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Abstract 

The increasing demand for renewable energy and the declining profitability of traditional farming have led, in recent 
years, to a growing replacement of agricultural activities with ground-mounted photovoltaic installations, further 
reducing the availability of farmland already threatened by competing land uses. In response, the concept of agrivol-
taics (AV), which integrates solar energy production with agricultural activity, has been emerging as a promising solu-
tion to optimize land use while supporting both food and energy security. Despite growing interest, limited research 
has been conducted on the economic and financial viability of AV systems, particularly in real-world contexts. This 
study aims to address this gap by performing a financial analysis of a large AV plant project in an inland area of Sic-
ily (southern Italy). The methodology includes a cost–benefit analysis to assess the investment’s financial feasibility, 
followed by a sensitivity analysis to test the robustness of the results. In addition, a Monte Carlo simulation was carried 
out to incorporate uncertainty and probabilistic risk assessment into the evaluation. The findings reveal a high level 
of financial viability, primarily driven by electricity production. These results suggest that, under the current regulatory 
conditions, AV systems can meet sustainability targets in both agriculture and renewable energy while promoting 
more efficient and multifunctional land use. These insights could be relevant for policymakers, investors, and farm-
ers, supporting evidence-based decisions on land-use planning and incentive schemes to scale up AV deployment 
in regions facing both agricultural marginality and strong pressure for renewable energy expansion.

Keywords  Agricultural activity, Photovoltaic, Energy production, Cost–benefit analysis, Monte Carlo simulation, 
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Introduction
In recent years, there has been an increasing consen-
sus regarding the necessity of finding renewable energy 
sources. This trend stems from studies that have demon-
strated how the non-renewable energy sources hitherto 
employed are one of the primary, if not the principal, 
drivers of global temperature rise (Flavin, 1990; Okken 

& Kram, 1989), resulting in catastrophic environmen-
tal consequences such as glacier melting, droughts, and 
extreme weather events (Lacis et  al., 1981). Among the 
renewable energy sources that have gained prominence 
in recent years is undoubtedly photovoltaics (PV).

PV constitute a system that relies on devices that con-
vert sunlight into usable electricity. Although the dis-
covery of utilizing sunlight for electricity production 
dates back quite some time (Jones & Bouamane, 2012), 
its widespread adoption has predominantly occurred in 
urban settings, initially on building rooftops and sub-
sequently in agricultural environments as greenhouse 
coverings.

However, the growing need for energy production and 
the declining profitability of agricultural activities have 
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prompted agricultural entrepreneurs to replace farm-
ing with photovoltaic installations, thus increasing non-
agricultural land occupation over the years. Several years 
back, some scientists proposed the combination of pho-
tovoltaic with agriculture (Goetzberger & Zastrow, 1982), 
giving rise to what is now called agrivoltaic (AV). The AV 
installations are undoubtedly gaining traction, aided by 
community incentives, and appear to effectively marry 
renewable energy production with agricultural activity.

Indeed, various studies have indicated that AV sys-
tems can increase land productivity by combining food 
crops and solar panels on the same land unit (Dupraz 
et al., 2011; Elamri et al., 2018). These systems can alter 
microclimatic conditions, affecting light availability, soil 
temperature, and moisture distribution, impacting crop 
growth and yield (Marrou et  al., 2013). Research has 
demonstrated that AV systems can lead to changes in 
plant height and potentially increase crop yields, espe-
cially under hot and dry conditions (Adeh et  al., 2018; 
Barron-Gafford et al., 2019; Weselek et al., 2021). By opti-
mizing the design and management of AV systems, it is 
possible to create a win–win situation where both energy 
production and crop development can be enhanced 
simultaneously on the same land area.

AV systems impact crop growth and ecosystem ser-
vices in grasslands. Research shows that under AV sys-
tems, microclimatic conditions change crop production 
with altered radiation, temperature, and moisture levels 
(Weselek et  al., 2021). In semi-arid grasslands, AV sys-
tems can reduce aboveground net primary productivity 
(ANPP)1 directly beneath solar panels due to low soil 
moisture and light availability. Still, ANPP can increase 
in shaded areas receiving morning light with lower tem-
peratures (Sturchio et  al., 2022). However, establishing 
semi-natural grasslands under solar panels can be chal-
lenging, as panels alter microclimates, reducing plant and 
soil biodiversity and disrupting ecosystem functions (Sarr 
et al., 2023). Despite a reduced light availability, AV sys-
tems can maintain ecosystem function in managed grass-
lands by adapting plant photosynthetic traits to dynamic 
shading environments (Lambert et al., 2023).

While certain crops have been extensively studied, 
others have received less attention, especially medicinal 
crops. Only one paper explores how lavender, when culti-
vated under dynamic AV systems, enhances the essential 
oil yields of medicinal plants compared to those grown in 
full sun conditions (Disciglio et al., 2023).

From the economic and financial point of view, in the 
literature, there is still limited discussion on the subject. 

Research conducted on the topic are recent (the first 
studies date back to 2020) and often consist of individ-
ual case studies––some hypothetical, others real––in 
various countries around the world (Korea, the United 
States, Italy, Germany, Belgium, Sweden, India, Colom-
bia, Malaysia, Hungary, Spain, and the United Kingdom).

In Italy, so far, very few studies have been conducted 
on the economic-financial analysis of AV systems (Costa 
et al., 2024; Di Francia & Cupo, 2023).

The study aims to fill the current gap in the literature by 
conducting an economic analysis to evaluate the financial 
feasibility of a real AV plant.

The photovoltaic system adopted in this study draws 
inspiration from a real-world case. Indeed, it has been 
slated for implementation in Sicily (South Italy), spe-
cifically in the province of Palermo, as an AV park with 
ground-mounted panels covering an area of 147 hectares.

In this study, first a cost–benefit analysis (CBA) was 
carried out to assess the financial feasibility of this AV 
investment and subsequently, a sensitivity analysis to 
test the robustness of the results obtained. In addition, 
we attributed a stochastically dimension to AV key-
parameters in a Monte Carlo analysis in order to obtain 
as comprehensive a view as possible about this innovative 
renewable energy system.

It is hoped that the findings will contribute to a better 
understanding of these emerging investment opportuni-
ties within the agricultural sector.

Background
In recent years, scientific research on AV has grown 
steadily  (Agyekum, 2024), as evidenced by an ever-
increasing number of publications, probably because 
these systems are expected to achieve sustainable goals 
in food and electricity production while maintaining 
efficient land use and even increasing the value of land 
(Choudhury, 2022; Kumpanalaisatit et al., 2022). Studies 
now cover multiple fronts: from analyses of environmen-
tal impacts such as water cycling, biodiversity, and micro-
climate (Ludzuweit et al., 2025; Mundu et al., 2026; Omer 
et al., 2025; Scarano et al., 2025) to the identification of 
the most suitable geographic areas (Fattoruso et al., 2024; 
Hwang & Lee, 2024; Rösch and Fakharizadehshirazi, 
2024; Hauger et al., 2025;; Reher et al., 2025) evaluating 
solar irradiation, soil characteristics, and infrastructure 
(Luo et  al., 2024; Pulido-Mancebo et  al., 2022; Wiggins 
et al., 2025; Zainol Abidin et al., 2021). This diversity of 
approaches is essential, because AV systems must adapt 
to very different contexts not only in terms of latitude 
and climate but also in terms of system configuration 
(solar trackers, bifacial modules, elevated structures, 
and integration with crop rows). Having such a varied 
research portfolio makes it possible to tailor solutions for 

1  It represents the amount of dry biomass annually stocked in the aerial 
parts of a plant, that is trunk, leaves, and branches.
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each territory and to maximize the ecological and eco-
nomic benefits of AV.

From an economic point of view, the research in 
this field is still limited (Omer et  al., 2025)––although 
increasing––and based on simulation data considering 
the novelty and the lifespan of these systems.

Some authors have compared open-field cultivation 
with AV systems, reporting improved quality in crops 
such as broccoli (Chae et al., 2022), tomatoes (Patel et al., 
2024), herbal tea (Ya’Acob et al., 2021), Bupleurum chin-
ense, and Medicago sativa (Zhang et al., 2023), and exam-
ining the resulting implications for profitability.

Recently, Williams et al. (2025) proposed a solution to 
mitigate the economic losses of winegrowers (in vine-
yards with low profitability) and to use agricultural land 
in a synergistic way. They demonstrate that vertical pan-
els do not significantly impede air flow between rows of 
vines, thus decreasing the risk of fungal diseases insur-
gence. Instead, the study conducted by Strub et al. (2024) 
demonstrates that, with the current incentive tariffs, 
investment costs, and average wine prices considered, 
every AV scenario in a vineyard yields an economic out-
come inferior to that of conventional agriculture alone.

In a semi-arid zone with high sun exposure located in 
Botswana, Rabasoma et  al. (2024) show that although 
tomato yield drops by 16–30% with shading, solar energy 
revenues more than offset losses. The two agro-photo-
voltaic configurations (low and high density of photovol-
taic panels) analyzed are profitable (positive NPV) with 
a payback period of 3  years (low density) and 3.6  years 
(high density), compared to 17.5  years for traditional 
cultivation.

Some studies highlight the importance of AV in reduc-
ing the effects of adverse weather conditions (particularly 
hail) on perennial crops (pear, apple), thereby reducing 
insurance costs incurred to protect against such events 
and investment costs for hail protection nets, addressing 
risk policies, despite a reduction in unit yields (Chalg-
ynbayeva et  al., 2024; Trommsdorff et  al., 2023; Wil-
lockx et  al., 2024); specific studies are evidently desired 
to demonstrate economic feasibility; in this regard, Cup-
pari et al. (2021) developed a model focusing on prices, 
demonstrating that AV can reduce the financial risk asso-
ciated with weather conditions while improving agri-
cultural income from certain annual crops. The positive 
economic implications of combining agricultural and 
photovoltaic systems are also reported by Campana et al. 
(2024), who highlight the modest impact of lower yields 
on overall income.

