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Abstract: This project explores the integration of solar energy and traditional agriculture through the
design considerations of Agro photovoltaic (APV) systems. The focus lies in optimizing the coexistence
of solar panels and agricultural activities, with solar plates inclined up to 30 degrees and positioned
10 feet above ground level. The primary objective is to harmonize energy generation and crop
cultivation, ensuring dual land use efficiency. By adjusting the inclination angle, the project aims to
maximize solar energy capture throughout the day, while elevating solar panels facilitates
conventional farming practices underneath. Significant advantages include dual land utilization,
sustainable energy generation, and potential crop yield enhancements. However, challenges such as
initial costs and maintenance complexities require careful consideration. This research contributes
insights into the design parameters critical for successful APV system implementation. As the world
seeks sustainable solutions, this project serves as a stepping stone towards a future where renewable
energy and agriculture seamlessly coexist for a more resilient and environmentally friendly global
landscape.

Keywords: Agrophotovoltaic systems, Solar energy integration, agriculture, Renewable energy

I. INTRODUCTION
1.1 Overview
In the pursuit of sustainable and efficient agricultural practices, the integration of renewable energy sources has
gained significant attention. One innovative approach is the implementation of Agrophotovoltaic (APV) systems,
which seamlessly combine agriculture and solar energy generation. This project, titled "Design Considerations of
Agrophotovoltaic Systems," aims to explore and optimize the integration of solar panels within agricultural
landscapes, specifically focusing on the design aspects of solar plates with an assigned inclination of up to 30
degrees and a height of 10 feet above ground level.
The primary objective of this project is to strike a harmonious balance between maximizing solar energy capture
for electricity generation and ensuring minimal interference with traditional agricultural activities such as seeding.
By elevating the solar plates to a height of 10 feet, we intend to utilize the ground area beneath for conventional
farming practices, thereby optimizing land use and contributing to sustainable food production.
The inclination angle of the solar plates is a crucial parameter, influencing the efficiency of energy capture
throughout the day and across seasons. Through careful consideration of this angle, we aim to enhance the overall
performance of the Agro photovoltaic system, ensuring optimal energy production while minimizing shading
effects on the underlying crops.
This project's significance lies in its potential to address the dual challenges of energy and food security by
providing a framework for the design of Agro photovoltaic systems that can be seamlessly integrated into
agricultural landscapes. By exploring the intricate balance between solar energy generation and traditional
farming practices, we aim to contribute to the development of sustainable solutions that promote the coexistence
of renewable energy and agriculture. As the world faces the pressing need for environmentally friendly and
resource-efficient practices, this research endeavors to make a meaningful contribution to the intersection of
agriculture and renewable energy.
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1.2 Motivation

The motivation behind this project stems from the urgent need to address the intersecting challenges of
sustainable energy production and food security in the face of climate change and dwindling natural resources. By
combining the principles of renewable energy with traditional agriculture, Agro photovoltaic (APV) systems offer
a promising avenue for maximizing land use efficiency while mitigating environmental impacts. This research
endeavors to optimize the design of APV systems by exploring the optimal integration of solar panels within
agricultural landscapes, aiming to strike a harmonious balance between energy generation and crop cultivation.
The potential benefits, including dual land utilization, enhanced crop yields, and reduced carbon footprint, serve
as compelling incentives to delve into the intricacies of APV system design and implementation, ultimately
contributing to a more resilient and sustainable future.

1.3 Problem Definition and Objectives
The coexistence of traditional agriculture and solar energy generation faces challenges in maximizing land use
efficiency, optimizing energy capture, and minimizing interference with farming activities. Integrating solar
panels within agricultural landscapes requires careful consideration of design parameters to ensure harmonious
coexistence and maximize benefits for both sectors.
e  Optimize the design of Agrophotovoltaic (APV) systems to maximize dual land use efficiency by effectively
integrating solar panels with traditional farming practices.
e Investigate the influence of inclination angle and height of solar panels on energy capture efficiency and their
impact on crop cultivation beneath the panels.
e  Address maintenance complexities and initial costs associated with APV systems to enhance their feasibility
and long-term viability.
e Explore the potential for enhancing crop yields and overall agricultural productivity through the
implementation of APV systems.
e  Contribute insights into the design parameters critical for successful APV system implementation, facilitating
wider adoption and integration into agricultural landscapes for sustainable energy and food production.

