.6 10989
24 120 10,885 0.27 &06 248 11058 1106.1
5 125 11,618 0.25 S04 217 10448 1045.0
26 130 12,018 0.23 432 150 9686 5687
7 135 12,276 0.21 337 123 5081 506.2
8 140 12,395 0.19 333 74 508.0 506.1
3 145 12,445 017 232 72 5045 5046
30 150 12 455 0.16 273 33 5075 307.5
31 155 12 508 0.14 231 103 507.4 507.4
3z 16.0 12,545 0.13 187 54 5110 911.0
33 165 12 555 012 165 a5 510.7 510.8
EL 17.0 12 503 011 125 244 5088 505.1
ELY 175 12 528 010 138 178 905.2 505.4
EL 180 12 442 0.0 58 36.2 5082 5085
37 185 12,396 0.08 34 36.8 9010 9017
38 13.0 12,208 0.08 57 65.2 916.2 918.5
EE] 155 11878 0.07 - 834 960.0 563.6
40 20.0 11,982 0.06 18 130.0 882.0 891.5
41 20.5 11,495 0.06 15 124.6 10664 1073.7




6. Tabulated Power Curve

Corrected to a sea level air density of 1.225 I:gfm“

Category B

Combined

Hub Height
Wind Speed

Power
Output

cp

1-minute

Standard
Uncertainty, Ui

Stamdard
Uncertainty, Ci

my's

Warts

Watts

Watts

0.5

-12

1.0

-12

0.3

0.3

15

-11

0.3

10

2.0

*]

29

3.0

25

33

3.0

102

EX

229

4.0

333

4.5

596

5.0

548

3.5

6.0

6.5

7.0

mzumﬁgwmummawnn—

7.5

=
@

8.0

-
]

£5

&

5.0

=
o

gc

20 100 6,856 0.29 707 14 750.8 791.0
21 105 7,849 0.29 B850 26.2 912.1 9125
2 110 2,863 0.28 599 280 954.0 5994.4
3 115 5,928 0.28 635 243 10936 10989
24 120 10,885 0.27 606 48 11058 11061
5 125 11,619 0.25 S04 1z 10448 10450
26 130 12,019 0.23 432 150 9686 968.7
7 115 12,276 0.21 317 123 906.1 506.2
8 140 12,395 0.15 3313 74 906.0 5906.1
29 145 12,445 0.17 252 72 904.5 504.6
30 150 12 455 0.16 273 33 907.5 507.5
31 155 12,508 0.14 231 103 907.4 507.4
32 160 12,546 0.13 187 54 9110 5110
33 165 12,555 0.12 165 85 910.7 510.8
34 17.0 12,503 0.11 125 244 908.2 909.1
35 175 12,528 0.10 133 17.8 909.2 909.4
36 180 12,442 0.09 53 36.2 908.2 908.9
37 185 12,336 0.08 34 36.8 3010 2017
38 13.0 12,208 0.08 57 65.2 916.2 918.5
39 195 11,878 0.07 39 234 960.0 963.6
40 20.0 11,983 0.06 13 130.0 B52.0 891.5
41 20.5 11,435 0.06 15 124.6 1066.4 1073.7




Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)

0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
115 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6

106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production
Power (W)
-12
-12
-11
0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)

0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
115 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6

106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W)
-12
-12
-11

0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495

Energy 1 (kWh)
-2

Energy 2 (kWh)
-2



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)

0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
115 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6

106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W)
-12
-12
-11

0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495

Energy 1 (kWh)
-2
-3

Energy 2 (kWh)



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed

Bin End (m/s)

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0

Count (50m #1)
1212
1578
2680
4450
7119
9442
11397
12228
11908
10618
8261
6482
5117
3723
2738
2058
1527
1131
748
526
385
261
181
127
97
64
45
29
18
6
106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W)
-12
-12
-11
0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495

Energy 1 (kWh)

161
435
813
1,183
1,501
1,585
1,631
1,653
1,491
1,346
1,235
1,096
956
743
601
504
386
299
230
188
128
92
60
37
12

Energy 2 (kWh)



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)
0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
11.5 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6
106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W)
-12
-12
-11

0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495
Total Energy

Energy 1 (kWh)

