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Abstract 

Harvesting of solar energy is nowadays an important issue, which unfortunately requires 

large area under the direct sun. On the other hand, agricultural lands utilise larger uncovered 

areas. Therefore if the solar panels are used to cover such agricultural lands, and the shade is 

systematically designed, the area can be doubly utilised. In order to avoid shading, a 

greenhouse Agrivoltaic system is designed and modelled to achieve 100% efficiency in 

harvesting crops and energy both at the same time. Solar panels can utilise direct sun rays and 

the light energy required by plants can be obtained from the light rays in between the panels, 

thus merging both the systems under the same sky with the same solar energy forming an 

Agrivoltaic system. The author Tarana A Chandel discusses this Agrivoltaic system as a 

Hybrid Agri-Energy-Harvesting System (HAEHs). Energy and agriculture are the basic 

requirements for sustainability of life. In the survey based study the author has highlighted 

innovations in Renewable Energy and tried to show the impact of various types’ of HAEHs 

on crop yield. HAEHs can be modelled as development for life sustenance and as a 

technology for future. 
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Introduction 

Farming is the basic source of life sustenance along with energy. In 19th century energy 

required for cooking were wood, coal, kerosene oil etc. The source of energy was the fossil 

fuel only. The environment issues developed due to fossil fuel are global warming, air 

pollution, climatic change. All these issues were due to greenhouse gas emission. The first 

summit on Human Environment was held from 5 to 6 June 1972 at Stockholm, Sweden 

focussing on environmental issues within sustainability developments framework [1]. After 

20 years, second UN conference on Environment and Developments was held at Rio de 

Janeiro, Brazil from 13- 14 June 1992, which was also referred as Earth Summit [2]. This 

conference was held to spotlight the effects of the social and financial activities on the 

surrounding environment. The solution for such issues is the transformation of fossil fuel 

towards green and clean energy, thus enhancing quality of lifestyle. This was the major 

development towards sustainability development. The developments; fulfilling the need of 

the current generation without compromising or harming the requirements of the next 

generation is sustainability developments (SD) [3]. For survival of human-life enhancement 

in agricultural products and energy are parallel and equal in priority. The 2030 agenda for 

sustainability developments involve 17 goals. 1st, and 2nd SD goals i.e. no poverty (SDG-1) 

and Zero Hunger (SDG-2) are very important. In order to eliminate poverty and hunger, 

enhancement of agriculture is very must. As we know that non-conventional energy sources 

such as wind and solar are tending now a day. Solar photovoltaic system is used for 

generating energy. This energy is a green energy and affordable. Harvesting of sun energy is 

nowadays an important issue, which unfortunately requires large area under the direct sun. 

On the other hand, agricultural lands utilise larger uncovered areas. Therefore if the solar 

panels are used to cover such agricultural lands, and the shade is systematically designed, the 

area can be doubly utilised. . Solar panels can utilise direct sun rays and the light energy 

required by plants can be obtained from the light rays in between the panels, thus merging 

both the systems under the same sky with the same solar energy form an Agrivoltaic system. 

This challenging technology has a new vision in the field of agriculture and energy on same 

platform. This study show light on Agrivoltaic system, Greenhouse Agrivoltaic system and 

IoT based Agrivoltaic system. Physical Constrains of shading effects on the agriculture land 

with PV module is taken into consideration, for enhancing the productivity of agriculture 

land. Looking from the prospective of PV system; production of energy is larger due to 

microclimatic effects developed by the agricultural crops maintaining the surface temperature 
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of PV module [4]. The dual utility approach concept of agriculture and energy generation by 

PV system was first introduced by Goetzberger and Zastrow at the Fraunhofer Institute 

(Germany) in 1981 [5]. The solar photovoltaic energy harvesting system on the same 

agriculture harvesting land is known as Hybrid Agri-Energy Harvesting System (HARHs). It 

was inspired primarily by the generation of electricity for the ground mounted PV system in 

agricultural land with constraints i.e. the farmers are benefitted from the selling of 

agricultural products along with the income of the electricity generated on same land. The 

sale of generated electricity from PV system was the additional income that helped the 

farmers to bear the losses in agricultural production [6]. The environmental is indirectly 

blessed by green gas emission which is utilized by plant during photosynthesis and releasing 

oxygen [7]. Numerous researches have analyzed the agrivoltaic system’s effect on 

agricultural land. These researchers are from Japan [8], United States [9], Palestine [10], 