Schindele et  al. (2020) also report positive results but 
not for all crop types examined.

Some authors have evaluated the dynamic performance 
of AV plants with different configurations (Apriani et al., 

2024; Hussain & Ghosh, 2024; Zidane et  al., 2025) to 
test shading effects on yields (Costa et al., 2024) of tuber 
crops (Giri & Mohanty, 2022), the profitability of differ-
ent combinations of AV shed orientation, source of irri-
gation water, shade-induced crop yield penalty, and crop 
rotation (Moreda et al., 2021), also proposing the eleva-
tion of panels to ensure compatibility between agricul-
ture and energy (Gautam et  al., 2024). At this regard, 
Feuerbacher et al. (2021) recording a decline in profitabil-
ity due to shading effects on crop yields, higher machin-
ery and labor costs, and the income foregone for the 
surface occupied by panels structure, suggest the adop-
tion of AV in farmland growing low-value crops limiting 
the crop selection.

Instead, Özdemir et  al. (2025) found out an improve-
ment in terms of yield for tomatoes and pepper crops 
in Mediterranean zone thanks to a better shade balance 
provided by the panels. Other studies investigate the 
economic feasibility comparison between PV and AV 
installations, highlighting the advantages of the former 
(Campana et al., 2024; Di Francia & Cupo, 2023), but also 
the opportunity to invest in AV, considering specific con-
tributions, in abandoned agricultural areas or areas with 
low agricultural incomes (Di Francia & Cupo, 2023).

The opportunities arising from AV are also noted 
for ecologically fragile areas (Zhang et  al., 2024) or in 
infertile soils suitable for crops such as cassava (Guer-
rero Hernández and de Arruda, 2022), in marginal areas 
(Guevara et  al., 2025), or in isolated rural communities 
(Al-Amin et al., 2024; Kádár et al., 2024).

In summary, the economic literature produced to date 
presents a heterogeneous framework: while the signifi-
cant potential of AV systems is evident, several critical 
issues emerge regarding crop specificity, soil fertility, ter-
ritorial context (such as inland or disadvantaged areas), 
and policy funding. These variables represent research 
frontiers that will require further investigation in the 
coming years.

Currently, many studies rely predominantly on simu-
lated models. The present work aims to partially bridge 
this gap by analyzing a real-world plant located in an 
inland area characterized by low-profitability crops. To 
reconstruct the entire economic life cycle of the invest-
ment––given that this is a frontier technology lacking 
established historical data––it was necessary to integrate 
primary data provided directly by the firm with simulated 
projections.

Furthermore, comparing the results with other 
research studies remains challenging, given the wide 
range and the diversity of variables that characterize each 
individual AV system.
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Main norms of reference in the field of agrivoltaic
In line with the adoption of Agenda 2030 by the UN and 
with the Paris Agreement, the European Union has pro-
moted the development of renewable energy production 
plants in order to integrate the objectives relating to cli-
mate change.

Member States have therefore prepared integrated 
plans for climate and energy, where the contributions 
of the agricultural and LULUCF (Land Use, Land-Use 
Change, and Forestry) sectors to the national objectives 
have been defined and the strategic plans of the CAP 
have been aligned.

On November 10, 2017, Italy, through a Ministerial 
Decree of the Ministry of Economic Development and 
the Ministry of the Environment and Protection of Land 
and Sea, adopted the National Energy Strategy (SEN, 
2017), a 10-year plan in order to anticipate and manage 
the change in the energy system. The Plan promotes the 
installation of photovoltaic systems not only on roofs, 
parking lots, etc.., also in the case of large ground-based 
systems, preferably on non-agricultural land and/or on 
non-productive agricultural land (marginal, abandoned, 
etc.).

Subsequently, in January 2020, the National Integrated 
Plan for Energy and Climate (NECP, 2020) was published, 
which adopted the topics of the Legislative Decree on 
Climate and the investments for the Green New Deal 
expected in the 2020 Budget Law (Law 27 December 
2019, no.160).

In order to achieve the objectives set by the Plan, 
approximately 57 GW of photovoltaic systems should be 
installed by 2030; therefore, the use of productive agri-
cultural land is inevitable. Considering that in the latter 
case, entrepreneurs could lose income from agricultural 
activity and consequently CAP incentives, the objectives 
set by the Plan may not be achieved. The conflict between 
energy and agricultural production is overcome by means 
of Legislative Decree no. 77/2021, converted into Law 
no. 108 of 30 July 2021, which represents the regulatory 
foundation stone for achieving the objectives established 
by the National Recovery and Resilience Plan (PNRR), 
and in the NECP in order to expand the agricultural area 
usable for energy purposes. In more detail, the Legislative 
Decree introduces and defines the “agro-photovoltaic” 
plants that can combine agricultural and energy produc-
tion and to benefit from state incentives.

In June 2022, the Ministry of Ecological Transition—
Department of Energy published the “Guidelines on 
Agrivoltaic Plants” (Ministry of Environment and Energy 
Security, 2022) where their minimum characteristics and 
requirements are defined.

On December 22, 2023, Ministerial Decree no. 436 
(Ministerial Decree on Agrivoltaics, 2024), which came 

into force on February 14, 2024, containing provisions 
for incentivizing the construction of experimental AV 
systems, establishes rules, criteria, and methods for pro-
moting the construction of systems, by June 30, 2026, in 
line with the investment support measures provided for 
by the PNRR (€ 1,098,992,050.96).

An incentive is recognized which consists of a capi-
tal contribution (up to 40% of the eligible costs) and an 
incentive tariff for the production of electricity fed into 
the grid.

The subjects who can benefit from the incentives 
are individual or corporate agricultural entrepreneurs 
(defined by art. 4.1.a of the Ministerial Decree on Agriv-
oltaics), and Temporary Business Associations (according 
to art. 4.1.b, Ministerial Decree on Agrivoltaics), which 
include at least one agricultural entrepreneur.

In order to access the incentives, the Ministerial Decree 
specifies the design requirements that AV systems must 
possess in relation to the minimum surface area intended 
for agricultural activity (at least 70% of the total surface 
area of ​​the AV system); the minimum height of the AV 
system modules from the ground to allow agricultural 
and livestock activities to be carried out even under the 
photovoltaic modules; the minimum electrical produc-
ibility of the system, which must not be less than 60% of 
the electrical producibility of a standard reference photo-
voltaic system.

Materials and methods
Agrivoltaic system description
The AV Park will be placed2 in Sicily, specifically in 
Ciminna, a municipality in the province of Palermo, on 
an area of 147 hectares. The company in the process of 
building the plant purchased 109.50 hectares at a unit 
price of 35,000 euro per hectare. For the acquisition of 
the remaining area of 37.50 hectares, a surface rights 
assignment for 30 years was arranged, against payment of 
a 3,000 euro annual rent per hectare.

In terms of surface area and description, the AV park is 
divided into 10 lots (Fig. 1).

It is composed as follows: 30.26 hectares are occupied 
by solar panels, while 6.24 hectares are allocated to other 
structures (internal service roads, power stations, and 
user substation area). In a perimeter arboreal strip of 15 
hectares, almond trees, broom, lavender, and other Medi-
terranean plants have been planted. Areas designated 
for environmental mitigation measures, of about 48 hec-
tares, including those areas falling within restricted zones 
(e.g., Ex Galasso Constraint), poorly exposed areas, and 

2  The AV plant is under development, construction works were supposed 
to start in mid-June 2024, but due to delays in the authorization procedure, 
they began in September 2025 and are due to finish within 18 months.
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sloping areas have been used for the planting of tree and 
shrub species (such as carob, wild olive, fig, mastic, myr-
tle, oleander, prickly pear, dwarf palm, and euphorbia). 
The inter-rows, covering approximately 26 hectares, have 
been dedicated to lavender cultivation. Under the pan-
els, the surface is 21.5 hectares and a sward with clover 
and sulla opp.  sweetvetch has been projected for sheep 
grazing. The photovoltaic system employs both fixed-
structure photovoltaic technology (24 modules in series) 
and single-axis tracking (52 modules in series), allowing 
the panels to rotate for being always oriented in the opti-
mal direction to maximize solar energy received during 
the day. It has a power of 62.475 MWp and can gener-
ate 100,938,740.9 kWh of electricity annually, which is 
directly injected into the National Transmission Grid.

Land‑use and agronomic indicators
To integrate agricultural and energy land uses into a sin-
gle indicator, the land equivalent ratio (LER) framework 
was adopted. In its general form, the LER quantifies the 
combined efficiency of multiple land-based functions by 
comparing their outputs under integrated and single-
use conditions. In the present study, the LER is defined 
as the sum of an agricultural component and an energy 
component, representing crop production and photovol-
taic energy generation, respectively, within the same land 
area.

Given the project-based and ex ante nature of the analy-
sis, the LER formulation was adapted to reflect functional 
rather than experimentally measured outputs. Agricul-
tural output was defined as essential oil production from 

lavender, the economically relevant product of the crop. 
Energy output was defined as photovoltaic electricity 
generation per unit of land. The adapted formulation is 
conceptually illustrated in Fig. 2, where coefficients α and 
β represent the relative contributions of the agricultural 
and energy components, respectively.

For the agricultural component (Y_A), the refer-
ence production corresponds to essential oil yield from 
Lavandula angustifolia under conventional open-field 
cultivation. The value was derived from experimental 
data reported in Disciglio et al. (2025) and expressed as 
essential oil production estimated from fresh biomass, 
dry matter content, and percentage essential oil yield. 
To avoid overestimating the agronomic contribution, the 
calculation adopted the under-panel (UP) configuration 
as the reference AV condition, which represents the most 
conservative estimate of crop performance within the 
system.