161
435
813
1,183
1,501
1,585
1,631
1,653
1,491
1,346
1,235
1,096
956
743
601
504
386
299
230
188
128
92
60
37
12
18,402

Energy 2 (kWh)

17,757



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)
0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
11.5 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6
106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W)
-12
-12
-11

0
39
102
229
399
596
848
1,151
1,510
1,938
2,403
2,949
3,602
4,306
5,071
5,960
6,856
7,849
8,863
9,928
10,885
11,619
12,019
12,276
12,395
12,449
12,495
Total Energy
Annual Energy

Energy 1 (kWh)

161
435
813
1,183
1,501
1,585
1,631
1,653
1,491
1,346
1,235
1,096
956
743
601
504
386
299
230
188
128
92
60
37
12
18,402
7,615

Energy 2 (kWh)

17,757
7,348



Bin Start (m/s)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5

Total Count

HRSD Wind Speed
Bin End (m/s) Count (50m #1)
0.5 1212
1.0 1578
1.5 2680
2.0 4450
2.5 7119
3.0 9442
3.5 11397
4.0 12228
4.5 11908
5.0 10618
5.5 8261
6.0 6482
6.5 5117
7.0 3723
7.5 2738
8.0 2058
8.5 1527
9.0 1131
9.5 748
10.0 526
10.5 385
11.0 261
11.5 181
12.0 127
12.5 97
13.0 64
135 45
14.0 29
14.5 18
15.0 6
106,156

Count (50m #2)
1131
1643
2758
4677
7168
9397
11648
12471
12004
10572
8205
6379
5140
3613
2628
1990
1471
1037
695
473
382
225
148
112

77

50

28

21

13

4
106,160

Bergey Excel-S Energy Production

Power (W) Energy 1 (kWh) Energy 2 (kWh)
-12 -2 -2
-12 -3 -3
-11 -5 -5

0 0 0
39 46 47
102 161 160
229 435 445
399 813 829
596 1,183 1,192
848 1,501 1,494
1,151 1,585 1,574
1,510 1,631 1,605
1,938 1,653 1,660
2,403 1,491 1,447
2,949 1,346 1,292
3,602 1,235 1,195
4,306 1,096 1,056
5,071 956 876
5,960 743 690
6,856 601 540
7,849 504 500
8,863 386 332
9,928 299 245
10,885 230 203
11,619 188 149
12,019 128 100
12,276 92 57
12,395 60 43
12,449 37 27
12,495 12 8
Total Energy 18,402 17,757
|_Annual Energy 7,615 7,348 |







ck E-
Date modified Type

9/1/2014 3:36 P File folder
9/3/2014 4:24 P Text Docu
F HRSD Final 10/3/2014 235PM  Windogra
E)HRSD GE-16 Predictions 9/3/2014 4:51 PM Microsoft

¢ i

m - »
File name: HRSD Final ] -m
Files of type: Wind Data Files ("windog “wd “ndf “6¢) _v] Cancel |




Windographer

File Flag
0O & &

Compare

Tools

Sk w’,y'\}\f%\,’" Wi

windographer

A
MDA M
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Importing file: N:ACISATACISAT-Shares\WCWE \Wind Data\wind Data\Archived Sitesh... \HRSD Final.txt
L 1]

Wersion 3.3.3 - Professional Edition

Detecting date & time... [

14 Mitaya Engiresing, Inc



| Save Template. I Load Template. I

Data column properties
peed 48.9 m Max

peed 43.1m
peed 49.1m 5D

peed 40.6 m Max
406m Min
n Temperature SO
n Temperature Max
n Temperature Min

ol ool ol ol =Ll ol ==l

=
g
i

"y~ Direction 48.5m 5D
Py~ Direction 48.5m Max
= Direction 48.5m Min
By= Direction 402 m

= Direction 40.2m 5D

o Pt 40 2 m Mooe . oon - Assign Defautt Colors to Al Columns

&0 PDF Mean Diurnal Profile Monthly Statistics for Speed 40.9 m Min

Frequensy (%)
58 &
Mean Valus [mfs)
E @ @

=

8
Value {m/s)




P File View Revise Flag Analyze Compare Tools Window Help

DEed B & (vEERS (%% FhT 2 RBAF o

Summary | Time Series | Wind Rose | Diumal Profie | Histogram | Scatter Plot | Tables | Reports |

