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Executive Summary

This study analyzes the potential for the deployment of agri-voltaic technology - the dual use
of land for agriculture and energy production with solar PV technology - in Israel. This
approach offers scope for producing significant amounts of solar energy in the context of the
Israeli energy economy without losing agricultural land in order to establish PV infrastructure.
It also promises a significant increase in income from agricultural activities without severely
damaging crop yields. For these two reasons, it is widely believed that it should be a
significant component of the energy plans of the State of Israel.

But a more careful examination of the application potential in Israel should include economic
dimensions that go beyond measuring the technical performance of an agrivoltaic system at
the individual farm level.

First, the energy production potential and the impact on food production under different
deployment scenarios must be quantified in order to understand the trade-offs involved.
Second, it is necessary to understand farmer demand for the technology and how adoption
may affect the nature of agriculture in general.

To fill these two knowledge gaps, this study consisted of two components.

First, a spatial planning tool based on a GIS database was constructed that helps to quantify
the energy production that will be possible in various scenarios of the deployment of the
AgriVoltaic technology, as well as the consequences for food production, distributional
inequality, and other social and environmental dimensions.

Second, comprehensive surveys were conducted among hundreds of Israeli farmers in order
to understand their demand for technology as a function of various government policy
parameters, and in particular the feed-in-tariff, and to what extent the adoption of technology
might alter their cultivation practices.

The results of these analyzes can be used by the policy makers to design Agrivoltaic policy
in Israel in a socially optimal manner. We recommend making the planning tool publicly
available through a dedicated website, as well as continuing to develop the tool with officials
in the ministries of energy and agriculture, including by gaining access to government data

that is needed but has still not been available to us.
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The integration of solar panels with agricultural crops entails a shared use of land and light,
combining solar photovoltaic power generation with farming activities. Consequently,
designing agrivoltaic facilities requires careful consideration and trade-offs to optimise
objectives such as crop yields and energy production efficiency, without compromising core

environmental constraints.

In order to facilitate these analytical and visualisation capabilities, we have developed an
Agrivoltaic GIS tool called SAAD. This tool provides policymakers with a comprehensive set
of tools for assessing, analysing, and directing agrivoltaic public policy initiatives. By utilising
geospatial data and analysis, SAAD enables policymakers to simulate various agrivoltaic
project deployment scenarios. This serves as a basis for making informed decisions aimed at

maximising the economic, social, and environmental benefits of agrivoltaic systems.
SAAD'’s uses:

1. GIS-Based System for Energy Generation Potential and Agricultural Output
Impact Assessment: An advanced GIS-based system designed to assess the energy
generation potential and agricultural output impacts at the plot level.

2. Integrated Planning Tool: A comprehensive planning tool that calculates energy
generation potential, costs, and the impacts on agricultural output, as well as
additional ecological and social impacts. Users can specify various planning scenarios
and constraints, including grid capacity, administrative limitations, and more.

3. [Future Development]: Spatial Optimization Tool for Agri-voltaic Prpjects
Deployment: A powerful tool for spatial optimization, facilitating the deployment of
agri-voltaic PV systems across the country. Users can set constraints such as
administrative factors and limitations on agricultural output changes. The tool helps
optimise energy generation while minimising various impacts, ensuring sustainable

deployment.



To achieve these objectives, the GIS tool utilizes multiple data layers and employs an
advanced model to calculate the two primary outputs essential for informed decision-making:

energy generation potential and the impact of photovoltaic (PV) systems on crops.
The following are the data layers were included in the tool:

1. Solar radiation potential (annual average) - this layer illustrates the level of solar
radiation in each polygon, which can be utilized to generate solar power.

2. Electric grid capacity availability per area - this layer provides information on the
local grid's capacity to accommodate new renewable energy sources.

3. Agricultural plots (location, size, crop type) - This layer displays agricultural plots,
their sizes, and the types of crops grown in each area.

4. Administrative borders - This layer delineates the borders of local authorities and
assigns each agricultural crop to its corresponding area.

