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How does the solar industry account for wind?

Most common considerations for wind are to temperature correct or design the system

Temperature Correction - pvlib.temperature.pvsyst_cell Design Considerations — ASCE 7-22 Wind Speed [mph]

PVWatts DC Power Distribution from PVGIS TMY
Lat 40.000, Lon -99.000 | Tilt 40.0 deg, Azimuth 180.0 deg | Uc=25.0, Uv=6.8
7.0% = Wind speed applied in PVsyst temperature model
Wind speed term suppressed in PVsyst temperature model
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On Site Observation of Wind Stow

2024-01-18 109:30:49 All

Exterior row stowed at 58mph AR R AY
Second row did not stow

No interior row stowing
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Inputs to Wind Stow Modeling

The Industries Infrastructure for Modeling Wind Stow Losses is Limited in Capability

Wind Data Stow Algorithm Framework for Analysis

—Special Behaviours

@ () Backtracking d
v . ([} Irradiance optimization
o /Tilt Angle = {St"w figts DS Uy / ...........................

Tilt Angle, Otherwise

v Wind speed threshold m/s

Wind stow position e
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wind gust (mph)

source

M 2 -B- Actual MIDC
Comparison of Wind Data o el MD
5 MIDC Sites with 1-Minute Actual, 5-Minute Historical, 1-Hour TMY [2022-2025] -TMY

Wind Gust Data Comparison across MIDC Sites
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https://midcdmz.nlr.gov/apps/sitehome.pl?site=NWTC
https://midcdmz.nlr.gov/apps/sitehome.pl?site=UAT
https://midcdmz.nlr.gov/apps/sitehome.pl?site=UNLV
https://midcdmz.nlr.gov/apps/sitehome.pl?site=UNLV
https://midcdmz.nlr.gov/apps/sitehome.pl?site=UNLV
https://midcdmz.nlr.gov/apps/sitehome.pl?site=ULL
https://midcdmz.nlr.gov/apps/sitehome.pl?site=UTPASRL
https://midcdmz.nlr.gov/apps/sitehome.pl?site=NELHA

Go to Stow

Exit Stow

Wind Stow Algorithmic Landscape

Energy Prediction Software Need to Handle Tracker Stow Logic Complexity

Wind Direction

>
>

Wind Direction

Additional Considerations

- Exposure Segmentation
- Multi-tiered Stow Triggers

\S
0D
P
Wind Gust Wind Gust Wind Gust
Mechanical Dwell Exit wind
clutch period speed

Wind Stow Custom Sub-Hourly
Functionality | Tracker Import Capability
3E X
SAM X X X
Plant X X X
Predict
Rated X
Power
Pvsyst X X
Solar X X
Farmer
Solargis X
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Framework Proposed

Wind Stow Losses Require a Framework of Processing to Align to TMYs

HOW A SOLAR TMY FILE IS CREATED

From Many Years of Weather Data to One Typical Meteorological Year (8760 Hours)

v
RAW LONG-TERMDATA INPUT gl ety ahtn
20-30+ years of hourly 1994 1995 A 2015 2016
weather data EEEEEE T m

* Ground stations

* Satellite / Reanalysis p
‘ 20-30+ years of continuous hourly data

%

METHODOLOGY: DERIVING MONTHLY WIND STOW LOSS
CORRECTION FACTORS TO APPLY TO A TMY

From Long-Term Subhourly Time Series Data to Monthly Loss Offsets for TMY

(
LONG-TERM TIME SERIES

Example (5-min Wind Speed)

2

SPLITINTO MONTHLY SETS | january | | reeuary | [ warcH | | DEcEMBER

(30 years) (30 years) (30 years) (30 years)

Group all Januaries together,

all Februaries together, ... . 'l . b g.
B 2

) ¥
SELECT “TYPICAL MONTH" Example: Selecting the Typical July July ~ Cancidate Months vs. Long-Term Distribution
(FOR EACH CALENDAR MONTH) [ | pevatinseore | ¢ ==l
loweris et @)
For each month, compare every 1994 235 x — 1094
candidate month (year) to the 1905 112 x ‘2. — 1995
long-term statistics and select 8 = 23 Gk
the most “typical”. 2013 058 v 2
2023 145 x

Irmadiance

REPEAT FOR AL 12 MONTHS JAN | FEB | MAR | APR | MAY | JUN = JUL | AUG SEP | OCT | NOV | DEC
Select the most typical (fom 1998) | (rom 2008 fam 20%) (o 200) (fom 2012 o 20 (frm 20 200) (o 1988 (o 208t 2009) (e 2010

month for Jan - Dec.
Each month may come from a different year.