1.4. Project Scope and Limitations

This project will focus on optimizing the design considerations of Agrophotovoltaic (APV) systems, specifically exploring the
integration of solar panels with traditional agriculture. The scope encompasses determining the optimal inclination angle and
height of solar panels to maximize energy capture while minimizing interference with farming activities. Additionally, the
project will investigate the potential benefits of APV systems in enhancing crop yields and promoting sustainable agriculture
practices.

1.5 Limitations As follows:
e The project will primarily focus on theoretical and simulation-based analysis, with limited scope for on-ground
experimental validation.
e Regional variations in climate, soil types, and agricultural practices may impact the generalizability of findings
beyond specific geographic areas.
e Economic factors, such as initial investment costs and financing mechanisms, will be considered but not extensively
analyzed due to the complexity and variability across different contexts.

II. LITERATURE REVIEW
Paper Title: Agrivoltaic Systems Design and Assessment: A Critical Review, and a Descriptive Model
towards a Sustainable Landscape Vision
Author: Carlos Toledo and Alessandra Scognamiglio
Description: This paper critically reviews and analyzes the technological and spatial design options available for
agrivoltaic systems. It proposes a comprehensive methodology based on design and performance parameters to
define the main attributes of the system from a trans-disciplinary perspective, ai «’_ﬁia ards a sustainable

landscape vision.
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Paper Title: Design Considerations for Agrophotovoltaic Systems: Maintaining PV Area with Increased
Crop Yield

Authors: Allison Perna, Elizabeth K. Grubbs, RakeshA grawal, Peter Bermel

Description: This study explores the effects of different PV array configurations and panel designs on field
insolation in agrophotovoltaic systems. It investigates how the utilization of mini-modules in patterned panel
designs may create more optimal conditions for plant growth while maintaining or increasing the area available
for PV, thus improving land-use efficiency.

Paper Title: Agrivoltaic system designing for sustainability and smart farming: Agronomic aspects and
design criteria with safety assessment

Author: Sangik Lee et al.

Description: This paper presents a comprehensive design methodology for agrivoltaic systems considering
agronomic aspects, structural safety, and safety assessment. It analyzes various design types and safety standards
for disaster resistance, shading ratio, power generation capacity, and quantity of structural members, aiming to
promote the dissemination of standardized agrivoltaic system models.

Paper Title: Optimization of the design of an agrophotovoltaic system in future climate conditions in South
Korea

Author: Ravikumar K I et al.

Description: This project focuses on the optimization of agrophotovoltaic system design in South Korea,
considering future climate conditions. It proposes a collaborative system utilizing a Wireless Sensor Network
(WSN) for remote monitoring and decision-making to protect crops and manage natural resources effectively,
while also generating revenue from solar renewable sources.

Paper Title: Agricultural Grid Connected Photovoltaic System Design and Simulation in Egypt by using
PVSYST Software

Authors: HanaaM.Farghally, Emad A. Sweelem, Mohamed I. Abu El-Sebah, Fathy A. Syam

Description: This paper presents a standard procedure for designing agricultural grid-connected photovoltaic
systems in Egypt. It conducts a comprehensive literature review of agricultural solar photovoltaic systems and
proposes a design procedure for grid-connected solar photovoltaic systems, aiming to achieve sustainable
development goals by reducing competition between land for food and electricity.