Data set properties i Vertical Wind Shear Profile

Laiude: N 3653 37.440° g
Longtude: W 76”25 28.500"
Bevation:  15ft

Stat date: 1/6/2012 07:00

End date 2/22/2014 08:00
Duration 32months

Time step 10 minutes

Detapoirts: 4,971,672
Calmthreshold: Om/s

Environmental conditions
Mean temperature:  18.5°C
Mean pressure: 101.2kFa
Meanairdensty:  1.213ka/m
Air densty ratio: 0991

Height Abave Ground (m)

Wind speed and power
Meanat49.1m:  442m/s
Mean at 48.8 m: 447mss
Power densty at 50m: 94 W/m®
Wind power class: 1 (Poor)

Wind shear coefficients
Fower law exponent: 0621
Suface roughness:  7.57m
Roughness class 559

3 4
Wean Wind Speed fmis)

8 Monthly Wind Speed Profile

Mean Wind Speed (m/s]
w

Jen ' Feb ' Mar ~ Apr  May ' Jun ~ Jul  Aug ' Sep

Ot~ Nov ' Deo

w

Mean Wind Speed (mis)
W

Wind Frequency Rose
&

Diurnal Wind Speed Profile

——_‘\_/

12
Hour of Day




# File View Revise Flag Analyze

Compare Tools Window Help

D B0 &S | v RS %

T 2 BAF o

Data set properties

Elevation: 15ft
Start date:

End date:
Duration

Time step:

Data points
Calm threshold!

Environmental cond
Mean temperature
Mean pressure:
Mean air density:
Air density ratio:

Wind speed and pa
Mean at 43.1m,
Mean at 489 m.

Wind power class

Wind shear coeffici
Pawer law expone
Surface roughnes!
Roughness class:

Power density at 4|

100
Latitude: N 367 53' 37.440" m ‘

Summary |Time Senesl Wind Rose | Diumal Fmﬁ\el Histogram | Scatter Plot | Tables | Reports |

Vertical Wind Shear Profile

Longitude: W 767 25' 28.500"

— Measured data
= Power law fit
= Log law fit

Wind Freguency Rose
o

33752

25

-
P2 Wind Turbine Output

[ | B i

Turbine group | <All turbines> ~| ‘Wwind turbine

Turbines to compare

Power Curves

Expand...

Add Time Series
To Data Set

Name | Hub Height [ Color

Bergey EncelS 489m M

Selected turbine

Bergey Excel-5 [48.9m)

Remave from Comparisan

Hub height |Custom -
Custom height 489
colr I |

Al turbines

Add to Comparison |

Add Al to Comparison |

‘wind speed sensor to use at each hub height

489m [Speeddgdm

=l

Overall loss factor (%] | 16.005 _I

¥ Calculate results automatically — Caloulate Fesuli I

— Direction 48.5 m

Fesults
Display | summary table jv W alid Hub Height = Percentage Of Time At Simple Mean Mean of Monthly Means
Tubine Time | WindSpesd | Zen | Rated | MetPower| MetAEP | NCF | NetPower| NetAEP | WOF
Steps [m/s) Power | Power W) | whiwl | (%) fw) | pewhan |
Bergey Excel-5 (48.9m) 108171 439 221 019 08 EAIEIEE] 04 FE0T gEE
|
o
o o [:] 12 18 24
Jan | Feb | Mar ~ Apr | May = Jun Jul © Aug  Sep = Od | MNov | Dec Hour of Day

Direction 40.2 m




¥ File View Revise Flag Analyze Compare Tools Window Help

DSl EB@& YRR % Fhy 2RAF o

Summary |Time Senesl Wind Rose | Diumal Fmﬁ\el Histogram | Scatter Plot | Tables | Reports |

Data set properties ——————————————— Vertical Wind Shear Profile

100
Latitude: N 367 53' 37.440" m
Longitude: W 767 25' 28.500"

[/

— Measured data
= Power law fit
= Log law fit

Wi

33752

ind Frequency Rose
o

25

— Direction 48.5 m

Blevation: 15ft

-
Fencr P2 Wind Turbine Output - ] B
End date:

Duration Turbine graup | <All turbines: ~| wind turbine Add to Comparizon | Add All to Comparison |
Time step Turbines to campare Selected urbine wind speed sensor to use at each hub height

