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Technical Memorandum

Scott Koziar, Senior Project ManagerTO:

FROM: Scott Zeimetz, Senior GIS Specialist

DATE: December 2, 2011

SUBJECT: Shadow Flicker Analysis - New Frontier Wind Energy Project

1.0 Introduction

A shadow flicker modeling analysis was completed for the proposed turbine layout of the New Frontier

Wind Energy Project (Project) in McHenry County, North Dakota. The intent of this analysis was to

estimate shadow flicker potentially associated with operation of the Project. Although six turbine

models are currently under consideration for the Project, the largest turbine - the Siemens 2.3 MW 113

- was used for purposes of modeling shadow flicker. Because this turbine is the largest with the longest

blade lengths, it provides the most conservative (worst-case) shadow flicker scenario.

Shadow flicker caused by wind turbines is commonly defined as alternating changes in light intensity at a

given stationary location, or receptor, such as the window of a home. In order for shadow flicker to

occur, three conditions must be met:

•  the sun must be shining with no clouds obscuring the sun;

•  the rotor blades must be spinning and be located between the receptor and the sun; and

•  the receptor must be sufficiently close to the turbine to be able to distinguish a shadow created

by the turbine.

The shadow flicker intensity and frequency of occurrence at a given receptor are determined by a

number of interacting factors:

•  Sun angle and sun path. As the sun moves across the sky on a given day, shadows are longest

during periods nearest sunrise and sunset, and shortest nearest midday. Shadows are also

longer in winter than in summer. On the longest day of the year (the summer solstice), the sun's

path tracks much farther to the north (in the Northern Hemisphere) and much higher in the sky

than on the shortest day of the year (the winter solstice). As a result of the daily change in sun

path, the duration of shadow flicker at a given receptor will change subtly from one day to the

next, but significantly from one season to the next.

•  Turbine and receptor geometry. The frequency of occurrence of shadow flicker at a given

receptor tends to decrease with increasing distance between turbine and receptor. The

frequency of occurrence is also affected by the direction of sightline between turbine and

receptor. A turbine placed 1,000 feet due east of  a given receptor with no terrain change will
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cause shadow flicker (assuming operation and sunshine) at the receptor at some point during

the year while a turbine placed due north of the same receptor at the same distance will not,
due to the path of the sun. Additionally, the intensity of shadow flicker at a given receptor also
decreases with increasing distance between turbine and receptor because the width of the rotor

blade will cover less of the sun.

•  Cloud cover and degree of visibility. As noted above, shadow flicker will not occur when the sun

is obscured by clouds. A clear day has more opportunity for shadow flicker than a partly cloudy

day (a cloudy day has zero potential if the sun is obscured all day). Likewise, smoke, fog, haze, or

other phenomena limiting visibility would reduce the intensity of the shadow flicker.

• Wind Direction. The size of the area potentially affected by shadow flicker caused by a single

wind turbine is based on the direction that the turbine is facing in relation to the sun and

location of the receptor. The turbine is designed to face into the wind and, as a result, turbine

orientation is determined by wind direction. Shadow flicker will affect a larger area if the wind is

blowing from a direction so that the turbine rotor is near perpendicular to the sun-receptor view

line. Similarly, shadow flicker will affect a smaller area if the wind is blowing from a direction so

that the turbine rotor is near parallel to the sun-receptor view line.

• Wind Speed. As noted above, shadow flicker can only occur if the turbine is in operation.

Turbines are designed to operate within a specific range of wind speeds. If the wind speed is too

low (cut-in speed) or too high (cut-out speed), the turbine will not operate. However, most

turbines still rotate slowly even below their cut-in wind speeds to maintain lubrication to all

parts.

•  Local topography. Changes in elevation between the turbine location and the receptor can

either reduce or increase frequency of occurrence of shadow flicker due to that turbine,

compared to flat terrain.

•  Maintenance. Turbines which are inoperable for maintenance reasons will not cause occurrence

of shadow flicker.

Because wind turbines are usually located relatively far from potential shadow receptors, shadow flicker
typically occurs only at times and locations of low sun angles. This is most common just after sunrise and

Just before sunset, and in relatively higher latitudes (e.g., more northerly areas in the Northern
Hemisphere). While shadow flicker can be perceived outdoors, it tends to be more noticeable in rooms

with windows oriented to the shadows. Shadow flicker usually lasts less than 20 minutes at a typical

receptor each day (AWEA, 2008).

2.0 Methodology

The shadow flicker impacts were modeled using the SHADOW module in the WindPRO version 2.7.473

software package. This software models shadow flicker at individual receptors by performing a complete

simulation of the sun path throughout a whole year in user-definable time steps. Real-case shadow

flicker impacts in the area surrounding the wind turbines were calculated based on data inputs

including: location of the wind turbines based on the latest turbine layout, location of all nearby

residences, wind turbine dimensions (113-meter rotor diameter, 80-meter hub height), sunshine

probability, wind directional data, and terrain data. Based on these data, the model was able to
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incorporate the appropriate sun angle and maximum daily sunlight for this latitude into the calculations.

The model assumed a turbine would be located at each of 66 turbine locations - a conservative

assumption since this includes a number of alternative locations where a turbine would not likely be

built (e.g., if a Siemens 2.3 101 turbine is used, only 44 turbine locations out of the 66 possible turbine

locations would actually be used).

