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Abstract: Agrivoltaic systems have been proposed as the mamhinent synergetic application of
agricultural and energetic sectdrstegratingsolar power generating with agricultural activities is relatively
new, however, it has startaglith implementing the PV anels into the greenhouses. Comparatively, open
field agrivoltaics systemare still growing and undeatevelopmenin many locationground the worldThe
urgeto explore innovative solutions for the increasing demand for electricity and food has been the main
motivation for the research centers, researctand, governments to escalate agrivoltaics development
globally. In this paper, the current and most regenjectsand studiesf openfield agrivoltaic systems are
presented, compare@dnd analyzed in order to anticipate the potential and path of development for
agrivoltaics n the near future. Several pieces of research from different countries globallineladed to
illustrate the main features and performance indicators of agrivoltaic sy§teepapeconcludeghatthe
agrivoltaics systenmas the potential to grow to bggale projects in different climatic regions because it
provides benefits eithdsy increasing the Land Equivalent Ratio (LER), protecthmg plants from severe
ambient weather, and diversifying the income for farmekew technologies and methods have been
integrated with the agrivoltaics systems in different projects to optitn&enbdel however many aspects

of developnentcould be introduced in the near future.

Keywords: Agrivoltaics, Agrophotovoltaics, dualse land, crop production

1. Introduction

The increasing need for energy worldwide basnaccompanieavith increagng demandfor food due to
the constant population explosions. That elaborated a (foetegyy) dilemmaespecially in countries with
scarcearable land$1]. Moreover, since renewable energy sources onshore (mainly solar and wind energy)
require huge areas of land for the infrastructure in order to geraesatécient amount of electricitythe
dilemma of exploiting the arable lands for eneggnerating puoses has been debatalggpecially in the
last decade. Therefore, sustainable solutions have to be prapasdkedv the dual use of land, especially in
countries with no arid or serarid lands (like most European countrieghich can be exploited mayy for
solar energy harnessing.

Agrivoltaic systems(APV) have emerged to provide a synergetic solution for both energetic and
agricultural sectors, allowinigr the dualuse of the land leading to maxirmg the benefit and diversiigg
the income. Agnoltaics couldsimultaneously meet the growing demands on energy and food and reduce
fossil fuel emissions[2][3][4] Therefore, the installed capacity has increased exponentially from 5
megawattsi{ w peak in 2012 to at &st 2.8 gigawatts pedi@ in 202Q [5]

On the othehand, the key feature of agrivoltaic systems, which is the synergy that can be created between
agricultural and energetic sectorswisat causes the complexity of optimizing the system. (APV) evaluation
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is not just impacted by the performance of thetphaltaic modules, the tilt angler the losses factor. Many
aspects shall be considered since the agricultural performance is as essential as the energetic performance,
and in some casgis may be prioritized.

In this paper, the current state of the art of the agrivoltaic systems is presented and discussed to assess the
current barriers and challenges, explore the new technologies and methods, and the potential technologies to
be used in the field.

The articleis organized as followsSection 2 presents the research method and the keywords used for the
literature reviewln section 3a brief definition and background were provided to illustrate the context of
agrivoltaics developmengection4 is dedicated t@xpresig and discusag the current state of the art of
agrivoltaic systems. Finallyhe main conclusions arestiussed in sectiob.

2. Materials and Methods

To collect relevant research publications, a review progassonductedand the following keywords were
used in (Google Scholar), (WebScience), and (ScopugAgrivoltaics, Agrophotovoltaics, dualse land,
Solar sharing).

It should be noted thahé¢ chosen papers and scientific papers of resdactisedon the opetfield
agrivoltaic systems. The papers that only focus on the greenhouses integrated with photovoltaics were
excluded from the review.

