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What Is Shadow Flicker?

>Rotating turbine blades cast shadows upon stationary objects

>Shadow Flicker is ' Representation of Shadow Flicker Impact
limited In time and
location

>Does not occur simply
because the sun Is out

Understanding the Current Science, Regulation and Mitigation of Shadow Flicker - Community Concerns and Mitigations Methods February 10, 2011



What Is Shadow Flicker?

>Potential health impacts

- Real or rhetoric?

. Antl-wind sources cite issues ranging
from headaches to seizures

. Pro wind sources cite research
concluding there is no basis for
concern

>Nuisance/Annoyance

- Pulsating shadows enter personal
space
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What Can be Done to Minimize Flicker?

Play Video

Indoor Shadow.avi
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What Constitutes an Impact?

>\\Worst-case Values:

- Maximum possible impact

. Always sunny, always windy,
wind always on axis with
receptor

- Unrealistic condition

>Real-case Values:

- Weather statistics
. Cloudy days (no shadow)
. Calm winds (no flicker)

. Aligned rotor plane (full /partial

! Aligned Rotor Plane Perpendicular Rotor Plane
shadow profile) ) s
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What Constitutes an Impact?

>Hours per year (worst-case or real-case value?)
- 30 hours (1,800 min./ year cumulatively)
- “de facto” standard

> Qther Considerations:
- Real-case values
- Forest/structure screening

- Project participants vs.
participants
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What does all this Really Mean to Residents?

>Days per year (maximum) Receptor G - Example

- Shadow rarely exceeds 30 Calculation Results

. Shadow receptor
Consecutlve days Shadow, worst case Shadow, expected values

No. Shadow hours Shadow days Max shadow Shadow hours

per year per year hours per day per year .

- [hiyear] [daysiyear] [hiday] [hiyear]

- Impacted periods generally 7
e : 0:00 0 0:00 0:00
limited to spring and fall months 0% o 000 000
0:00 0 0:00 0:00
0:00 0 0:00 0:00
73:38 104 0:58 20:21

QMMOO o>

5213 64 1:00 15:55

>Minutes per day (maximum)

- Generally less than 60 minutes
per day

0:00 0 0:00 0:00
11:34 37 0:24 313
7:28 28 0:20 2:07
13:39 46 0:24 3:54
15:00 61 0:21 4:36
5:51 0:19 1:45
27:21 0:21 8:51
3547 0:31 11:52
31:45 0:29 9:26
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00
0:00 0:00 0:00

>Time of Day
- Near sunrise or sunset

N<YXXS<CqADTVOZZE R T
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What does all this Really Mean to Residents?

KEY

Proposed Wind Turbine |
Shadow Hours Per Year :
B <2
B 2-10
10-20
20-30

B 30-40
B - 40
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What does all this Really Mean to Residents?