The locations of the residences were digitized in ESRI's ArcMap based on 2010 aerial imagery obtained

from the Farm Service Agency's (FSA) National Aerial Imagery Program (NAIP). This data was further

refined by field visits to determine if the residence were potentially occupiable. A base elevation was

assigned to each wind turbine and residence using Digital Elevation Models (DEM), with a 10 meter

resolution, obtained from the United States Geological Survey (USGS). The attached map shows the

location of the wind turbines and residences included in this analysis. During the initial model run, every

residence was assumed to have windows facing all directions ("greenhouse" mode) which yield

conservative results.

In addition, shadow flicker impacts were calculated only when the angle of the sun was at least 3° above

the horizon. Monthly sunshine probability values were input for each month from January to December.

These numbers were provided by the WindPRO software which chooses the nearest weather station to

the project being analyzed that it has within its databases. Data for this analysis came from the National

Weather Service (NWS) airport station in Bismarck, North Dakota. The table below shows average daily

sunshine hours by month used in the shadow flicker modeling.

Sunshine Probability (Average Daily Sunshine Hours)

Feb Apr May Jul Aug Sep Oct Nov DecJan Mar Jun

8.03 10.2 11.21 11.69 10.35 8.68 5.69 4.02 3.694.92 5.13 7.45

Wind directional data was also used in this analysis. This was completed by calculating the number of

hours that the wind could be blowing in 18 different directional sectors (20°sectors). Information for this
analysis was based on actual wind direction data collected by four on-site meteorological towers that

were installed between November 2007 and July 2008 and collected data used for this analysis until

October 2011. This analysis assumed that there would be adequate wind to operate the turbines 100

percent of the time (8,760 hours per year) - another conservative assumption. The table below shows

the hourly distribution for the 18 wind directions and their corresponding number of hours per wind

direction used in the shadow flicker modeling. These percentages are on an annual basis.

Operational Hours by Direction

20‘

12 13 15 16 17 TotalSectors 0 1 2 3 4 5 6 7 8 9 10 11 14

8.6 99.91.7 1.3 1.4 1.1 2.0 2.9 4.5 7.4 9.4 9.1 6.5 5.5 5.7 7.4 9.8 11.5Percent 4.1

Hrs/Year 252 397 652 825 800 568 479 501 651 856 1006 754 8,759363 149 116 119 94 177

After the initial run of the model, only three residences showed an excess of 30 hours per year of
shadow flicker using this conservative "green house" method. These three homes are participating

landowners within the Project. An onsite visit was made to the three homes to confirm real variables
including vegetation screening and window size to arrive at a more realistic estimate. This included

digitizing hedge rows or trees around the houses using aerial imagery. These features were then
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of shadow flicker consistently result in annoyances to residents. Currently, no published scientific
evidence positively links wind turbines with adverse health effects, and shadow flicker from wind
turbines does not cause seizures in persons with photosensitive epilepsy (National Health and Medical
Research Council, 2010).

As indicated above, a total of three occupiable structures on participating landowner's properties
(residences M, H, and 0) are predicted to experience more than 30 hours of shadow flicker per year.
Under likely real-case scenarios incorporating conservative data this could be as much as 48.8 to 74.8
hours of shadow flicker per year; under more likely conditions these values would range from 37.0 to
58.0 hours per year. No non-participating residential structures are expected to have more than 8.1
hours of shadow flicker per year. As is Meadowlark Wind I LLC's standard practice, complaints from any
landowner will be addressed on a case-by-case basis. A number of options exist to mitigate shadow

flicker impacts including adding window shades and/or planting screening vegetation.
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Maps

Results of Shadow Flicker Model in Relation to Occupiable Structures
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WindPRO Data Sheets
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WindPRO version 2.7.473 Jun 2010.
Prinledff^age

12/5/2011 12:01 PM /1

Project:

New Frontier 111117
Licensed user

Element Power

421 SW6th Ave., Suite 1000

US-PORTLAND, OR 97204

6027705189

Scott Zeimetz / scott.zeimetz@elpower.com
Calculated:

2/.5/2011 11:51 AM/2.7.4731

SHADOW - Main Result

Calculation: SWT 113 on 80m w obstacles

Assumptions for shadow calculations
Maximum distance for influence

Minimum sun height over horizon for influence

Day step for calculation
Time step for calculation

2,000 m

3 ”

1 days
1 minutes

Sunshine probability S (Average daily sunshine hours) [BISMARCK]
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
4.92 5.13 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

Operational time
0  1 2 3 4 5 6 7 8 9 10 11

363 149 116 119 94 177 252 397 652 825 800 568

12 13 14 15 16 17 Sum

479 501 651 856 1,006 754 8,759

Idle start wind speed: Cut in wind speed from power curve

A ZVI (Zones of Visual Influence) calculation is performed before flicker
calculation so non visible WTG do not contribute to calculated flicker values.

A WTG will be visible if it is visible from any part of the receiver window. The
ZVI calculation is based on the following assumptions:
Height contours used: Height Contours: Cont_2m_opt.wpo (2)
Obstacles used in calculation

Eye height: 1.5 m
Grid resolution: 10 m

Scale 1:200,000

Cs Shadow receptorA New WTG

WTGs

WTG type
Valid Manufact. Type-generator Power, Rotor Hub RPM

rated diameter height
[kW] [m] [m] [RPM]