3. Background of Agrivoltaics
No universal definition can bfound in the standard®r agrivoltaic systemshowever, Fraunhofer ISE
Institute defined the agrivoltaic systems &&grivoltaics allows the simultaneous use of land for both

agriculture and photovoltaic power generationodrorops and electricity can be harvested on the same plot
of land:' [5]

Tablel. Different terms used worldwide for agrivoltaics

Term Region Reference
Agrivoltaics- Agrophotovoltaics | Germany France US [71]8]19]
Colocated systems [10] [11]
Horticulture PV [12]
Agrovoltaico Italy [13]

Solar sharing Japan [14][15]

Figures (1,2) are respectivaljustrating the two most spread types of operfield agrivoltaic. The first
(Figure 1)is for FraunhofetSE research plant at Lake Constanekich is horizontatilted and stiltedPV
panels above the cro@md one of the maiadvantagesf this structure is the ability to use machinery under
the panels for highaaccessibility.The secondFigure 2)is the vertical PV panels agrivoltaic implemented
in Donaueschingeermanyand mainly use bifacial modulg8]. The verticalmounting structure is cost
effective since it does not need to bd &etersn height Moreover, it would benefit from mitigating the
wind effect on the cropsiowever, this structure héswerlight-management options than the stilbunted
agrivoltaicg[5]

The term used for referring to agrivoltasystems is different based on the country or regiorthe
following table we included the most used terms for this method of integration between agriculture and solar
power.

Agrivoltaic systems can be classified based on multiple aspects regardingrfunabbility, structurgor
farming type Figure @) shows the classification proposed by Fraunhofer ISE for the agrivoltaic systems.

Generally, two main structures of agrivoltaigstems can be found in the studies currently, interspace PV
(either vertical or horizontal PV panelsyhich is more focused on providing sufficient space between the
PV rows to be used. The other is overheadi®Which the PV panels are mounted e4 of height. Also,
tracking systems are essentialtive case of agrivoltaicsThe function and the number of tracking axis
systems could characterize the systltareover, the microclimate underneathaisrucial variable since it
directly affects the ap yield
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Figure 1. The Fraunhofer ISEgrivoltaic research  Figure 2. Bifacial modules installed vertically,
plant at Lake Constance. @Fraunhofer ISE ~ DonaueschingeGermany. @Next2Sun GmbH

Classification of Agrivoltaic Systems
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Figure 3. Classification of agrivoltaisystems. proposdyy Fraunhofer ISE. @Fraunhofer ISE

Figure @) showsamore simplified classification proposed [y6]. The objectivebased classification has
been added to this classificatismce it is importantespecially in the planning phage determine the
objectiveof the planned agrivoltaisystem if it is energy or agriculicentric or integrated centr{d 7]
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Figure 4. Classification of agrivoltaic systemsoposed by16]
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4. State of the art of the agrivoltaic systems
4.1 Agrivoltaics evolution and workflow

Under the new definition of agrivoltaics, the first agrivoltdarsn was installed in Montpellier, France, and
several studies were carried out therd4jy{18] [8]. Durum wheat was initially chosen as a test crop in the
(STICS crop model to investigate the performance of ¢heps under the shade of solar paré]s The
results showed an increase of B in overall land productivity using the agrivoltaic syst

In the same facility, another study was carried out to assess the effect of shade caused by the panels of two
densities on the crop yiel®]. The two PV panels densities, Full Density (FD) and Half Density (HD)
resulted in shade levels of 50 and 70% of solar irradiation. Four varieties of lettuce were used as cultivated
crops under stilt mounted PV panelsdofi height and tilted angle 25. In that research, the lettuce approved
its ability to adapt to the new shading amount caused by the solar panels, which were connected to
morphological leaf development changes.

Fraunhofed SE institute lanched theproject (APMRESOLA) n Germany,to be Germany's largest
agrivoltaic research facilitf7] used the facility to build a simulation model in erdo analyze the electrical
performance and the behavior and productivity of four crops (Potato, Celeriac, clover grass, and winter
wheat). This research facility has a unique design with solar panels' height of 5 m, and the distance between
the rows is p to 19 m to allow the use of large machiasshown in Figurs.

