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Figure 1.  Lake Benton Zond Z50 (750 kW) Turbine Layout and Nearby Residences/Buildings 
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Table 1.  Modeled Shadow Hours/Year at Receptors for Sample Year 2018 

Receptor Coordinates  

(UTM Zone 14T, WGS84 Datum) 
Shadow 
Hours Days per Year Shadow Hours Days per Year 

and Minutes with Shadow and Minutes with Shadow 

Receptor Easting Northing per Year Flicker Receptor Easting Northing per Year Flicker 

1 712177 4910103 41:23 155 39 705435 4911357 19:5 55 

2 714563 4910581 0:0 0 40 708677 4911608 89:26 134 

3 714481 4910092 0:0 0 41 710141 4911563 26:06 103 

4 713295 4911649 0:0 0 42 711204 4911650 0:0 0 

5 713914 4911748 0:0 0 43 708231 4910174 6:35 29 

6 714200 4911888 0:0 0 44 707436 4910014 0:0 0 

7 714143 4911891 0:0 0 45 706599 4909986 0:0 0 

8 713597 4911943 0:0 0 46 709694 4908851 7:09 39 

9 713294 4912492 0:0 0 47 710703 4908637 10:38 50 

10 713546 4912502 0:0 0 48 707009 4909252 0:0 0 

11 712182 4911685 0:0 0 49 705554 4910342 0:0 0 

12 712170 4911880 0:0 0 50 704699 4909912 0:0 0 

13 711928 4914027 0:0 0 51 706609 4908344 0:0 0 

14 711666 4914886 0:0 0 52 708892 4907885 0:0 0 

15 710191 4914282 0:0 0 53 707200 4908142 0:0 0 

16 709874 4916352 0:0 0 55 712141 4907167 16:03 51 

17 708991 4916371 0:0 0 56 711531 4908618 3:40 25 

18 706865 4917913 0:0 0 57 712654 4905561 0:0 0 

19 705418 4917733 0:0 0 58 712975 4905204 0:0 0 

20 705071 4917897 0:0 0 59 713049 4905580 0:0 0 

21 706763 4916153 17:18 83 60 713063 4905745 0:0 0 

22 707964 4914954 29:38 93 62 714940 4906894 0:0 0 

23 702908 4915115 0:0 0 63 714798 4907387 2:26 16 

24 702891 4913372 0:0 0 64 713601 4907848 60:45 186 

25 705002 4914343 47:3 169 65 713087 4908623 28:24 75 

26 708258 4914343 61:32 207 66 711890 4907435 14:50 69 

27 709078 4913473 8:32 32 67 711804 4905002 0:0 0 

28 710209 4913752 2:27 16 68 712380 4904301 0:0 0 

29 710634 4913132 20:29 71 69 715809 4905350 0:0 0 

30 709759 4913148 18:29 87 70 716426 4905363 0:0 0 

31 708545 4913004 32:19 107 71 716453 4905411 0:0 0 

32 707397 4913198 34:22 98 72 716474 4906338 0:0 0 

33 707478 4913188 27:32 80 73 715769 4907359 0:0 0 

34 707088 4912903 39:35 107 74 715040 4908282 0:0 0 

35 705406 4912639 25:08 39 75 715592 4909252 0:0 0 

36 704712 4913038 12:47 52 76 714602 4903724 0:0 0 

37 703822 4912712 53:53 142 77 715209 4904389 0:0 0 

38 703930 4912027 13:24 53 78 715406 4904460 0:0 0 
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Figure 2.  Lake Benton Modeled Shadow Hours/Year at Receptors 
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Figure 3.  Lake Benton Shadow Flicker Receptor Impacts 
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Figure 4.  Lake Benton Shadow Flicker Monthly-Diurnal Impacts 
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1  International Review of Policies and Recommendations for Wind Turbine Setbacks from Residences: Setbacks, Noise, Shadow 

Flicker, and Other Concerns.  Minnesota Department of Commerce: Energy Facility Permitting, 2011 
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Table 2.  Annual Possible Sunshine and Potential for Shadow Flicker Reduction 

