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Executive Summary 

The Ummbila Emoyeni wind farm, located in the Mpumalanga Province of South Africa, is 

undertaking a Scoping and EIA process. As an outcome of the visual assessment specialist report, 

a shadow flicker study was required. Windlab’s technical team has undertaken this study in 

support of the EIA.  The methodology and outcome are outlined below, as are the proposed 

mitigation measures to be applied  
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1 BACKGROUND TO PROJECT 
Emoyeni Renewable Energy Farm (Pty) Ltd is the applicant in the development of a commercial 

wind farm and associated infrastructure on a site located ~6km south-east of Bethal and 1km east 

of Morgenzon, within the Mpumalanga Province. The project site is located across the Govan 

Mbeki, Lekwa, and Msukaligwa Local Municipalities within the Gert Sibande District. The facility 

will have a contracted capacity of up to 666MW consisting of approximately 111 Wind Generation 

Turbines and will be known as the Ummbila Emoyeni Wind Energy Facility. The project is planned 

as part of a larger cluster of renewable energy projects on an area of ~27 819ha. The grid 

connection infrastructure for the facility will include a 400/132kV Main Transmission Substation 

(MTS), to be located between Camden and SOL Substations, which will be looped in and out of the 

existing Camden-Sol 400kV transmission line, on-site switching stations (132kV in capacity), 132kV 

power lines from the switching station to the new 400/132kV MTS, and a collector substation with 

2 x 132kV bus bars and 4 x 132kV IPP feeder bays to onsite IPP Substation. 

2 APPLICABLE GUIDELINE 
In South Africa there is no national or local requirement in terms of the maximum shadow-flicker 

thresholds from wind turbines that is legally permitted. 

International regulations vary widely. In this study, the Australian guidelines were used. These 

guidelines are documented in the National Wind Farm Development Guidelines – Draft document. 

These are considered international best standards. 

3 CONTEXT 
Shadow flicker refers to the moving shadows that an operating wind turbine casts on surrounding 

areas when rotor blades pass in front of the sun, causing a flickering effect while the rotor is in 

motion. When the sun is high, shadows are confined to areas surrounding the turbine structure 

base. However, in the morning and late afternoon – when the sun is at a lower azimuth – shadows 

can cast out further to adjacent properties. Shadow flicker does not occur when fog or clouds 

obscure the sun, or when turbines are not operating. Shadow flicker is most pronounced in 

southern latitudes during winter months due to the lower angle of the sun in the sky.   

The distance between a wind turbine and a potential shadow flicker receptor affects the intensity 

of the shadows cast by the blades, and therefore the intensity of flickering. Shadows cast close to 

a turbine will be more intense, distinct, and focused.  This is because a greater proportion of the 

sun’s disc is intermittently blocked by the turbine. Obstacles such as terrain, vegetation, and/or 

buildings occurring between receptors and wind turbines may significantly reduce or eliminate 

shadow flicker effects. The shadow flicker assessment methodology contained within the 

Australian Guidelines recommends assessing shadow flicker out to a distance of 265 x the 

maximum blade chord (width) from each turbine. The intensity of the shadows decreases with 

distance and beyond this distance shadow flicker effects are essentially undetectable. 
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Shadow flicker is not considered a health-related issue, as blade pass frequencies for modern 

commercial-scale wind turbines are so low they are considered harmless.  According to the British 

Epilepsy Association (2007), approximately five percent of individuals with epilepsy have 

sensitivity to light, and most people with photo-sensitive epilepsy are sensitive to flickering around 

16-25 Hz (Hertz or Hz = 1 flash per second), although some people may be sensitive to rates as low 

as 3 Hz and as high as 60 Hz. Modern wind turbines are usually built to operate at a frequency of 

1 Hz or less. There is no evidence that wind turbines operating at this frequency can trigger 

seizures (British Epilepsy Association, 2007)1. Therefore, the primary concern with shadow flicker 

is the annoyance it could cause for adjacent receptors (i.e., within the zone of influence of 

shadows). 