For the energy component (E_E), the reference value 
corresponds to the electricity production of a conven-
tional ground-mounted photovoltaic system operating 
under standard conditions. In accordance with the Italian 
Guidelines on Agrivoltaic Plants (Ministerial Decree No. 
436/2024), AV installations must guarantee a minimum 
electrical producibility equal to at least 60% of that of a 
standard photovoltaic system. This regulatory threshold 
was adopted as a conservative benchmark. Accordingly, 
the reference energy term (E_E) was normalized to unity, 
while the agrivoltaic energy output was expressed relative 
to this benchmark.

Fig. 1  Spatial configuration of the AV park
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Under these assumptions, both the agricultural and 
energy components were evaluated using conservative 
reference values, ensuring that the resulting land equiva-
lent ratio represents a lower-bound estimate of the land-
use efficiency of the AV configuration.

Data employed
Economic and technical inputs for the PV plant  (e.g., 
capital and operating expenditure breakdown, expected 
annual energy production, and energy price) were 
obtained from the company responsible for the AV pro-
ject (confidential project documentation provided by the 
developer).

The economic and technical data regarding agricul-
tural production (e.g., unitary prices and costs, crop 
yields, labor, and other production factors requirements) 
for the first 5 years have been provided by the company 
responsible for the AV project. Whereas for the remain-
ing period, secondary data have been utilized, collected 
from institutional sources of information (ISMEA, 2025), 
integrated using professional handbooks for agriculture 
(Amicabile, 2016; Ribaudo, 2017) and adjusted––where 
necessary––through our estimates.

It is necessary to point out that site-specific empiri-
cal data are currently unavailable since we are address-
ing an AV system that has yet to be fully operationalized 

because the construction works of the AV plant took 
place only in September 2025.

The costs can be divided into two categories: capi-
tal expenditure (CAPEX) and operating expenditure 
(OPEX), which represent the initial investment costs and 
the annual operational costs for the AV management 
respectively. In this work, the possible contributions pro-
vided for by the Regulation have not been considered.

The CAPEX in an integrated system like the AV 
encompasses several factors (Table  1). Among these 
are landscaping works for area preparation, including 
excavations, fencing, internal roads, mitigation works 
(purchasing and planting of trees and shrubs for the 
establishment of the perimeter strip and the area with 
environmental mitigation interventions), and agronomic 
interventions (ground preparation for the agricultural 
activities beginning). On the other side, the costs for the 
photovoltaic plant regard more technical aspects such 
as modules, support structure, inverter, power station, 
cables and ducts, monitoring systems, and special instal-
lations. Moreover, the expenditures for building a user 
electrical substation, general design overheads, the pur-
chase of 109.50 hectares of land, and the present value (at 
a 4% interest rate) of the annual rent for a 30-year surface 
rights assignment on 37.50 hectares are also included in 
this cost category. The latter was included in the CAPEX 

Fig. 2  Land equivalent ratio illustration
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item since this land area is an integral part of the invest-
ment project, although from a theoretical point of view, 
it should be an item of OPEX since it is an annual cost 
regarding PV plant operation and maintenance.

Indeed, as reported in Table  1, CAPEX are assumed 
equal to € 47,317,409.23, where 78.62% is related to the 
total plant cost, 12.21% is needed for the purchase of land 
and building lease, 0.84% for planting material, and 8.33% 
is for general overheads.

The OPEX––summarized in Table  2––concerns both 
the photovoltaic and the agricultural components. For 
the photovoltaic system, maintenance costs for the 
inverter replacement provision, wages, reparations and 
panels cleaning, and insurance costs for panels instal-
lation, interruption, civil liability, and lack of sun inso-
lation, were considered. Whereas the expenses for 
agricultural activity comprise any emergency irrigation, 
purchase of fuel and lubricants, bio-fertilizers, and fod-
der seed, wages for skilled and qualified labor engaged in 
harvesting, pruning, surface tillage, failures replacement, 
and weeds removal.

Moreover, plant disposal costs (PDCs) were considered 
into the financial analysis. PDC estimates were provided 
by the PV manufacture company, and cover the items of 
expenditure reported in Table 3.

The active part of the balance sheet consists of annual 
revenues produced by agricultural activities and the sale 
of electric energy generated by the photovoltaic panels 
(Table  4). In general, revenues start accruing from the 
end of the second year for the former and shortly after 
commissioning for the latter. The revenues related to 
crop production derive from the sale of the following 

Table 1  Investment costs (CAPEX)

We specify that amounts for security charges included in the operations (equal 
to € 1,116,019.33f ) and works amount at the opening auction price subject 
to reduction (equal to € 36,084,624.88) have been deducted from total works 
amount at the opening auction price

Items to be summed to reach 100% are shown in italics, while items in standard 
text represent the breakdown of the italics items

CAPEX € %

Land layout works 1,567,159.21 3.31

PV plant and electrical works 33,907,485.00 71.66

User electrical station 1,726,000.00 3.65

Total works amount at the opening auction price 37,200,644.21 78.62

Design and works management overheads (22% 
VAT inclusive)

219,600

VAT on the cost of the works (10%) 3,720,064.42

Sums at hand 3,939,664.42 8.33

Land acquisition 5,777,625.00 12.21

Agricultural planting material 399,475.60 0.84

Total AV CAPEX 47,317,409.23 100.00

Table 2  Annual average operating costs (OPEX)

OPEX € %

PV PLANT 824,670.00 54.82

Panels (modules) maintenance 699,720.00

• Wages for repair and cleaning 187,425.00 (26.78)

• Cost of water for cleaning 124,950.00 (17.86)

• Cost for spare part repair 62,475.00 (8.93)

• Provision for inverter board replacement 324,870.00 (46.43)

Insurance policies 124,950.00

• Plant installation 31,237.50 (25.00)

• Third-party liability 31,237.50 (25.00)

• Power failure 31,237.50 (25.00)

• Lack of insolation 31,237.50 (25.00)

Agricultural activities 679,545.62 45.18

• Lavender 184,991.42 (27.22)

• Clover and Sulla opp. Sweetvetch 43,627.45 (6.42)

• Almond 377,109.11 (55.50)

• Olive 49,264.81 (7.25)

• Prickly pears 24,552.83 (3.61)

Total average annual AV OPEX 1,504,215.62 100.00

Table 3  Plant disposal costs (PDCs)

PDC € %

Removal of photovoltaic modules 160,000.00 16.84

Removal of support structures modules 220,000.00 23.16

Disconnection and removal of electrical equip-
ment

125,000.00 13.15

Removal of electrical cables 100.000,00 10.53

Dismantling and disposal of prefabricated struc-
tures

80,000.00 8.42

Demolition of cabin foundations 65,000.00 6.84

Removal of roads, fences, plant areas and squares 100,000.00 10.53

Reset area to green 100,000.00 10.53

Total 950,000.00 100.0

VAT (10%) 95,000.00

Total PDC 1,045,000.00

Table 4  Average yearly AV revenues

Yearly revenues € %

Agricultural products 1,327,370.50 11.60

 Lavender essential oil 570,162.70 (42.90)

 Fresh feed and hay (Sulla and Clover) 17,150.50 (1.30)

 Olive oil 56,534.40 (4.30)

 Shelled almonds 639,747.20 (48.20)

 Prickly pears 43,775.70 (3.30)

Photovoltaic product 10,093,874.10 88.40

 Energy injected into the NTG 10,093,874.10 88.40

Total average annual AV revenues 11,421,244.60 100.00
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products: (i) lavender essential oil; (ii) fresh feed and hay; 
(iii) olive oil; (iv) shelled almonds; and (v) prickly pears.

On the other hand, the energy produced by the pho-
tovoltaic panels will be injected and sold to the National 
Transmission Grid (NTG).

As indicated in Table 4, agricultural revenues on aver-
age account for just 11.6% of the total, whereas those 
ones derived from the sale of electricity are over 88.4%.

Financial feasibility analysis
In this study, a lifespan of 30  years was considered 
according to both data provided by the photovoltaic 
manufacturer and literature on the topic (Chalgynbayeva 
et  al., 2024; Di Francia & Cupo, 2023). For the analysis, 
several crucial financial indicators to evaluate the feasi-
bility and profitability of investments were employed, 
such as net present value (NPV), internal rate of return 
(IRR), payback period (PP), and discounted benefit–cost 
ratio (DBCR).

The NPV (Eq. 1) has been utilized to ascertain whether 
the net benefits––i.e., the difference between benefits 
(B30) and costs (C30) along the 30-year lifespan––arising 
from the project and appropriately discounted with an 
interest rate (i) equal to 4%. The quite a high interest rate 
(i = 4%) has been applied to cost and benefits discounting, 
based on the idea of taking a prudential position for the 
assessment of the financial feasibility of the AV system.

The reason for this choice is that we had no informa-
tion from the investor on their financing opportunities 
(equity, debt, or both in various proportions) for the 
investigated AV project. Therefore, it was not possible to 
calculate the weighted average cost of capital (WACC) 
of the company, which represents its cost of capital and 
is generally used as the discount rate for calculating the 
NPV of an investment.

The IRR (Eq.  2) has been computed to indicate the 
expected return on the investment, while the PP (Eq. 3) 
denotes the time (t) required to recoup the initial invest-
ment cost. The DBCR (Eq. 4) is the ratio between the dis-
counted future revenues (B0) and the corresponding costs 
(C0). DBCR values equal to and higher than 1 indicate 
that the discounted costs are more than compensated by 
the discounted benefits, thus justifying the investment 
decision.

Equations for each of these indicators are below 
reported.

