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Overview

» A collaborative study between NLR and Silicon Ranch investigates whether a solar array alters the wind flow and thus
interferes with wind measurements used for ecosystem services calculations at an agrivoltaics site.

« Using simulations, this work predicts the wind flow under various environmental conditions, including different wind
speeds, wind directions, and panel tilt angles.

» The study concludes that at the tower's 6-meter sensor height, the impact of the panels is not significant, with a wind
speed difference of less than 4%.

« This result validates the use of such towers for reliable ecosystem exchange measurements within solar fields.
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Figure 1: Quanterra Systems eddy
covariance flux tower at the Bancroft
Station agrivoltaic array.

Motivation Experimental Measurement Set-Up

« Silicon Ranch is conducting a
research study at their Bancroft
Station agrivoltaics site in which
they are using eddy covariance flux
towers to measure the ecosystem
exchange.

« The flux towers were not originally
designed for use in PV arrays, so the
research team is interested in
finding out if the presence of the PV
panels changes the effectiveness of
these measurements.

* Eddy Covariance Flux towers
measure ecosystem exchange
in and out of the environment
within their fetch footprint.
Ecosystem exchange
(measured by carbon
uptake), wind speed, and
wind direction are measured
at the millisecond rate, and
aggregated into 30min values.

Figure 2: Aerial map view of Bancroft Solar Farm,
an agrivoltaic installation near Blakely, GA.
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Figure 4: Daily ecosystem CO, uptake at Bancroft Station

Methods Results

* Used NLR's PVade to model the wind in the agrivoltaic array
using Silicon Ranch’s PV array dimensions and site conditions

» Four regimes were determined to represent characteristic wind
conditions, temperature conditions, and tilt angles. WIL by ok

it = 307, it = 30 it = 307 it = 30°, 307, it = 300,
Us1ms =021 u=lms p=028 u=3msg=-105 u=3ms =024 u=Smsy=-097 u=5msy=023

Interpolated Mean Flow Feids v » In all cases:
v Decton = 2703 e, T e - 2006 vy =3 o Presence of solar panels tends to
4 ) E increase wind speed above the solar
s . wind /r s farm (at flux sensor height)
. B

e L ot Presence of solar panels reduces wind

6o o5 10 oo o5 10 ¢ b 5 £ T 5 3 4 % 6 3 % spe gi at the panel
it = 207, = 207, = 20, it = 207, it = 207, = 200, height and ATMOS sensor height
U= Mg =021 u=lmspe02 u=3msge-105 u=3msp=02 u=Smsys-097 u=5msys023

In the fully-developed region of the array, the mean velocity profiles
were compared to those over open pasture (without PV panels)
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Figure 6: Mean flow fields showing the streamwise (u),
spanwise (v), and vertical (w) components. The black Figure 7: Mean velocity profiles under various wind conditions and it angles p
dotted line denotes the flux tower measurement height. i

Findings & Conclusions

At the height of the flux tower (ém), the wind speed measured is not significantly altered by the presence of solar panels. The percent
difference is less than 4% and is generally greatest during daytime conditions at higher wind speeds (of 3 m/s or greater when measured at
é6m height) and perpendicular wind direction (from the East).
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« At lower heights, the flow is significantly altered (wind speeds are reduced) by the presence of solar panels. The percent difference I ;‘%
increases with wind speed. [EI R
- Steeper tilt angles when front-winded and higher freesiream wind speeds lead to greater impact of the presence of the panels. = )
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» While PVade was designed to study wind-driven loads of PV trackers, it can be used to predict wind in a given agrivoltaic array. started with PVade!
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