Shadow flicker location and duration can be predicted using computer modelling programs and 

input data regarding turbine characteristics and weather conditions.  A “worst-case” shadow 

flicker scenario could be predicted based on the assumptions that there are no clouds or fog, wind 

conditions allow continuous turbine operation, the turbine rotor is continuously perpendicular to 

the sun, and the turbine rotor is always positioned between the receptor and the sun. However, 

this “worst case” is not what would actually occur, as turbines are not in continuous operation, 

are not always aligned perpendicular to the sun, and are not always positioned between the 

receptor and the sun. In addition, sunlight intensity and duration vary daily and seasonally, and 

obstacles that block shadows (terrain, vegetation, and buildings) exist in the landscape. 

4 METHODOLOGY 
4.1 PROPOSED WIND FACILITY LAYOUT & MODEL 

Ummbila Emoyeni is proposed to include up to 111 wind turbines; the turbines are proposed to 

be up to 312,5m in overall height with a rotor diameter of up to 225m and a hub-height of up to 

200m. This does not correspond to any particular turbine; rather it was used to obtain shadow 

flickering for the worst-case scenario. Therefore, this shadow flicker analysis is considered to be 

conservative. 

The maximum blade chord of the proposed turbine is 6.39m. This value was calculated using the 

average turbine-diameter ratio of existing turbines. The zone of influence of shadows modelled 

for this turbine has a radius of 1,636m. This is 265 times the maximum blade chord (as stipulated 

by the Australian Guideline). Figure A-1 (Appendix A) shows the proposed turbine layout. 

Preliminary turbine coordinates are presented in Table A-1 in Appendix A. 

4.2 SHADOW FLICKER ASSESSMENT METHODOLOGY 
OpenWind Enterprise Version 01.08.00.2465h was used to calculate the number of hours per year 

that the sun will be located behind the rotor disk of a turbine, as seen by an observer at each 

affected house. The modelling assumptions were set as recommended in international Guidelines. 

These are shown in Table 4 1 

 
1 British Epilepsy Association. 2012. Photosensitive Epilepsy [website]. Available at: 

http://www.epilepsy.org.uk/info/photosensitive-epilepsy (Accessed March 6, 2013). Epilepsy Action, Yeadon Leeds, 

UK. 
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Table 3-1: Model Settings as Recommended by the Australian Guidelines 

Model Parameter  Recommended Setting  OpenWind 
Setting 

Zone of influence of shadows  265 x maximum blade chord  265× 6.39 = 
1,636m 

Minimum angle to the sun  3 degrees  3 degrees 
Shape of the sun  disk  Disk 
Time and duration of modelling  one full year representing a non-leap year 12 to 15 

years after the date of DA submission  
2030 

Orientation of the rotor  sphere or disk facing the sun  Disk facing the 
sun 

Offset between rotor and tower  not required  none 
Time step  ten (10) minutes or less  1 minute 
Effects of topography  include  Included 
Receptor height  1.5 m – 2 m and window / balcony height where 

dwellings have more than one storey  
2m2 

Receptor location  a map should be provided and the highest level of 
annual shadow flicker within 50 m of the centre of a 
dwelling reported.  

Figure 1 

Grid size for mapping and 
assessment of shadow flicker at 
a receptor  

not more than 25 m  25m 

 

This model is conservative for a number of reasons: 

- It assumes that clouds never obscure the sun.  

- It assumes the turbines are always turning.  

- It assumes turbines are always facing directly towards or away from the observer, 

presenting the maximum disk rotor area possible, increasing the chances of shadow 

flicker.  

- It ignores vegetation that could be obscuring the turbine from the observer.3 

- It includes time that the observer is being shaded by the turbine nacelle, despite 

there being no flickering of the shadow during these periods.  

- The model will double count flicker duration if two or more turbines are 

simultaneously causing shadow flicker at the observer.  