354,684.90 5,307,345.60 624.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113,0 80.0 0.0
354,317.45 5,307,106.32 642.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,722.96 5,306,779.95 651.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
352,817.18 5,306,183,44 654.7 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,069.42 5,305,498.97 660.2 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,954.72 5,305,406.57 644.9 Siemens SWT-2.3-113 2300 1...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,624.15 5,304,958.49 656.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
352,865.53 5,304,888.50 653.3 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,357.51 5,304,316.72 655.7 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
352,900.35 5,303,634.39 656.0 Siemens SWT-2.3-113 2300 1...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
352,780.38 5,302,971.62 658.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,156.06 5,305,596.04 634.0 Siemens SWT-2.3-113 2300 1...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
355,618.51 5,305,385.20 640.8 Siemens SWT-2.3-113 23001...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,642.05 5,305,015.13 634.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,196.77 5,304,854.09 642.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0
355,352.86 5,304,613.58 648.9 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,028.45 5,303,951.33 644.9 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
355,052.31 5,303,745.36 652.3 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
355,911.51 5,303,196.30 654.0 Siemens SWT-2.3-11323001... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
355,083.30 5,302,949.79 658.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
354,222.64 5,302,470.88 648.5 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
353,880.16 5,302,117.68 652.0 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
354,845.27 5,301,562.12 652.0 Siemens SWT-2.3-113 23001...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
354,964.81 5,302,233.41 659.9 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
355,551.10 5,301,846.75 658.8 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,007.28 5,302,154.02 654.0 Siemens SWT-2.3-113 2300 1...Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
356,292.35 5,301,421.86 655.6 Siemens SWT-2.3-113 2300 1... Yes Siemens SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

North Z  Row data/Description

[m]

0.0

UTM NAD83 Zone: 14

East

UTM NAD83 Zone: 14
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Wind PRO version 2.7.473 Jun 2010.
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^ojec«:

New Frontier 111117

Printed/Page

12/5/2011 12:01 PM/2

Licensed user:

Element Power

421 SW 6th Ave., Suite 1000

US-PORTLAND, OR 97204

6027705189

Scott Zeimetz / scott.zeimetz@elpower.com
Calojteted:

12/5/2011 11:51muM
SHADOW - Main Result

CalculaHon^V^^^^on^SOmv^^
..continued from previous page

UTM NADSSZone: 14 WTGtype
Valid Manufact. Type-generator Power, Rotor Hub RPM

rated diameter height
East North Z  Row data/Description

[kW] Im] [m] [RPM]UTM NAD83 Zone: 14

357,169.95
357,592.26

357,669.32

358,049.42

358,568.17

359,334.06

359,155.93

358,729.16

357,582.13
358,805.35

354,503.62

354,583.85
354,278.58

353,217.36
353,477.02

359,128.80

359,846.75

354,785.53

356,307.54

359,614.17

354,387.00

356,350.68
355,462.34

354,993.26

354,446.88

353,354.94

353,156.97

354,356.64

355,470.76

355,516.48

356,270.80

356,404.56

356,890.59

358,333.55

358,100.22

358,303.12

360,239.00
358,583.00

357,825.38

[m]
113.0

113.0

80.0 0.028 5,302,410.18
5,303,490.34

5,302,412.86

5,302,623.53

5,302,932.69

5,303,282.30
5,302,405.91

5,301,972.85

5,301,673.51
5,303,512.73

5,308,282.26

5,308,718.69

5,307,835.27

5,306,549.18

5,306,042.92

5,303,916.93

5,303,158.30

5,305,478.69
5,303,477.12

5,304,042.60

5,303,038.03

5,307,133.73
5,305,921.48

5,304,891.83

5,304,383.74
5,303,744.33

5,303,125.82

5,301,473.64

5,303,863.43
5,303,115.24

5,304,317.44

5,302,223.42

5,301,473.85

5,301,769.19

5,303,431.13

5,304,341.26
5,303,663.03

5,304,623.03
5,304,014.60

644.0 Siemens SWT-2.3-113 2300 1... Yes

632.0 Siemens SWT-2.3-113 2300 1... Yes

646.0 Siemens SWT-2.3-113 2300 1... Yes

649.5 Siemens SWT-2.3-113 2300 1... Yes

643.4 Siemens SWT-2.3-113 2300 1... Yes

628.0 Siemens SWT-2.3-113 2300 1... Yes

638.0 Siemens SWT-2.3-113 2300 1... Yes

638.0 Siemens SWT-2.3-113 2300 1... Yes

642.0 Siemens SWT-2.3-113 2300 1... Yes

628.0 Siemens SWT-2.3-113 2300 1... Yes

606.0 Siemens SWT-2.3-113 2300 1... Yes

595.2 Siemens SWT-2.3-113 2300 1... Yes

622.7 Siemens SWT-2.3-113 2300 1... Yes

663.3 Siemens SWT-2.3-113 2300 1... Yes

650.0 Siemens SWT-2.3-113 2300 1... Yes

616.1 Siemens SWT-2.3-113 2300 1... Yes

618.3 Siemens SWT-2.3-113 2300 1... Yes

621.6 Siemens SWT-2.3-113 2300 1...Yes

636.9 Siemens SWT-2.3-113 2300 I . Yes

600.0 Siemens SWT-2.3-113 2300 1... Yes

644.0 Siemens SWT-2.3-113 2300 1... Yes

596.0 Siemens SWT-2.3-113 2300 1... Yes

626.0 Siemens SWT-2.3-113 2300 1... Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

654.0 Siemens SWr-2.3-113 2300 1... Yes

649.7 Siemens SWT-2.3-113 2300 1... Yes

644.5 Siemens SWT-2.3-113 2300 I . Yes

652.0 Siemens SWT-2.3-113 2300 1... Yes

656.0 Siemens SWT-2.3-113 2300 1... Yes

640.0 Siemens SWT-2.3-113 2300 1... Yes

647.1 Siemens SWT-2.3-113 2300 1... Yes

640.0 Siemens SWT-2.3-113 2300 1...Yes

637.6 Siemens SWT-2.3-113 2300 1...Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

609.6 Siemens SWT-2.3-113 2300 1... Yes

597.4 Siemens SWT-2.3-113 2300 1... Yes

598.0 Siemens SWT-2.3-113 2300 1... Yes

619.7 Siemens SWT-2.3-113 2300 1... Yes

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2,3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2,3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2,3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2,3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