Data points §

Caim threshold Mame | Hub Height [ Color Bergey Excel-5 (48.9m) 48.9m ISpaed 489m ;I

Bergey ExcelS 425w I Remove from Comparison

Environmental cond|/|

Mean temperature Hubrheight | Custom j'

Mean pressure: Custom height 489

Mean air density:

Power Curves
Air density ratio B

Wind speed and paf|

WMean at 45.1m Ald Time Series
Mean ot 429 m TaData Set
Power density at 4|
Wiind power dlass

colr I |

Al turbines

Overall loss factor (%] | 16.005 _I

¥ Calculate results automatically — Caloulate Fesuli I

Surface roughnes!

Roughness class:

Wind shear coefficaf| T1oU® 3]
Power law expongll| Display | summary table = W alid Hub Height = Percentage Of Time At Simple Mean Mean of Monthly Means
Tubine Time | WindSpesd | Zen | Rated | MetPower| MetAEP | NCF | NetPower| NetAEP | WOF
Sicaa R - B
Bergey Excel-5 (48.9m) 106171 433 2.21 013 08 ‘e 83 k) FEN  BE2 1
|
o ' ' y ' y y y ' y y ' ' y '
]
o ] & 12 18 24
Jan ' Feb ' Mar ' Apr | May ' Jun ' Jul ' Aug | Sep ' Odd ' Nov ' Dec Hour of Day

Direction 40.2 m




Walid Hub Height | Percentage OF Time ot Simple Mean Mean of Monthly Means
Turbine Time YWind Speed £ Rated | Met Power |  Met AEP MCF fMet Power | Met AEFP MNCF
Steps [mn'z) Power Powwer [k [k by (%] [k [k by [%]
Bergey Excel-S [48.9m) 106,171 4.39 9.21 019 0s F = I 09 7.6 d.68




MET Tower - MET Tower -
GIS Assessment
Manual Software

Wind Speed (m/s) 4.38 4.44
Annual Energy
(kwh) 17,500 7,500 7,600
Ease of Use Easy Difficult Easy
Cost of MET Tower
Cost Free Cost of MET Tower + 41800

Accuracy Low High Highest



Wind Project Siting and Permitting

* The Energy in Wind

* Resource Assessment (Macro-siting)
* Energy Production Predictions

* Micro-siting

* Permitting



Is it windy?

Space and Surroundings

Avoid Turbulence

Permits, ordinances, & regulations!



Flow Pattern: Top View Flow Pattern: Top View
Wind Against Face Wind Against Edge
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Prevailing wind

Prevailing wind




Surface Roughness

Prevailing wind

%

3 mi (5 km)



oundary

* Lessens with
Distance

* Carried by Wind

e dB Levels of
Common Sounds

Jet Airplane

Industrial
Noise

(“!”) \Pneumaﬂcbﬂll

(¢

Stereo Music

Inside Car

Bedroom

Falling Leaves

* Sound pressure level at a distance of 350m

Source: AWEA




Height

Wind increases in strength as it gets further from the ground, so a

taller tower means a turbine will produce more energy. This is

Varical Wind Shess Profile

mostly due to being above all obstacles that could restrict wind.

||||||||
g Pl = B B 1)




Obstacles

Nearby obstacles (buildings, trees, etc) can cause turbulence that
can reduce the amount of energy a wind turbine can produce. The

rule-of-thumb is to site the turbine 30 feet higher than anything

within 500 feet of its location.




Land Use

Think about what the land is used for at the school. Is it just open

land, or is it used for something like recess or sports? Can you still

play football if there is a wind turbine in the middle of the field?




Prevailing Winds

Winds will come from many directions, but there is usually a

prevailing wind direction where the winds come from most of the

time. In Virginia that is usually the West — Northwest or Southwest.

We need to be sure that nothing is blocking the turbine from the

prevailing winds.




Distance to Building

When installing a turbine, it has to be connected to the building it
will power and the cost of cable to do that will get more expensive
the further away from the building the turbine is sited. This is
because more trenching and work are needed but also larger cable

will be needed to make up for any voltage loss with distance.




Setbacks and Safety

For safety reasons, counties and cities have rules as to how far away

from buildings, electric lines, cars, property lines, and other objects a

turbine needs to be, to ensure that if the turbine falls over {which it

never will) that it will not hit anything. The general rule-of-thumb is

to be at least as far from buildings and power lines as the turbine is
tall.




