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1.0 OVERVIEW 

A wind turbine’s moving blades can cast a moving shadow on locations within a certain distance of a 
turbine. These moving shadows are called shadow flicker and can be a temporary phenomena experienced 
by people at nearby residences or public gathering places. The impact area depends on the time of year 
and day (which determines the sun’s azimuth and altitude angles) and the wind turbine’s physical 
characteristics (height, rotor diameter, blade width, and orientation of the rotor blades). Shadow flicker 
generally occurs during low angle sunlight conditions, typically during sunrise and sunset times of the 
day. However, when the sun angle gets very low (less than 3 degrees), the light has to pass through more 
atmosphere and becomes too diffused to form a coherent shadow. Shadow flicker will not occur when the 
sun is obscured by clouds or fog, at night, or when the source turbine(s) are not operating.  

Shadow flicker intensity is defined as the difference in brightness at a given location in the presence and 
absence of a shadow. Shadow flicker intensity diminishes with greater receptor-to-turbine separation 
distance. Shadow flicker intensity for receptor-to-turbine distances beyond 2,000 meters (m) is very low 
and generally considered imperceptible. Shadow flicker intensity for receptor-to-turbine distances 
between 1,000 and 2,000 m (between 3,281 and 6,562 feet [ft]) is also low and considered barely 
noticeable. At this distance shadow flicker intensity would only tend to be noticed under conditions that 
would enhance the intensity difference, such as observing from a dark room with a single window directly 
facing the turbine casting the shadow. At distances less than 1,000 m (3,281 ft), shadow flicker may be 
more noticeable. In general, the largest number of shadow flicker hours, along with greatest shadow 
flicker intensity, occurs nearest the wind turbines.  

Deepwater Wind Block Island, LLC, a wholly owned indirect subsidiary of Deepwater Wind Holdings, 
LLC, proposes to develop the Block Island Wind Farm (BIWF), a 30 megawatt (MW) offshore wind farm 
located approximately 3 miles (mi) (4.8 kilometers [km]) southeast of Block Island, Rhode Island. The 
BIWF will consist of five, 6 MW wind turbine generators (WTGs). Since the Project is located beyond 
any onshore residences or other sensitive locations, potential shadow flicker impacts are minimized.  

Deepwater Wind will select the WTG model that is best suited for the sub-bottom and wind resource 
conditions southeast of Block Island that will be commercially available by construction. Deepwater 
Wind plans to install the Siemens 6.0 MW direct drive WTG or comparable model. For the purposes of 
this analysis, Deepwater Wind has provided a representative WTG design that encompasses a 
conservative range of design specifications for the 6 MW class of turbines (Figure 1). The proposed WTG 
will have a hub height above mean low water between 329 ft (100 m) and 388 ft (118 m) and a rotor 
diameter between 505 ft (154 m) and 541 ft (165 m), for a total height between 581 ft (177 m) and 659 ft 
(201 m) above mean low water. The WTG will operate between a cut-in wind speed of approximately 
4.5 mi/hr (30 m/s) and a cut-out wind speed of 67 mi/hr (30 m/s). The WTG will have a rotor speed from 
approximately 5 to 11 rpm. For the purpose of this analysis, we have conservatively modeled the 
maximum potential turbine.  

Shadow flicker frequency is related to the wind turbine’s rotor blade speed and the number of blades on 
the rotor. From a health standpoint, such low frequencies are harmless. For comparison, strobe lights used 
in discotheques have frequencies that range from about 3 Hertz (Hz) to 10 Hz (1 Hz = 1 flash per second). 
As a result, public concerns that flickering light from wind turbines can have negative health effects, such 
as triggering seizures in people with epilepsy, are unfounded. The Epilepsy Action (working name for the 
British Epilepsy Foundation) states that there is no evidence that wind turbines can cause seizures 
(Epilepsy Action 2008). However, they recommend that wind turbine flicker frequency be limited to 3 
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Hz. Since the proposed Project’s wind turbine blade pass frequency is approximately 0.55 Hz (less than 1 
alternation per second), no negative health effects to individuals with photosensitive epilepsy are 
anticipated. 

