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Frost condition

What is an agrivoltaic (APV) system ?

Credit to Shengrui Yao, COLLEGE OF AGRICULTURAL

» French law states: APV systems must benefit the crop. For
instance, it may protect crops against extreme events.

How do agrivoltaic systems modify microclimate, and what are the
impacts on plant temperature? The specific case of frost!
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How to precisely estimate plant temperature?
Theory during night-time
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Air/Atmosphere T,

PV panel T),,

Plant layer T, i Mo
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Sensible heat flux
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Theory during night-time

How to precisely estimate plant temperature?

Energy balance at plant layer?

Net radiation <

Rpet = Rips + Rir,pv+a - 2Rir,p
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Air/Atmosphere T,

PV panel T,
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Sensible heat flux
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. = f(u,u”, plant geometry)
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How to precisely estimate plant temperature? ( | <>
Theory during night-time ArfAtmesphere o S

PV panel T,,

Energy balance at plant layer? ; g-

Rnet,p — llpeq \Q~

Plant layer T, GEMEZA I

Net radiation <

Rpet = Rips + Rir,pv+a - ZRir,p

/Al 4 470 (il

( _ 4
Rir,s = €g O-TS
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ir,pv+a b 419” pv B ra Sensible heat flux
kRiT‘,p = EpO'Tp

PCp
Hyoq = o (Tpiant — Tair) 1. = f(u,u’, plant geometry)
C

Which physical quantities are involved?

» Infrared (IR) radiation » Air temperature » Wind speed
Which systems are involved?

» Atmosphere and air > PV panel > Plants > Soil
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How to precisely estimate plant temperature? @ | <>
Theory during night-time — Case of white frost Ar/Amosphere fa ST

PV panel T,,

Energy balance at plant layer?

Net radiation <« Rnet,p = Hpesq
Rpet = Rips + Rir,pv+a - ZRir,p
( 4 < 250 W /m? AL il s 1 i A, A i Al
— m
Rir,s - ESO-TS /
y

A

Rir,pv+a = ,BEva- + (1 —PBIR

Sensible heat flux o
_ 4 ~ 0°C
Hp<—>a = ( plant Tqir Te = V' lant geometry)

Which physical quantities are involved?

» Infrared (IR) radiation » Air temperature » Wind speed
Typical values of IR radiation:

> AtT =~ 0°C, R;,= ecT* =300 W/m* = R, . ~—-50W/m?
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Measurements
AgriPV @ EDF lab les Renardieres

APV power plant dimensions:
= Spacing 12m
= Height 5m

= 3 rows

= 16 columns

= 40% covering

Measurements:
= Winter & Spring 2025
= Every 1 minute
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AgriPV @ EDF lab les Renardieres s ki b
APV zone C zone R o T

APV power plant dimensions:
= Spacing 12m
= Height 5m

= 3 rows

= 16 columns

= 40% covering

NRO1 solar & IR sensors

SI-111-SS IR radiometers

Measurements:
= Winter & Spring 2025 e N e
= Every 1 minute
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Measurements N y %
AgriPV @ EDF lab les Renardieres TS Fant e B
APV zone C zone R o T

APV power plant dimensions:
= Spacing 12m
= Height 5m

= 3 rows

= 16 columns

= 40% covering

NRO1 solar & IR sensors

-
T
SI-111-SS IR radiometers

Measurements:
= Winter & Spring 2025
= Every 1 minute

Wheater station +
Soil temperature
and water content
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APV zone

Measurements
Infrared radiation
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Measurements
Infrared radiation
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» When R;,.c < 250 W/m?, R, 4py is increased by up to 80 W/m*
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Measurements
Infrared radiation
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Infrared radiation
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Impact of microclimate on plant temperature
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Impact of microclimate on plant temperature
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Measurements

Impact of microclimate on plant temperature
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Measurements
Plant temperature time series APV VS C
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Measurements

Plant temperature time series APV VS C
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» Tpapv — Tp ¢ > 2°C during these two frost occurences

» Neither soil temperature, nor air temperature seem relevant
parameters to estimate frost intensity
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Numerical study
Numerical set-up — PV! and plant> models
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Numerical study
3D results
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Conclusion

» Measurements show that PV panels protect
plants against white frost (radiation frost) and do
not worsen black frost (convection frost).

» Neither air temperature, nor soil temperature
seem relevant parameters to study frost intensity.
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Next steps:
O To be included in crop models (STICS, or DSSAT).
Q Frost study using a 3D plant model =2 for apple

trees or vineyards.
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» Optimal APV geometry could be found using the
coupling of models in code saturne.
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Thank you for listening!

- Junni Luo poster n.27 on an airflow

A ny q u e St i O n S ? study at SIRTA APV power plant,

which guestions standard energy and
water exchange models!

Do you want to learn more about agrivoltaic modelling?

Already published:
J. Vernier, et al., An innovative method based on CFD to simulate the influence of photovoltaic panels on the microclimate in

agrivoltaic conditions, Solar Energy, 2025 https://doi.orq/10.1016/j.solener.2025.113571

Under review:
J. Vernier, et al., A Soil-Plant-Atmosphere Continuum model coupled to CFD to simulate plant energy and water exchanges in

heterogeneous microclimates, https://ssrn.com/abstract=5209927

J. Vernier, et al., How to Model Wind Flows in Vegetative Canopies and Plant-Air Convective Heat Exchanges? A Special Focus
on Agrivoltaics
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Numerical study

Evaluation against measurements
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Numerical study
3D plant modelling
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