SWT-2.3-113-2,300 2,300
SWT-2.3-113-2,300 2,300

80.0 0.029

113.0 80.0 0.030

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113,0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113,0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

80.0 0.031

32 80.0 0.0

80.0 0.033

80.034 0.0

35 80.0 0.0

80.0 0.036

80,0 0.037

38 80.0 0.0

80.0 0.039

80.0 0.040

41 80.0 0.0

42 80.0 0.0

80.0 0.043

80.0 0.044

80.0 0.045

80.046 0.0

80.0 0.047

80.0 0.048

49 80.0 0.0

50 80.0 0.0

80.0 0.051

80.0 0.052

80.053 0.0

80.0 0.054

80.0 0.055

80.056 0.0

80.0 0.057

58 80.0 0,0

59 80.0 0.0

80.0 0.060

61 80.0 0.0

62 80.0 0.0

80.0 0.063

80.064 0.0

65 80.0 0.0

80.0 0.066

Shadow receptor-input

UTM NAD83Zone: 14

NorthNo. East Z  Width Height Height Degrees from Slope of Direction mode
a.g.l. south cw window

[m] [m] [m] Im] n n
0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

0.0 "Green house mode"

A 355,226.56 5,309,341.77 581.9

B 355,287.94 5,309,266.92 582.0

C 356,648.32 5,308,030.23 585.5

D 357,647.07 5,306,178.72 589.5

E 356,582.26 5,306,316.13 589.0

F 355,604.62 5,307,543.13 594.0

G 355,125.24 5,306,945.19 605.4

H 354,119.43 5,306,611.00 642.1

1.0 1.0 1.0 -180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

1.0 1.0 1.0

1.0 1.0 1.0

1.01.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

1.0 1.0 1.0

JiTo he continued on next page...
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SHADOW - Main Result

alculation: SWT 113 on 80m w obstacles

continued from previous page
UTM NAD83 Zone: 14

EastNo. North Z  Width Height Height Degrees from Slope of
a.g.l. south cw window

Direction mode

[m] [m] [m] [m] [”]
I  354,133.28 5,306,374.07 643.1

J 352,764.76 5,304,473.06 650.7

K 354,097.00 5,304,133.53 636.9

L 354,038.59 5,303,820.90 637.3

M 355,699.34 5,304,240.10 649.3

N 360,718.72 5,304,906.41 571.1

O 355,661.11 5,302,442.52 652.5

P 355,605.19 5,301,326.71 654.0

Q 354,310.34 5,309,442.94 586.0

R 355,940.03 5,308,365.04 585.0

S 356,023.22 5,307,975.51 588.1

T 355,634.43 5,300,982.36 647.3

U 358,960.54 5,301,029.04 616.0

V 353,242.76 5,300,542.14 637.2

W 355,305.26 5,300,407.50 639.6

X 355,287.22 5,300,129.80 634.7

Y 355,400.97 5,300,004.29 632.0

Z 355,446.47 5,300,001.15 632.0

AA 355,618.26 5,299,995.66 632.6

AB 355,727.81 5,300,487.28 637.9

AC 355,797.03 5,299,702.85 629.5

AD 355,109.73 5,300,327.92 640.6

AE 355,413.02 5,300,293.85 635.7

AF 356,159.63 5,300,614.54 639.4

1.0 1.0 1.0 -180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

-180.0

0.0 "Green house mode"

"Green house mode"

"Green house mode”

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

"Green house mode"

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

1.0 1.0 1.0 0.0

Calculation Results

Shadow receptor
Shadow, worst case

No. Shadow hours Shadow days Max shadow
hours per day

[h/day]
per year

[h/year]
per year

[days/year]

Shadow, expected values
Shadow hours

27:24

30:27

per year

[h/year]
60A 0:32 7:04

B 86 0:31 8:04

C 0:00 0 0:00 0:00

D 8:26 48 0:17 2:14

E 24:10

47:26

35:40

131:07

61:03

51:46

81:50

82:00

229:35

17:37

137:06

51:37

92 0:22 6:30

F 158 0:35 17:24

13:51

54:38

19:06

20:22

28:48

28:15

74:46

G 116 0:46

189H 1:04

I 197 0:37

J 135 0:42

K 229 0:59

L 184 1:02

M 200 2:12

N 86 0:20 4:39

O 210 1:12 48:46

21:26P 90 0:59

Q 0:00 0 0:00 0:00

R 23:50

17:12

10:20

124 0:17 7:34

S 100 0:18 6:20

T 56 0:24 4:28

U 6:35 35 0:17 3:12

V 0:14 7 0:02 0:05

iTo be continued on next oaae...
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M/2 7.4731