The simulation results conducted in this research presented the system's viability in the aspects of
orientation, row distance (density of panels), and electricity yield. It was found that by combining the
electrical and crop yield, (LER) mean for 2017 2048 between 1.71 and 1.76 was achieved. However, the
research stated that the row distance is vital in the aspect of balancing the electrical and crop yield and that
agrivoltaics bears the chance to enhance the resilience of farming systems agadtdugint.
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Figure 5. Sketch of lateral view of an APV system in Fraunhofer ISE in Heggelttackongitudinal beam, 2
= pillar, 3 = PV module, 4 = Spinnanker foundat:i
dpillar = width clearance, h = vertical clearance. The sflirce

Agrivoltaics systems were also attractive in the USA, wH8teproposed agrivoltaicsn Phoenix
Metropolitan Statistical Area (MSA) intending to reduce the energy production from conventional sources,
preserve the agricultural land, and help the local community to accept and adopt agrivoltaics as a sustainable
solution. A largescale simiation assessment was carried out to investigate the potential of the agrivoltaic
system on the agricultural land in Phoenix. The analysis has been conducted using (Sketchup Pro), (Skelion),
and (SunHorus) plugins and the panels were placed at 4m heiglfitattl quartedensity PV panel
distribution patterns over the agricultural land were analyzed in this study. The farmers growing Alfalfa,
Cotton, and Barley can generate 5, 4.7, and 1.5 times the current residential energy requirement. The future
energyneeds of the MSA can also be met using agricultural land. WitkdkaHity panel distribution, the
agricultural land would receive about 60% of the direct sunlight compared to land without panels. The
agricultural land would receive about 80% of the disemlight with quartedensity panels. Analysis shows
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that the energy used in crop production is less than 1% of the total energy generated using agrivoltaic systems.
It is observed that 50% of the agricultural land would make up for the sale pricdafdheithin two years
with agrivoltaic systems.

Also, in the USAJ19] performed their research on the applicability of agrivoltaic systems in California at
SunPower research cenigiigure 6). A variety of crops used in this study included: Kale, Swiss chard,
broccoli, bell peppers, tomato, asighooth leaf spinach.
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Figure 6. Layout of the shade treatments among the PV at the SunPower Researdh Bentist California.
Circles show individual, containgrown plants of the indicated crops. Image squ@je

It was found that Kale produced the same amount withiRAR levels between (585%) of FS (Full
Sun). Chard yield was the same in PAR levels of 85% and greater. Also, Tomatoes produced the same yield
in all PAR levels greater than 55% of FS.

The research suggested that crops like Kale, chard, and tomatoes tamdzbthroughout the solar array
with only a limited yield penalty as long as light levels are at least 55% edumlirradiance. Other crops
like spinach are not advisable among solar panel arrays due to their strong dependence on high irradiance for
best crop yields.

4.2. Designparametersperformanceindicators, and their impact

Usually, the tilted PV panels can optimize the tilt angle based on the annual local solar irrfdig{2)].

Also, the posiility of deriving the tilt angle of the optimal situation in the critical growth stage for the crop
was mentioned bgElborg 2017)n the manually controlled tracking system cases. Moreover, in addition to

the opeation temperature, which is determined by the ambient temperature, wind speed, and solar irradiation,
the dust caused by the agricultural activities can impact the power generated. The amount of dust collected
on the PV panels has an inverse relationstiip the tilt angle[21] [3].

Crop-Sim, a Decision Support System (DSS), is an interesting method used to anticipate and optimize crop
status and energy yield under a dynamic agrivoltaic system to achieve the highest possible energy yield
without impacting the crop (Chopard et al., 2DZThis (DSS) defines a plant's wedicognized three abiotic
indicators associated with crop development under pantis.dredawn water potential (leaf water potential
measured just before dawnjtt® canopy temperature, anegh& amount of carbon pdaced through
photosynthesis. And these indicators would allow anticipating the plant's performance throughout the year.
The function of Crogsim is to simulate the soil, the plant, the atmosphere, and the interactions between
them.

In order to conduct the first study on agrivoltaics under organic field management confR2p{&3] in
Germany investigated how celeriac would be affected by cultivating under agrivoltaics system and the impact
of solar panels on the microclimate underneatliti¢ating celeriac was part of a feyear crop rotation
consisting of Celeriac, Potato, winter wheat, and geémgeras in Figurer.