5. Environmental constraints - primarily ecological corridors and other sensitive land.
This layer provide insights on the relevant polygons, which AV projects could be
planned. The layer should take into account land zoning and additional planning

restrictions in order to evaluate land availability.

Key components of the calculative model
1. Energy-related calculation

The purpose of the energy calculation section is to calculate the energy production potential
from the PV deployments in each defined scenario, and, the potential revenue from solar

energy generation in this scenario.

Energy generation potential: The energy generation potential is determined by multiplying
the area of the photovoltaic (PV) installation by the type of PV factor and by the solar
radiation potential at each location across the country, assuming that the electricity grid

capacity is sufficient to transmit the energy:

1. Solar Radiation - Solargis provides an estimate of the solar photovoltaic (PV) power

generation potential. The estimates are based on fixed tilt panels, while for bifacial


https://solargis.com/maps-and-gis-data/tech-specs

panels, the potential is typically higher by approximately 5%. The calculation of solar
electricity is based on high-resolution solar resource data and PV modelling software
provided by Solargis. This calculation incorporates various factors including solar
radiation, air temperature, and terrain. It simulates the energy conversion and losses in
the PV modules and other components of a PV power plant to provide accurate
estimates of energy generation potential.

2. Type of PV factor - Different types of PV technologies exhibit varying energy
generation potentials. Therefore, in order to change the Solargis PVOUT from fix-tilt to
one or two axis tracker, we will multiply the sun hours by a factor of the specific
installation type and geographical location according to relations that were extracted
from NREL official figures.

3. Ground Cover Ratio - GCR describes the percentage of ground covered by
photovoltaic (PV) panels. The GCR typically ranges from 0 to 1. In reality, ground-
mounted solar plants usually have a GCR between 0.5 and 0.6, while agrivoltaic (APV)
systems typically range from 0.3 to 0.5. In some APV systems, trackers adjust based
on crop needs, which may require reducing sun exposure by a specific factor, typically
between 0 and 0.15.

4. Grid Capacity - Data from Israel’s Electric Company (IEC) provides information on the
grid's capacity to accommodate new renewable energy sources. This data determines
the Agrivoltaic system's ability to connect to the national grid, taking into account
factors such as proximity to transmission stations, transmission station capacity,
connectivity priority, and electrical planning restrictions. If the grid is at full capacity in a
particular area, the entire calculation would be multiplied by 0 to indicate the inability to
use the generated energy. Conversely, if the grid has sufficient capacity in a certain
area, the entire calculation would be multiplied by 1 to demonstrate the ability to use

the generated energy.

Revenue potential: The revenue from solar energy generation potential is determined by

multiplying the energy generation potential by the feed-in tariff.

1. Energy generation potential - as described above, multiplying the solar radiation by

the type of PV factor and by the ground cover ratio.



2. Feed-in tariff - As electricity feed-in tariffs are subject to change, we have assumed a
rate of 0.5 NIS per kW produced. However, users have the flexibility to update this

figure according to their defined scenarios.

2. Crops-related calculation

The agricultural yield calculation section is designed to determine the total crop yield potential
and assess the potential impact of installed PV systems on this potential. The impact varies
for each crop type, as different crops require different levels of sunlight exposure. Therefore,

the extent to which PV systems shade them affects each crop differently.

Crop yields potential - The crops yields potential is determined by multiplying the average
crop yields (per crop type) by the potential impact of PV on this type of crop factor and by the

area of the photovoltaic (PV) installation:

1. Average crop yields - Average crop yields are predefined figures provided by the
Ministry of Agriculture. These figures represent multi-year measurements of average
yields (in kilograms) per type of crop per square kilometre.

2. Potential impact of PV on crops -The exact potential impact of PV systems on crops
is currently unknown, as pilot studies conducted by the Ministry of Agriculture are not
yet complete. However, we have utilised figures from global research in the field to
estimate the potential impact of PV systems on each type of crop. These estimates are
provided as default values, which can be adjusted by users once real data from the
pilot studies is measured and validated. The full list of research papers can be found in
Appendix A.

