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Appendix 11 

Shadow Flicker Modelling 
Study and Summary of 

Results 

  



Privileged Information

Tolo 1 Wind Farm Design For Shadow Flicker + 
Mitigation Plan
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Principles Used in Early Site Layout Design

�‡Know your Buildable Area (BA)  
�‡Any regulations that exist
�‡Responsible development
�‡Active stakeholder engagement
�‡Use of local PETA maps for land use, forestry, population  

density, spatial planning, strategic zones, geology, natural 
disasters, administration, etc.

�‡Know your terrain and site area
�‡Use of high resolution 2.5 m terrain contours - aids in 

undertaking conceptual design of roads to minimise impact 
on surrounding paddy fields

�‡Use of high resolution satellite imagery �±aids in identifying 
sensitive receptors

�‡Noise and shadow modelling need to feature
�‡ �8�V�H���R�I���'�1�9���*�/�¶�V��WindFarmer shadow modelling modules 

to assess impact according to industry best practice 
guidelines and comply with regional requirements
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World Bank Group Guidelines 

�³1. The Environmental, Health, and Safety (EHS) Guidelines are technical reference documents
with general and industry-specific examples of Good International Industry Practice (GIIP).1 When
one or more members of the World Bank Group are involved in a project, these EHS Guidelines
are applied as required by their respective policies and standards. These industry sector EHS
Guidelines are designed to be used together with the General EHS Guidelines document, which
provides guidance to users on common EHS issues potentially applicable to all industry sectors.�´

�³5. The EHS Guidelines for wind energy include information relevant to environmental, health, and
safety aspects of onshore and offshore wind energy facilities. It should be applied to wind energy
facilities from the earliest feasibility assessments, as well as from the time of the environmental
impact assessment, and continue to be applied throughout the construction and operational
phases. Annex A contains a full description of industry activities for this sector. EHS issues
associated with the construction and operation of transmission lines are addressed in the EHS
Guidelines for Electric Transmission and Distribution.�´
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Shadow Flicker Guidelines 

�‡What is shadow flicker?
�³�6�K�D�G�R�Zflicker occurs when the sun passes behind the wind turbine and
casts a shadow. As the rotor blades rotate, shadows pass over the same
point causing an effect termed shadow flicker. Shadow flicker may become
a problem when potentially sensitive receptors (e.g., residential properties,
workplaces, learning and/or health care spaces/facilities) are located
nearby, or have a specific orientation to the wind energy facility.�´

Potential shadow flicker issues are likely to be more important in higher
latitudes, where the sun is lower in the sky and therefore casts longer
shadows that will extend the radius within which potentially significant
shadow flicker impact will be experienced.

o In an equatorial latitude such as that in South Sulawesi, this 
impact is minimised  

�‡Shadow Flicker Modelling
Where there are nearby receptors, commercially available software can be
used to model shadow flicker in order to identify the distance to which
potential shadow flicker effects may extend. The same software can
typically also be used to predict the duration and timing of shadow flicker
occurrence under real weather conditions at specific receptors located
within the zone of potential shadow flicker impact.

o Equis �(�Q�H�U�J�\���K�D�V���P�D�G�H���X�V�H���R�I���'�1�9���*�/�¶�V���6�K�D�G�R�Z���)�O�L�F�N�H�U���0�R�G�X�O�H��
available in the WindFarmer software for modelling

Figure 1: Shadow Flicker Calculation

Figure 2: Typical WindFarmer Shadow 
Flicker Output
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Shadow Flicker Compliance

1. Shadow Flicker Guidelines
If it is not possible to locate the wind energy facility/turbines such that neighbouring receptors
experience no shadow flicker effects, it is recommended that the predicted duration of shadow flicker
effects experienced at a sensitive receptor not exceed 30 hours per year and 30 minutes per day on
the worst affected day, based on a worst-case scenario.

2. In order to assess compliance with the guidelines, shadow flicker should be
modelled and predicted based on an astronomical worst-case scenario, which
is defined as follows:

�‡ There is continual sunshine and permanently cloudless skies from sunrise to sunset.
�‡ There is sufficient wind for continually rotating turbine blades.
�‡ Rotor is perpendicular to the incident direction of the sunlight.
�‡ Sun angles less than 3 degrees above the horizon level are disregarded (due to likelihood for

vegetation and building screening).
�‡ Distances between the rotor plane and the tower axis are negligible.
�‡ Light refraction in the atmosphere is not considered.