The research stated that PAR was reduced by%2®n average under agrivoltaics, while irradiance
reduction was between BD% depending on the agrivoltaics setup. Despite the differences in some
variables, the crop yields were not significantly reduced, and the research stated that celeriac could be
considered a suitable crop under agrivoltaics.
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Celeriac

Celeriac

Figure 7. Setup of the field experiment in 2017 and 2018 with the location of celeriac within the crop rotation.
The sourcg22]

Considering the viability of a crop such as rice, especially in Asia, the yield should not fall below 80% of
crops grown under normal conditions in the surrounding Hréhn[24]. To assess the applicability of
agrivoltaicssystems over rice crop5] carried out a comprehensive study in four different farms in Japan
with different ratios of projected shade under solar panels to the total surface area andze agtivoltaics
in the case of rice yield. Als§24], in an MSc thesis, conducted simulation and experimental assessment to
estimate rice yield integrated with energy yield under an agrivoltaic system. The research reported
experimental data to refer to a reduction in the grain yield by 22.6%r padtial shading compared to full
sun condition; even delaying the harvest didn't change the reduction percentage. The mbdehhas
performed accurately, and the experimental results validated it.

4.3. Innovative solutions and applications

Not only stationary PV panels were investigated in the agrivoltaics systems, but also mobile PV panels were
proposed by26]. The study conducted a comparative assessment of the performance of stationary and mobile
agrivoltaics systems over lettuce in the aspect of energy production and yield biomass using (LER). The
suntracking solar panels were installed begfdetypical stationary panels in the field with the flexibility to
control the microclimate under the agrivoltaic syst@tmysiological traits should be measured in a @®p
theprojected aredeaf numberspecificleaf arealeaf shapeTwo types of lettuce were cultivated under the
panels (Kiribati, Madelona). The experiment was well prepared by dividing the field into three main areas:
1-Mobile Panels with solar tracking (ST dobile Panels with controlled tracking (CT) Stationarypanels

area which contains Half Density (HD) and Full Density (FD) areas. Also, full sun condition (FS) was placed
in the south of the agrivoltaic system as a control for the crop yield. Three experiments in spring, summer,
and autumn were carried out.

Interestingly, all of the cases studied in that experiment achieved an (LER) bigger than 1, which indicates
that in all the cases, the agrivoltaic system reduced the required area to produce the same amount of electricity
and yield biomass. Notably, both tyef mobile agrivoltaics achieved higher (LER) than the stationary
system due to the significantly increased power generated and slightly increased biomass. Even though ST
mobile systems achieved better electricity generation than CT systems, thertatidega crop yield at
levels close to the control FS systems yield, introducing it as a solution for different crops that may be more
shading intolerant.

A patented agrivoltaic solar tracking system named (Agrovoltgi€mure 8) was investigated using
simulation with a maize crop 47] in northern Italy. One of the unique traits of this system is the tensile
structure of the stilts which minimize the use of land.
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Figure 8. The tensile structures of the Agrovoltaico systemhgesourc¢l3]a

The study used Generic Crop Growth Simulator (GECROS) with coupled radiation and shading models. A
simulation model was used in this study in (Scilab) software platform, aotbihenodel was prepared using
(GECROS). The simulation provides results for the years (290718).

After a comprehensive analystbge grain yield was higher and more stable under Agrovoltaico than full
sun conditions under the drought stress, while dlightly lower when water is not limited. Using (LER)
method, always Agrovoltaico achieved more than 1.

Arid and semiarid lands are suitable location for conventional PV farms because of the high potential
yield and because it is usually far from thenters of human activity. In the arid and semd lands in
Northeastern India[10] investigated an agrivoltaic system as a compromise ketwhee conventional
installation of solar panels and cultivation (Aloe vexg)shown in Figur@, which is xerophytic and doesn't
require special requirements of solar infrastructure. (Aloe vera) has a short growth stature and low
maintenance.

Figure 9. (a) Colocation of solar PV and vegetation in Colorado, USA. (b) Aloe vera cultivation in Rajasthan,
India. SourcfL0]

The researcmiestigated the aspects of energy inputs/outputs, water use, greenhouse gas emissions, and
the solar installation system's economics compared to aloe vera cultivation, another widely promoted and
economically important land use in these systems. The Yif&e @nalysis showed that agrivoltaics are
economically benégial in rural areas and could credietter rural economic growth opportunitidhe water
inputs for cleaning solar panels are similar to the amounts required for annual aloe vera productivity. The
authors recommended integrating the two systems to maximize land and water use efficiency. A life cycle
analysis of a hypothetical colaton indicated higher returns pier of water used than either system alone.