Shadow flicker impacts are not regulated in applicable state or federal law, and there is no permitting 
trigger with regard to hours per year of anticipated impacts on a receptor from a wind energy project. Due 
to the significant growth of the wind energy industry in recent years, some states have published model 
bylaws for local governments to adopt or modify at their own discretion, which sometimes includes 
guidance and recommendations for shadow flicker levels and mitigation. However, a general precedent 
has been established in the industry both abroad and in the United States that fewer than 30 hours per year 
of shadow flicker impacts is acceptable to receptors in terms of nuisance and well below health hazard 
thresholds. In a German court case for example, a judge found 30 hours of actual shadow flicker per year 
at a certain neighbor's property to be tolerable (WindPower 2003).  

2.0 WINDPRO SHADOW FLICKER ANALYSIS 

An analysis of potential shadow flicker impacts from the Project was conducted using the WindPro 
software package. The BIWF Turbine Array, which includes five turbines, was evaluated in the analysis.  

The WindPro analysis was conducted to determine shadow flicker impacts under both worst-case 
hypothetical and realistic impact condition scenarios. This analysis calculated the total amount of time 
(hours and minutes per year) that shadow flicker could occur at receptors located along the Block Island 
shoreline facing the Project. The worst-case condition scenario assumes the sun is always shining (never 
cloudy during daylight hours), the wind turbines are always operating (rotors turning), and that the turbine 
rotors are always perpendicular to the incoming sunlight. The realistic condition scenario uses historical 
meteorological measurement data to account for actual sunshine probability, and wind speed and wind 
direction conditions, as they relate to wind turbine operation and orientation. Key analysis assumptions 
include the following:  

• The elevation and position geometries of the wind turbines and surrounding receptors (shoreline 
locations). Elevations were determined using USGS digital elevation model (DEM) data. Position 
geometries were determined using GIS and referenced to UTM Zone 19 (NAD83). 

• The position of the sun and the incident sunlight angles relative to the wind turbine and receptors 
were evaluated on a minute-by-minute basis over the course of a year. 

• Historical sunshine hour availability (percent of total available). Historical sunshine rates for the 
area (as summarized by the National Climatic Data Center [NCDC 2008] for nearest 
measurement station in Providence, Rhode Island) used in this analysis are as follows: 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

56% 58% 58% 57% 58% 61% 63% 62% 62% 61% 50% 52% 

 
• Estimated wind turbine operations and orientation based on 1 year of wind data from 9/1/09 to 

8/13/10 (wind speed / wind direction frequency distribution) measured at meteorological tower 
located approximately 6.6 mi (10.6 km) north-northwest of the proposed Project site). The 
WindPro calculated wind direction frequency distribution for operating hour winds is as follows: 

N NNE ENE E ESE SSE S SSW WSW W WNW NNW 

6.2% 9.4% 7.6% 5.2% 4.3% 3.4% 3.6% 10.8% 13.2% 11.9% 15.8% 8.6% 
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• Receptor viewpoints were conservatively assumed to always be directly facing turbine to sun line 
of sight (WindPro “greenhouse mode”).  

The sun’s path with respect to each turbine location is calculated by the software to determine the cast 
shadow paths every minute over a full year. Sun angles less than 3 degrees above the horizon were 
excluded, for the reasons identified earlier in this section. 

A total of 28 receptors were placed at 200 m (656 ft) intervals along the portion of the Block Island 
shoreline facing the Project. The receptor viewpoint is set at an approximate eye level of 1.5 m (4.94 ft). 
Figure 2 shows the receptor and turbine locations evaluated. 

3.0 WINDPRO SHADOW FLICKER ANALYSIS RESULTS 

WindPro predicts that shadow flicker impacts will occur near the wind turbines and over the water. No 
shadow flicker impacts are predicted to occur (zero hours shadow flicker per year) at any of the Block 
Island shoreline receptor locations. Figures 3 and 4 describe the WindPro predicted shadow flicker impact 
areas for worst-case condition and realistic condition scenarios, respectively.  

4.0 CONCLUSION 

The analysis of potential shadow flicker impacts from the Project on receptors placed along the Block 
Island shoreline facing the Project indicates that shadow flicker will not impact Block Island and will be 
restricted to overwater areas surrounding the wind turbines. Boaters traversing the area near the wind 
turbines may experience periods of shadow flicker. However, due to the temporary nature of shadow 
flicker and boat traffic, impacts are expected to be minor. 
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