3. Equis Energy has made use of the aforementioned astronomical worst-case 
scenario to model and predict shadow flicker from each turbine on identified 
receptors from high resolution up-to-date satellite imagery. 
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15. Final 20 turbine layout with assessed shadow flicker levels from turbines with sensitive receptors based on worst case modelling

Final 20 Turbine Layout with Shadow Flicker Map �±Worst Case Modelling

Shadow Flicker at closest receptor: 
140 hours/year based on:
�‡ There is no cloud cover for the full year
�‡ The turbines are rotating 100% of the time 

in a year
�‡ No limit to human perception of shadow 

flicker is considered
�‡ Rotor plane perpendicular to the position of 

the sun, continuously
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Cloud cover for 2016 at Jeneponto, South Sulawesi (Source: 
worldweatheronline.com)

Jeneponto Cloud Cover and Long Term Wind Speed Frequency 
Distributions 

Long term hub height wind speed frequency distribution at 
mast location and LIDAR (Source: DNV GL)

Cloud Cover
�‡ Based on third party remote sensing based cloud observations
�‡ All sources indicate annual cloud cover at Tolo I site of 28 �±30%

Wind Speed Frequency Distribution
�‡ DNV GL long term wind speed frequency distribution estimates 

that turbines will only rotate for 87% of the time assuming 100% 
availability or 84% of the time in a year assuming warranted 
availability of 97%
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15. Final 20 turbine layout with assessed shadow flicker levels from turbines with sensitive receptors

Final 20 Turbine Layout with Shadow Flicker Map �±Realistic Modelling

Shadow Flicker at closest receptor: 
84 hours/year
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Sensitive 
receptor 

no.

Distance from 
the nearest 

WTG

Worst case scenario 1 Realistic scenario

Remarks (Current receptor conditions)Total annual 
hours

Total 
annual 

hours > 30 
hours per 

year2

No. of days 
with 

exceedance 
of 30 min per 

day

Total 
annual 

hours > 30 
minutes per 

day3

Total annual 
hours

Total 
annual 

hours > 30 
hours per 

year2

No. of days 
with 

exceedance 
of 30 min per 

day

Total 
annual 

hours > 30 
minutes per 

day3

1 550m 
from WTG01

56.0 26.0 65 14.8 33.9 3.9 37 2.2 Houses with no window facing the shadow 
direction.

2 595m 
from WTG02

72.0 42.0 99 16.5 43.5 13.5 39 5.3 Natural barrier (trees) covering houses in 
the shadow direction.

3 540m 
from WTG03

76.0 46.0 82 29.7 46.0 16.0 53 10.3

The houses are either equipped with 
awning or trees in the shadow direction.

4 520m 
from WTG03

52.0 22.0 55 18.2 31.4 1.4 45 1.2

5 440m 
from WTG04

66.0 36.0 66 26.5 39.9 9.9 49 7.3

6 515m 
from WTG04

58.0 28.0 67 21.5 35.1 5.1 51 3.9 Natural barrier (trees) covering houses in 
the shadow direction.

7 675m 
from WTG05

44.0 14.0 36 6.0 26.6 0.0 0 0.0
The houses do not have windows facing the 
shadow direction or even if some have, 
those are equipped with awning.

8 370m 
from WTG07

140.0 110.0 149 71.3 84.7 54.7 97 35.5 The houses are either equipped with 
awning or trees in the shadow direction.

9 405m 
from WTG07

62.0 32.0 66 13.8 37.5 7.5 29 3.2 Natural barrier (trees) covering houses in 
the shadow direction.

10 490m 
from WTG16

89.0 59.0 95 27.3 53.8 23.8 44 11.0 The houses are either equipped with 
awning or trees in the shadow direction.

Notes:
1. Astronomical worst-�F�D�V�H���V�F�H�Q�D�U�L�R���D�V���G�H�I�L�Q�H�G���L�Q���W�K�H���,�)�&���(�+�6���*�X�L�G�H�O�L�Q�H�V���I�R�U���:�L�Q�G���(�Q�H�U�J�\���K�D�V���E�H�H�Q���X�V�H�G���I�R�U���P�R�G�H�O�O�L�Q�J���L�Q���'�1�9���*�/�¶�V���:�LndFarmer software.
2. Hours in a year for which the shadow flicker at the receptor is greater than 30 hours. 
3. Sum of hours per day in a year for which the shadow flicker is greater than 30 mins per day at the receptor.

Shadow Flicker Modelling Result



PAGE 9

Conclusions for the Final 20 WTG Layout: Shadow Flicker Modelling

Shadow Flicker Modelling 
�‡ Conducted based on worst case assumptions:
�‡ There is no cloud cover for the full year
�‡ The turbines are rotating 100% of the time in a year
�‡ No limit to human perception of shadow flicker is considered
�‡ Rotor plane perpendicular to the position of the sun, continuously

Using the worst case assumptions:
�‡ Layout is largely compliant with World Bank Guidelines of no more than 30 hours/year of shadow flicker at receptors
�‡ 11 out of 57 groups of receptors have shadow flicker greater than the World Bank Guideline with 10 out of the 11 with 

shadow flicker levels of 40-90 hours/year
�‡ Worst case shadow flicker at closest receptor to layout is 140 hours/year 

Shadow Flicker Impact Assessment �±Realistic Impact
�‡ Cloud cover of 28% results in a 28% reduction of shadow flicker impact
�‡ Wind turbines rotating for 84% of the year, results in a 16% reduction of shadow flicker impact
�‡ 10 out of 57 groups of receptors will now have shadow flicker levels of 30-54 hours/ year
�‡ Worst case shadow flicker at closest receptor to layout is now 84 hours/year 
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Shadow Flicker Impact (Baseline): Receptor Group 1 - 4