Choosing the appropriate module and technology for the solar panels is still under study, and the emergence
of bifacial modules opened the door for comparison between themmamwdfacial modules. The
comprehensive analysis of agrivoltaics in Paras, Maharashtra,[L2fi'ecommended using bifacial solar
panels after the practical measurements. The bifacial modules produced 6.4% of electric yield, more than the
monofaciAmodules.

108



MICROCLIMATIC AND ENERGETIC FEASIBILITY OF HUNGARIAN AGRICULTURAL ENGINEERING
AGRIVOLTAIC SYSTEMS: STATE OF THE ART N° 40/2021

[28] in their research investigated the performance of vertical-\®ast oriented bifacial modules
computationally compared to the conventional tilted N&thuth orieted monofacial modulggigure10).

\/N,

Figure 10. (a) Tilted monofaciasouthfacing (moneN/S), and (b) vertical bifacial eastest facing (bi
E/W) solar modules. The sour@s]

-

In some areas, power loss due to soiling can reach 10% per dawfigrdimjled panels and 40% for heavily
soiled panels. This effect could be mitigated by shifting the tilt from horizontal to v¢2@3al he potential
of vertical bifacial solar is high because it can mitigate soiling losses, making it important to assess its
performance, especially in arid areas.

[28] in their research, stated that the performance of the bifacial panels is affected by the density of solar
rows. When the farm is hatfensity, the vertical panels produce the same energy as the ditteehtional
one. Also, the combined PAR/Energy yields for the vertical bifacial farm is not always superior, and the
study suggested that it could still be an attractive choice for agrivoltaics due to its distinct traits such as
minimizing the land coverag more flexibility to the farm machinery, ability to mitigate soiling losses, in
addition to the cost advantages due to potentially reduced elevation, in the cases when the elevation is not a
requirement for the system.

Interesting experimental reseamhs ®nductedo use tinted sertransparent solar panels in agrivoltaics
systemg30], as presented in Figudel, where spinach and basil were the crops under the solar panels.
Physiological/metabolic variations of the crapere analyzed, and the relative content of lipid, carbohydrates
and protein from plants under agrivoltaics compared to control plants. The main trait of tinted semi
transparent panels was the selectivity of the electromagnetic spectrum so the photyaittaicand the
plant can harness different parts of the spectrum. The sum of experimental data showed that agrivoltaics
could provide an overall financial gain of +2.5% Basiland +35% for spinach. Also, the amount of protein
extracted from both planiscreased despite the loss of marketable biomass for basil and spinach plants.

Input

] Solar spectrum
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Electricity} \_ Solarlight ,
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Figure 11 Agrivoltaicsfor food and energy doublgeneration implemented with tinted semainsparent
solar panel. A) Solar radiation spectrum in the visible range at the ground level. B) Absorption spectrum for
the tinted semiransparent solar PV panet$asinglejunction)used in this study. C) Absorption spectrum
for a basil plant leaf. D) Schematic representation of the input (solar energy) and the two contextual outputs of
agrivoltaics (i.e., electricity and biomass). The so{86¢
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The possibility of cultivating grape as a shaa®lerant crop under agrivoltaics in Nashik, Maharashtra,
India, was assessed using simulafi®t]. The ground coverage ratio was about 0.26, to decrease the effect
of shade as much as possible. The research estimated an increase in the revenue of 15 times when using
agrivoltaics system on the grape lands thathe case of conventional grape farming. However, actual
experiments are needed to verify and validate the model to check the effect of shade on crop yield
performance.

Agrivoltaic systems are developing rapidly, researchers all over the world aréngoitancements on
agrivoltaics performance. A new configuration of agrivoltaic system was proposed laf8B] bgpmed the
EvenlLighting Agrivoltaic System (EAS) against whatsalled Conventional Agrivoltaic System (CAS) in
both Fuyang city and Hefei City, Anhui province, Ch{R&gure12). The essential concept in this system is
to reduce 1/3 of the solar panel and replace it with a grooved glass plate, and this plate is designed to distribute
the light evenly over the shadowed cultivated area by scattering the incident light into thsebypart
refraction.