Spain [11], Germany [12], Turkey [13], Europe [14], India [15], Thailand [16], East Africa 

[17] and the Russian Federation [18]. All the above researchers have shown the importance 

of contemplation of land prior to installation of the hybrid agri-energy harvesting system 

[19]. The effects of hybrid agri-energy harvesting system were investigated by the scientists 

at global level. In the recent time many commercial agri-photovoltaic plants with research 

facilities are well-established all over the world [20]. 

Traditional farming was very common in 19th and beginning of 20th century. In traditional 

farming plough was an important tool of farmers for cultivation of soil for sowing seeds. The 

major drawback of manual ploughing was that it couldn’t penetrate deep in the soil for the 

first time, taking extended time for ploughing the agriculture field. For significant ploughing 

it doubled the labour cost and time. Insufficient ploughing caused lack of air and water in the 

soil, taking longer time in harvesting and had low production. With the rapid increment in 

population, traditional farming increased its attention globally. Looking towards traditional 

farming, UN announced 2014 as International Year of Family Farming (IYFF, 2014) [21] to 

upgrade domestic farming, small scale farming with an aim to diminish hunger, enhance 

livelihood, maintain natural resources and well-being of the people 

Objective of the research 

Problems regarding increase in population with reduced land/man ratios, extensions of 

agricultural marts, challenges toward new technologies, and numerous outlooks for 

development cannot be ignored. The motive of this research is to achieve the following goals; 
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i. Enhancing employment in energy and agriculture sectors, achieving (SDG-1) i.e 

“No poverty” 

ii. To gain maximum production in lesser space and time, achieving (SDG-2) i.e. 

“No Hunger” 

iii. To minimize electricity cost and provide affordable green power to all citizen 

achieving(SDG-7) i.e. “Affordable and Clean Energy” (SDG-7) 

iv. To minimize green gas emission achieving (SDG-13) i.e. “Climate Action” 

Concept of Hybrid Agri-Energy Harvesting System 

This concept of Agri-photovoltaic System has speeded up after COVID-19 pandemic and 

approximate 0.7 billion people suffered from hunger by 2021[22]. The 2030 Agenda of 

sustainable goals toward no hunger, climatic change mitigation [22] joined together with 

clean and affordable Energy (SDG-7] [23] came into existence for human life sustenance and 

as a technology for future. Sustainability development is the primary step required to foster 

rationality. They focussed to contribute a social support for humanity with the insurance that 

human improvement takes place inside earth’s biophysical horizon [23,24]. 

Design and Modeling of HAEHs 

The hybrid agri-energy harvesting system is designed to serve same solar spectrum on the PV 

module and agricultural land at the same time. The design parametrs for APV system consist 

of location, land area, crop, direction of sun rise and set, sun peak time, maximum power 

point tracking for energy generation and finally installation of the PV system. The model of 

APV system is shown in figure 1.  

     

Figure1. Model of hybrid Agri-Energy 

harvesting system 

Figure 2. SPV module facing the solar 

radiation 
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Figure 3a. No gap in between 

PV modules in a pv array 

Figure 3b. Gap in between 

PV modules in a pv array 

Figure 3c: Combination of 

PV module with and without 

gap in between, in a pv array 

This system is perfectly suitable for locations having preferable sun radiation and cultivatable 

agricultural land. In such cases the tilt angle of the solar module should be maintained at 

convenient height above the land so that required sun light falls on the crop. The installation 

design parameters of hybrid Agri-energy harvesting system (HAEHS) are different from that 

of conventional PV system. 

An innovative installation design of PV system is done above crop to gain maximum 

generation of power and agricultural products. The maximum gain is obtained when PV 

module is facing SE direction at 135o [25] from ground in our country as shown in figure 2. 

The PV installation can be done in three different ways; firstly; with no gap in between PV 

modules in an array, secondly; gap between the solar panels in an array and 

thirdly; combination of first and second design of PV module shown in figure 3. The solar 

irradiance distribution method can optimize food-energy production [25] as shown in figure 

4. 