(1)NPV =

30
∑

t=1

(B30 − C30)

(1+ i)30
− CAPEX− PDC

It is important to specify that the agricultural produc-
tion of tree crops (almond, olive, and prickly pear) follow 
an economic life that includes different phases (planting, 
increase, production maturity, and decrease), in which 
both yields and production monetary values vary signifi-
cantly. Therefore, it has not been possible to indicate all 
the data concerning the annual revenues of the economic 
cycle, as it is evident when looking at Table 4. In order to 
solve the problem, the annual economic average of rev-
enues was calculated by applying the financial formula 
reported below (Eq. 5a) which represents the inverse of 
the future value of ordinary annuity (FVREV) applying an 
interest rate ( ir) of 2.5%. This makes it possible to obtain 
an annual constant amount of money for the whole cycle, 
correspondent in financial terms to the total revenues 
referred at the end of the 30-year period (CREV).

The same reasoning explained for the revenues applies 
to OPEX using Eq. (5b). Therefore, in Table 2, each item 
represents the average amount of cost borne annually if 
costs would occur in a constant way during the economic 
life of each crop.

A sensitivity analysis and a scenario analysis were 
finally carried out to assess how fluctuations in some eco-
nomic parameters, such as the operating costs and the 
product prices, for both the agricultural and PV compo-
nents, may impact the financial results obtained through 
the CBA.

Regarding scenario analysis, with the aim of exploring 
NPV performance under hypothetical and extreme con-
ditions, three scenarios were supposed: Worst Case, Base 
Case, and Best Case. Each scenario combines systematic 
changes to key financial and technical parameters to sim-
ulate coherent economic conditions (Table 5).

In the worst case, assumptions include a 20% reduction 
in energy prices and a 30% drop in energy production, 

(2)
30
∑

t=1

(B30 − C30)

(1+ IRR)30
− CAPEX− PDC = 0

(3)

PP = min

{

t|

30
∑

i=1

(Bi − Ci) ≥ 0

}

, wherei ∈ {1, 2, 3, ..., 30}

(4)DBCR =
B0

C0

(5a)CREV = FVREV ×

[

ir

(1+ ir)
30 − 1

]

(5b)COPEX = FVOPEX ×

[

ir

(1+ ir)
30 − 1

]
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alongside a 30% increase in agricultural OPEX, a 20% 
increase in PV OPEX and CAPEX, and a discount rate 
of 6%. The base case uses the average or expected val-
ues for all variables. In the best case, we hypothesized a 
20% increase in both energy price and production, a 20% 
reduction in CAPEX and OPEX, and a discount rate of 
2%.

Monte Carlo simulation
Furthermore, we applied a Monte  Carlo simulation to 
carry out an in-depth review of the case study presented 

in order to assess the robustness of the financial results 
further (Metropolis et al., 1949) and to reflect the uncer-
tainty of economic parameters (Chalgynbayeva et  al., 
2024; Hwang & Lee, 2024; Zidane et  al., 2025). A total 
of 10,000 scenarios were generated, each simulating the 
long-term financial performance of the AV project under 
varying assumptions of key parameters. Each variable in 
the Monte Carlo simulation was assigned a probability 
distribution that reflects its nature and the uncertainty 
associated with its estimation (Table 6).

Table 5  Parameter values for the worst, base, and best case scenarios

Parameters Worst case Base case Best case

Energy price (€/kWh) 0.08 0.10 0.12

Energy production (kWh) 70,657,118.70 100,938,741.00 121,126,489.20

Revenues agriculture (€) 929,159.35 1,327,370.50 1,592,844.60

OPEX PV (€) 989,604.00 824,670.00 659,736.00

OPEX Agriculture (€) 883,409.80 679,546.00 543,636.80

Discount rate (%) 0.06 0.04 0.02

CAPEX (€) 56,780,891.08 47,317,409.23 37,853,927.38

Plant disposal costs (€) 1,254,000.00 1,045,000.00 836,000.00

Table 6  Probability distributions used in the Monte Carlo simulation

Variable Distribution Explanation Key parameters

Energy price Normal Electricity prices, particularly in regulated markets 
or when observed over a medium- to long-term 
horizon, tend to fluctuate around an average value

μ = 0.10 €/kWh, σ = 10%

Annual energy production Normal Annual photovoltaic energy output depends 
on meteorological factors (such as solar radia-
tion and temperature) that vary randomly but, 
when considered in aggregate, typically follow 
a bell-shaped distribution

μ = 100.9 MWh; σ = 20%

Agricultural revenues Normal Given the type of crops cultivated within the AV 
park, we assume that agricultural revenues can be 
reasonably approximated by a normal distribution

μ = €1,327,370; σ = 20%

PV OPEX Triangular Considering the lack of historical data on the sub-
ject, we supposed a triangular distribution

Min = €800,000; Mode = €824,670; Max = €1,200,000

Agricultural OPEX Triangular In light of the lack of historical data on this subject, 
and considering the potential challenges in carrying 
out certain agricultural operations within these 
integrated systems, we adopt this distributional 
assumption

Min = €500,000; Mode = €679,546; Max = €800,000

CAPEX Triangular In light of the lack of historical data on this subject, 
and considering the potential challenges in carrying 
out certain agricultural operations within these 
integrated systems, we adopt this distributional 
assumption

Min = €45,000,000; Mode = €47,317,409; 
Max = €50,000,000

Plant disposal costs (PDCs) Triangular Disposal costs are highly uncertain, as they will 
only materialize in the future

Min = €900,000; Mode = €1,045,000; Max = €1,200,000

Discount rate Triangular This distribution appears to be the most suit-
able to reflect uncertainty regarding capital costs 
and project risks

Min = 1%; Mode = 3.5%; Max = 6%
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For each iteration, the NPV over a 30-year project 
horizon was calculated using the simulated values of rev-
enues, OPEX, CAPEX, and PDC, and discounted by the 
simulated rate.

Variables such as energy prices, annual energy produc-
tion, and agricultural revenues were modeled using nor-
mal distributions assuming symmetric variability around 
an expected mean, also as carried out by Campana et al. 
(2024).

Instead, operational costs and capital expenditures, for 
which realistic minimum, maximum, and most likely val-
ues are known, were assigned triangular distributions. 
The discount rate was also modeled with a triangular 
distribution, capturing plausible uncertainty in financing 
conditions.

To identify the most influential variables affecting the 
financial outcome of the AV investment, a Pearson corre-
lation analysis was first performed using the data gener-
ated through the Monte Carlo simulation.

Furthermore, a standardized regression analysis was 
conducted to quantify the impact of individual vari-
ables on NPV variations. In this approach, all variables 
are expressed in terms of standard deviations, allowing 
for direct comparison of their impact regardless of their 
original measurement scales.

To further assess the downside financial risk of the 
AV investment, a value at risk (VaR) analysis was con-
ducted over three different confidence levels (99, 95, and 
90%) using the output from the Monte Carlo simulation 
(Stambaugh, 1996). The VaR measures the potential loss 
in value of an investment, under normal market condi-
tions, over a specified horizon and with a given confi-
dence level.

Results
Land equivalent ratio estimation
Based on the adapted formulation described in the meth-
odological framework, the Land Equivalent Ratio was 
estimated by assigning conservative values to both agri-
cultural and energy components. The agricultural coef-
ficient α reflects a reduced agricultural output under 
AV conditions compared to a conventional reference, 
while the energy coefficient β accounts for the lower 
energy density associated with the AV layout relative to a 
ground-mounted photovoltaic system.

Under these assumptions, the resulting Land Equiva-
lent Ratio equals 1.45. This value exceeds unity, indi-
cating that the AV system allows the same land area to 
simultaneously support agricultural production and pho-
tovoltaic energy generation more efficiently than sepa-
rate, single-use land allocation scenarios.

Cost–benefit analysis
All the results of the CBA indicators show that the AV 
plant of the case study is a feasible investment in financial 
terms: NPV at a 4% discount rate is around 124.6 million 
€, DBCR is 2.73, IRR is more than 25% and PP is just less 
than 5 years.

If such a NPV might be mainly ascribable to the large 
size of the investment, a DBCR equal to 2.73, namely that 
each euro invested in the AV park at a discount rate of 4% 
would produce 2.74 euros of discounted revenues, there-
fore indicating a very high level of its financial perfor-
mance. The PP of 5 years in a 30-year economic cycle of 
the plant is also quite a satisfactory indicator when con-
sidering the heavy initial investment. Lastly, the fact that 
the discount rate for which NPV of the AV plant equals 
zero is over 25%, tells us that the project is to be consid-
ered highly attractive.

As anticipated in the previous section, a sensitivity 
analysis was carried out in which the CBA was repeated 
by varying some crucial economic parameters (operat-
ing costs and unitary prices of electricity and agricultural 
products) in order to confirm the goodness of the invest-
ment performance.

Although the agricultural operating costs were sup-
posed to increase by 5%, 10%, and 20%, the correspond-
ent financial indicators remained at good levels also in 
relation to the incidence of the agricultural part, at the 
point that even in the worst scenario (+ 20%) the PP stays 
under 5  years, the NPV is more than 122 million euro, 
the DBCR is 2.65, and the IRR is over 25%.

When modifying the PV operating costs 
(+ 10%, + 20%, + 30%, and + 50%), the results worsen 
more than in the previous scenario, nevertheless the indi-
cators appear to be good overall. Under a 50% increase 
in the operating costs of the photovoltaic plant, in fact, 
NPV goes down to around 118 million €, IRR is close to 
24%, PP is only longer than 5 years (5.17), and the DBCR 
decreases to just less than 2.50.

The other parameters that vary concern the unitary 
prices of both agricultural and PV activities.

Regarding the former, the simulated changes consist 
in − 5%, − 10%, − 15%, − 20%, and − 25% simultaneous 
reductions in the prices of lavender essential oil, fresh 
feed and hay, olive oil, shelled almonds, and prickly pears. 
The financial indicators of the analysis show the robust-
ness of the investment, in fact the results do not worsen 
significantly. In the case of the maximum decrease (25%), 
NPV is still quite high (€ 116,636,246.46), IRR is about 
24.6%, PP just over 5 years, and DBCR is around 2.6.