D A

C

““'"-hl left side lnnsmlssmn middle transmission right side transmission

LR TR

01 shadow area

Figure 12 The structure of the EAS (A). The rendered output diagram of EAS structure (B). The side view of
the EAS (C). The structure of the grooved glass plate. The 482ice

The crop cultivated under solar panels is lettuce for the soalk facility, and broccoli, shallot, garlic
sprouts, garlic,ape, broad bean, and Jerusalem artichoke in the daaje facility. The research stated that
using EAS is most similar to the control land in the aspect of crop yield. The yield of crops fell by 5% except
for broccoli and rape, while Jerusalem artichpietd was 23% higher. EAS improved the irradiation for the
crops by 47.38% compared to CAS, Land Equivalent Ratio (LER) for the crops range betwedn9)1.55
under EAS. An interesting enhancement was combining supplementary LED lamps with the EAS, which
increased the soluble sugar content of lettuce by 72.14% and decreased nitrate content by 21.51%.

4 4. Environmentaland economic centric studies

To provide a holistic approach over (Agrovoltgisystem, the environmental and economic performance
of the system was modeled 3] to provide a Life Cycle Assessment for the system and investigate the
implementing costs' details compared to other PV applications or sources of electricity can be found in the
Italian market.

It was found hat in the aspects of climate change, ecosystem quality, air quality, and resources depletion,
the agrivoltaico systems have a similar performance to the ground emoowited PV due to the tensile
construction, although the first release of (Agrivoltaisgstems with the huge concrete basements and large
poles made the environmental performance of these proposed systems worse than the conventional ground
or roofmounted PV applications and even than coal electricity.

110



MICROCLIMATIC AND ENERGETIC FEASIBILITY OF HUNGARIAN AGRICULTURAL ENGINEERING
AGRIVOLTAIC SYSTEMS: STATE OF THE ART N° 40/2021

The environmental impact of agrivait systems is another important aspect to congR#rassessed the
environmental impacts and viability of energy production efficiency of agrivoltaics systems compared to
other forms of rergy production, by comparing three different solar array desigishown in Figuré3,
the first emphasizes maximizing the crop yield per area unit by providing the optimal conditions for it, the
second emphasizes maximizing the energy production per area unit, and the third was developed to be
balanced between crop and solar productioe. @dnels were ground mounted with 0.61 m height above the
ground. The Tool for the Reduction and Assessment of Chemical and other Environmental Impacts (TRACI)
was used to analyze the environmental performance of the agrivoltaic system by consideriifeyéen d
impact categories. The research stated that even though agrivoltaic systems have a higher Global Warming
Potential (GWP) than traditional PV, this difference is insignificant compared to the amount of space that
agrivoltaics saved by eexisting ®lar panels and agriculture. Also, agrivoltaics was recommended for

maximizing landuse efficiency.

196m

196m

(8)

0995m

o
=
0.995 m
-

Figure 13. Front views of PV array system design 1 (A), 2 (B), and 3 (C). The si@&e
45, Microclimate under the panels

To emphasize the importance of assessing the patterns of shade and availability of PPFD and DLI within the
agrivoltaic system[34] quantified the spatial and temporal availability variability of PPFD and DLI under

the Agrivoltaic system in Jodphur, India. Three blocks of PV modules were installed on ah32&32m

and 350 w for each(Figure14).

The measuremémwere carried out around the winter solstice because in this period, the day length is the
minimum, and the magnitude of shade is greatest in the northern hemisphere. A major obstacle reported in
this study was the absence of (DLI) and (PPFD) standard$é field crops, while in the literature, the
greenhouse crops standards can be found. Also, in the case of high stilted panels (5 m, for example), the issue
of cleaning the panels from the dust in such a dry region in India was encountered. Thé rese#sc
proved that in the region of Jodhpur, the availability of PPFD was not a constraint in order to meet the
photosynthesis requirements. The shaded area in the interspace during the winter solstice varied from 18 to
58% of the total interspace ar@he proportion of shaded area was greater in the single row PV array design
than in the double row PV array and triple row PV array designs of the AVS. It was suggested that
standardizing the required amount of (DLI) and (PPFD) and mapping spatial goatdéudistribution of
these parameters to optimize the crop yield and choose the optimal crop.