Annual Annual 

Annual Hours of Hours of 

Average Shadow Shadow 

Possible Flicker -100% Flicker 

Month Sunshine (%) Sunshine Adjusted 

Jan 53 78 37 

Feb 59 30 12 

March 57 36 15 

April 56 53 23 

May 62 72 27 

June 67 107 35 

July 74 88 23 

Aug 69 58 18 

Sept 62 46 17 

Oct 51 30 15 

Nov 37 60 38 

Dec 38 112 69 

Annual 57 771 331 
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2 Multiple sources: Energy-Saving Landscaping for Your Passive Solar Home, North Carolina Solar Center, June 2001, 
https://nccleantech.ncsu.edu/wp-content/uploads/Energy_Landscape.pdf 
Reducing Urban Heat Islands: Compendium of Strategies, Trees and Vegetation, Climate Protection Partnership Division in the 
U.S., Environmental Protection Agency’s Office of Atmospheric Programs, 2014,
https://www.epa.gov/sites/production/files/2014-06/documents/treesandvegcompendium.pdf

https://nccleantech.ncsu.edu/wp-content/uploads/Energy_Landscape.pdf
https://www.epa.gov/sites/production/files/2014-06/documents/treesandvegcompendium.pdf
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Table 3.  Receptor 1 Overall Results 

Shadow Flicker (min) 2483 Estimated from overall analysis 

Shadow Flicker (min) 2,476 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 2,525 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) -73.8 Without cloud cover or deciduous tree factors 

Shadow Flicker (min) 649

Shadow reduction (%) -85.9
Includes cloud cover and deciduous tree 
factors 

Shadow Flicker (min) 350
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Figure 5.  Receptor 1 Aerial Image with Line of Site from Turbines
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Figure 6.  Receptor 1 Broad Aerial Image with Line of Site from Turbines
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Figure 7.  Receptor 1 Monthly Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 

Figure 8.  Receptor 1 Time of Day Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 
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Table 4.  Receptor 25 Overall Results 

Shadow Flicker (min) 2,823 Estimated from overall analysis 

Shadow Flicker (min) 2,568 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 2,762 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) -97.6 Without cloud cover or deciduous tree factors 

Shadow Flicker (min) 61

Shadow reduction (%) -96.9
Includes cloud cover and deciduous tree 
factors 

Shadow Flicker (min) 80
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Figure 9.  Receptor 25 Aerial Image with Line of Site from Turbines 
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Figure 10.  Receptor 25 Broad Aerial Image with Line of Site from Turbines
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Figure 11.  Receptor 25 Monthly Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 

Figure 12.  Receptor 25 Time of Day Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 
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Table 5.  Receptor 26 Overall Results 

Shadow Flicker (min) 3,692 Estimated from overall analysis 

Shadow Flicker (min) 3,177 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 3,526 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) -90.5 Without cloud cover or deciduous tree factors 

Shadow Flicker (min) 301

Shadow reduction (%) -90.5
Includes cloud cover and deciduous tree 
factors 

Shadow Flicker (min) 310
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Figure 13.  Receptor 26 Aerial Image with Line of Site from Turbines 
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Figure 14.  Receptor 26 Broad Aerial Image with Line of Site from Turbines
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Figure 15.  Receptor 26 Monthly Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 

Figure 16.  Receptor 26 Time of Day Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 
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Table 6.  Receptor 37 Overall Results 

Shadow Flicker (min) 3,233 Estimated from overall analysis 

Shadow Flicker (min) 3,243 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 3,280 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) 0.0 Without cloud cover or deciduous tree factors 

Shadow Flicker (min) 3,243 

Shadow reduction (%) -51.6
Includes cloud cover and deciduous tree 
factors 

Shadow Flicker (min) 1,570
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Figure 17.  Receptor 37 Aerial Image with Line of Site from Turbines 
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Figure 18.  Receptor 37 Broad Aerial Image with Line of Site from Turbines
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Figure 19.  Receptor 37 Monthly Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 

Figure 20.  Receptor 37 Time of Day Shadow Flicker, No Obstructions, All Obstructions, 
and Adjusted Estimate 
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Table 7.  Receptor 40 Overall Results 

Shadow Flicker (min) 3,645 Estimated from overall analysis 

Shadow Flicker (min) 4,979 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 5,699 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) -43.2 Without cloud cover or deciduous tree factors 

Shadow Flicker (min) 2,828

Shadow reduction (%) -56.0
Includes cloud cover and deciduous tree 
factors 

Shadow Flicker (min) 2,190
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Figure 21.  Receptor 40 Aerial Image with Line of Site from Turbines 
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Figure 22.  Receptor 40 Broad Aerial Image with Line of Site from Turbines
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Figure 23.  Receptor 40 Monthly Shadow Flicker, No Obstructions, All Obstructions,  
and Adjusted Estimate 