As a result, the predicted number of hours of shadow flicker is a worst-case scenario, and 

actual values are likely to be substantially less. 
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5 RESULTS 

Following the recommendations of the shadow flicker assessment methodology in the applicable 

guidelines, the modelled radius of influence of shadow flicker for the proposed turbine is 1,636m. 

Figure 1 shows houses that will potentially be affected by shadow flicker. The results are 

summarised per turbine and event duration in Table 4 2. 

 Table 3-2: Location and identification of all houses affected by shadow flicker. 

House ID Longitude (I) Latitude (I) Hours/year 

81 29.5972 -26.6239 264 
48 29.5424 -26.5146 134 
83 29.6174 -26.495 110 
82 29.6107 -26.5173 108 
76 29.5889 -26.5307 95 
85 29.622 -26.5243 88 
21 29.6245 -26.5755 87 
24 29.6198 -26.6322 87 
22 29.6206 -26.5741 85 
19 29.6148 -26.6022 74 
39 29.5314 -26.5917 63 
7 29.6735 -26.7561 48 
47 29.5452 -26.506 44 
99 29.6429 -26.5497 44 
80 29.6016 -26.5431 43 
57 29.5543 -26.6128 42 
75 29.5908 -26.5763 41 
60 29.551 -26.5922 39 
70 29.5684 -26.5642 37 
40 29.532 -26.5817 35 
77 29.5982 -26.511 34 
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The graphic below shows shadow flickers at each affected house. 

 

Figure 1:  Map showing the annual hours of shadow flicker, assuming 1,636m zone of influence 

from each turbine location. The location of houses affected of by shadow flicker is also shown.   
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6 PROPOSED MITIGATION 
The most effective mitigation would be the moving of receptors should the shadow flicker 

adversely affect any dwelling or establishment within the project area.  Please also note that 

Windlab has an excellent relationship with all of the landowners involved in the Project and would 

not position a wind turbine in a position that would negatively affect any landowner. Windlab is 

therefore always willing to work with landowners and to site turbines so to minimize or eliminate 

any impact. This will be done during the final walkthrough prior to construction. 

DNV offers a shadow flicker protection system that ensures compliance with all regulations, 

including sound protection and protection of endangered species such as bats. Additionally, it 

safeguards against any charges, as the system records every single shutdown induced by the 

module. Operators and authorities can access and view these records using the free “Shadow 

Memory” software tool. 

A single shadow flicker protection system can monitor up to 50 turbines and up to 300 locations. 

In addition to the light detection sensor system, the system is provided with a GPS receiver, 

enabling automatic correction of the internal module clock. Satellite coverage enables the 

automatic correction feature to reduce calculation inaccuracies. In large wind farms, additional 

secondary light sensors are often used to assess the light conditions in various areas of the wind 

farm to achieve even better performance. 

 

Other Mitigation Methods: 

• Vegetation blocking shadows - Vegetation, topography and development can block 

shadows at certain locations 

• Scheduling turbine operation 

7 CONCLUSION 
Shadow flicker is a nuisance that needs to be identified, assessed and then mitigated wherever 

possible. This technical study has identified a total twenty-one receptors that could possibly be 

affected by shadow flicker. Note that not all of these homesteads are confirmed to be occupied 

and some of the structures could be sheds or used for farming purposes. This will be confirmed 

during the final walk through prior to construction. The impact from shadow flicker on the known 

receptors is not severe to effect human health, and as mentioned in the report, landowners will 

be involved in the final WTG layout decision-making process. Additionally, should further 

mitigation be required, Windlab is open to applying this. International standards have been 

applied during this technical study in the absence of South African standards. 
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8 APPENDIX A 

 

Figure 3-1:  Map showing turbine locations, annual hours of shadow flicker and houses affected of 

by shadow flicker. 
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Table 3-2: Location of all turbines in the Ummbila Emoyeni AoI 