Generally, under agrivoltaics systems, there is shade and light fluctuation during {8&]dagcause of
the sun's position. Due to that, the stomatal conductance process that indicates plant water status will be
affected.[36] focused in their research on modeling the water budget and crop growth of irrigated lettuce
under an agrivoltaic system, concerning stomatal conductance as a variable that considerstédrenshort
alternation of sunlight and shade in théemsections between panels. Four devices were considered in the
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study compared to the control plot, Full Density (FD), Half Density (HD), Solar Tracking (ST), and Control
Tracking (CT). By averaging all the tested cases in this study, it was found tfeEfR)eof the proposed
agrivoltaic system value is 1.21. The mean overall effects of the tested artificial shading conditions were a
reduction of plant water demands429%, a delay in maturity of aboutBdays in the agrivoltaic installation
concerninghe control plot, or a decrease of agricultural yield1586 to-25%.

(a) Block—1

4.92m

Figure 14. Agrivoltaic system (AVS) at ICARCAZRI, Jodhpur; (&) design of PV array in three field blocks
of the AVS and (d) field photographs of the installed AVS in block 1, blo¢ki2d block 3, respectively.
Sourcé34]

As mentioned previously, using agrivoltaics as a shelter from severe environmental conditions is popular.
In OngjinGun, the Republic of Kordd5] installed an agrivoltaic system over the grape crop to protect the
crops from heavy rain. Acryl panels were added to the structure mountsdamfior that purpose. And the
shading rate was controlled to be 30% of the total roof area. The experiment consisted of three sections with
three different module technologies¢cdnventional opaque monofacial solar panelijfacial solar panels,
and 3- transparent solar panels with three relevant control sites to compare the results of each type.
Experimental data of the microclimate under agrivoltaics were collected (Carbon dioxide, llluminance, and
soil temperature), in addition to the germinatisagess monitoring and the sugar content of the grape fruit.
These variables were monitored to investigate each technology performance of agrivoltaics system compared
to control conventional cultivation. The research stated that the coloring and growéntes$tsite grapes
were delayed compared to the control site due to the solar irradiance reduction and temperature change under
the panels. However, by delaying the second harvest time by ten days after the first, theeresejocted
a grape yield cality in the agrivoltaic site as equal to the quality under the control site at the first harvest
time.

Coupling agrivoltaics with shadatolerant crops was addressed[B8Y] to assess the performance of corn
as a shadatolerant crop under stilted ranted PV panelas presented in Figué. The experiment was
carried out on a farm in Ichihara city, Chiba prefecture, Japan. The farm contains thceafgylrations:
low module density, high module density, control area (no modules).

The studystated that higldensity agrivoltaic land revenue could be 8.3 times larger than the control one,
while the low density was 4.7 times larger. Speaking in detail, the biomass of corn stover unddeasitgh
system was 96.9% of the control biomass, wtiikebiomass under a legensity system was interestingly
larger than under control by 4.9%. The authors proposed that light saturation point is the key to understanding
these results, so when the plant is photosynthetically saturated, no more lightiitedreég boost
photosynthesis. In addition, to the shelter provided by solar panels from too much light, and increasing the
water efficiency.
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(control)

Figure 15. PV module configurations at the agrivoltaic experimental farf&4h
5. Conclusion

Agrivoltaics systems are one of the most promising synergetic technologies thattadlowaluse of land,
which is more significant for countries wistscarcityof land. Moreover, many studies reported the efficiency
of using agrivoltaic systems in the arid and sand areas where different crops would benefit from the
effect of solar panelgxistence on the microclimate underneath, as it mitigateantiéent impactwhich
could harm the yielfi37][34][38] Along with the attractive trait of diversifying the farmers' income and
providingmore rural service$39]

The aspects of developing agrivoltasystems are diverged into the technology by using Searisparent
PV [30] and tracking systen26][36]. Innovative structure optimizing methods like using a@hels to
protect the crops from bgy rain[15], or dynamic system which can be moved along the [éGid

The publicity of agrivoltaics systems is expected to increaskde promoted more by the governments.
More researchers, institutiorend research centers are working on the optimization process of the system,
which can not be an easy task due to the high number of variables and the complexity of modeling the crops
to anticipate the output of the project during the planning stage.
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