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AGRIVOLTAIC SYSTEMS DEFINITION

“Solar PV system located on the same area as the agricultural

production, and it impacts the agricultural production by JRC SCIENCE FOR POLICY REPORT
providing, without any intermediary, one of the services listed
below, without inducing any significant degradation of the SUEmIGUIT I Reten b angiCiachges

for Agri-Photovoltaics in the
agricultural  production (both qualitatively and European Union

quantitatively), or any farm income loss:
» Climate change adaptation

» Hazard protection

» Animal welfare

» Specific agronomic service (e.g., lower temperature stress)”

https://librairie.ademe.fr/energies-renouvelables-reseaux-et-stockage/4992-caracteriser-les-projets-photovoltaiques-sur-terrains-agricoles-et-l-agrivoltaisme.html
https://publications.jrc.ec.europa.eu/repository/handle/JRC132879



https://librairie.ademe.fr/energies-renouvelables-reseaux-et-stockage/4992-caracteriser-les-projets-photovoltaiques-sur-terrains-agricoles-et-l-agrivoltaisme.html
https://publications.jrc.ec.europa.eu/repository/handle/JRC132879
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SIMILAR CONCEPT TO AGROFORESTRY OR INTERCROPPING
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Climate-ADAPT. (2022). Available at: https://climate-adapt.eea.europa.eu/metadata/case-studies/agroforestry-agriculture-of-the-future-the-case-of-montpellier
https://wikifarmer.com/how-to-use-cover-crops-in-vineyards-and-their-advantages/



MICROCLIMATE AND SYNERGIES IN AGRIVOLTAIC SYSTEMS

Photo credit: Julienbrustudio, 2023
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Shadings from PV systems affects
o the quantity and quality of light
received to the ground
o energy balance on the ground and
thus soil evapotranspiration and soil
moisture and temperature

Microclimate affects both electricity and
crop production

Crop evapotranspiration can reduce solar
cells operating temperatures

Albedo (light reflected by the crops) affects
PV system electricity - crop selection
become important for the energy
conversion



AgriOptiCE® MODEL
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ARTICLE INFO

chnology for reaching sustainable development goals, by reducing the
land used for electricity. Moreover, agrivoltaic systems are at the centre
2. crop production, and irrigadon water savings. In this study, an
ivolraic systems with bifacial phorovoltaic modules is developed.
Fmoders: solar radiation and shadings, photovoltaics, and crop yield. Vali-
ed showing good agreement with measured data and commercial software.
ult objective to explore the rrade-offs berween compering agrivoltaic key
performance indicators. ratoes are used as reference crops in this study.

The results show that wveen bifacial photovoltaic module structures significantly affects
the photosynthetically a: ibution. The resulting crop yield of oats and porato is reduced by
about 50% as row distand® 0 m to 5 m. The implementation of an agrivoltaic system for the
investigated crops at the ch
technology for reaching narj

Handling editor: Cecilia Maria Villas Baas de
Almeida

1. Introduction

cantly increased in the I
coming years. This is ald

100% purely renewabld 3 (Government  advantages are cut across three different macr > energy, food, and
. . . . . . Offices of Sweden, 2021:%and ne| ‘water. First, the combination of power and crop production can increase
into the atmosphere by 20 K Sweden, 2021b). i i . ini i
Optimization is a complex task due to conflicting sectors targets!!! b . A e S iy

Campana, P. E., Stridh, B., Amaducci, S., & Colauzzi, M. (2021). Optimisation of vertically mounted agrivoltaic systems. Journal of Cleaner Production, 325-129091



WHY A SIMULATION AND OPTIMISATION MODEL?

Optimal system design
based on crop yield

1100 T T T T T T T T T T T T T T T T 11
targets
. . 1000 410
To meet policy targets concerning crop oo | W !
production under agrivoltaic systems!!! I 1q
§ Crop yield under no shading conditions 17 :__rt?
* Japan 2= 80% (NEDO) < 1e =
* Germany 2 66% (DIN SPEC 91434) 3 IS
2
é 300 —S— PV production 13
@ L *  PVsyst® i
* France 2 90% (AFNOR Label) I 200 e 2
100 ——— Oats yield 14
[ J

Italy > 70% (UNI/PdR 148) ol e g

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Row distance (m)

No policy targets exist yet in Sweden!!! Integrated modelling can estimate the crop yield

reduction, and other performances in agrivoltaic
systems at a design stage

apanese_Farmers Producing_Crops_and_Solar_Energy.ph|
ang, J., Reise, C., Schindele, S., Bopp, G., Ehmann, A, ... & Obergfell, T. (2021). Combining food and energy production: Design of an agrivoltaic system applied in arable and vegetable farming in Germany. Renewable and Sustainable Energy Reviews, 140, 110694.

for Solar Energy Systems ISE (2022). Agrivoltaics: Opportunities for Agriculture and the Energy Transition
Campana, P. E dh, B., Amaducci, S., & Colauzzi, M. (2021). Optimisation of vertically mounted agrivoltaic systems. Journal of Cleaner Production, 325-129091
ps://store m/uni-pdr-148-2023



http://www.i-sis.org.uk/Japanese_Farmers_Producing_Crops_and_Solar_Energy.php
https://store.uni.com/uni-pdr-148-2023