3. Ground Cover Ratio - GCR describes the percentage of ground covered by
photovoltaic (PV) panels. The GCR typically ranges from 0 to 1. In reality, ground-
mounted solar plants usually have a GCR between 0.5 and 0.6, while agrivoltaic (APV)
systems typically range from 0.3 to 0.5. In some APV systems, trackers adjust based
on crop needs, which may require reducing sun exposure by a specific factor, typically
between 0 and 0.15.



Revenue potential: The revenue from the potential impact of PV systems on crops is
calculated by multiplying the potential impact on crop factor by the average crop yields and

by the average price per kilogram of the crop in the market over the last few years:

1. Average crop yields - Average crop yields are predefined figures provided by the
Ministry of Agriculture. These figures represent multi-year measurements of average
yields (in kilograms) per type of crop per square kilometre.

2. Potential impact of PV on crops -The exact potential impact of PV systems on crops
is currently unknown, as pilot studies conducted by the Ministry of Agriculture are not
yet complete. However, we have utilised figures from global research in the field to
estimate the potential impact of PV systems on each type of crop. These estimates are
provided as default values, which can be adjusted by users once real data from the
pilot studies is measured and validated. The full list of research papers can be found in
Appendix A.

3. Average price per Kg - the average price per kilogram of each of the crops are
predefined figures provided by the Ministry of Agriculture. These figures represent
multi-year measurements of average price per kilogram of each of the main types of

crops sold in Israel in the past decade.

3. Socio-economic calculation

The socio-economic calculation section is designed to evaluate how economic benefits are
distributed among different socio-economic layers of society. Given the significant potential
economic impact of agrivoltaic projects, this analysis can provide insights into the availability
of opportunities across various social layers in Israel. It helps determine whether a particular

scenario narrows or widens socio-economic gaps in the country.

Revenue distribution: The expected distribution of potential revenue from energy production
among different socio-economic deciles of the Israeli population is calculated by determining
the socio-economic decile of the groups likely to benefit from this revenue in various

agrivoltaic deployment scenarios simulated by the tool.



1.

2.

Socio economic decile: A socio-economic decile is a statistical measure used to
categorise a population into ten groups based on their socio-economic status. Each
decile represents 10% of the population, ranging from the lowest socio-economic
status (1st decile) to the highest (10th decile). This categorization helps in
understanding the distribution of socio-economic conditions within a population. We
have utilised data from the Israel Central Bureau of Statistics detailing the socio-
economic decile of each city or settlement in Israel.

Potential revenue from energy production: as described above.

We presented the revenue distribution per socio-economic decile to illustrate the distributional

implications of each PV deployment scenario. This analysis shows how potential revenue

from photovoltaic energy generation is expected to be distributed across different socio-

economic groups, highlighting the impact of each deployment scenario on various segments

of the population.

Database structure

The GIS tool database is designed to accurately reflect the implications of various agrivoltaic

deployment scenarios. It comprises four main data layers:

1.

2.

Agricultural Plots data layer: Provided by the Ministry of Agriculture, this layer
includes detailed information on the location and crop type of agricultural plots. Each
plot is attributed with additional data such as geolocation, size in dunams, crop sector
(e.g., citrus), crop sub-sector (e.g., peelables), specific crop type (e.g., mandarin), and
crop cover type (covered or uncovered). Since the types of crops grown in each
agricultural plot change annually, we designed the tool and its database to allow users
to easily update this data layer with new information each year. Currently, the tool
includes baseline data provided by the Ministry of Agriculture for 2023.
Administrative classification data layer: This layer, sourced from the Ministry of
Interior Affairs, includes the administrative classification of every location in Israel,
encompassing each agricultural plot. It features region classification (north, south,
centre, etc.), administrative classification by municipality and the name of the

municipality. This layer is enhanced with data from the Israel Central Bureau of



Statistics, which provides the socio-economic decile classification of each municipality
in Israel.

3. Solar Radiation Data Layer: This layer is sourced from the SolarGIS platform (https://
solargis.com) providing global Solar irradiance data, and details the potential solar
radiation for every location in Israel, including each agricultural plot.

