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➢ 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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Frost condition

Frequency & intensity2 

Damage1 when 𝑇𝑝 < −2°𝐶

1 Gels de printemps en vergers, Sud Arbo                   2 J. R. Lamichhane, Rising risks of late-spring frosts in a changing climate, Nature Climate Change, 2021
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< 250 𝑊/𝑚²

< 1 𝑚/𝑠≈ 0°𝐶

➢ Wind speed➢ Air temperature
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Measurements
AgriPV @ EDF lab les Renardières
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Measurements
Infrared radiation
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Measurements
Infrared radiation

APV zone C zone

➢ When 𝑹𝒊𝒓,𝑪 < 𝟐𝟓𝟎 𝑾/𝒎², 𝑹𝒊𝒓,𝑨𝑷𝑽 is increased by up to 𝟖𝟎 𝑾/𝒎²

➢ When 𝑻𝒑,𝑪 < 𝟎°𝑪, 𝑻𝒑,𝑨𝑷𝑽 is increased by up to 𝟐°𝑪

➢ Measuring 𝑹𝒊𝒓 is not enough to explain this increase in temperature

Context – Theory behind frost – Measurements at AgriPV – Numerical models – Conclusion 

J. Vernier (joseph.vernier@edf.fr) – Can agrivoltaic systems protect the plants against frost? – Journée Scientifique SIRTA/ICEO

value = 0

mailto:joseph.vernier@edf.fr


23

Measurements
Infrared radiation

APV zone C zone

➢ When 𝑹𝒊𝒓,𝑪 < 𝟐𝟓𝟎 𝑾/𝒎², 𝑹𝒊𝒓,𝑨𝑷𝑽 is increased by up to 𝟖𝟎 𝑾/𝒎²

➢ When 𝑻𝒑,𝑪 < 𝟎°𝑪, 𝑻𝒑,𝑨𝑷𝑽 is increased by up to 𝟐°𝑪

➢ Measuring 𝑹𝒊𝒓 is not enough to explain this increase in temperature

Context – Theory behind frost – Measurements at AgriPV – Numerical models – Conclusion 

J. Vernier (joseph.vernier@edf.fr) – Can agrivoltaic systems protect the plants against frost? – Journée Scientifique SIRTA/ICEO

value = 0

mailto:joseph.vernier@edf.fr


24

Measurements
Infrared radiation

APV zone C zone

➢ When 𝑹𝒊𝒓,𝑪 < 𝟐𝟓𝟎 𝑾/𝒎², 𝑹𝒊𝒓,𝑨𝑷𝑽 is increased by up to 𝟖𝟎 𝑾/𝒎²

➢ When 𝑻𝒑,𝑪 < 𝟎°𝑪, 𝑻𝒑,𝑨𝑷𝑽 is increased by up to 𝟐°𝑪

➢ Measuring 𝑹𝒊𝒓 is not enough to explain this increase in temperature

Context – Theory behind frost – Measurements at AgriPV – Numerical models – Conclusion 

J. Vernier (joseph.vernier@edf.fr) – Can agrivoltaic systems protect the plants against frost? – Journée Scientifique SIRTA/ICEO

value = 0

mailto:joseph.vernier@edf.fr


25

𝑅𝑖𝑟,𝐶 < 230 W/m2 

230 W/m2 < 𝑅𝑖𝑟,𝐶 < 260 W/m2 

260 W/m2 < 𝑅𝑖𝑟,𝐶 < 290 W/m2 

290 W/m2 < 𝑅𝑖𝑟,𝐶 < 320 W/m2 

350 W/m2 < 𝑅𝑖𝑟,𝐶  

320 W/m2 < 𝑅𝑖𝑟,𝐶 < 350 W/m2 

Measurements
Impact of microclimate on plant temperature

APV zone C zone

The size of the squares depend on the number of samples.
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𝑅𝑖𝑟,𝐶 < 230 W/m2 