 
Figure 24.  Receptor 40 Time of Day Shadow Flicker, No Obstructions, All Obstructions,  

and Adjusted Estimate 
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Table 8.  Receptor 64 Overall Results 

           

Shadow Flicker (min) 3,645 Estimated from overall analysis   

Shadow Flicker (min) 3,479 Detailed analysis, no obstructions, mean from all windows 

Shadow Flicker (min) 3,630 Detailed analysis, no obstructions, max from all windows 

Shadow reduction (%) -41.7 Without cloud cover or deciduous tree factors   

Shadow Flicker (min) 2027         

Shadow reduction (%) -64.6 
Includes cloud cover and deciduous tree 
factors       

Shadow Flicker (min) 1,230         
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Figure 25.  Receptor 64 Aerial Image with Line of Site from Turbines 
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Figure 26.  Receptor 64 Broad Aerial Image with Line of Site from Turbines
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Figure 27.  Receptor 64 Monthly Shadow Flicker, No Obstructions, All Obstructions,  
and Adjusted Estimate 

 
Figure 28.  Receptor 64 Time of Day Shadow Flicker, No Obstructions, All Obstructions,  

and Adjusted Estimate 
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering

Receptor Site 1
Type House
Orientation N/S
Stories Story & a half (old portion, with west dormer).  New is largely garage
Shadow flicker from Generally west

Turbine Turbine
Shadow Flicker Direction    Distance to
Turbines from House House (m)

93 WNW 916
96 NW 505
100 SW 926
101 SW 882

Approx size 
Windows Number (height/width) Notes

Facing west 2 upper, 2 lower + door upper =  1' H x 1.5'W, lower 

~2.5'Wx5', other lower is bay 

window, overall ~6' wide x 

5'H,  1/4 top door window

Facing north 1 upper, 2 lower upper = ~1.5'Wx3'H, lower ~2'Wx3'Wmixed small trees on 

north side, also in 

driveway loop, mostly 

~10 feet high

Facing south 0 South wall of new 

garage is incomplete, 

not yet sided, only 

housewrapped.  No 

apparent windows or 

doors on south side

Approx. Approx. 
Obstructing Features Height (m) Dist. From House (m) Notes

West barns/silos 6

45 bldgs are all ~ same 

height as 

home/garage ~ 20-

25'

W/NW trees 15-20m mixed
80-120 lots of low brush, 

largely deciduous
SW barns/silos 6

SW trees 6-7m 30-80 brushy trees, with 

outermost tier 

composed of 4-8m 

evergreens on slightly 

elevated 

ground/berm
Other structures 170-220

Other notes and observations

Expansion is underway, addition of a 3 car attached garage to south side of home, appears to double the area.  

Photo from driveway has clear view inline with house of 100&101 - home base elev is much lower than 

turbine base.  Trees on south removed to make way for expansion.  Porch overhang is a good 4+ feet deep, 
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Facing Turbine 96 from Receptor 1 

 

Facing Receptor 1 from Turbine 96  
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Facing Turbine 93 from Receptor 1 

Facing Receptor 1 from Turbine 93 
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View of West Face of Receptor 1 from Road 

 

Facing Turbine 101 from Receptor 1 
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Facing Receptor 1 from Turbine 101  

Facing Turbine 100 from Receptor 1 
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Facing Receptor 1 from Turbine 100 

View from Receptor 1 from Driveway in line with Windows of Home 
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Looking up Driveway at Receptor 1 
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering Note: This residence may be difficult to ascertain all windows due to long drive

Receptor Site 25
Type House
Orientation E/W
Stories 2
Shadow flicker from East and West

Turbine Turbine
Shadow Flicker Direction    Distance to
Turbines from House House (m)