¥

CONCATENATE MONTHS - . T

IN ORDER JAN | FEB | MAR | APR  MAY | JUN  JUL  AUG | SEP | OCT | NOV | DEC
Stitch the 12 selected months

together in calendar orderto L J
build one synthetic year. 8760 Hours (One Year)

SUBHOURLY DATA INPUT

+ 15-20+ years of historical
wind speed data
(subhourly, e.g., 5-min)

+ From reanalysis or
measured sources

RUN WIND STOW ANALYSES

ACROSS TIME SERIES DATA

+ Apply wind stow logic to
subhourly data (trigger on
gust / sustained thresholds)

+ Calculate energy loss while
stowed vs. available energy

SEGMENT INTO

MONTHLY LOSSES

+ For each year, calculate loss
for each calendar month

+ Result: Monthly loss (%)
for each year

SELECT “TYPICAL MONTHLY LOSS”

(MEDIAN VALUE)

« Across all years, take the median
loss for each calendar month

« Median reduces influence of
extreme wind years

REPEAT FOR ALL 12 MONTHS -

2005 2006 2007

) [ Mk iy

15-20+ years of continuous subhourly data

¥

8

2023

Mo,

0
00:00 0600 1200  18:00
Time

Wind Speed (m/s)
3 8

Output: Annual Loss (%)
Each

Subhourly Wind Wind Stow Stow Events Energy Loss for Each Year
Time Series Logic Identified Calculation oot 2
- =25 -5 = i 2006 -247%
o g 15 m 2007 -3.05%

(eg., thresholds, s

gust/sustained) Loss (%)

2023 -288%
Year | Jan | Feb | Mar | Apr | May | Jun | Ju | Aug | Sep | Oct | Nov  Dec
2005 | 21% | -34% | -38% | -26% | -24% | -20% | -19% | 23% | 3% | -35% | -32% | -25%
2006 | 18% | -29% | -32% | -22% | 2% | -18% | -L7% | -21% | -28% | -30% | -27% | -24%

2023 -26% 3% | -36% | -27%  -25% | -21% | -20%  -26% | -32% | -36% | -33%  -27%

¥

AHHBREHEE

Monthly Loss Across All Years

Dec

Tipical Monthly | 3% | -3.0% -3.4%  -24% 22% | 1.9% -1.8% -22% -3.0% -3.3% -29% -2.6%

Loss (Median)

4

Monthly Wind Stow Loss Offset to Apply to TMY

MONTHLY OFFSET TO APPLY TO TMY

+ The 12 median monthly losses form a
monthly correction factor

« Apply to TMY energy results as a
post-processing adjustment
(e.g., availability-style loss)

Jan || Feb | Mar || Apr | May
23% | -30% | -34% | -24% | -2.2%

Jun | Jul | Aug | Sep | Oct | Nov | Dec
19% | -18% | -22% | -30% | -33% | -29%  -2.6%

Energy from TMY /\ % (1 + Monthly Offset) E = I Adjusted Energy Including

(no wind stow)

for Wind Stow Loss

Wind Stow Loss.

Notes:

@ Result: Statistically representative monthly wind stow loss factors 2 Eedon ind data (e.g, 5-min)

that reflect long-term wind behavior while preserving the TMY solar resource. o VaaEan praied Fobuist ypicarTosel ad seritive Sevtreaies
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Multi Year Analysis of Test Sites

2 Example Sites [2007 - 2025]

Multi Year Stow Analyses Expose Annual and Seasonal Variation

Site 1 Site 2
0.0% - — —_— Q E - I g 0.0% —_
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1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12
-0.86% | -0.32% | -0.03% | -0.01% | -0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | -0.01% | -0.33% || -3.52% | -5.81% | -7.06% | -5.25% | -3.97% | -2.12% | -3.10% | -2.31% | -2.44% | -3.91% | -4.91% | -2.13% 9




Loss Modeling Compared to Site Wind Data

Passive Site Loss Timeseries TMY Loss TMY Durst Active Site Loss Timeseries TMY Loss TMY Durst Active Site Loss Timeseries TMY Loss TMY Durst
ARRAY Loss Loss ARRAY Loss Loss 28mph Loss Loss
Colorado -0.22% -0.03% Colorado -0.94% -0.16% -0.20% Colorado -2.05% -0.64% -0.10%
Hawaii 0.00% 0.00% Hawaii -0.03% 0.00% Hawaii -0.24% -0.15%
Arizona -0.03% -0.05% Arizona -0.66% -0.10% -0.10% Arizona -4.00% -1.29% -0.02%
Nevada -0.01% -0.05% -0.02% Nevada 0.00% -0.11% -1.21% Nevada -0.32% -1.36% -0.70%
Texas -0.14% -0.01% Texas -1.19% -0.49% -0.48% Texas -10.32% -9.91% -0.19%
Average Passive Active 28mph
Site Loss -0.08%| -0.56%| -3.39% Timeseries | TMY to TMY Durst
Solcast Loss -0.03%| -0.17%| -2.67% to Site Site to Site
Row # 1
TMY Loss 0.00% 0.00% 0.00% MAE 0.48% 1.24% 1.22% ) T —— ey
TMY Durst Loss -0.00%| -0.40%| -0.20% — predicted AU "‘]“r""
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*2023 Historical Analysis




Wind Stow Loss Variance Across the US

Gap Between TMY Hourly Modeling and Sub-hourly Timeseries Wind Gust Data up to 3%
/\»3.50%

Wind Stow Losses (Timeseries Historical 5-min - TMY3 Hourly)

- 3.00%

2.50%

2.00%

1.50%

1.00%

Wind Power Project Capacity 2
« 10 MW

Wind Stow Losses (Timeseries Historical 5-min - TMY3 Hourly) (%)

. 100 MW *’)
* 1000w \ ) . 5\ 0.50%
=
Solcast 5-minute Timeseries Weather Data Wind stow losses vary by location and stow algorithm St =
NSRDB 2024 TMY Hourly Weather Data modeled. Current industry practices in modeling wind

28mph Active Stow Threshold
Operational Wind Projects — Orennia
1°x 1° resolution data

stow losses underestimate values up to 3%