Environmental Issues

Issues such as bird and bat death are not an issue with small
(residential) wind turbines, but you will want to be sure to
understand if there would be any environmental issues with locating
a turbine at the site. Would it displace endangered or threatened

animals? Will it be in the way of migrating birds or bats?




Visibility

In most cases, people do not want to see a wind turbine and there
may be neighbors of a school that will have this concern and you will
want to consider that. However, the point of putting a turbine at a
school is to teach students and the public about wind energy so it is
helpful if the turbine is visible to students and any other school
traffic.




List of Considerations

Plot Plan

Address

Survey

Proposed Tower Location

Electrical Panel Location

Longitude & Latitude of the site
Elevation of the site

2 Spare circuit breaker locations in
breaker panel for interconnects
Access for crane/cement truck (if
needed)

Distance from panel to tower/turbine
Turbine setback, distance to buildings,
fences, utility poles

Proposed tower height

Town/county zoning

Pictures of site from all compass
directions

Picture of utility meter, panel box,
penetration of wiring into house

Copy of recent electric bill—account #
and utility provider

20/250 rule, turbulence, landscape
considerations

Google Earth map of the site
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Luray High School: 55t Skystre am Wind Turbine

Want to power the concession stand at the future football stadium. Assume predominant wind direction is from the west.
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Luray High School: 55t Skystre am Wind Turbine

Want to power the concession stand at the future football stadium. Assume predominant wind direction is from the west.




Athletic fields
Trees (60ft)

A

Henly Middle School

»

- Google earth
- (oMt
leve/2M eye alt 19301t
Henley Middle School: 45ft Skystream Turbine

Power will be used at the school. Assume predominant wind direction is from the west.




Athletic fields
Trees (60ft)

A

Henly Middle School

»

- Google earth
- (oMt
leve/2M eye alt 19301t
Henley Middle School: 45ft Skystream Turbine

Power will be used at the school. Assume predominant wind direction is from the west.




Google earth
C

o 1989 : Imagery Date: 10/4/2012 38927'07.03" N § elev 1409 ft . eye alt. 3042 ft
Thormas Harrison Middle School: S5ft Skystre am Turbine

Power will be used at the school. Assume predominant wind direction is from the west.
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Wind Project Siting and Permitting

* The Energy in Wind

* Resource Assessment (Macro-siting)
* Energy Production Predictions

* Micro-siting

* Permitting



* LOCAd

 Which permits you need depends on where
you live and how big of a project you're
considering.



* Military
— Close to military bases
* Fish and Wildlife Service

— E n d a n ge re d O r S e n S it ive Criteria for aviation obstructions that trigger FAA notification and permit:

- Antenna penetrates surface. FAA notice required.
L]
S e C I e S a r e a S « Airports with one runway more than 3,200 ft long, X=20,000 ft. Slope ratio 100:1
p - Airports with no runway over 3,200 ft. long X = 10,000 ft. Slope ratio 50:1

Source; Federal Aviation Administration




* SCC
— Only for projects > 100 MW



Virginia Net Metering Service

[a»bfwwunm
| s en moansen |

E APPALACHIAN
POWER
Aunit of American Electric Power

January 29, 2012



— Could be inviting or restrictive

— Could exist or..... not



Ordinance Status

Center for Wind Energy at James Madison University Updated 08/2013



Wind energy systems, small-scale.

(@)

(D]

The requirements set forth herein shall govern the siting of small wind energy systems used to generate electricity or
perform work which may bhe connected to the utility grid pursuant to Yirginia's net metering laws [section 56-594 of the
Code of Virginia), serve as an independent source of energy, or serve in a hybrid system.

The requirements for siting and construction of all small wind energy systems regulated by this article shall include the

following:

(11 small wind energy towers shall maintain a galvanized steel finish, unless FAA standards require othenwise, or if the
owner is attempting to confarm the wind energy tower to the surrounding environment and architecture, in which
case it may be painted to reduce visual obtrusiveness. A photo simulation may be required.

(2] Small wind energy systems shall not be artificially lighted unless required by the FAA or appropriate authority.

(31 Small wind energy towers shall not have any signs, writing, or pictures that may be construed as advertising.