SHADOW - Main Result

Cajculation^W^^^r^Orr^^bstades

..continued from previous page
Shadow, worst case

No. Shadow hours Shadow days Max shadow Shadow hours
hours per day

[h/day]
0:00

0:00

Shadow, expe

per year

[h/year]
0:00

per year

[h/year]
0:00

per year

[days/year]
0W

0:000:00 0X

cted values

0:00 0:000:00 0Y

0:000 0:00Z 0:00

0:00 0:000:00 0AA

0:000 0:00AB 0:00

0:00 0:000AC 0:00

0 0:00 0:000:00AD

0:000 0:00AE 0:00

0:06 0:351:12 17AF

Total amount of flickering on the shadow receptors caused by each WTG
Worst case

[h/year]
30:19

29:36

97:52

No. Name

1 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (2)
2 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (3)
3 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (4)

Expected
[h/year]
9:01

4 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (5)
5 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (6)
6 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (7)
7 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (8)
8 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (9)
9 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (10)
10 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (11)
11 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (12)
12 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (13)
13 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (14)
14 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (15)
15 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (16)
16 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (17)
17 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (18)
18 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (19)
19 Siemens SWT-2.3-113 2300 113.010! hub: 80.0 m (20)
20 Siemens SWT-2.3-113 2300 113.0 lOI hub: 80.0 m (21)
21 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (22)
22 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (23)
23 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (24)

24 Siemens SWT-2.3-113 2300 113.0 10! hub: 80.0 m (25)
25 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (26)
26 Siemens SWT-2.3-113 2300 113.0 !OI hub: 80.0 m (27)
27 Siemens SWT-2.3-113 2300 113.0 lOI hub: 80.0 m (28)
28 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (29)
29 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (30)
30 Siemens SWT-2.3-113 2300 113.0 10! hub: 80.0 m (31)
31 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (32)
32 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (33)

33 Siemens SWT-2.3-113 2300 113.0 lOI hub: 80.0 m (34)
34 Siemens SWT-2.3-113 2300 113.0 !OI hub: 80.0 m (35)
35 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (36)
36 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (37)
37 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (38)
38 Siemens SWT-2.3-113 2300 113.0 lO! hub: 80.0 m (39)
39 Siemens SWT-2.3-113 2300 113.0 10! hub: 80.0 m (40)

11:10

47:02

4:32 1:37

14:21 3:44

0:00 0:00

16:27 6:18

0:00 0:00

53:52

13:39

11:46

22:30

4:28

3:09

4:25 1:16

17:13 4:35

0:00 0:00

0:584:01

11:47

101:13

53:41

4:43

32:39

17:47

0:00 0:00

3:2711:34

2:37 1:03

0:522:07

21:13

21:00

9:19

7:10

0:00 0:00

29:45

10:11

85:29

25:34

0:512:06

0:00 0:00

0:000:00

0:00 0:00

0:00 0:00

0:000:00

0:00 0:00

0:00 0:00

6:34 3:12

0:00 0:00

5:5613:14

63:22 18:21

J\jo be continued on next oaae...
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SHADOW - Main Result

Calculation^W^^^r^OjT^^bstacles

...continued from previous page
No. Name Expected

[h/year]
Worst case

[h/year]
11:42

16:57

58:43

4:2940 Siemens SWT-2.3-113 2300 113.0 !0!

41 Siemens SWT-2.3-113 2300 113.0 !0!

42 Siemens SWT-2.3-113 2300 113.0 !0!

43 Siemens SWT-2.3-113 2300 113.0 !0!

44 Siemens SWT-2.3-113 2300 113.0 !0!

45 Siemens SWT-2.3-113 2300 113.0 !0!

46 Siemens SWT-2.3-113 2300 113.0 !0!

47 Siemens SWT-2.3-113 2300 113.0 !0!

48 Siemens SWT-2.3-113 2300 113.0 !0!

49 Siemens SWT-2.3-113 2300 113.0 !0!

50 Siemens SWT-2.3-113 2300 113.0 !0!

51 Siemens SWT-2.3-113 2300 113.0 !0!

52 Siemens SWT-2.3-113 2300 113.0 !0!

53 Siemens SWT-2.3-113 2300 113.0 !0!

54 Siemens SWT-2.3-113 2300 113.0 !0!

55 Siemens SWT-2.3-113 2300 113.0 !0!

56 Siemens SWT-2.3-113 2300 113.0 !0!

57 Siemens SWT-2.3-113 2300 113.0 !0!

58 Siemens SWT-2.3-113 2300 113.0 !0!

59 Siemens SWT-2.3-113 2300 113.0 !0!

60 Siemens SWT-2.3-113 2300 113.0 !0!

61 Siemens SWT-2.3-113 2300 113.0 !0!

62 Siemens SWT-2.3-113 2300 113.0 !0!

63 Siemens SWT-2.3-113 2300 113.0 !0!

64 Siemens SWT-2.3-113 2300 113.0 !0!

65 Siemens SWT-2.3-113 2300 113.0 !0!

66 Siemens SWT-2.3-113 2300 113.0 !0!

hub:80.0 m (41)
80.0 m (42)
80.0 m (43)
80.0 m (44)
80.0 m (45)
80.0 m (46)
80.0 m (47)
80.0 m (48)
80.0 m (49)
80.0 m (50)
80.0 m (51)
80.0 m (52)
80.0 m (53)
80.0 m (54)
80.0 m (55)
80.0 m (56)
80.0 m (57)
80.0 m (58)
80.0 m (59)
80.0 m (60)
80.0 m (61)
80.0 m (62)
80.0 m (63)
80.0 m (64)
80.0 m (65)
80.0 m (66)
80.0 m (67)

6:52hub:

15:45hub:

3:56 1:02hub:

0:00 0:00hub:

0:31hub: 1:58

0:00 0:00hub:

3:3713:40hub:

4:22 2:07hub:

20:56

12:49

7:23hub:

3:57hub:

0:00 0:00hub:

4:19 1:42hub:

16:05hub: 47:55

20:15

13:12

65:41

5:51hub:

5:23hub:

20:10hub:

hub: 3:34 1:14

36:07

16:12

12:03

13:59hub:

5:44hub:

4:38hub:

0:00 0:00hub:

0:00 0:00hub:

0:00hub: 0:00

0:00 0:00hub:

0:00 0:00hub:

0:00hub: 0:00
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SHADOW - Main Result

Calculation^^^^^r^OiT^Vindow^^bstacles
Assumptions for shadow calculations
Maximum distance for influence

Minimum sun height over horizon for influence
Day step for calculation
Time step for calculation

2,000 m

3 °
A

1 days
1 minutes

A 39

A 38
40Sunshine probability S (Average daily sunshine hours) [BISMARCK]

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
4.92 5.13 7.45 8.03 10.20 11.21 11.69 10.35 8.68 5.69 4.02 3.69

AA-
A 49

A4'-Operational time

0 1 2 3 4 5 6 7 8 9 10 11

363 149 116 119 94 177 252 397 652 825 800 568

A «

A ®A 6 ;45
8a ' A

A

5

13

'^51“ A
A1

^ 56 A7
A 46

12 13 14 15 16 17 Sum

479 501 651 856 1,006 754 8,759

Idle start wind speed: Cut in wind speed from power curve

9
A^

53

A 29 62

I'' A "^llA '^'^^31^^
A^^23 25A A__ 3g 61

571948
A

35

27 60

33 4454A ZVI (Zones of Visual Influence) calculation is performed before flicker
calculation so non visible WTG do not contribute to calculated flicker values.

A WTG will be visible if it is visible from any part of the receiver window. The
ZVI calculation is based on the following assumptions:
Height contours used: Height Contours: Cont_2m_opt.wpo (2)
Obstacles used in calculation

Eye height: 1.5 m
Grid resolution: 10m

11

Scale 1:125,000

Cs Shadow receptorA New WTG

WTGs

UTM NAD83 Zone: 14

East

WTG type
Valid Manufact. Type-generator Power, Rotor Hub RPM

rated diameter height
[kW] [m] [m] [RPM]

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0
SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

S\WT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
SWT-2.3-113-2,300 2,300 113.0 80.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113,0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0
SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

SWT-2.3-113-2,300 2,300 113,0 80.0 0.0

SWT-2.3-113-2,300 2,300 113.0 80.0 0.0

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

Siemens

0.0

0,0

North Z  Row data/Description

UTM NAD83 Zone: 14 [m]
1 354,684.90 5,307,345.60 624,0 Siemens SWT-2.3-113 2300 1... Yes

354,317.45 5,307,106.32 642.0 Siemens SWT-2.3-113 2300 1... Yes

353,722.96 5,306,779.95 651.0 Siemens SWT-2.3-113 2300 1... Yes

352,817.18 5,306,183.44 654.7 Siemens SWT-2.3-113 2300 1... Yes
353,069.42 5,305,498.97 660,2 Siemens SWT-2.3-113 2300 1... Yes
353,954.72 5,305,406.57 644.9 Siemens SWT-2.3-113 2300 1... Yes

353,624.15 5,304,958.49 656.0 Siemens SWT-2,3-113 2300 1... Yes
352,865.53 5,304,888.50 653.3 Siemens SWT-2.3-113 2300 1... Yes

353,357,51 5,304,316.72 655.7 Siemens SWT-2.3-113 2300 1... Yes

352,900.35 5,303,634.39 656.0 Siemens SWT-2.3-113 2300 1... Yes

352,780.38 5,302,971.62 658.0 Siemens SWT-2.3-113 2300 1... Yes

356,156.06 5,305,596.04 634.0 Siemens SWT-2.3-113 2300 1... Yes

355,618.51 5,305,385.20 640.8 Siemens SWT-2.3-113 2300 1... Yes

356,642.05 5,305,015.13 634.0 Siemens SWT-2.3-113 2300 1... Yes

356,196.77 5,304,854.09 642.0 Siemens SWT-2.3-113 2300 1... Yes

355,352,86 5,304,613.58 648.9 Siemens SWT-2.3-113 2300 1... Yes

356,028.45 5,303,951.33 644.9 Siemens SWT-2.3-113 2300 1... Yes

355,052.31 5,303,745.36 652.3 Siemens SWT-2.3-113 2300 1... Yes

355,911.51 5,303,196.30 654.0 Siemens SWT-2.3-113 2300 1... Yes
355,083,30 5,302,949.79 658.0 Siemens SWT-2.3-113 2300 1... Yes
354,222.64 5,302,470.88 648.5 Siemens SWT-2.3-113 2300 1... Yes

353,880.16 5,302,117.68 652.0 Siemens SWT-2.3-1132300 1... Yes
354,845.27 5,301,562.12 652.0 Siemens SWT-2.3-113 2300 1... Yes

354,964.81 5,302,233.41 659.9 Siemens SWT-2.3-113 2300 1... Yes

355,551.10 5,301,846.75 658.8 Siemens SWT-2.3-113 2300 1... Yes

356,007.28 5,302,154.02 654.0 Siemens SWT-2.3-113 2300 1... Yes

356,292.35 5,301,421.86 655.6 Siemens SWT-2.3-113 2300 1... Yes

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27
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111202 NFW Windows