230 W/m2 < 𝑅𝑖𝑟,𝐶 < 260 W/m2 

260 W/m2 < 𝑅𝑖𝑟,𝐶 < 290 W/m2 

290 W/m2 < 𝑅𝑖𝑟,𝐶 < 320 W/m2 

350 W/m2 < 𝑅𝑖𝑟,𝐶  

320 W/m2 < 𝑅𝑖𝑟,𝐶 < 350 W/m2 In average:
➢ If cloudy sky 𝚫𝑻𝒑 ≈ 𝟎°𝑪

➢ If strong wind 𝚫𝑻𝒑 ≈ 𝟎°𝑪

➢ If clear sky and no wind 𝚫𝑻𝒑 ≈ 𝟏°𝑪

Measurements
Impact of microclimate on plant temperature

APV zone C zone

The size of the squares depend on the number of samples.
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Measurements
Plant temperature time series APV VS C

APV zone C zone

2025/04/07 2025/01/15
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Infrared radiation APV zone
Infrared radiation C zone

Solar radiation 

Wind speed
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Measurements
Plant temperature time series APV VS C

➢ 𝑻𝒑,𝑨𝑷𝑽 − 𝑻𝒑,𝑪 > 𝟐°𝑪 during these two frost occurences

➢ Neither soil temperature, nor air temperature seem relevant 
parameters to estimate frost intensity

APV zone C zone

2025/04/07 2025/01/15

Plant temperature APV zone
Plant temperature C zone

Air temperature 

Soil temperature 

Infrared radiation APV zone
Infrared radiation C zone

Solar radiation 

Wind speed
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Numerical study
Numerical set-up – PV1 and plant2 models

𝑞𝑣 
(kg/kg)

𝑧 (m)

𝑇 
(K)

𝑢 
(m/s)

Atmospheric 
profiles

3D radiation 
model

Soil
model

Turbulence
model

Plant
model

Water 
balance

3D Navier-Stokes + 
humidity

1D radiation 
model

1 J. Vernier, et al., Solar Energy, 2025            2 J. Vernier, et al., Agricultural and Forest Meteorology, Under review
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Numerical study
Numerical set-up – PV1 and plant2 models
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Numerical study
Numerical set-up – PV1 and plant2 models
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𝐻𝑝𝑣 = 4,5𝑚
Simulations are first 
validated based on the 
measurements

Heterogeneity:
➢ APV VS control zone
➢ Below VS between PV

Numerical study
3D results

APV zone C zoneContext – Theory behind frost – Measurements at AgriPV – Numerical models – Conclusion 
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Low IR radiation at plant level

High IR radiation at plant level

Radiation frost

Numerical study
Sensitivity analysis
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Low IR radiation at plant level

High IR radiation at plant level

Radiation frost

Numerical study
Sensitivity analysis

Context – Theory behind frost – Measurements at AgriPV – Numerical models – Conclusion 

J. Vernier (joseph.vernier@edf.fr) – Can agrivoltaic systems protect the plants against frost? – Journée Scientifique SIRTA/ICEO

mailto:joseph.vernier@edf.fr


37

Low IR radiation at plant level

High IR radiation at plant level

Radiation frost

Numerical study
Sensitivity analysis
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Low IR radiation at plant level

High IR radiation at plant level

Convection frostRadiation frost

Numerical study
Sensitivity analysis
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Low IR radiation at plant level

High IR radiation at plant level

Convection frostRadiation frost

Numerical study
Sensitivity analysis
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Low IR radiation at plant level

High IR radiation at plant level

Convection frostRadiation frost

Numerical study
Sensitivity analysis
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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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➢ Optimal APV geometry could be found using the  
coupling of models in code_saturne.

Next steps:

❑ To be included in crop models (STICS, or DSSAT).

❑ Frost study using a 3D plant model → for apple 
trees or vineyards.
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Thank you for listening!
tt

Any questions?
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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.org/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

→ Junni Luo poster n.27 on an airflow 
study at SIRTA APV power plant, 

which questions standard energy and 
water exchange models! 
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𝐻𝑝𝑣 = 4,5𝑚

Numerical study
Evaluation against measurements

APV zone C zone
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Numerical study
3D plant modelling

March, 03:00

➢ Consider more complex plants!
➢ Higher protection as the apple 

trees are located closer to the PV 
panels

➢ Impact of frost first at the surface
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