IV. REQUIREMENT AND ANALYSIS

Hardware Requirements:
Solar Plate Module:

e 12-volt solar panels with specifications:

e Max Power at STC: 10W

e  Short Circuit Current: 1.70A

e  Optimum Operating Current: 1.60A

e Open Circuit Voltage: 22.9V

e Optimum Operating Voltage: 19.5V

e Operating Temperature: -40°C to 90°C
Support Structure Module:

e Metal or alloy frames for elevating solar panels 10 feet above ground level.

e Mounting hardware such as brackets, bolts, and nuts for securing solar panels to the support structure.
Solar Energy Conversion Module:

e Inverter or charge controller for converting captured solar energy into electrical power compatible with

the grid or batteries.

e DC-DC converters for optimizing voltage levels as required.
Agricultural Seeding Area Module:

e Ground area beneath the solar panels designated for agricultural activities.
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e Farming equipment and tools for seeding and crop maintenance.
Energy Distribution Module:

e Electrical wiring and distribution panels for routing and distributing generated electricity.

e  Meters and monitoring devices for tracking energy production and consumption.
Monitoring and Control Module:

e Sensors for monitoring environmental parameters such as sunlight intensity, temperature, and humidity.

e  Microcontrollers or programmable logic controllers (PLCs) for processing sensor data and controlling

system operations.

e Human-machine interface (HMI) devices for user interaction and system monitoring.
Buzzer:

e Piezoelectric buzzer for generating audio alerts or notifications.
Optocoupler PC817:

e Optocoupler for isolating electrical signals and controlling charging mechanisms.
Transistor BC547:

e Transistor for amplifying electrical signals or switching circuitry.
Diodes:

e 1N4007 diodes for rectification and current control.
Capacitors:

e Capacitors with values of 0.1uF, 100uF, 450uF, and 470uF for energy storage and filtering.
Resistors:

e Resistors with values of 10Q, 1kQ, 2.2kQ, and 10kQ for controlling current flow and voltage levels.
Analysis:
The project focuses on the design considerations for Agrophotovoltaic (APV) systems with the aim of
maximizing the efficiency of both energy generation and crop yield. It addresses the challenge posed by land use
constraints by investigating the spatial coexistence of photovoltaics and agriculture. The analysis explores various
configurations of PV array and panel designs to optimize field insolation, crucial for maintaining or increasing
crop yield. Unlike traditional fixed south-facing configurations, the study highlights the superiority of east-west
tracking configurations, which outperform in shadow migration paths. Additionally, it delves into the utilization
of mini-modules in patterned panel designs, demonstrating the potential to create more optimal conditions for
plant growth while utilizing the same area of PV, thus enhancing land-use efficiency. Through optical modeling,
the study provides insights into how different PV array configurations impact field insolation, shedding light on
practical approaches to maximize both energy production and agricultural productivity in APV systems.

V.SYSTEM DESIGN
5.1 System Architecture
The below figure specified the system architecture of our project.
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E

Figure 4.1: System Architecture Diagram

5.2 Working of the Proposed System

The proposed Agrophotovoltaic (APV) system seamlessly integrates solar energy generation with traditional
agriculture, offering a sustainable solution for maximizing land use efficiency and promoting agricultural
productivity. At the core of the system is the careful design and implementation of solar panels within agricultural
landscapes. These panels are strategically positioned and inclined at an angle of up to 30 degrees to optimize solar
energy capture throughout the day, leveraging the sun's movement to ensure maximum exposure. By harnessing
solar energy in this manner, the system reduces dependency on traditional energy sources while simultaneously
promoting environmental sustainability.

The support structure plays a pivotal role in the functioning of the APV system, elevating the solar panels to a
height of 10 feet above ground level. This elevation not only facilitates unobstructed sunlight exposure but also
allows for the efficient utilization of the ground area beneath for agricultural activities. Farmers can continue
conventional farming practices such as seeding, crop maintenance, and harvesting, thereby maximizing the dual
land use potential of the system. Additionally, the support structure ensures the stability and durability of the solar
panel installation, with robust materials and construction methods employed to withstand various environmental
conditions.

Once the solar panels capture sunlight, the solar energy conversion module comes into play, converting the
captured solar energy into electrical power. This process typically involves the use of inverters or charge
controllers, which regulate and optimize the electrical output to meet specific requirements. The generated
electricity can be utilized for various on-farm applications, including powering irrigation systems, agricultural
machinery, and farm infrastructure. Moreover, excess electricity can be fed back into the grid, contributing to
renewable energy production on a broader scale.