    

Figure 4. Solar Irradiance sharing for 

Food-Energy Production 

Figure 5. Different type of hybrid agri-energy 

harvesting system 
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Hybrid Agri-Energy Harvesting System 

Different ways of hybrid agri-energy harvesting system exist in the word depending upon the 

use and activities carried out for specific purpose [25] as shown in figure 5. Open HAEH 

system include animal husbandry [26] and interspaced/ overhead PV structured HAEHs. 

Closed HAEHs involve greenhouse HAEHs and smart IoT/AI based HAEHs 

Greenhouse Agri-Energy Harvesting System 

In the last decades, greenhouse farming has risen globally. Greenhouse farming increases the 

production of vegetable and crops due to modified environmental factors, providing suitable 

climate for plants to grow. In fact greenhouse farming protects the crops from unacceptable 

environmental hazards, pests and neighbouring plants disease. The structure of greenhouse is 

a plastic enclosed with a bamboo or steel frame, with suitable window or ventilation [27,28] 

as shown in figure 6 and 7 respectively. The costs of the bamboo or the wooden framed 

greenhouse are low and are affordable by marginal or small farmers. Such types of 

greenhouse are specially found within hilly areas [28]. The life of bamboo or wood is 

enhanced with chemical therapy, stopping from rotting and termites attack. The chemical 

therapy enhances the life of wood/ bamboo up to 50 years [28]. 

    

Figure 6. Greenhouse with bamboo framing Figure 7. Greenhouse with steel framing 

The window or ventilation maintains the inside temperature for production of vegetable, 

crops fruits and also flowers. The maintained temperature is as per the requirements of 

vegetable and crops, helps to grow and survive in a controlled environment. Fertilizers, 

climatic controlled environment system, equipment for irrigation, covering frame materials 

are the component affecting the efficiency of crop production. Greenhouse structure vary, 

depending upon the covering materiel used such as high density polythene (HDPE) and 

polyvinyl chloride (PVC, plastic film, fiberglass). The covering materials are usually 
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transparent or translucent. Material used for framing is steel, coated with zinc or iron to 

protect it from environment hazards, rusting and extending its durability. Temperature plays a 

significant role in greenhouse farming. The motive of green house was to cultivate high 

temperature stringent species in cold climate in temperate regions. During cold climate, a 

moderate temperature is maintained inside the greenhouse, protecting the crops, vegetable, 

and fruits from wind strokes. During hot climate, in the Mediterranean areas temperature 

reaches to its peak. Greenhouse has hazardous impact on the production of crops. The 

polyvinyl shading protects the crop from heat strokes and regulates the temperature through 

proper ventilation in the greenhouse. With proper designing and equipment greenhouse 

technology has made very easy to cultivate horticulture species in any region of the world. 

The solar insolation and ambient temperature are two important parameters for sustainable 

crop in the greenhouse. Other parameter involves soil temperature, wind, rainfall, humidity 

and carbon dioxide. Vegetables requiring medium temperature such as tomato, pepper, 

cucumber, melon, water melon, marrow and green beans are commonly grown in greenhouse 

[29]. Artificial climatic control system is also used to maintain the temperature in the areas 

not having suitable climate for crop production [29]. The solar radiation required for the 

above mentioned crops is 2.34 kWh/m2/day during the three months having shorted of the 

year i.e. from November to January in the Northern Hemisphere and May to July in the 

southern hemisphere [30]. This shows that 6 hour of sunlight per day is must for crop 

production in greenhouse. 