Quite a different situation can be observed when drop-
ping the price of electric energy, considered at 0.10 €/
kWh in the initial CBA, a 10% reduction already pro-
duces sensible effects on all the indicators. NPV and 
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DBCR go down, respectively, to 106.8 million euro 
and 2.48, IRR shows a strong decrease (22.1%), and PP 
extends to 5.64 years.

A more significant variation in the sales prices (− 40%) 
brings about a drastic worsening of the CBA results, as it 
is clear when looking at these figures: NPV 54.4 million 
euro, IRR 13.2%, DBCR 1.75, and PP 8.5 years.

Also employing a scenario analysis, the financial con-
venience of the AV project remains positive.

The best case reflects favorable conditions reaching a 
NPV equal to € 296 million.

In the worst case, the project maintains a positive NPV 
even under the most pessimistic conditions, highlighting 
its resilience to adverse market and operational fluctua-
tions, even if in the worst case, the NPV drops to € 7.8 
million (Fig. 3).

Monte Carlo simulation
The results of the Monte Carlo simulation, based on 
10,000 iterations, provide a comprehensive view of the 
financial risk and performance distribution of the AV 
investment. The NPV was recalculated in each simula-
tion by randomly sampling from the defined distributions 
of key variables, including energy prices, agricultural rev-
enues, operating costs, investment costs, and discount 
rate.

The mean NPV across all scenarios is approximately 
€135 million, with a standard deviation of €49 million, 
indicating a relatively high but controlled variability in 
project outcomes. The median NPV, or 50th percentile, is 

€132 million, very close to the mean, suggesting a nearly 
symmetrical distribution of results.

More in detail, the 5th percentile of the NPV is €61.7 
million, implying that 95% of the simulated scenarios 
yield an NPV above this threshold.

The maximum NPV observed is €371 million, while the 
minimum, corresponding to the worst-case scenario, is – 
€12.4 million. Only a very small fraction of simulations 
results in a negative NPV, confirming the extremely low 
probability of financial losses. Indeed, the probability of 
a negative NPV is virtually negligible (equal to 0.05%), 
demonstrating the robustness and resilience of the pro-
ject even in the face of significant variability in inputs.

The histogram reported in Fig. 4 shows the simulated 
frequency of outcomes, overlaid with a fitted normal 
density curve. The distribution appears slightly right-
skewed but closely approximates a normal shape.

Moreover, the results of the correlation analysis reveal 
a strong and positive linear correlation between reve-
nues from energy and NPV, with a Pearson coefficient of 
0.8602. This indicates that increases in energy revenues 
are closely associated with significant improvements in 
financial performance. Conversely, revenues from agri-
culture display only a weak positive correlation with 
NPV, equal to 0.0999, suggesting that their contribution 
to financial variability is relatively marginal. As for the 
operating cost components, both categories––PV oper-
ating costs and agricultural operating costs––are nega-
tively correlated with NPV, though the strength of the 
correlation is limited.

Fig. 3  NPV results obtained in the scenario analysis
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These findings are also visually confirmed in Fig.  5, 
which shows the simulated relationship between NPV 
and both energy and agricultural revenues across the 
10,000 Monte Carlo scenarios. While energy revenues 
are strongly and linearly associated with NPV increases, 
agricultural revenues are concentrated in a narrow band 
and exhibit a limited influence.

The standardized beta coefficients resulting from the 
standardized regression analysis confirm the dominant 
influence of revenues from energy, which exhibits by 
far the strongest positive effect on NPV. Specifically, the 
standardized coefficient for energy revenues is + 0.863, 
indicating that a one standard deviation increase in 
energy revenues leads to an increase of 0.858 standard 
deviations in NPV, all else being equal. Agricultural rev-
enues also have a positive effect, albeit rather limited in 
scale, with a coefficient of + 0.098.

On the cost side, both PV and agricultural OPEX have 
negative standardized effects on NPV, as expected. The 
beta coefficient for PV OPEX is –0.032, while that for 
agricultural OPEX is –0.017, highlighting that while 
these cost components do reduce the project’s profitabil-
ity, their impact is relatively minor compared to the rev-
enue sources.

These results were visualized in a tornado diagram 
(Fig. 6). The chart further emphasizes that the economic 
viability of the AV system is primarily driven by energy 
revenues, with all other factors playing secondary roles.

Based on the cumulative distribution of the simulated 
NPV, the following VaR values were obtained (Table 7).

According to the results reported in Table 7, at a 99% 
confidence level, the VaR is €35.47 million, implying that 
only 1% of the simulated outcomes fall below this value. 
Similarly, at the 95% level, the NPV is not expected to 
drop below €60.65 million, and at the 90% level, it stays 
above €74.87 million in 90% of the cases. These results 
provide a clear indication of the project’s financial 
robustness. Even under unfavorable market conditions 
and operational assumptions, the NPV remains signifi-
cantly positive in the vast majority of scenarios. This low 
downside risk strengthens the case for the economic via-
bility of the investment and confirms the reliability of the 
results previously obtained through both deterministic 
and probabilistic analyses.

The results of the previous analysis were illustrated 
through the Fig. 7, which shows a cumulative distribution 
function (CDF) of the NPV generated from 10,000 Monte 
Carlo simulations of the AV project. The three horizontal 
dashed lines indicate the 1%, 5%, and 10% quantile levels 
used to compute the VaR.

Fig. 4  Distribution of NPV (€) obtained from 10,000 Monte Carlo 
simulations

Fig. 5  Relationship between revenues (€) and NPV (€) in Monte Carlo simulations
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Discussion
From the analysis of the economic literature on the sub-
ject, it comes out that the studies have been published 
quite recently, since the oldest one dates to 2020. Most of 
these papers have investigated the financial feasibility of 
pilot AV plants, generally of experimental nature, small 
land area and power below 1 MW. Due to these reasons, 
they are not comparable at all with the plant here stud-
ied, although they generally have in common the good 
financial performances in terms of NPV, IRR, DBCR, and 
PP. Two are the exceptions to these general findings, Wil-
lockx et al. (2024) and Di Francia and Cupo (2023). The 
former (Willockx et  al., 2024), after 1  year of monitor-
ing technical and economic activities in a small AV plant 
with a pear orchard, conclude that this is not financially 
convenient and that it is necessary to check in the long 
term the effects of shading on crop yields. The latter (Di 
Francia & Cupo, 2023), through interviews to photo-
voltaic operators and collection of secondary data from 
previous studies, compare the financial performances 

of AV and ground-mounted photovoltaic plants of the 
same capacity (1  MW) in different Italian regions, spe-
cifically in agricultural land destined to various crops 
(durum wheat, common wheat, corn, sunflower, soybean, 
and potato). The results show that on a whole AV is less 
profitable than a ground-mounted photovoltaic plant, 
but they suggest its introduction in agricultural marginal 
areas through the granting of incentives with the aim to 
slow down the phenomenon of land abandonment.

In their work, Chalgynbayeva et  al. (2024) describe 
the only case study somehow comparable to the plant 
here analyzed. They have in fact investigated the finan-
cial profitability of an AV Park in Hungary, where a PV 
plant of 38.27  MW is matched with an apple orchard 
42 hectare wide. The findings of this research are in line 
with the results of our paper: NPV is 70,157,000 €, IRR 
is about 25% and PP 9.5  years. From the results of the 
sensitivity analysis carried out through the Monte Carlo 
simulation technique, they observe that feed-in tariff 
rate, financing, and state subsidies are the most influenc-
ing factors on NPV.

Despite these encouraging financial results, there is still 
uncertainty regarding the agronomic impacts of AV sys-
tems, particularly in terms of yield quantity and quality 
across different crop species under reduced light condi-
tions (Zhang et al., 2024).

Our results suggest an “energy-led” business model: 
while agricultural activities are present, profitability 
is mainly driven by electricity generation. Therefore, 

Fig. 6  Tornado diagram. Standardized impact of variables on NPV

Table 7  Value at risk (VaR) of NPV at different confidence levels

Confidence 
level

VaR threshold Interpretation

99% €35,472,026 1% of scenarios fall below this threshold

95% €60,653,310 5% of scenarios fall below this threshold

90% €74,865,464 10% of scenarios fall below this threshold
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the financial performance of the project is structurally 
dependent on electricity prices and related energy vari-
ables, whereas the agricultural component contributes 
only marginally to economic outcomes.

This asymmetry matters in the normative debate 
on agrivoltaics as “dual land use”. If the economic logic 
remains predominantly energy-driven, agrivoltaics may 
be perceived as PV deployment with ancillary agricul-
ture, which can increase regulatory risk. In particu-
lar, future policy may tighten eligibility and compliance 
requirements (e.g., agricultural continuity, monitoring 
obligations), potentially affecting revenues and project 
feasibility.

At the territorial scale, utility-scale agrivoltaic parks 
may influence land markets and local acceptance. Moreo-
ver, co-locating PV and farming involves inherent trade-
offs (e.g., access for machinery, operational constraints, 
and shading effects) that can affect agricultural perfor-
mance and costs, and should be explicitly acknowledged 
when interpreting the economic results.

From agronomic and territorial perspectives, the esti-
mated LER supports interpreting the AV system as a 
multifunctional land-use solution rather than purely 
energy-oriented infrastructure. Even under conservative 
assumptions, the coexistence of essential oil production 
and photovoltaic generation contributes positively to 
overall land-use efficiency without displacing agricul-
tural activity. Although the LER estimate is based on ex 
ante assumptions and does not rely on experimentally 
measured yields, it provides a coherent framework for 

interpreting the study’s economic results in land-use 
terms. In this context, the indicator bridges economic 
analysis with agronomic and territorial considerations, 
addressing concerns about preserving agricultural func-
tions within energy transition strategies.