Turbine ID Longitude (I) Latitude (I) 
1 29.6465 -26.5847 
2 29.59 -26.555 
3 29.5529 -26.5214 
4 29.6307 -26.5872 
5 29.6104 -26.6103 
6 29.6365 -26.6357 
7 29.5991 -26.5344 
8 29.6255 -26.6602 
9 29.6122 -26.527 
10 29.6034 -26.6322 
11 29.606 -26.6142 
12 29.5983 -26.638 
13 29.6377 -26.5789 
14 29.6082 -26.5324 
15 29.6824 -26.7503 
16 29.603 -26.6052 
17 29.6063 -26.6199 
18 29.631 -26.6305 
19 29.5938 -26.6421 
20 29.6379 -26.6229 
21 29.6388 -26.5971 
22 29.6071 -26.6261 
23 29.6101 -26.5077 
24 29.6577 -26.5876 
25 29.6602 -26.5958 
26 29.5919 -26.6558 
27 29.6224 -26.5153 
28 29.6154 -26.5648 
29 29.6387 -26.6032 
30 29.6393 -26.5072 
31 29.635 -26.5116 
32 29.6481 -26.7389 
33 29.634 -26.6543 
34 29.607 -26.594 
35 29.5847 -26.6252 
36 29.6261 -26.4792 
37 29.6179 -26.5835 
38 29.5916 -26.5423 
39 29.6785 -26.7393 
40 29.5996 -26.5659 
41 29.5829 -26.5822 
42 29.573 -26.5871 
43 29.5858 -26.5616 
44 29.6247 -26.6554 
45 29.5968 -26.4866 
46 29.6376 -26.6277 
47 29.6061 -26.4961 
48 29.6011 -26.5761 
49 29.6069 -26.4899 
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50 29.5807 -26.4864 
51 29.5649 -26.6135 
52 29.6667 -26.7261 
53 29.664 -26.7343 
54 29.5431 -26.5808 
55 29.5884 -26.6107 
56 29.6003 -26.5202 
57 29.5534 -26.516 
58 29.6288 -26.5983 
59 29.5643 -26.4999 
60 29.5387 -26.5281 
61 29.533 -26.5091 
62 29.557 -26.6039 
63 29.5796 -26.614 
64 29.6427 -26.7325 
65 29.5666 -26.6332 
66 29.6329 -26.5487 
67 29.5391 -26.5328 
68 29.5697 -26.628 
69 29.5612 -26.4931 
70 29.6589 -26.7285 
71 29.5246 -26.5138 
72 29.5985 -26.5275 
73 29.5532 -26.5281 
74 29.6124 -26.5689 
75 29.6223 -26.5497 
76 29.6048 -26.5607 
77 29.5373 -26.5227 
78 29.6228 -26.4838 
79 29.6078 -26.5727 
80 29.5981 -26.4998 
81 29.628 -26.6375 
82 29.5539 -26.5109 
83 29.5242 -26.5216 
84 29.5701 -26.4866 
85 29.5905 -26.6008 
86 29.683 -26.7606 
87 29.6821 -26.7446 
88 29.6133 -26.4865 
89 29.5762 -26.4946 
90 29.5478 -26.5772 
91 29.6702 -26.7415 
92 29.5762 -26.5031 
93 29.5217 -26.5273 
94 29.5413 -26.5861 
95 29.6115 -26.5488 
96 29.5908 -26.5039 
97 29.5744 -26.5967 
98 29.6344 -26.5164 
99 29.6776 -26.7259 
100 29.6003 -26.5896 
101 29.5815 -26.5672 
102 29.5613 -26.624 
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103 29.5679 -26.5776 
104 29.5952 -26.4936 
105 29.659 -26.7378 
106 29.6016 -26.655 
107 29.5884 -26.6194 
108 29.5702 -26.6033 
109 29.6151 -26.6607 
110 29.6244 -26.5066 
111 29.6699 -26.7309 
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