FIRST AGRIVOLTAIC SYSTEM IN SWEDEN
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CROP YIELD RESPONSE IN SHADING CONDITIONS
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No statistical difference between ley grass under the e
agrivoltaic system versus open field conditions. The yield
refers to the samples, a 10% reduction should be applied

due to the land loss for the supporting structures

Campana, P. E., Stridh, B., Hérndahl, T., Svensson, S. E., Zainali, S., Lu, S. M., ... & Colauzzi, M. (2023). Experimental results, integrated model validation, and economic aspects of agrivoltaic systems at northern latitudes.

https://eartharxiv.org/repository/view/5747/



https://eartharxiv.org/repository/view/5747/

CROP YIELD RESPONSE IN SHADING CONDITIONS
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Validation of the integrated modelling platform

Campana, P. E., Stridh, B., Hérndahl, T., Svensson, S. E., Zainali, S., Lu, S. M., ... & Colauzzi, M. (2023). Experimental results, integrated model validation, and economic aspects of agrivoltaic systems at northern latitudes.
https://eartharxiv.org/repository/view/5747/



https://eartharxiv.org/repository/view/5747/

BEST CROPS FOR AGRIVOLTAIC SYSTEMS?

Yield change compared to unshaded control (%)

-100 -80 -60 -40 -20 0 +20 +40 +60 +80 1.00-
Berries - g I
Fruits : :
- Type of System
Fruity vegetables %‘”* \ Openrisd
g Type of Panels
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C; Cereals 40% RSR P 1
Maize o . .
Tuber/root crops .
Grain legumes T :
Forages
o i Groundogoverage Rg;‘;o u
Crop yield reduction versus irradiation reduction Crop yield reduction versus ground coverage ratio

Laub, M., Pataczek, L., Feuerbacher, A., Zikeli, S., & Hogy, P. (2022). Contrasting yield responses at varying levels of shade suggest different suitability of crops for dual land-use systems: a meta-analysis. Agronomy for Sustainable
Development, 42(3), 51.
Dupraz, C. (2023). Assessment of the ground coverage ratio of agrivoltaic systems as a proxy for potential crop productivity. Agroforestry Systems, 1-18.



BETTER APPROACHES
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e moies | o 20 Our approach:

e mos | o « Develop mechanistic models to simulate performances
oy | s | wo - Create a MATRIX of agrivoltaic systems layout and test
o oo | e different crops simultaneously towards a more robust
T T o database

Recommended illumination requirements

https://koraylights.com/how-much-light-do-different-plants-need-for-photosynthesis-dli-ppfd-ppf-par-Icp-Isp/
https://www.mdu.se/en/malardalen-university/research/research-projects/matrix---evaluation-of-the-first-agrivoltaic-systems-facility-in-sweden



https://koraylights.com/how-much-light-do-different-plants-need-for-photosynthesis-dli-ppfd-ppf-par-lcp-lsp/
https://www.mdu.se/en/malardalen-university/research/research-projects/matrix---evaluation-of-the-first-agrivoltaic-systems-facility-in-sweden

ENERGY AND ECONOMIC PERFORMANCES
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——Reference CGMPV
— —APV crop rotation
i
2 © = Crop rotation x 10
3 /
2
4.86 kWh/mz2/year @ —
©
®
2
5.
2 Area: 2,000m?
a CGMPV: 150 kW,
w100 APV: 84 kWp

Year

Lower profitability of agrivoltaic (APV) systems compared

30 KWh/m2lyear to conventional ground mounted PV (CGMPV) systems

+ food! o _ ,
The land profitability with APV systems can be 30 times

higher as compared to only farming

Policies required to maintain farming!!!

Campana, et al. (2023). Experimental results, integrated model validation, and economic aspects of agrivoltaic systems at northern latitudes. https://eartharxiv.org/repository/view/5747/
Campana, P. E., Stridh, B., Amaducci, S., & Colauzzi, M. (2021). Optimisation of vertically mounted agrivoltaic systems. Journal of Cleaner Production, 325-129091



https://eartharxiv.org/repository/view/5747/

» Agrivoltaic systems combines solar photovoltaic and
agricultural activities on the same land with synergistic
effects

» The shading produced by the PV modules on ground
create a microclimate that affects crop production

» Integrated modelling fundamental for meeting current
and future policy targets

» No statistical difference between agrivoltaic and open
field conditions for ley grass

» Agrivoltaic system are a key technology to support
farmers incomes

» Legal aspects are fundamental to set the scene

CONCLUSIONS




Thank you for the
attention!
Questions?

Pietro Elia Campana

pietro.campana@mdu.se

Anders Avelin

Our research is included in IVA’s 100 List

SO|enel’gipl‘iset 2021 listing research projects focusing on

sustainable emergency preparedness with
ARETS PRESTATION figere potential to create value through innov:

.."H W _ £
il .*;.-e] 'l\ bis. LR N e 27N

FN ,. '

Ulf Andersson Bengt Stridh.  SilviaMa Lu Sebastian Zainali = Pietro Campana

' ' g Al
KR - i Ll
‘A ’A el ' 1

ELFORSKNINGS
CENTRUM SVERIGE


mailto:Pietro.campana@mdu.se