9 ENE 420
10 ENE 809
11 ENE 932
20 WSW 908
30 ESE 920

Approx size 
Windows Number (height/width) Notes

Facing west 2 upper, 2 lower view of house was limited due to long drive

Facing east not visible - obscured almost completely by East 

trees/vegetation
Facing north not visible - obscured completely by North 

trees/vegetation
Facing south 2 upper, 1 lower + door could see 1/2 of home, assume other is match + 

door

Approx. Approx. 
Obstructing Features Height (m) Dist. From House (m) Notes

S/SE trees see note 30 Evergreen/Decid mix, evergreens ~2/3 height of 

deciduous: ~20m decid., ~10-15m evergreen

East trees see note 10 Evergreen/Decid mix, evergreens ~2/3 height of 

deciduous: ~20m decid., ~10-15m evergreen, 

North end of the east side (N of driveway) are a 

little nearer to evenly 10-15m for both decid and 

evergreen
West trees 10 10
SW structures 6.25 25
SE Structures 5 30
Silo 10 50

Other notes and observations

estimation of dimensions of windows is challenging due to distance and heavy cover.  Eastern window on South wall was slightly 

visible down driveway, appears to have old-style metal shade extended out over it.  From alignment with turbine 9, thick vegetation 

obscures the house completely
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Facing from Turbine 9 from Receptor 25 

Facing Receptor 25 from Turbine 9 
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Facing from Turbine 20 from Receptor 25 

Facing Receptor 25 from Turbine 20 
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Inline between Receptor 25 and Turbine 21 

 

Inline between Receptor 25 and Turbine 20 
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering Note: This residence may be difficult to ascertain all windows due to long drive and trees

Receptor Site 26
Type House
Orientation N/S
Stories 2
Shadow flicker from East and West

Turbine Turbine
Shadow Flicker Direction    Distance to
Turbines from House House (m)

18 WNW 921
19 WNW 739
41 ENE 425
42 E 545
43 ESE 637
44 SE 787
45 SE 940

Approx size 

Windows Number (height/width) Notes

Facing west not visible West side isn't clearly visible.  Top of roof and some 

shingles visible through treetops from turbine #19, 

bulk is below evergreen portions and not visible.

Facing east 2 upper, 2 lower, plus 2 

doors with glass
Facing north 2 upper level ~1.5/Wx2.5'H /lower level is garage
Facing south 2 upper, 2 lower ~1.5/Wx2.5'H, may be larger on 

lower level, not clearly visible

South face visibility limited, throuhg trees.

Approx. Approx. 
Obstructing Features Height (m) Dist. From House (m) Notes

West trees 15 Rows of several varieties, including deciduous & 

evergreen.  Evergreen ~60% of the height of 

decidouous
East trees 17 East trees appear to me mostly deciduous
North trees 15 Rows of several varieties, including deciduous & 

evergreen.  Evergreen ~60% of the height of 

decidouous
South trees ~17 Appear largely deciduous, can't see the base but 

tops are in line with the east trees. There are a few 

evergreens mixed in on the south side

NE structures NA NE structure is gone
East structure 9 this is the ENE structure, in line with the silo&its lean-

to shed
SE structures 7 This is for ESE structure
Other structures 20 Silo has a roughly 15m lean-to shed on its north side

Other notes and observations

Clear view of front door right down the driveway, some masking may fill in a bit with leaves, but it’s a pretty clear view
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Facing Receptor 26 from Turbine 19 

Facing Turbine 41 from Receptor 26  
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Facing Receptor 26 from Turbine 41  
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Facing Receptor 26 from Turbine 41 from road 

Facing Receptor 26 from Turbine 42 

Facing Receptor 26 from Turbine 42 looking down driveway 
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Facing Receptor 26 from Turbine 42  
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Facing Receptor 26 from Turbine 43 

Facing Receptor 26 from Turbine 43 on road 



CLIENT’S DISCRECTION Lake Benton, Minnesota Shadow Flicker Assessment 

 
55 

    

Facing Receptor 26 from Turbine 44  

Facing Receptor 26 from Turbine 44 on road  

Facing Receptor 26 from Turbine 45  
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering

Receptor Site 37
Type House
Orientation N/S
Stories 1.5 - daylighted basement has full windows @ ground level
Shadow flicker from South east

Turbine Turbine
Shadow Flicker Direction  Distance to
Turbines from House House (m)

49 SE 326
50 SE 501
51 SE 680
52 SE 855

Approx size 
Windows Number (height/width) Notes

Facing east 3 + door 3'Hx2'W upper windows (one is a 

double, 2 are singles), lower is 

slightly smaller.  Door has pair of 

thin veritcal lights ~6"W x 3'H

Facing south 3 upper, 2 lower 1 double, 1 single, match upstairs 

dimensions 3'Hx2'W

Approx. Approx. 
Obstructing Features Height (m) Dist. From House Notes

Building SE NA Building is gone

Trees south 3 76

appears to be a lilac hedge, 

with a few slightly taller 

trees sporadically
Tree next to house SE NA Tree is gone

Other notes and observations

All cover to the SE appears gone, the small barn and the tree on the SE corner both have been removed.  There are non 