Looking northeast from TO.01 

Looking west from TO.03 

Looking east from TO.01 

Looking east from TO.01 Looking east from TO.02 

Looking east from TO.03 Looking east from TO.03 

Looking northwest from TO.03 

House with awning

No window and decent tree covering

No window in the shadow direction

No window at the back of the houses

Natural barrier (tree covers)
Natural barrier (tree covers)

House with curtain Natural barrier (tree covers) No back window

1

2

34
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Shadow Flicker Impact (Baseline): Receptor Group 5 - 7

Looking east from TO.04 Looking east from TO.04 

Looking east from TO.04 Looking east from TO.04 

Looking east from TO.05 Looking east from TO.05 

Natural barrier (tree covers)

House with awning

Decent tree cover and no back window in the house Decent tree covers

Houses with awning

No window facing the shadow direction

5

6

7
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Shadow Flicker Impact (Baseline): Receptor Group 8 - 10

Looking west from TO.07 Looking west from TO.07 

Looking east from TO.07 Looking east from TO.07

Looking southwest from TO.15 Looking northwest from TO.16 

Natural barrier (tree covers)

Natural barrier (tree covers) Houses with awning

Natural barrier (tree covers)
House with awning

8
9

10

Natural barrier (tree covers)
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Shadow Flicker Impact (Baseline) �±Conclusion

�‡ Majority of receptor was observed to have no windows facing the shadow direction of the turbines. Even if 
the house is observed to have windows, the shadow flicker impact should not be a concern because the 
house is equipped with awning.

�‡ There were also observed existing natural barrier in the form of trees covering the receptor group area 
which is considered to be able to reduce shadow flicker impact.
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Shadow Flicker Impact Mitigation

Foreword
It should be understood that shadow flicker is considered an environmental 'nuisance', rather than medical risk, as there is 
insufficient evidence to indicate that shadow flicker causes health problems. Thus, the first mitigation of this impact is to provide 
appropriate, frequent socialization / publication regarding the cause and effect of shadow flicker from wind turbines. This is 
important to avoid any complaints / claims / grievances being addressed to the company on the basis of medical / health 
problems as such grievances shall be rejected.

Mitigation Strategy
The following steps have and will be taken by EBJ in order to eliminate the cause and / or mitigate the impact of shadow flicker on 
project stakeholders, primarily being the surrounding communities and residences:

1. Siting - Wind turbines have been sited according to the World Bank / IFC Guidelines in order to ensure shadow flicker is 
below 30 hours per year at all potential sensitive receptors, where possible, while maintaining economic viability of the Project.

2. Monitoring & Grievance Reporting - This measure is considered applicable to residences located at a distance 
greater than that which shadow flicker modelling indicates could generate up to 30 hours per year, the threshold limit of the
World Bank - Wind Energy EHS Guideline. Should any complaint be raised to the company, a robust grievance mechanism 
will be implemented. This includes the investigation of complaints using video during claimed occurrences of shadow flicker. A 
hotline number for grievances to be raised with EBJ will be disclosed to the community, for ease of reporting.

3. Visual Screening (Natural) - Potential sensitive receptors, for which shadow flicker modelling indicates could exceed 30 
hours per year, will be assessed to ascertain the extent of existing natural visual screening in place. If current natural visual 
screening is considered insufficient, EBJ will plant trees, grow hedges etc. at suitable areas around receptors to minimise
shadow flicker impact.
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Shadow Flicker Impact Mitigation

4. Visual Screening (Architectural / Structural) - If grievances are received or if natural visual screening at potential 
sensitive receptors are found to be insufficient, EBJ will implement architectural / structural screening such as the installation 
of blinds, window shades, window tinting, awnings or fences at affected receptors to further minimize the effect of shadow 
flicker.

5. Compensation - If shadow flicker mitigation through natural or architectural / structural visual screening methods are found 
to be insufficient, EBJ will provide compensation to affected receptors based on assessment of the economic impacts of 
shadow flicker, and taking into consideration the residual impact of shadow flicker following mitigation through alternative 
means (outlined above). A socioeconomic census has been undertaken at sensitive receptors prior to construction of the wind 
farm to support application of any compensation process.

6. Relocation - If visual screening, both natural and architectural / structural, and compensation methods fail to mitigate 
shadow flicker impact at sensitive receptors, EBJ will facilitate relocation. Any relocation will take into account the standards / 
principles stipulated in IFC PS-5 regarding resettlement. This includes the undertaking of a socioeconomic census prior to 
construction of the wind farm. Any replacement of land or residences, including farmland if necessary, will be provided by EBJ. 
However, the project will not be responsible for any affected settlements constructed after the commencement of wind farm 
construction. It is not expected that relocation or resettlement will be required to mitigate shadow flicker impacts for the 
Project.
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BASIC LAYOUTSBASIC LAYOUTS
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Laboratory Results of Water 
Quality and Air Quality 

Assessment 
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PT EBJ Environmental, 
Social, Health, and Safety 

(ESHS) Policy Statement 
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