SHADOW - Main Result

CalculatioiT^V^^^r^OrT^Vindow^^bstacles

.. continued from previous page
UTM NAD83 Zone; 14 WTG type

Valid Manufact. Type-generator Power, Rotor Hub RPM
rated diameter height

Z  Row data/DescriptionEast North

[m] [RPM][kW] [m]UTM NAD83 Zone: 14

357,169.95

357,592.26

357,669.32

358,049.42

358,568.17

359,334.06

359,155.93

358,729.16

357,582.13

358,805.35

354,503,62

354,583.85
354,278.58

353,217.36

353,477.02

359,128,80

359,846.75

354,785.53

356,307.54

359,614.17

354,387.00

356,350.68
355,462.34

354,993.26

354,446.88
353,354.94

353,156.97

354,356.64

355,470.76

355,516.48

356,270.80
356,404.56

356,890.59

358,333.55
358,100.22

358,303.12

360,239.00
358,583.00

357,825.38

[m]
113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

113.0

80.0 0.0Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2,3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300
Siemens SWT-2.3-113-2,300 2,300

Siemens SWT-2.3-113-2,300 2,300

644.0 Siemens SWT-2.3-113 2300 1...Yes

632.0 Siemens SWT-2.3-113 2300 1...Yes

646.0 Siemens SWT-2.3-113 2300 I . Yes

649.5 Siemens SWT-2.3-113 2300 1...Yes

643.4 Siemens SWT-2.3-113 2300 I . Yes

628.0 Siemens SWT-2.3-113 2300 1... Yes

638.0 Siemens SWT-2.3-113 2300 I . Yes

638.0 Siemens SWT-2.3-113 2300 1...Yes

642.0 Siemens SWT-2.3-113 2300 1... Yes

628.0 Siemens SWT-2.3-113 2300 1... Yes

606.0 Siemens SWT-2.3-113 2300 I . Yes

595.2 Siemens SWT-2.3-113 2300 1... Yes

622.7 Siemens SWT-2.3-113 2300 1... Yes

663.3 Siemens SWT-2.3-113 2300 1... Yes

650.0 Siemens SWT-2.3-113 2300 1... Yes

616.1 Siemens SWT-2.3-113 2300 1...Yes

618.3 Siemens SWT-2.3-113 2300 1...Yes

621.6 Siemens SWT-2.3-113 2300 1... Yes

636.9 Siemens SWT-2.3-113 2300 1... Yes

600.0 Siemens SWT-2.3-113 2300 1... Yes

644.0 Siemens SWT-2.3-113 2300 1... Yes

596.0 Siemens SWT-2.3-113 2300 1...Yes

626.0 Siemens SWT-2.3-113 2300 1... Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

654.0 Siemens SWT-2.3-113 2300 1...Yes

649.7 Siemens SWT-2.3-113 2300 1...Yes

644.5 Siemens SWT-2.3-113 2300 I . Yes

652.0 Siemens SWT-2.3-113 2300 I . Yes

656.0 Siemens SWT-2.3-113 2300 1...Yes

640.0 Siemens SWT-2.3-113 2300 1...Yes

647.1 Siemens SWT-2.3-113 2300 1...Yes

640.0 Siemens SWT-2.3-113 2300 1... Yes

637.6 Siemens SWT-2.3-113 2300 1... Yes

634.0 Siemens SWT-2.3-113 2300 1... Yes

609.6 Siemens SWT-2.3-113 2300 I . Yes

597.4 Siemens SWT-2.3-113 2300 1... Yes

598.0 Siemens SWT-2.3-113 2300 1...Yes

619.7 Siemens SWT-2.3-113 2300 1...Yes

28 5,302,410.18

5,303,490.34

5,302,412.86

5,302,623.53

5,302,932.69

5,303,282.30

5,302,405.91

5,301,972.85

5,301,673.51

5,303,512.73
5,308,282.26

5,308,718.69
5,307,835.27

5,306,549.18
5,306,042.92

5,303,916.93

5,303,158.30

5,305,478.69

5,303,477.12

5,304,042.60
5,303,038.03

5,307,133.73
5,305,921.48

5,304,891.83

5,304,383.74

5,303,744.33

5,303,125.82
5,301,473.64

5,303,863.43

5,303,115.24

5,304,317.44
5,302,223.42

5,301,473.85

5,301,769.19

5,303,431.13

5,304,341.26

5,303,663.03
5,304,623.03

5,304,014.60

80.0 0.029
80.0 0.030
80.0 0.031
80.0 0.032
80.0 0.033
80.0 0.034

0.080.035

80.0 0.036
80.0 0.037

0.080.038
80.0 0.039
80.0 0.040
80.0 0.041

80.0 0.042

80.0 0.043
0.080.044

80.0 0.045

80.0 0.046

0.080.047

80.0 0.048
80.0 0.049

80.0 0.050
80.0 0.051
80.0 0.052
80.0 0.053

0.080.054
80.0 0.055
80.0 0.056
80.0 0.057
80.0 0.058
80.0 0.059

0.080.060
80.0 0.061
80.0 0.062
80.0 0.063
80.0 0.064

0.080.065

80.0 0.066

Shadow receptor-input
UTM NAD83Zone: 14

NorthNo. East Z  Width Height Height Degrees from Slope of Direction mode
a.g.l. south cw window

[”] n[m] [m] [m] [m]
-180.0 90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