Lake Benton turbines to the W & NW as well
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Facing Receptor 37 from Turbine 49  

Facing Turbines 50 and 52 from Receptor 37 
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Facing Turbines 50 and 52 from Receptor 37 
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering

Receptor Site 40
Type Town hall
Orientation N/S
Stories One tall level, with basement windows
Shadow flicker from East/West

Turbine Turbine
Shadow Flicker Direction    Distance to
Turbines from House House (m)

68 WNW 210
73 ENE 807
74 ENE 862
75 ESE 990

Approx size 
Windows Number (height/width) Notes

Facing west 6 upper, 7 lower, plus door 2' W x 6' H Upper, 1'Wx2'H 

basement, 2'Wx5'H on entry, 

half door

Many of western basement are 

obscured by ramp,  one fully 

and one partially boarded over

Facing east 7 upper, 6 lower, 1 on entry same dimensions as west face

Facing north None Only an access panel on the 

north wall
Facing south 4 plus 1 in door 2'Wx6'H on main building, pair 

2'Wx5'H on entry, half door 

window

Approx. Approx. 
Obstructing Features Height (m) Dist. From House (m) Notes

Trees East 15 10 Single row of trees

Trees North 15 15 Single row of trees, with 

several gaps

Other notes and observations

Upper level is divide into 3 main spaces, 1 window deep on north, 3 windows center, 3 windows south, plus lower entry 

has own windows on each side
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North side of Township Hall 

Facing north from Township Hall 
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Facing east-northeast from Township Hall 

Facing east from east side of Township Hall 



CLIENT’S DISCRECTION Lake Benton, Minnesota Shadow Flicker Assessment 

 
62 

    

South side of Township Hall 

Facing south from Township Hall 
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West face of Township Hall 

 
 

East face of Township Hall 
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Facing west from Township Hall 

Facing Turbine 68 from Receptor 40, south end of building 
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Facing Turbine 68 from Receptor 40, north end of building 

 

Facing Turbine 73 from Receptor 40, south end of building 
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Facing Turbine 73 from Receptor 40, north end of building 

Facing Turbine 74 from Receptor 40, south end of building 
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Facing Turbine 74 from Receptor 40, north end of building 

Facing Turbine 75 from Receptor 40, south end of building 
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Facing Turbine 75 from Receptor 40, north end of building 
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Shadow Flicker Site Visit Notes
Lake Benton, MN
Barr Engineering

Receptor Site 64
Type House
Orientation E/W
Stories
Shadow flicker from Generally west

Turbine Turbine
Shadow Flicker Direction    Distance to
Turbines from House House (m)

124 W 962
125 NW 945
126 NW 632
127 WNW 495
128 W 373
131 SW 495

Approx size 
Windows Number (height/width) Notes

Facing west 2 ~2'x2' In west wall of garage, no windows 

on West face of home
Facing south 5 Patio door to deck, 1 roughly 4'Hx8'wide 4-panel 

window, 1 ~4'Wx4'H 2-pane windows in western 

half (up & down).  Lower east window is 

obscured in under the new deck.  Also garage 

service door with top half window tucked into 

alcove, and top panels of garage doors are glass.

Facing north 3 Door with ~1'Wx2'H side lights (future north deck 

access?, no deck there now), garage service door 

may have a little window on top

Approx. Approx. 
Obstructing Features Height (m) Dist. From House Notes

Trees NW 14.5 16

Trees south 10.7 26
Trees west 18.4 10 This is a quite tall deciduous tree, 

there's a little ~3-4m tree next to it 

slightly southward
Trees SW 5.5 40-70 Southwest trees are evergreens in a 

line along the road. Some scattered 

~1m bushes in the loop of the 

driveway

Trees along E/W road to south 5 78-150 Trees are pretty patchy and all 

deciduous
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Facing Turbine 126 from Receptor 64 

Facing Turbine 127 from Receptor 64 
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Facing Receptor 64 from Turbine 128 

Facing Turbine 128 from Receptor 64 
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Facing Turbine 131 from Receptor 64 

Facing Receptor 64 from Turbine 131 
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Facing Receptor 64 from Turbine 127 
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