4. Environmental Sensitivity Data Layer: This layer is sourced from the Ministry of
Environmental Protection and identifies environmentally sensitive areas where

photovoltaic technology should not be deployed.
Agrivoltaic deployment scenarios

The GIS tool was developed to simulate various agrivoltaic technology deployment scenarios
and evaluate their implications comprehensively. This includes assessing energy generation,
impact on crop yield and health, and the economic value of each scenario. Users have the
flexibility to define scenarios by setting specific threshold conditions, which filter the
deployment possibilities according to desired criteria. This allows for the creation of tailored
potential scenarios that align with specific goals and constraints - enabling users to explore a
wide range of "what-if" scenarios, helping them understand the trade-offs and synergies

between different public policies alternatives.
Example: “Max out” scenario - PV deployment in every agricultural plot in the country

This scenario envisions the maximum potential for agrivoltaic technology deployment across
Israel, assuming no limitations or setbacks. It involves installing photovoltaic (PV) systems in
every agricultural plot in the country. While this scenario is not realistic, of course, by
considering the full extent of available agricultural land, this scenario aims to demonstrate the
upper limit of energy generation and the possible economic and environmental impacts of

widespread agrivoltaic implementation. It is only meant here as an illustration.
This scenario is based on several key assumptions:

1. PV Technology: The installed PV systems are equipped with trackers, representing
the most efficient technology available for maximizing energy capture.
2. Coverage Limitation: PV systems would cover 100% of each agricultural plot.

Although current regulatory limits dictate a maximum of 30% coverage rate, this


https://solargis.com

scenario assumes the removal of these constraints to reflect the maximum potential
for energy production.

3. Energy Pricing: The generated power would be sold at a rate of 0.5 NIS per kWh.
Although this rate is slightly higher than the average price of 0.3 NIS per kWh, it is
intended to reflect the maximum potential for optimistic yet realistic revenue from
energy production.

4. Environmental Considerations: This scenario does not take into account any
environmental limitations. While issues such as ecological corridors, land sensitivity,
rivers, and other environmental restrictions are likely to significantly impact the
potential for PV deployment, this assumption allows for the assessment of maximum
energy production potential without considering these factors.

5. Statutory Considerations: No statutory limitations are considered in this scenario.
Although factors such as land designation, ownership, taxes, and other similar issues
are expected to significantly affect the potential for PV deployment, this scenario
assumes the removal of these constraints to reflect the maximum potential for energy

production.

By utilising these assumptions, the "Max Out" scenario provides a theoretical upper limit for
agrivoltaic deployment. This helps policymakers understand the full extent of what could be
achieved under ideal conditions and serves as a foundation for discussions and planning

around more realistic and sustainable agrivoltaic deployment strategies in Israel.
Energy production potential

This scenario results in a total energy generation potential of 631,319 million kWh per year,
equivalent to an annual energy generation capacity of 72 kW. Out of this total, the vast
majority of energy production (over 77%) is generated from PVs installed on either field
crops, plantations, or vegetable crops. Specifically, 227,226 million kWh per year (36%) are
attributed to potential PVs deployed on field crop plots, 161,073 million kWh per year (25.5%)
are attributed to potential PVs deployed on plantation plots, and 98,514 million kWh per year
(15.6%) are attributed to potential PVs deployed on vegetable crop plots.

Figure 1: Nominal energy generation potential of “Max Out” scenario, by crop sector
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We conducted a survey of almost 200 Israeli farmers in order to better understand
perceptions of and demand for Agri-Voltaic PV (APV) and the factors that shape it. In this
summary, we will focus on informing policy and regulation formulation on the basis of the

survey results. Detailed results can be found in the enclosed final paper.

The main focus of the survey was to understand under which financial conditions farmers of
different types will be interested in adopting APV. Overall, we found a substantial level of
demand for APV in most reasonable levels of annual rent. There were some groups,
however, in which demand was lower.

Like any new product, challenges perceived by users are typically more significant during the
pioneering phase when the technology is unfamiliar to farmers. Addressing these challenges
with practical solutions is crucial during the adoption phase. Many of these challenges and

solutions will remain relevant in a mature market, albeit to a lesser extent.

