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GCube – Hail or High Water Q1 2021 Report

Cost of Extreme Weather 

https://gcube-insurance.com/Insights/Reports/HAIL-OR-HIGH-WATER
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System Cost vs. Energy Loss

Mechanical System 
Strength

Cost

Wind Stow Strategy

Energy Loss
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Wind Stow Modeling Overview

Wind Data Preprocessing Stow Angle Calculation

  

Energy Simulation
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Wind Data for Stow Analysis
On-Site Wind Measurements

Typical mounting sensor height is at 10m, 
but if necessary, sensor height can be 
corrected using the power law
Wind speed measurements are 
instantaneous, but what is stored?

Average values (ex. 3 second mav)?
Peak values for the samples in the 
recording interval?

What data is required by the stow 
strategy? Is wind direction even 
considered?

Included with Satellite Irradiance Dataset

TMY data (hourly resolution) is not 
sufficient for detailed wind analysis

Lengths of stow periods, relaxation 
times, etc. are often less than 1 hour

5-minute historical sources are available, 
but gust/peak wind speeds are not 
provided
Durst curves (1960) or similar are often 
used to estimate peak gust wind speeds 
from a longer term mean wind speed

nrgsystems.com
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Source Data for the Study
NREL Measurement and Instrumentation Data Center (MIDC)

• High-temporal-resolution ground-measured 
weather dataset, publicly available at 
https://midcdmz.nrel.gov/; 17 sites are currently  
active.

• We selected 12 sites that provide data with 1-
minute recording interval:

» Global Horizontal Irradiance

» Air Temperature

» Wind Speed (Average and Peak)

» Wind Direction (Average)

• Wind data was processed into the format 
required by the various stow strategies, then the 
maximum value over each 5-minute window 
was used. 

https://midcdmz.nrel.gov/
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Wind Stow Modeling Overview

Wind Data Preprocessing Stow Angle Calculation

  

Energy Simulation
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Mechanical vs. Sensor-Based Wind Stow Strategies
Mechanical Stow Sensor-Based Stow

Fully mechanical, passive wind-load mitigation system. 
Each row has an integrated torque-limiting mechanical 

clutch that allows the row to stow automatically when the 
mechanical load threshold is exceeded.

Individual row stow maintains generation in unaffected 
rows.

Doesn’t require power source or additional components/ 
sensors.

Uses on-site wind speed measurements to determine 
when wind speeds exceed predetermined thresholds to 

command the row(s) to stow. 

Stow strategies are specific to each tracker product and 
stow parameters can vary widely based on project-specific 

design and conditions.

Requires uninterrupted power source or battery backup in 
addition to wind sensors. 
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NREL Flatirons Campus

Mechanical Stow Video

How do we model this behavior?

• Function to calculate clutch-triggering 

wind speed derived from model of 

mechanical system combined with 

wind tunnel test data.

Wind Speed Threshold = 

f(row length, module size, module mass, 

ext/int, wind direction, current tilt angle) 

• Number of rows that stow based 

on NREL test site
(8 108m rows) à 17% interior rows 

stow as a conservative estimate

Exterior row (Row 1) stowed at 58mph

Rows 2-8 did not stow

Row 1Row 2
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Stow Strategies Considered

Case
Mechanical

or
Sensor-Based

Relaxation
+

Resync Time 
(min)

Stow Angle
(deg) Windspeed Thresholds

A Mechanical N/A 52 Exterior rows: Peak wind speed > 36-150mph
17% Interior rows: Peak wind speed > 42-150mph

B Sensor-Based 25 25
All rows: Peak wind speed > 37.3mph

or
Average wind speed > 26.1mph

C Sensor-Based N/A 60

Exterior rows + 25% interior rows:
Normal component of average wind vector @ 3m

> 21mph (exit 16mph)
All rows: Normal component > 25mph (exit 20mph)

D Sensor-Based 35 60 25% rows: Peak wind speed > 30mph
All rows: Peak wind speed > 35mph

Peak wind speed: 5-minute-interval maximum of wind speed sampled every 3 seconds
Average wind speed: 5-minute-interval average of wind speed sampled every 3 seconds



12

Stow Strategy Comparison Example (Case A vs. Case B)

Case B
(Sensor-Based Stow)

Case
Mechanical

or
Sensor-Based

Relaxation
+

Resync Time 
(min)

Stow Angle
(deg) Windspeed Thresholds

A Mechanical N/A 52 Exterior rows: 3s gust > 36-150mph
17% Interior rows: 3s gust > 42-150mph

B Sensor-Based 25 25
All rows: instantaneous speed > 37.3mph

or

Stow Angle: 52°
Exterior rows:

Peak wind speed > 36-150mph
17% Interior rows:

Peak wind speed > 42-150mph

Case A
(Mechanical Stow)

Stow Angle: 25°
Relax/Resync: 25min

All rows:
Peak wind speed > 37.3mph

or
Average wind speed > 26.1mph

Peak wind speed: 5-minute-interval maximum of wind speed sampled every 3 seconds
Average wind speed: 5-minute-interval average of wind speed sampled every 3 seconds
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Wind Stow Modeling Overview

Wind Data Preprocessing Stow Angle Calculation

  

Energy Simulation
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All steps executed using the PlantPredict SDK (python)

Wind Stow Energy Modeling Overview

5 minute resolution:
Weather data 

GHI, Tamb
Tracker wind stow angles

Import Time Series Data

Reference prediction based
on customer site

Modules: FS
GCR: 40%
DC:AC: 1.25

Run baseline and stow
cases

Tiered stow strategies
require multiple cases

Run Predictions

𝑊𝑖𝑛𝑑 𝑆𝑡𝑜𝑤 𝐿𝑜𝑠𝑠 =
𝑃!"#$,&''
𝑃(&!)

Calculate aggregate stow
power for tiered cases using
weighted average

Mechanical Stow ex:
𝑃!"#$,&''
= 𝑊()"𝑃()" +𝑊*+"𝑃*+" +𝑊,&!*𝑃,&!*
𝑊()" ,𝑊*+",𝑊,&!* = 0.164, 0.018, 0.818

Calculate Wind Stow Loss
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A (Mechanical Stow) B (Sensor-Based Stow) C (Sensor-Based Stow) D (Sensor-Based Stow)

Min -0.14 % -1.45 % -2.71 % -4.23 %

Max -0.00 % -0.00 % -0.00 % -0.05 %

Avg -0.05 % -0.69 % -1.02 % -1.58 %

Results
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Correlation with Wind Speed
• As expected, wind stow energy loss is correlated with 

how windy a site is, except for Case C.

• Case C has the most sophisticated strategy of using 
the normal component of the wind vector.

5-Min Peak Wind Speed P95 [mph]                           
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Conclusions and Future Work
• Reviewed wind stow modeling methodology:

» Wind data pre-processing

» Stow analysis (tracker angle calculation)

» Energy modeling

• Results
» Mechanical stow generally gives smaller wind stow energy loss (0.00% to -0.14%) than sensor-based stow (0.00% to -4.23%).

» Wind stow energy loss is correlated with wind speed; sites with higher winds tend to show bigger wind stow losses.

» Energy losses from different sensor-based strategies can be significantly different.

• Future Work
» Build tool to quickly estimate mechanical stow losses based on site metrics

» Compare to methods using hourly data + DURST curves

» Further validation of mechanical stow assumptions at customer sites
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Thank you
kendra.conrad@arraytechinc.com