The APV system also incorporates monitoring and control mechanisms to ensure optimal performance and
resource management. Sensors embedded within the system continuously monitor environmental parameters such
as sunlight intensity, temperature, and humidity, providing real-time data for analysis and decision-making.
Microcontrollers or programmable logic controllers (PLCs) process this data and adjust system parameters
accordingly, optimizing energy generation and agricultural operations. Additionally, human-machine interface
(HMI) devices allow users to interact with the system, providing insights into system performance and enabling
remote monitoring and control.

Overall, the proposed APV system represents a holistic approach to sustainable agriculture and renewable energy
generation. By harmonizing solar energy capture with traditional farming practices, the system offers significant
advantages in terms of land use efficiency, energy sustainability, and agricultural productivity. As the world
strives towards a more resilient and environmentally friendly future, innovative solutions like the APV system
play a crucial role in shaping the agricultural landscape and promoting sustainable development.
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5.3 Circuit Diagram
The below figure specified the Circuit Diagram of our project.
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Figure 5.2: Circuit Diagram

VI. CONCLUSION
6.1 Conclusion

In the pursuit of sustainable solutions, the integration of Agrophotovoltaic Systems emerges as a promising
approach. The combination of solar panels with agriculture, using an inclination of up to 30 degrees and a 10-foot
elevation, showcases a potential win-win for energy and food needs. Agrophotovoltaic systems offer the
advantage of maximizing land use by allowing crops to grow beneath solar panels. This not only supports
sustainable energy generation but also aids traditional farming practices. However, challenges such as initial costs
and maintenance considerations should be acknowledged. In essence, Agrophotovoltaic Systems represent a step
towards a more sustainable future, where renewable energy and agriculture can coexist. As technology advances
and challenges are addressed, this integrated approach holds the potential to contribute significantly to our global
efforts for a greener and more resilient planet.

6.2 Future Work

e Technological Advancements: Continued research and development in solar panel technologies hold the
potential to enhance the efficiency and affordability of Agrophotovoltaic systems. Advancements in
materials, energy storage, and conversion technologies could further optimize system performance.

e Smart Integration and Automation: The integration of smart technologies, including sensors and
automation, could revolutionize Agrophotovoltaic systems. Real-time monitoring of energy production,
crop health, and environmental conditions could enable more precise and efficient management.

e Hybrid Systems: Exploring hybrid systems that integrate multiple renewable energy sources, such as
wind and solar, alongside Agrophotovoltaics, could provide a more comprehensive and reliable energy
solution. This approach would contribute to energy diversification and increased resilience.

e Community and Policy Support: Future efforts should focus on garnering community support and
developing supportive policies to encourage the widespread adoption of Agrophotovoltaic systems.
Financial incentives, regulatory frameworks, and awareness campaigns can play a crucial role in
promoting this sustainable technology.
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6.3 Advantages & Disadvantages
Advantages:

e Dual Land Use: Agrophotovoltaic systems allow for the simultaneous use of land for both solar energy
generation and traditional agricultural practices, maximizing overall land productivity.

e  Optimized Energy Capture: By adjusting the inclination angle of solar plates, these systems can optimize
energy capture throughout the day and across seasons, enhancing overall efficiency.

e Sustainable Energy Generation: Agrophotovoltaic systems contribute to sustainable energy generation by
utilizing renewable solar resources, reducing reliance on non-renewable energy sources.

e Reduced Environmental Impact: Integrating solar panels into agricultural landscapes can mitigate the
environmental impact associated with conventional solar installations, fostering biodiversity and reducing
land-use conflicts.

e Increased Crop Yield: Elevating solar panels above the ground provides shade-tolerant crops an
opportunity to thrive, potentially increasing overall crop yield in certain agricultural settings.

Disadvantages:

e [Initial Costs: The upfront costs of implementing Agrophotovoltaic systems, including the installation of
support structures and solar panels, can be relatively high, posing a barrier to adoption for some farmers.

e Land Requirement: While Agrophotovoltaic systems aim to optimize land use, they still require a
significant amount of space, potentially limiting their feasibility in densely populated or small- scale
agricultural settings.

e Maintenance Challenges: The combination of agriculture and solar technology introduces challenges in
maintenance, as equipment and access to solar panels may be hindered by the presence of crops.
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