Nevertheless, because the LER presented here is ex ante 
and based on assumed yields, it should be interpreted as 
an indicative land-use framing rather than as an ex-post 
performance metric; dedicated monitoring is needed to 
verify agronomic outcomes and to assess whether the 
dual-use promise is effectively achieved over time.

This highlights the need for further research focusing 
on the interaction between AV system design and crop-
specific microclimatic responses.

Conclusions and future implications
From the encouraging results of the financial analysis 
carried out on a real-world case study, it emerges that the 
expected revenues from the sale of electricity represent 
by far the main source of income for the AV plants. They 
are therefore essential to guarantee the financial sustain-
ability of the whole investment in a long-term perspec-
tive, even without the above-mentioned incentives for 
the firms.

In this regard, as mentioned before, in Italy the Min-
isterial Decree n. 436/2023 provides for the granting of 
incentives for companies that set up innovative experi-
mental AV systems by June 30, 2026. These incentives 
would consist of both a capital contribution to be applied 
in the maximum amount of 40% of the eligible costs, and 

Fig. 7  Cumulative distribution of NPV from the Monte Carlo simulation



Page 15 of 17Agosta et al. Sustainable Energy Research           (2026) 13:25 	

an incentive tariff relating to the sale of the electricity 
produced by the plant on the network.

Therefore, the high investment costs make the imple-
mentation of AV plants more difficult for farmers for 
whom having initial subsidies is fundamental, especially 
for medium-sized AV plants like the one presented in 
this study. However, a comparison between plants with 
different sizes will be useful to better understand the eco-
nomic feasibility surrounding these investments.

The AV plants could be a good compromise to avoid 
subtracting soil from agricultural production and make 
a better use of marginal and less fertile lands often 
abandoned.

The strong demand for land, which will probably arise 
from companies that aim to take part in the calls for par-
ticipation in the granting of incentives and also to obtain 
high profits from the sale of electric energy, is likely to 
cause a general and significant increase in the unitary 
prices of agricultural land in the areas that satisfy the 
envisaged requirements, perhaps considered marginal for 
the agricultural activity, such as those currently destined 
for extensive systems (grazing or cereal-fodder).

It will be therefore interesting to monitor the trend in 
the volume of agricultural land sales and the related mar-
ket prices up to the aforementioned date, with a view to 
analyzing the land market in order to compare its trend 
with that prior to the issuing of the Ministerial Decree 
no. 436/2023.

A first evidence to support this hypothesis comes from 
the agricultural land covered by this case study. In fact, 
the unit purchase and sale prices for land with extensive 
cultivation systems in the Ciminna area are generally 
around €/ha. 8000–10,000, while the unit price paid for 
their purchase was 3–4 times higher (€/ha. 35,000).

Further research activity in the field could be developed 
along three main lines:

–	 studies for the economic-financial feasibility of these 
land investments;

–	 environmental studies aimed at identifying the posi-
tive and negative external effects produced by photo-
voltaic panels on the agroecosystems;

–	 research with evaluative objectives for the study of 
the qualitative-quantitative relationships between the 
presence of such artifacts within the land capital and 
the agricultural market prices and land rental fees 
in order to identify any speculative bubbles around 
these investments.

These efforts would contribute to a more comprehen-
sive understanding of AV systems as multifunctional 
tools for sustainable development, climate mitigation, 
and land-use optimization.

Author contributions
Martina Agosta: Conceptualization, Data curation, Formal analysis, Method-
ology, Visualization, Writing—original draft, Writing—review and editing. 
Emanuele Schimmenti: Writing—original draft, Writing—review and editing, 
Supervision, Project administration. Caterina Patrizia Di Franco: Writing—origi-
nal draft, Writing—review and editing, Supervision. Mauro Sarno: Conceptu-
alization, Writing—original draft, Writing—review and editing. Daniele Monti: 
Data curation, Formal analysis. Antonio Asciuto: Conceptualization, Data 
curation, Formal analysis, Writing—original draft, Writing—review and editing, 
Supervision, Project administration.

Funding
Not applicable.

Data availability
All data generated or analyzed during this study are included in this article.

Declarations

Competing interests
The authors declare no competing interests.

Received: 5 December 2025   Accepted: 13 April 2026

References
Adeh, E. H., Selker, J. S., & Higgins, C. W. (2018). Remarkable agrivoltaic influ-

ence on soil moisture, micrometeorology and water-use efficiency. PLoS 
ONE, 13, Article e0203256. https://​doi.​org/​10.​1371/​journ​al.​pone.​02032​56

Agyekum, E. B. (2024). A comprehensive review of two decades of research on 
agrivoltaics, a promising new method for electricity and food produc-
tion. Sustainable Energy Technologies and Assessments, 72, Article 104055. 
https://​doi.​org/​10.​1016/j.​seta.​2024.​104055

Al-Amin, S. G. M., Ferdous, S. M., Shoeb, M., Reza, S. M. S., Elavarasan, R. M., & 
Rahman, M. M. (2024). Agrivoltaics system for sustainable agriculture and 
green energy in Bangladesh. Applied Energy, 371, Article 123709. https://​
doi.​org/​10.​1016/j.​apene​rgy.​2024.​123709

Amicabile, S. (2016). Manuale di agricoltura. HOEPLI Editore.
Apriani, S., Mangkuto, R. A., Saputro, A. G., & Chow, E. C. (2024). Performance 

prediction and optimisation of even-lighting agrivoltaic systems with 
semi-transparent PV module in the tropical region. Solar Energy, 283, 
Article 113013. https://​doi.​org/​10.​1016/j.​solen​er.​2024.​113013

Barron-Gafford, G. A., Pavao-Zuckerman, M. A., Minor, R. L., Sutter, L. F., Barnett-
Moreno, I., Blackett, D. T., Thompson, M., Dimond, K., Gerlak, A. K., Nabhan, 
G. P., & Macknick, J. E. (2019). Agrivoltaics provide mutual benefits across 
the food–energy–water nexus in drylands. Nature Sustainability, 2, 
848–855. https://​doi.​org/​10.​1038/​s41893-​019-​0364-5

Rösch, C., & Fakharizadehshirazi, E. (2024). The spatial socio-technical potential 
of agrivoltaics in Germany. Renewable and Sustainable Energy Reviews, 202, 
Article 114706. https://​doi.​org/​10.​1016/j.​rser.​2024.​114706

Campana, P. E., Stridh, B., Hörndahl, T., Svensson, S. E., Zainali, S., Lu, S. M., 
Zidane, T. E. K., De Luca, P., Amaducci, S., & Colauzzi, M. (2024). Experi-
mental results, integrated model validation, and economic aspects of 
agrivoltaic systems at northern latitudes. Journal of Cleaner Production, 
437, Article 140235. https://​doi.​org/​10.​1016/j.​jclep​ro.​2023.​140235

Chae, S. H., Kim, H. J., Moon, H. W., Kim, Y. H., & Ku, K. M. (2022). Agrivoltaic 
systems enhance farmers’ profits through broccoli visual quality and 
electricity production without dramatic changes in yield, antioxidant 
capacity, and glucosinolates. Agronomy, 12, Article 1415. https://​doi.​org/​
10.​3390/​agron​omy12​061415

Chalgynbayeva, A., Balogh, P., Szőllősi, L., Gabnai, Z., Apáti, F., Sipos, M., & Bai, 
A. (2024). The economic potential of agrivoltaic systems in apple cultiva-
tion—A Hungarian case study. Sustainability, 16, Article 2325. https://​doi.​
org/​10.​3390/​su160​62325

https://doi.org/10.1371/journal.pone.0203256
https://doi.org/10.1016/j.seta.2024.104055
https://doi.org/10.1016/j.apenergy.2024.123709
https://doi.org/10.1016/j.apenergy.2024.123709
https://doi.org/10.1016/j.solener.2024.113013
https://doi.org/10.1038/s41893-019-0364-5
https://doi.org/10.1016/j.rser.2024.114706
https://doi.org/10.1016/j.jclepro.2023.140235
https://doi.org/10.3390/agronomy12061415
https://doi.org/10.3390/agronomy12061415
https://doi.org/10.3390/su16062325
https://doi.org/10.3390/su16062325


Page 16 of 17Agosta et al. Sustainable Energy Research           (2026) 13:25 

Choudhury, M. R. (2022). Transition to agriphotovoltaics applying a systems 
level approach. AIP Conference Proceedings, 2635. https://​doi.​org/​10.​
1063/5.​01031​55

Costa, M., Barba, S., Piazzullo, D., & Palombo, A. (2024). Optimization of agrivol-
taic plants: Development and validation of a numerical model to account 
for shading effects on crop yields. Lecture Notes in Networks and Systems, 
824, 244–263. https://​doi.​org/​10.​1007/​978-3-​031-​47715-7_​17

Cuppari, R. I., Higgins, C. W., & Characklis, G. W. (2021). Agrivoltaics and weather 
risk: A diversification strategy for landowners. Applied Energy, 291, Article 
116809. https://​doi.​org/​10.​1016/j.​apene​rgy.​2021.​116809

Decree-Law No. 77 of May 31, 2021. Official Gazette No. 129 of May 31, 2021.
Decree of the Ministry of the Environment and Energy Security No. 436 of 

December 22, 2023 (Agrivoltaic Decree). Official Gazette, General Series 
No. 116 of May 20, 2024.

Di Francia, G., & Cupo, P. (2023). A cost–benefit analysis for utility-scale agrivol-
taic implementation in Italy. Energies, 16, Article 2991. https://​doi.​org/​10.​
3390/​en160​72991

Disciglio, G., Frabboni, L., Tarantino, A., & Stasi, A. (2023). Association between 
dynamic agrivoltaic system and cultivation: Viability, yields and qualitative 
assessment of medical plants. Sustainability, 15, Article 16252. https://​doi.​
org/​10.​3390/​su152​316252

Disciglio, G., Stasi, A., Tarantino, A., & Frabboni, L. (2025). Microclimate modifica-
tion, evapotranspiration, growth and essential oil yield of six medicinal 
plants cultivated beneath a dynamic agrivoltaic system in southern Italy. 
Plants, 14(15), Article 2428.

