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REQUEST: What is the threshold for determining if enough light exists to cause shadow flicker?

Response: Siemens will provide AWE with a shadow flicker control system (“SFCS”) to ensure that
shadow flicker does not exceed the SEC’s 8-hour per year shadow flicker limit. The SFCS will consist of
a programmable logic controller (“PLC”) and sensors installed on each turbine. The PLC will be
programmed with the turbine locations and the locations of nearby residences where shadow flicker could
exceed the 8-hour limit without any operational controls. With the geographic location of each turbine,
all applicable receptors, and the location of the sun in the sky during all times of the year, the PLC will
determine if there is a direct line between sun, rotor and residence. A direct line must exist for any
shadow flicker to be possible. If these conditions do exist, then the PLC will determine whether the
applicable turbine is operating. Finally, the sensors will detect whether the light conditions are such that a
perceptible shadow may be cast. If all of the conditions are present, then the PLC will shut down the
applicable turbine or turbines if they would contribute to any shadow flicker in excess of the limit until
such conditions no longer exist.
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Figure 1 - Shadow Flicker Representation on a Receptor

For a shadow to be perceptible, there must be both luminance, and a contrast between the illuminated
surface and the portion of the surface that the shadow falls on. Thus, there are two elements to the light-
sensing component of the SFCS. First, the minimum luminance that would create the conditions for a
perceptible shadow is 323 lux, which is approximately the equivalent of low light conditions at sunrise
and sunset (Leibowitz, 1987). Second, contrast is a property of how much of the ambient light comes
directly from the sun versus how much light is being radiated by other features in the sky (Frazor &
Geisler, 2006), and is calculated by analyzing various atmospheric conditions. The SFCS will use
measures of sky luminance, sun luminance and solar elevation to calculate contrast in relation to each
receptor. The contrast threshold is 10% (Smedley, Webb & Wilkins, 2010). Flicker ceases to be
provocative at luminance contrasts less than 10% (Harding, Harding & Wilkins, 2008)*.

All threshold settings will be validated and tuned at the site under various conditions during the
commissioning of the Siemens wind turbines, and continuously monitored for data validity and health of
operation during the systems’ lifetime.

For each of the applicable receptors, the SFCS shall maintain a log of the number of hours and minutes of
shadow flicker each received during the applicable year, as well as any hours during which any WTGs
were shut down to prevent shadow flicker at each receptor from exceeding 8 hours per year, if any. The
SFCS shall be capable of producing an annual report containing such information, which shall be made
available to the Committee and the Town.

1 Some of the best research into luminance contrast levels comes from medical research related to epilepsy. The research provides a
very conservative level for addressing all disturbances related to shadow flicker. It is important to note that photosensitive epilepsy
is not triggered by flicker at frequencies less than 2.5 Hz and the maximum frequency of potential flicker from a SWT-3.2-113 turbine
is 0.825 Hz.



The SFCS shall commence measuring shadow flicker on the final commissioning date and shall continue
until the first anniversary of such date and on the first anniversary of such date and each anniversary
thereafter, the log shall reset with respect to the 8-hour annual limit.
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Figure 2 - Control System Overview
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REQUEST: How often will the sensors be cleaned?

Response:  The system continuously self-monitors for data validity and sensor health. If the sensors
are obstructed (dirt, ice, bird nests, etc.) the system will alarm. This alarm will then trigger inspection and
maintenance.
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REQUEST: How often will the sensors be calibrated?

Response:  The sensors will be calibrated the earlier of every three years or in accordance with the
sensor manufacturer’s recommendations.
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