Assumptions for shadow calculations Sun shine probabilities (part oftime from sun rise to sun set with sun shine)
e hsovec. for Ikien e ABEC b6 b GBS 057 05k O BES DY Des 56T 00082
Minimum sun height over horizon for influence 3" ' ' : : 2 : ' ' z : : '
D.az.r step for calmlathn 1 dg},ﬂs Operational time
e tap Torcalculeion T minutes  n NNE ENE E ESE SSE S SSW WSW W WNW NNW Sum
685 637 351 337 250 275 625 1303 1211 B46 782 656 7559
January  |February [ March lapri | ey [June  |July [August | 1S eptember | Dctober [Movember|December
| | | | | | | | |
110711 0657 | 0620 7051|0629 | |0542 (0513 0514 |ose | (D610 | Q& DT (1) 0615 | D65
16.25 16,53 [17.30 22 DR2A()|1808 |[1a43 211 [203E | 18,19 [1228 45 CEB(I}| 1840 | 1815
210712 N&- 55 | NR:18 02 1) | 0627 | DG4 | E13 | 0514 | 0559 06 1 | D42 Or31 (1} |06 T | QG2
163 T [z on oraopliaan fi1eaa (a0 |0z |mmon Llisag L1276 44 CHIgilil1eda | 1515
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50712 DE: 53 | D6 DES0 (1) 0622 |DEOT (DS 0516|0542 [ DEY | 05 DT:3(1}|0E2D | DG5S
1520 17.03 [17.38 36 DR34(1)[1843  |1846 |24 [2E2 | 20000 1812 [1B21 42 B3I} 1635 | 1615
50712 0652 | D613 D656 (1) 0621|0836 [DE11 0518  |0543 | D&1S | D546 DT.31(1}| 0622 | D656
16:20 17.08 [17.40 38 O738{D (1315  |[1947  |2018  |2022 [ 1957 1911 1218 41 CEs2{}[1E24 | 1804
7071 0g: 51 | D61 OGRS (1)|0513  [0S35 [N 0547 |CE4d DR 6 | OE4T 0TA2(1}|DEZ3 | 0857
16:30 1707 [1741 40 DRIS(|1®15 1240|2015 [2;I2 [1MEG 1909 [1218 38 OEI1Q1}[ 1633|1804
80711 0652 | 07.m 764 (13| 0617|0834 (D511 0512|0545 (D17 | OEAB D7.32(1)}| 024 | 0658
L1831 17.03 [ 1842 42 DAEIG(1)| 1547|1948 |28 |22 | 1955 18,07 1246 3B CROD{1}| 1632 |14
9| 0711 0625 | 07 0753 (1) 0615|0532 0510|0542 |C546  (DE18 | DEan D7:33(1)|0625 | D850
16:32 1710 [1844 43 DAIE(1)[1813 1250 A7 [20F [1MEI 1906 1894 35 CEDB(IY| 1631 | 1874
10 071 0647 | 0706 OS2 {13264 |DE31 [DE10 |01 |0S4T | DE19 | D& S0 DT:M (13| 0EET | D700
[ 1633 1711 [ 1845 44 DAIG[1)|1B43 [1951 AT [20F [ 1952 1804 (1213 32 CEDS(1}[ 1630|1614
1110711 0625 | 0704 D752 (12612 0530  [DE10  |05.20  |C64B | D&20 | D551 D7.35(1)| 0628 | D701
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16:35 17.12 [ 1847 45 DACDG6[1)|19E0 [ 1953 |18 [2;ED [ 1m4s | 1800 (1208 25 CEDA1Y| 1620 | 1614
130710 0624 | 07.01 [751(1)| 0603 |0528 0510 0521|0550 | DE22 | OE5d D7.40(1)|06320 | 0702
1636 17.15 | 1848 45 DABA(1)| 1822 1954 2010|2003 | 19:4B 18,40 (1208 20 CRODQI}[ 1827 | 1815
1410710 0622 | D650 D81 (1) |B07 0527 (DE10 0522 |05 0& 24 | DE56 D743(1)|0e3 | 0703
16:30 1718 [1043 a5 DOJG(1)[1®EI [ 1955 (2018 [2003 @47 |07 (1306 13 OTS6(13[ 1626 | 1615
15 0708 DeA1 | D65 D761 (13| 0605|0526 (D510 0523|0552 | DE2d | DE56 033|074
| 16:39 17.17 [ 1850 44 DEIF(1)| 1324|1955 (2020|2003 | 19045 16,58 | 1505 [ 1625 | 1615
16| 0700 0620 | D656 D750 (1) | 0604|0526 [DE10 0524  |06:53 | DE2E 0762 (1) | 0857 |0E24 |07
TE20 1512 | 18 44 DESA {11925 [ 19:57 | ao0 | 2045 | 1944 18469 0 OEDE ()] 10 | 1E2d | 1514
17| D700 DK 32 | D65 D750 (19|0603 0524 (0540|052 |05 06 26 0742 (1| 0550 |0€35 | 0708
1541 17.20 [18:81 43 DAAI (11927 |1858 |21 [2047 1942 1852 18 00BN 1201 [1623 | 1816
18| 07.08 06,37 | D653 D751 (1) D600 |02 (D510 |05.25  |0555 D627 07.45 (13| 0559 |0&35 | 0706
| 1622 17.21 [ 1850 42  DEBI(1)|1RI2 | 19E8 021 [200E | 1941 1BA0 2@ 0081|1200 [1623  [1816
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What does all this Really Mean to Residents?