Dupraz, C., Marrou, H., Talbot, G., Dufour, L., Nogier, A., & Ferard, Y. (2011). 
Combining solar photovoltaic panels and food crops for optimising land 
use: Towards new agrivoltaic schemes. Renewable Energy, 36, 2725–2732. 
https://​doi.​org/​10.​1016/j.​renene.​2011.​03.​005

Elamri, Y., Cheviron, B., Mange, A., Dejean, C., Liron, F., & Belaud, G. (2018). Rain 
concentration and sheltering effect of solar panels on cultivated plots. 
Hydrology and Earth System Sciences, 22, 1285–1298. https://​doi.​org/​10.​
5194/​hess-​22-​1285-​2018

Fattoruso, G., Toscano, D., Venturo, A., Scognamiglio, A., Fabricino, M., & Di 
Francia, G. (2024). A spatial multicriteria analysis for a regional assessment 
of eligible areas for sustainable agrivoltaic systems in Italy. Sustainability, 
16(2), Article 911.

Feuerbacher, A., Laub, M., Högy, P., Lippert, C., Pataczek, L., Schindele, S., Wieck, 
C., & Zikeli, S. (2021). An analytical framework to estimate the economics 
and adoption potential of dual land-use systems: The case of agrivoltaics. 
Agricultural Systems, 192, Article 103193. https://​doi.​org/​10.​1016/j.​agsy.​
2021.​103193

Flavin, C. (1990). Slowing global warming. Environmental Science & Technology, 
24, 170–171. https://​doi.​org/​10.​1021/​es000​72a003

Gautam, S., Das, D. B., & Saxena, A. K. (2024). Economic indicators evaluation to 
study the feasibility of a solar agriculture farm: A case study. Solar Com-
pass, 10, Article 100074. https://​doi.​org/​10.​1016/j.​solcom.​2024.​100074

Giri, N. C., & Mohanty, R. C. (2022). Design of agrivoltaic system to optimize 
land use for clean energy–food production: A socio-economic and 
environmental assessment. Clean Technologies and Environmental Policy, 
24, 2595–2606. https://​doi.​org/​10.​1007/​s10098-​022-​02337-7

Goetzberger, A., & Zastrow, A. (1982). On the coexistence of solar-energy 
conversion and plant cultivation. International Journal of Solar Energy, 1, 
55–69. https://​doi.​org/​10.​1080/​01425​91820​89098​75

Gestore dei Servizi Energetici (GSE). Ritiro dedicato: cos’è, requisiti e condizioni 
economiche. Accessed 30 Jan 2026. https://​www.​gse.​it/​servi​zi-​per-​te/​
fotov​oltai​co/​ritiro-​dedic​ato

Guerrero Hernández, A. S., & Ramos de Arruda, L. V. (2022). Technical–eco-
nomic potential of agrivoltaic for the production of clean energy and 
industrial cassava in the Colombian intertropical zone. Environmental 
Quality Management, 31, 267–281. https://​doi.​org/​10.​1002/​tqem.​21778

Guevara, M., Manzini, F., & Sánchez-Juárez, A. (2025). Technical and economic 
analysis for the implementation of photovoltaic systems in agricultural 
zones of Mexico City: A case study. Energy for Sustainable Development, 87, 
Article 101743. https://​doi.​org/​10.​1016/j.​esd.​2025.​101743

Hauger, S., Lieb, V., & Glaser, R. (2025). Spatial potential analysis and site 
selection for agrivoltaics in Germany. Renewable and Sustainable Energy 
Reviews, 213, Article 115469.

Hussain, S. N., & Ghosh, A. (2024). Evaluating tracking bifacial solar PV based 
agrivoltaics system across the UK. Solar Energy, 284, Article 113102. 
https://​doi.​org/​10.​1016/j.​solen​er.​2024.​113102

Hwang, K. W., & Lee, C. Y. (2024). Estimating the deterministic and stochastic 
levelized cost of the energy of fence-type agrivoltaics. Energies. https://​
doi.​org/​10.​3390/​en170​81932

Interministerial Decree of November 10, 2017. National Energy Strategy (SEN).
ISMEA Mercati. Banca dati – Report prezzi all’origine. Last access on September 

2025. Available on: https://​www.​ismea​merca​ti.​it/​flex/​cm/​pages/​Serve​
BLOB.​php/L/​IT/​IDPag​ina/​12378

Jones, G., & Bouamane, L. (2012). “Power from sunshine”: A business history of 
solar energy. Harvard Business School Working Paper, 12(105), 89.

Kádár, J., Abdelshakour, O., Zohar, T., & Hamed, T. A. (2024). Feasibility assess-
ment of a small-scale agrivoltaics-based desalination plant with flywheel 
energy storage—Case study: Namibia. Sustainability. https://​doi.​org/​10.​
3390/​su160​93685

Kumpanalaisatit, M., Setthapun, W., Sintuya, H., & Jansri, S. N. (2022). Efficiency 
improvement of ground-mounted solar power generation in agrivoltaic 
system by cultivation of bok choy (Brassica rapa subsp. chinensis L.) under 
the panels. International Journal of Renewable Energy Development, 11, 
103–110. https://​doi.​org/​10.​14710/​IJRED.​2022.​41116

Lacis, A. B., Hansen, J., Lee, P., Mitchell, T., & S. L. (1981). Greenhouse effect of 
trace gases, 1970–1980. Geophysical Research Letters, 8, 1035–1038.

Lambert, Q., Bischoff, A., Enea, M., & Gros, R. (2023). Photovoltaic power sta-
tions: An opportunity to promote European semi-natural grasslands? 
Frontiers in Environmental Science, 11, Article 1137845. https://​doi.​org/​10.​
3389/​fenvs.​2023.​11378​45

LAW No. 108 of July 29, 2021. Conversion into law, with amendments, of 
Decree-Law No. 77 of May 31, 2021, regarding the governance of the 
National Recovery and Resilience Plan (NRRP) and initial measures to 
strengthen administrative structures and to accelerate and streamline 
procedures. Official Gazette, General Series No. 181 of July 30, 2021.

Ludzuweit, A., Paterson, J., Wydra, K., Pump, C., Müller, K., & Miller, Y. (2025). 
Enhancing ecosystem services and biodiversity in agrivoltaics through 
habitat-enhancing strategies. Renewable and Sustainable Energy Reviews, 
212, Article 115380.

Luo, J., Luo, Z., Li, W., Shi, W., & Sui, X. (2024). The early effects of an agrivoltaic 
system within a different crop cultivation on soil quality in dry–hot valley 
eco-fragile areas. Agronomy, 14(3), Article 584.

Marrou, H., Guilioni, L., Dufour, L., Dupraz, C., & Wery, J. (2013). Microclimate 
under agrivoltaic systems: Is crop growth rate affected in the partial 
shade of solar panels? Agricultural and Forest Meteorology, 177, 117–132. 
https://​doi.​org/​10.​1016/j.​agrfo​rmet.​2013.​04.​012

Metropolis, N., & Ulam, S. (1949). The Monte Carlo method. Journal of the 
American Statistical Association, 44, 335–341.

Ministry of the Environment and Energy Security (MASE): National Integrated 
Energy and Climate Plan (NECP), January 21, 2020.

Ministry of the Environment and Energy Security (MASE): Guidelines on Agriv-
oltaic Systems, June 2022.

Moreda, G. P., Muñoz-García, M. A., Alonso-García, M. C., & Hernández-Callejo, 
L. (2021). Techno-economic viability of agro-photovoltaic irrigated 
arable lands in the EU-Med region: A case-study in southwestern Spain. 
Agronomy, 11, Article 593. https://​doi.​org/​10.​3390/​agron​omy11​030593

Mundu, M. M., Sempewo, J. I., Mahoro, G. B., Sankarapandian, V., & Uti, D. E. 
(2026). Environmental impacts of agri‐photovoltaics systems on local 
ecosystems. Food and Energy Security, 15(1), Article e70186.

Okken, P. A., & Kram, T. (1989). CH4_44/CO2_22 emission from fossil fuels: 
Global warming potential.

Omer, A. A. A., Li, M., Zhang, F., Hassaan, M. M. E., El Kolaly, W., Zhang, X., Ali 
Abaker Omer, A., Lan, H., Liu, J., & Liu, W. (2025). Impacts of agrivoltaic sys-
tems on microclimate, water use efficiency, and crop yield: A systematic 
review. Renewable and Sustainable Energy Reviews, 221, Article 115930.