Smart Hybrid Agri-Energy Harvesting System 

Smart HAEHs is a creative technology which enhances land utility efficiency and 

sustainability by combining power and agriculture together. This innovative technology 

focuses on smart farming which includes IoTs, large data analysis, cloud computing, ML and 

AI for monitoring, tracking, analysing operation and making it automated. The integrity of 

these technical innovations has showed excellent impact on the growth of agricultural 

product. The motive of smart HAEHs are; increase in sustainable agricultural products and 

income, eliminating greenhouse emission, reducing the adverse effect of global warming and 

building resilience towards climatic change in the environment. 
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Figure 8. Block diagram of smart hybrid 

agri-energy harvesting system 

Figure 9. IoT and ML based greenhouse 

farming 

The block diagram of smart HAEHs is shown in figure 8.The first greenhouse farming 

technique took place in 19th century at France and Netherland [31]. Greenhouse farming 

is planned to produce crops in any climatic condition by controlling the parameters suitable 

for the growth of the particular crop. Greenhouse soon became popular and penetrated into 

the industry for commercial marketing of crops [31]. Currently Internet of Things is very 

familiar, making its own benchmark with new heights. It is transforming information of 

actual world in to stylish and intelligent devices. With the approach of IoT technology, 

conventional farming has transformed toward smarter and advance farming. In conventional 

greenhouse farming, each and every problem was assessed by the farmers which took time, 

labour and cost. However with the advancement of IoT technology, greenhouse farming 

operations can be monitored and controlled effectively and is considered as smartest technical 

application. Integrity of IoT technology with greenhouse enhances the productivity of crop 

with least labour charges [32]. The IoT based greenhouse farming mainly focus towards 

irrigation, crop disease control, environment for healthy plants and production [33]. Farming 

safety is top-most difficulty which can be achieved by applying IoT technology, which 

involve sensors, high pixel video, and drones for monitoring [34,35,36]. The commercial 

sensors used in IoT technology have proved effective growth in agricultural production with 

minimum cost. The basic motive is to enhance crop production with quality, optimize 

resources techniques and reduce human intervention [37]. Research show that IoT based 

farming provide maximum benefits in greenhouse farming such as water quantity in soil, 

humidity content, amount of chlorophyll in plant for photosynthesis, irrigation operation, 

monitoring and controlling [38]. The utility of IoT tool, ICT tool, and wire-free sensor 
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network faces financial, technical and environmental challenges in farming [39]. As the 

sensors and other devices are interconnected, big data is collected. This big data can be 

analyzed to forecast the perception, quick decision- making, controlling, directing and 

managing the system [40]. Best approach for it is Machine- Learning (ML). Machine-

learning (ML) tool can solve surplus problems with the help of interconnected devices. 

Decision and actions can be taken faster by ML tool rather than human with minimum efforts 

[40]. IoT and ML based greenhouse farming [31] is shown in figure 9. An IoT based 

automated greenhouse require many sensors to track the environment condition and maintain 

the record of the climatic condition. Once the record fulfils the criteria necessary for plant 

growth, the signal is transferred to the host through microcontroller. The host of the database 

will acknowledge back the findings to the controller unit. With suitable ML tool, the farm 

manager will measure the climatic condition and maintain a record of water utilization of soil 

for a longer period to obtain best productive results. Farooqui et al [31], in his research 

utilized ML tool and artificial intelligence in designing the greenhouse totally automated for 

real time early stage detection of disease and decision making. Moreover the author 

implemented the artificial neural network in the farming for the farmers to maintain the 

record of fruit and crop’s ripening and also the status of plant’s health. 

Conclusion 

With the declination in manufacturing cost of the solar panel and enhancement in power 

conversion efficiency, solar photovoltaic system has become very popular in energy sector. 

Previously rooftop was utilized for generation of solar power. Entrepreneurs are finding 

solutions to enhance the demand of agricultural land for ground mounted solar power plant 

for electricity generation. Solar power plant is deployed on the agricultural land, increasing 

the financial benefits of crop production and energy generation at the same time. It is also 

resolving the problem of shortage in power and agricultural products. The sustainability 

development goals are achieved i.e. no poverty (SDG-1), zero hunger (SDG-2), affordable 

and clean energy (SDG-7), climatic action (SDG-13), life on land (SDG-15), thus fulfilling 

2030 Agenda under Paris Agreement. This study shows the impact of various types of on 

crop yield. Studies also showed the impact of static and dynamic solution of plant growth 

under PV module. HAEHs are advancing day by day with the utility of AI and IoT. Smart 

farming is an approach that associates administration and regulating agriculture using 

innovations examples are IoT, robots, drones, and AI to increase the agricultural production 
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with good quality and eliminating the human employment required for production thus 

reducing labour cost. 
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