90.0 Fixed direction

A 354,119.43 5,306,611.00 642.1

B 354,124.45 5,306,610.87 642.0

C 354,124.45 5,306,610.87 642.0
D 354,124.05 5,306,594.87 642.1

E 355,699.34 5,304,240.10 649.3

F 355,697.00 5,304,240.13 649.3

G 355,695.00 5,304,240.16 649.3
H 355,694.00 5,304,240.19 649.3

1.0 1.0 1.0

1.0 1.0 -90.01.0

1.0 1.0 1.0 0.0

90.01.0 1.0 1.0

1.0 1.0 -180.01.0

-90.01.0 1.0 1.0

1.0 0.01.0 1.0

1.0 1.0 90.01.0

JHilismmuai
WindPRO is developed by EMD International A/S. Niels Jemesvej 10, DK-9220 Aalborg 0, TIf. *45 96 35 44 44. Fax *45 96 35 44 46. e-mail: mndpro@emd.dk

on nextmiSi



WindPRO version 2.7.473 Jun 2010.
=fO(ect Prirted/Page

■[TimQn 1:37 PM/3
Ucensed usef:

Element Power
421 SW 6th Ave., Suite 1000
US-PORTLAND, OR 97204
6027705189
Scott Zeimetz / scott.zeimetz@elpower.com
Calculated:

12/5/2011 1 37 PM/2 7 473

111202 NFW Windows

SHADOW • Main Result
i^alculation: SWT 113 on 80m Windows w obstacles
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UTM NAD83 Zone: 14

EastNo. North Z  Width Height Height Degrees from Slope of Direction mode
south cw windowa.g.l.

[m] [m] [m] [m] n n
I 355,659.00

355,661.11
355,660.00
355,656.00
355,655.00

5,302,438.03
5,302,440.03
5,302,439.03
5,302,438.06
5,302,439.03

652.6
652.6
652.6
652.6
652.6

1.0 1.0 1.0 -45.0

-135.0
-45.0

90.0 Fixed direction
90.0 Fixed direction
90.0 Fixed direction
90.0 Fixed direction
90.0 Fixed direction

J 1.0 1.0 1.0
K 1.0 1.0 1.0
L 1.0 1.0 1.0 45.0

M 1.0 1.0 1.0 135.0

Calculation Results
Shadow receptor

Shadow, worst case Shadow, expected values
No. Shadow hours Shadow days Max shadow Shadow hours

per year hours per day
[h/day]

per year
[h/year]

per year
[h/year][days/year]

93:07 45:18A 100 1:04
B 3:55 42 0:10 1:21
C 38:31

118:44
39:16
133:58
187:08
93:10
101:43
95:58
103:07
36:56
33:09

90 0:39 10:23
49:13

15:13
48:45
58:08
25:32
36:36
34:32
37:04
12:36
11:14

D 169 1:04
E 75 0:46
F 193 1:02
G 126 2:11
H 110 1:18

I 169 1:00
J 175 0:58
K 174 1:00
L 163 0:40

M 129 0:40

Total amount of flickering on the shadow receptors caused by each WTG
Worst caseNo. Name Expected

[h/year][h/year]
1 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (2)
2 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (3)
3 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80,0 m (4)
4 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (5)
5 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (6)
6 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (7)
7 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (8)
8 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80,0 m (9)
9 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (10)

10 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (11)
11 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80,0 m (12)
12 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (13)
13 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (14)
14 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (15)
15 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (16)
16 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (17)
17 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (18)
18 Siemens SWT-2.3-113 2300 113.0 10! hub: 80.0 m (19)
19 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (20)
20 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (21)
21 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (22)
22 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (23)
23 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (24)

0:00 0:00
0:00 0:00
98:58 48:16
0:00 0:00
0:00 0:00
0:00 0:00
0:00 0:00
0:00 0:00

0:00 0:00
0:00 0:00
0:00 0:00
0:00 0:00
1:51 0:35
0:00 0:00
0:00 0:00
0:00 0:00
98:53
34:12

33:11
9:54

0:00 0:00
0:00 0:00
2:39 1:04
1:01 0:19
0:00 0:00

ITq be continued on next oaae
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No. Name Expected

[h/year]
Worst case

[h/year]
21:4024 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (25)

25 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (26)
26 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (27)
27 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (28)
28 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (29)
29 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (30)

30 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (31)
31 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (32)
32 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (33)
33 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (34)
34 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (35)

35 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (36)
36 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (37)
37 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (38)
38 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (39)
39 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (40)
40 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (41)
41 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (42)
42 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (43)
43 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (44)
44 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (45)
45 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (46)
46 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (47)
47 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (48)
48 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (49)
49 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (50)
50 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (51)
51 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (52)
52 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (53)
53 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (54)
54 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (55)
55 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (56)
56 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (57)
57 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (58)
58 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (59)
59 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (60)
60 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (61)
61 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (62)
62 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (63)
63 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (64)
64 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (65)
65 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (66)
66 Siemens SWT-2.3-113 2300 113.0 !0! hub: 80.0 m (67)

6:52

0:000:00

86:24 30:28

0:00 0:00

0:502:05

0:00 0:00

0:00 0:00

0:00 0:00

0:00 0:00

0:000:00

0:00 0:00

0:00 0:00

0:00 0:00

0:00 0:00

0:000:00

0:00 0:00

0:00 0:00

0:000:00

38:30 10:10

0:00 0:00

0:00 0:00

0:00 0:00

0:00 0:00

0:00 0:00

4:25 2:09

0:00 0:00

2:02 0:41

0:00 0:00

1:223:29

0:00 0:00

0:00 0:00

1:003:36

56:20 15:49

0:00 0:00

35:59

16:30

13:54

6:19

1:123:24

0:00 0:00

0:000:00

0:00 0:00

0:000:00

0:00 0:00

0:00 0:00
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