Özdemir, Ö. E., Bretzel, T., Gfüllner, L., Gorjian, S., Katircioglu, Y., Dur, B., & 
Trommsdorff, M. (2025). Design, simulation, and experimental evaluation 
of an agrivoltaic greenhouse in Turkey. Results in Engineering, 26, Article 
105278. https://​doi.​org/​10.​1016/j.​rineng.​2025.​105278

Patel, U. R., Gadhiya, G. A., & Chauhan, P. M. (2024). Techno-economic analysis 
of agrivoltaic system for affordable and clean energy with food produc-
tion in India. Clean Technologies and Environmental Policy. https://​doi.​org/​
10.​1007/​s10098-​023-​02690-1

Pulido-Mancebo, J. S., López-Luque, R., Fernández-Ahumada, L. M., Ramírez-
Faz, J. C., Gómez-Uceda, F. J., & Varo-Martínez, M. (2022). Spatial distribu-
tion model of solar radiation for agrivoltaic land use in fixed PV plants. 
Agronomy, 12(11), Article 2799.

https://doi.org/10.1063/5.0103155
https://doi.org/10.1063/5.0103155
https://doi.org/10.1007/978-3-031-47715-7_17
https://doi.org/10.1016/j.apenergy.2021.116809
https://doi.org/10.3390/en16072991
https://doi.org/10.3390/en16072991
https://doi.org/10.3390/su152316252
https://doi.org/10.3390/su152316252
https://doi.org/10.1016/j.renene.2011.03.005
https://doi.org/10.5194/hess-22-1285-2018
https://doi.org/10.5194/hess-22-1285-2018
https://doi.org/10.1016/j.agsy.2021.103193
https://doi.org/10.1016/j.agsy.2021.103193
https://doi.org/10.1021/es00072a003
https://doi.org/10.1016/j.solcom.2024.100074
https://doi.org/10.1007/s10098-022-02337-7
https://doi.org/10.1080/01425918208909875
https://www.gse.it/servizi-per-te/fotovoltaico/ritiro-dedicato
https://www.gse.it/servizi-per-te/fotovoltaico/ritiro-dedicato
https://doi.org/10.1002/tqem.21778
https://doi.org/10.1016/j.esd.2025.101743
https://doi.org/10.1016/j.solener.2024.113102
https://doi.org/10.3390/en17081932
https://doi.org/10.3390/en17081932
https://www.ismeamercati.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/12378
https://www.ismeamercati.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/12378
https://doi.org/10.3390/su16093685
https://doi.org/10.3390/su16093685
https://doi.org/10.14710/IJRED.2022.41116
https://doi.org/10.3389/fenvs.2023.1137845
https://doi.org/10.3389/fenvs.2023.1137845
https://doi.org/10.1016/j.agrformet.2013.04.012
https://doi.org/10.3390/agronomy11030593
https://doi.org/10.1016/j.rineng.2025.105278
https://doi.org/10.1007/s10098-023-02690-1
https://doi.org/10.1007/s10098-023-02690-1


Page 17 of 17Agosta et al. Sustainable Energy Research           (2026) 13:25 	

Rabasoma, K., Jenkins, N., & Ekanayake, J. (2024). Economic feasibility of using 
agrivoltaics for tomato farming. Food and Energy Security. https://​doi.​org/​
10.​1002/​fes3.​548

Reher, T., Lavaert, C., Ottoy, S., Martens, J. A., van Orshoven, J., Cappelle, J., Diels, 
J., & van de Poel, B. (2025). Room for renewables: A GIS-based agrivoltaics 
site suitability analysis in urbanized landscapes. Agricultural Systems, 224, 
Article 104266. https://​doi.​org/​10.​1016/j.​agsy.​2025.​104266

Ribaudo, F. (2017). Prontuario di agricoltura. HOEPLI Editore.
Sarr, A., Soro, Y. M., Tossa, A. K., & Diop, L. (2023). Agrivoltaic, a synergistic co-

location of agricultural and energy production in perpetual mutation: A 
comprehensive review. Processes, 11, Article 948. https://​doi.​org/​10.​3390/​
pr110​30948

Scarano, A., Curci, L. M., Semeraro, T., Calisi, A., Lenucci, M. S., Santino, A., Basset, 
A., & De Caroli, M. (2025). Agrivoltaics as a sustainable strategy to enhance 
food security under water scarcity. Horticulturae, 11(4), Article 401.

Schindele, S., Trommsdorff, M., Schlaak, A., Obergfell, T., Bopp, G., Reise, C., 
Braun, C., Weselek, A., Bauerle, A., Högy, P., Goetzberger, A., & Weber, E. 
(2020). Implementation of agrophotovoltaics: Techno-economic analysis 
of the price-performance ratio and its policy implications. Applied Energy, 
265, Article 114737. https://​doi.​org/​10.​1016/j.​apene​rgy.​2020.​114737

Stambaugh, F. (1996). Risk and value at risk. European Management Journal, 
14(6), 612–621.

Strub, L., Wittke, M., Trommsdorff, M., Stoll, M, Kammann, C., & Loose, S. (2024). 
Assessing the economic performance of agrivoltaic systems in vine-
yards—Framework development, simulated scenarios and directions for 
future research. Frontiers in Horticulture, 3. https://​doi.​org/​10.​3389/​fhort.​
2024.​14730​72

Sturchio, M. A., Macknick, J. E., Barron-Gafford, G. A., Chen, A., Alderfer, C., Con-
don, K., Hajek, O. L., Miller, B., Pauletto, B., Siggers, J. A., Slette, I. J., & Knapp, 
A. K. (2022). Grassland productivity responds unexpectedly to dynamic 
light and soil water environments induced by photovoltaic arrays. Eco-
sphere, 13, Article e4334. https://​doi.​org/​10.​1002/​ecs2.​4334

Trommsdorff, M., Hopf, M., Hörnle, O., Berwind, M., Schindele, S., & Wydra, 
K. (2023). Can synergies in agriculture through an integration of solar 
energy reduce the cost of agrivoltaics? An economic analysis in apple 
farming. Applied Energy, 350, Article 121619. https://​doi.​org/​10.​1016/j.​
apene​rgy.​2023.​121619

Weselek, A., Bauerle, A., Hartung, J., Zikeli, S., Lewandowski, I., & Högy, P. (2021). 
Agrivoltaic system impacts on microclimate and yield of different crops 
within an organic crop rotation in a temperate climate. Agronomy 
for Sustainable Development, 41, Article 59. https://​doi.​org/​10.​1007/​
s13593-​021-​00714-y

Wiggins, G., Cary, M., & Chen, S. (2025). Optimal parcel-level photovoltaic and 
agrivoltaic site selection under physical and socioeconomic con-
straints. Renewable Energy, 124822.

Williams, H. J., Wang, Y., Yuan, B., Gómez, M. I., vanden Heuvel, J., & Zhang, K. 
M. (2025). Bringing solar to agriculture: An interdisciplinary design and 
analysis of a Concord grape agrivoltaic system. Applied Energy, 393, Article 
126021. https://​doi.​org/​10.​1016/j.​apene​rgy.​2025.​126021

Willockx, B., Reher, T., Lavaert, C., Herteleer, B., Van de Poel, B., & Cappelle, J. 
(2024). Design and evaluation of an agrivoltaic system for a pear orchard. 
Applied Energy, 353, Article 122166. https://​doi.​org/​10.​1016/j.​apene​rgy.​
2023.​122166

Ya’Acob, M. E., Othman, N. F., Buda, M., Jani, E., & Mat Su, A. S. (2021). Field 
assessment on agrivoltaic Misai Kucing: Techno-economical approach in 
solar farming. In Proceedings of the international conference on electrical, 
computer, and energy technologies (ICECET 2021). https://​doi.​org/​10.​1109/​
ICECE​T52533.​2021.​96985​11

Zainol Abidin, M. A., Mahyuddin, M. N., & Mohd Zainuri, M. A. A. (2021). Solar 
photovoltaic architecture and agronomic management in agrivoltaic 
system: A review. Sustainability, 13(14), Article 7846.

Zhang, J., Wang, T., Chang, Y., & Liu, B. (2023). A sustainable development 
pattern integrating data centers and pasture-based agrivoltaic systems 
for ecologically fragile areas. Resources, Conservation and Recycling, 188, 
Article 106684. https://​doi.​org/​10.​1016/j.​resco​nrec.​2022.​106684

Zhang, S., Gong, J., Xiao, C., Yang, X., Li, X., Zhang, Z., Song, L., Zhang, W., Dong, 
X., & Hu, Y. (2024). Bupleurum chinense and Medicago sativa sustain their 
growth in agrophotovoltaic systems by regulating photosynthetic 
mechanisms. Renewable and Sustainable Energy Reviews, 189, Article 
114024. https://​doi.​org/​10.​1016/j.​rser.​2023.​114024

Zidane, T. E. K., Zainali, S., Bellone, Y., Guezgouz, M., Khosravi, A., Ma Lu, S., Tekie, 
S., Amaducci, S., & Elia Campana, P. (2025). Economic evaluation of one-
axis, vertical, and elevated agrivoltaic systems across Europe: A Monte 
Carlo analysis. Applied Energy, 391, Article 125826. https://​doi.​org/​10.​
1016/j.​apene​rgy.​2025.​125826

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/fes3.548
https://doi.org/10.1002/fes3.548
https://doi.org/10.1016/j.agsy.2025.104266
https://doi.org/10.3390/pr11030948
https://doi.org/10.3390/pr11030948
https://doi.org/10.1016/j.apenergy.2020.114737
https://doi.org/10.3389/fhort.2024.1473072
https://doi.org/10.3389/fhort.2024.1473072
https://doi.org/10.1002/ecs2.4334
https://doi.org/10.1016/j.apenergy.2023.121619
https://doi.org/10.1016/j.apenergy.2023.121619
https://doi.org/10.1007/s13593-021-00714-y
https://doi.org/10.1007/s13593-021-00714-y
https://doi.org/10.1016/j.apenergy.2025.126021
https://doi.org/10.1016/j.apenergy.2023.122166
https://doi.org/10.1016/j.apenergy.2023.122166
https://doi.org/10.1109/ICECET52533.2021.9698511
https://doi.org/10.1109/ICECET52533.2021.9698511
https://doi.org/10.1016/j.resconrec.2022.106684
https://doi.org/10.1016/j.rser.2023.114024
https://doi.org/10.1016/j.apenergy.2025.125826
https://doi.org/10.1016/j.apenergy.2025.125826

	Sun-powered profitability: assessing the financial viability of a real agrivoltaic system
	Abstract 
	Introduction
	Background
	Main norms of reference in the field of agrivoltaic
	Materials and methods
	Agrivoltaic system description
	Land-use and agronomic indicators
	Data employed
	Financial feasibility analysis
	Monte Carlo simulation

	Results
	Land equivalent ratio estimation
	Cost–benefit analysis
	Monte Carlo simulation

	Discussion
	Conclusions and future implications
	References