March 1
Feb. 1 23 minutes Apr. 1
No Impact  7:05to 7:28 am No Impact
Feb. \ETS Apr.
Date | Rise/Set Rise/Se | Minutes Start/Stop Rise/Set
t
1 06:57 06:20 07:05 06:29
16:59 “T7TsET2S 0728 19:09
2 06:56 06:19 07:02 06:27
17:01 17:35 | 28 07:30 19:10
3 06:55 06:17 07:01 06:26
17:02 17:37 | 31 07:32 19:11
4 06:54 06:16 06:59 06:24
17:03 17:38 | 34 07:33 19:12
5 06:53 06:14 06:58 06:22
17:05 17:39 | 36 07:34 19:13

Oct. 1
Sept. 1 45 minutes Nov. 1
No Impact  7:31t0 8:16 pm No Impact
Sept. Oct. Nov.
Date | Rise/Set ?ise/Se Minutes Start/Stop Rise/Set
1 06:10 06:41 07:31 06:16
19:19 ~T828™"a3 08"10 16:40
2 06:11 06:42 07:31 06:17
19:17 18:26 | 44 08:15 16:39
3 06:12 6:43 07:31 06:18
19:16 18:24 | 43 08:15 16:38
4 06:13 6:44 07:31 06:19
19:14 18:23 | 42 08:14 16:37
5 06:14 6:45 07:31 06:20
19:12 18;24 | 41 08:13 1635
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What does all this Really Mean to Residents?

=12:00PM :'
11:00 AM 3
10:00 AM =
9:00 AM =

E |
8.00 AM = ‘
7:00 AM ~4—\#
6:00 AM =
5:00 AM3

Jan Feb Mar Apr May Jdun  Jul  Aug Sep Oct MNov Dec Jan
Month
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What does all this Really Mean to Residents?

Play Video
Wind_Turbine_Time-Lapse-Shadow-Study.mlv
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Why do People Care?

o

h_f:" AN R el
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>Backyard vs. Not in My Backyard

- Conflicting land ethic

-Working landscape/scenic landscape

.Clean renewable energy/
“Industrialized landscape”

- Resident’s attachment to place

-Rural landscape is considered “special”
by someone

*
4

IO

&
& (t 7%

“| support renewable energy, but this is
not the right place”

F)

Understanding the Current Science, Regulation and Mitigation of Shadow Flicker - Community Concerns and Mitigations Methods February 10, 2011



Why do People Care?

>Qpinion often divided by:

- Project participation

- “You get the money — | get the view/
shadow”

- Economic status

. Family farms vs. family estates
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What Can be Done to Minimize Flicker?
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What Can be Done to Minimize Flicker?

>Establish Project Guidelines

- Define acceptable impact
. Worst-case or real-case?
. Differentiate between AM and PM
impact?
. Differentiate between project

participants and non-project
participants?

- Setbacks are for safety not
shadow!

. Residential sethacks need not be
uniform to mitigate shadow flicker
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What Can be Done to Minimize Flicker?

> Evaluate Alternatives

- Use computer modeling to
Identify optimum project layout
. Minimize the number of residences
that exceed project guidelines

- Micro-Siting
. Adjust turbine location to diminish

shadow duration in sensitive
locations
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What Can be Done to Minimize Flicker?

>(Qperational Guidelines

- Use analysis data to program
brief shutdown periods into
turbine controls

. No blade rotation — no shadow
impact

>(Good Neighbor Policy

- Outdoor plantings
. Pros and cons, but a good gesture

- Shade the shadow
. Window blinds, shades or curtains
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