Through APV rent and partnership offerings, we identified a significant challenge in reducing
financial and agricultural risks perceived by farmers when adopting APV technology. Small
farms, moshavim, and older individuals are particularly less interested in APV. These groups
also face challenges adapting to new crops or agricultural methods, possibly due to limited
crop diversity, agricultural machinery, and knowledge among smaller farms and moshavim.
Another reason for perceived high risk is the absence of future generations interested in
farming, especially within family-owned farms. Older farmers may also lack motivation to

learn, adapt, and invest in new agricultural methods.

We also observed a high reluctance among field crop growers to adopt APV under almost
any level of rent offering, possibly due to operational uncertainties associated with integrating
APV with large machinery and cultivating diverse crops with different needs on the same land
using crop cycle methods. Interestingly, 37% of farmers indicated willingness to accept some
agricultural yield loss due to APV, provided the overall energy and agriculture project is more

profitable. This sentiment was particularly strong among Kibbutzim and field crop growers.



While 48% of farmers believe that integrating APV into their farms will increase agricultural
motivation, 23% express concerns about decreased motivation. Notably, a higher percentage
of farmers believe that the impact on agricultural motivation among younger generations will
be larger as compared to existing farmers. This suggests that increased profitability and
advanced technology may not necessarily attract non-farmers to join the agriculture industry.

However, if they do choose farming, it could significantly boost their motivation.

When asked about the main efforts needed from the government to foster a flourishing APV
market, farmers identified bureaucracy as their primary concern. The challenges posed by
bureaucracy include the permit process for installing APV on farms and the operational tasks
required to comply with future APV regulatory standards. Additionally, farmers emphasized
the need for governmental financial assistance, such as subsidies, grants, and favorable

feed-in tariffs for electricity sales.

Sharing updated knowledge with farmers is essential. This includes information on suitable
crops and APV structures, agronomic results, best agricultural practices, financial outcomes,
and bureaucratic processes. Emphasizing the positive aspects of being an APV farmer—such
as sustainability, technology integration, and reduced financial risk—can further encourage
adoption among existing and potential farmers. This information should be disseminated

through agricultural ministries, associations, schools, and academic faculties.

Regarding APV rent levels, while nearly 70% of farmers willing to integrate APV in their farms
accept rent levels of 12,000 NIS/halyear or less, current market reality sees offers as high as
30,000 NIS/hal/year, with some companies offering up to 50,000 NIS. The competition among
IPPs for land, combined with uncertainty about APV feed-in tariffs, has driven rent levels
upward. It remains to be seen how demand will shape once uncertainty is reduced. But our
results suggest that the government may be able to meet substantial portions of its energy

needs without raising tariffs to very high levels.

It seems that streamlining regulatory processes to reduce complexity and cost for APV
development is vital. Learning from the challenges of ground-mounted PV projects,

governments should simplify APV development permitting to expedite deployment. Clear land



designations specifying where APV is allowed, disallowed, or conditionally permitted could

streamline approvals, reducing bureaucracy and time required for local planning.

Addressing grid availability challenges is essential for successful APV deployment.
Enhancing grid infrastructure and transparency on grid availability, including geographical

dimensions and improvement timelines, would facilitate increased PV deployment.

In conclusion, Agrivoltaics presents a potential solution for enhancing renewable energy
demand and mitigating agriculture-related climate risks. This study offers pioneering research
on farmer perceptions regarding APV integration, identifying challenges and potential
accelerators for the market. Predicting technology adoption can guide regulatory frameworks
and avoid critical errors. It is imperative for the Israeli government to review these findings
and collaborate with stakeholders across agriculture and energy sectors to shape future
regulations. Establishing a dedicated APV forum involving government, academia,
businesses, and NGOs would facilitate ongoing analysis, implementation of solutions, and

result evaluation.
Future economic research should focus on farmers currently working under APV panels as
part of Israel's 2023-2026 pilot initiative to examine actual behaviors rather than hypothetical

predictions.

Ram Fishman
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