(41 small wind energy systems shall not exceed sixty (60) decibels, as measured at the closest property line; however, the
level may be exceeded during short-term events such as severe windstormes.

i5] The applicant shall provide evidence that the proposed height of the small wind energy system tower does not exceed
the height recommended by the manufacturer or distributor of the system.

(6) The applicant shall provide evidence that the provider of electric utility service to the site has heen informed of the
applicant's intent to install an interconnected customer-owned electricity generator, unless the applicant intends, and
s0 states on the application, that the system will not be connected to the electricity grid. This action shall not construe
approval Tor net metering by the electric utility service.

{¥1 The applicant shall provide information demonstrating that the system will be used primarily to reduce on-site
consumption of electricity.



5.1.46 SMALL WIND TURBINES

The purpose of this section 5.1.46 is to authorize small wind turbines as an accessory use in order to
promote renewable energy. Each small wind turbine shall be subject to the following, as applicable:

a. Application for approval. In conj ion with the submittal of a building permit application for a

small wind turbine, the applicant shall submit the following information:

1. A plat of the parcel showing the lot lines, the location of the proposed small wind turbine
and the setbacks to the lot lines.

2 Plans that show the total height of the proposed structure, including rotors or turbine
blades and that show compliance with the building code.

Requirements. Each small wind turbine shall be subject to the following:

1.

Primary purpose. The primary purpose of the small wind turbine shall be to support and
provide power for one or more authorized uses of the property; provided that nothing
herein shall prohibit the owner from connecting the small wind turbine to a public utility
and selling surplus power to the utility.

Location. Notwithstanding section 4.2.3.1 of this chapter, the small wind turbine may be
located in an area on a lot other than a building site. A small wind turbine shall not be
located within a historic district or within a ridge area.

Setbacks. The small wind turbine shall not be located closer in distance to any lot line
than one hundred and fifty (150) feet. The agent may authorize a small wind turbine to
be located closer to any lot line if the applicant obtains an easement or other recordable
document showing agreement between the lot owners that is acceptable to the county
attorney and, where applicable, that prohibits development on the portion of the abutting
parcel sharing the common lot line that is within the small wind turbine’s fall zone. If the
right-of-way for a public street is within the fall zone, the Virginia Department of
Transportation shall be included in the staff review, in lieu of recording an easement or
other document.

Height. The small wind turbine shall not exceed the maximum height permitted for
structures within the applicable zoning district.

Lighting. The small wind turbine shall have no lighting.

Collocation. The small wind turbine shall not have personal wireless service facilities
collocated upon it.

Removal. The small wind turbine shall be disassembled and removed from the property
within ninety (90) days after the date the use(s) to which it provides power is
discontinued or its use to generate power is discontinued. If the agent determines at any
time that surety is required to guarantee that the small wind turbine will be removed as
required, the agent may require that the owner submit a certified check, a bond with
surety, or a letter of credit, in an amount sufficient for, and conditioned upon, the remowval
of the small wind turbine. The type and form of the surety guarantee shall be to the
satisfaction of the agent and the county attorney.

Approval. The agent is authorized to review and approve small wind turbines. The agent shall act
on the application before the building permit application or site plan for the small wind turbine is
approved. Notwithstanding subsection 5.1, no requirement of subsection 5.1.46(b) may be waived
or modified for a small wind turbine.

Denial. If the agent denies an application, it shall identify which requirements were not satisfied
and inform the applicant of what needs to be done to satisfy each requirement.



— pevelopea to assSISst I0Callties

— Addresses permitting process, appearance, noise,
lot size, setbacks, height, decommission, etc.

— Best option for Counties/Cities
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Associate Director,

Curriculum Coordinator

Blaine Loos
Energy Project Analyst
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S

vacenter4windenergy@jmu.edu

wind.jmu.edu
www.offshorewindVA.org

Visit our Facebook Page to ask questions, give
feedback, see current events and project photos, and
stay up-to-date on what’s happening at the Center and
with wind energy throughout Virginia!

Join our LinkedIn Group to engage in discussions,
participate in polls, read current articles, and ask
guestions!

Skype us via VACenterforWindEnergy to ask questions
or just chat with us!


http://www.windpowerva.org/
wind.jmu.edu
wind.jmu.edu
http://www.offshorewindva.org/

