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Abstract: Photovoltaic solar energy is one of the immaculate non-pollutant origins of 

inexhaustible sources of energy. As a result of the increase in energy demand and the bad 

effects of carbon-containing fuels on the world environment, several nations reflect on 

photovoltaic solar energy as the appropriate and possible choice for electrification in rural 

agriculture applications and household practices. To satisfy the increasing electrical energy 

need and reduce the production of gas. The use of photovoltaic energy cannot be 

overemphasized in agricultural applications in rural areas. Photovoltaic and electrification in 

agriculture is the formation of photovoltaic production of electricity, heat, and some other 

forms of energy. In agriculture, it means making available green energy and being able to 

maintain electricity for farming activities. The review will focus on energy access/usage for 

boosting farming activities in rural communities of Sub-Saharan African nations. It will also 

offer a critical review of the methodical investigation by different researchers on photovoltaic 

solar energy and electrification in agricultural applications for quality improvement in energy 

generation in rural areas for agricultural purposes, which in turn generates employment 

opportunities for people living in rural communities in Sub-Saharan African countries. The 

investigation covers several forms of photovoltaic systems, such as solar energy for cooling 

storages, pumping water for irrigation activities, heating/cooling greenhouses and drying crops 

for rural communities in Sub-African. It describes different principal application forms of 

photovoltaic solar energy in agriculture, photovoltaic solar energy issues, the principle of 

operation of photovoltaic, its uses, problems, and opportunities. Furthermore, this study 

discusses the economic analysis and market related opportunities of photovoltaic systems. It 

has been shown beyond reasonable doubt that photovoltaic solar energy would be an 

appropriate option for electrification in agriculture, particularly in the distant typical remote 

environment. The review concludes that the prospects of the research will be economic 

development potential and employment creation opportunities in the Sub-Saharan African 

communities. 
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1. Introduction 

Sub-Saharan African (SSA) nations are agrarian countries where over 60% of 

people living in rural areas are into agricultural practices [1]. The agricultural sector 

therefore has a major impact on SSA social and economic activities because most of 

its imports are related to the agricultural sector [2]. The driver of agricultural growth 

is the energy employed primarily to pump the water required for the irrigation of 

agricultural fields. The energy sector directly influences the economic development of 

a nation [3]. At present, 85%–90% of the global main power supply relies on fuel 
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derived from prehistoric organisms (fossil fuel) [4], which has reduced capacity in 

storage. A steady increase in the cost of these fuels is the primary cause of the 

recession in the global economy. To this end, the SSA agricultural sector is severely 

affected by the energy crise. To address the decline of the economy and related 

challenges in the energy sector, the world is focusing on the efficiency use of 

renewable energy sources such as photovoltaic solar power, wind, geothermal, 

biomass, and hydro [5]. SSA has a photovoltaic solar energy opportunity estimated at 

about 10,000 GW while the sun shines throughout the economic year on the section 

of the global map [6,7]. However, the SSA, which has over 950 million inhabitants, is 

the world’s poorest electricity region [7]. In excess of six hundred million human 

beings are without electricity, and over millions of citizens are linked to an 

undependable network which in no way satisfies their day-to-day power supply 

operation. The rate of access to electricity in most nations in this area is approximately 

20%, almost two in three citizens do not have access to the most recent electrical power 

supply operations. The average yearly electrical energy usage in the SSA household 

area is 488 Kilowatt/hrs. Per capita: this equates to about 5% of US energy 

consumption. According to the International Energy Agency (IEA), the electrical 

energy needed in SSA will rise by nearly 35% from the year 2000 to the year 2012 to 

get to 352 terawatt hours (TWh), and it predicts the overall electrical energy needed 

in SSA to amplify at an average pace of 4% a year through 2040 [6–9]. 

Agricultural activities are germane to humans as they are the only source of food 

for them. But agricultural processes demand regular energy resources to operate 

machines, water pumps for irrigation purposes, supply electrical energy to rural farm 

houses, dry agricultural products, and for heating and refrigeration processes. All are 

exploited in a conventional manner, using fuel derived from prehistoric organisms. 

The use of fuel derived from prehistoric organisms on farms increases global warming 

by releasing numerous greenhouse gases. This prompted academicians, scientists, and 

researchers to look for a different and able-to-maintain agriculture practice using 

renewable energy sources like photovoltaic solar energy techniques to alleviate 

environmental enigmas that can lead to warming of the Earth’s atmosphere issues and 

changes in global weather patterns [10]. 

There are numerous potential sources of sustainable forms of energy; 

nevertheless, photovoltaic solar energy is the most excellent since it can be installed 

in nearly all parts of the land surface the Earth, without being polluted, contamination 

free and with good cost effectiveness. This was followed by the work of numerous 

researchers, academicians, and scientists who are attempting to raise community 

awareness of the environmental issues caused by changes in global weather patterns 

and the increase in the world’s temperature. Climate change is exacerbated by the use 

of fossil-powered machinery on farms, which emits large amounts of greenhouse 

gases. The utilization of photovoltaic solar power emits no greenhouse gas emissions, 

in contrast to fuel derived from prehistoric organisms. Consequently, numerous 

developing nations are shifting to easy to renew and sustainable energy sources like 

photovoltaic solar power, which can be utilized for a variety of purposes, such as crop 

production, agricultural practices, pumping of water for irrigation purposes, drying of 

agricultural products, heating of premises, means of supplying fresh air, and so forth, 

in order to minimize environmental issues. There are two ways to convert energy from 
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the sun into electrical power: the use of photovoltaic solar power systems and the 

employ of solar capture thermal techniques [11]. In a photovoltaic system, the beams 

of the sun are directly converted into electricity by solid state semi-conductors, which 

require additional investment. Lately, as a result of advancements in solar power 

technology, thermal techniques have also been utilized for electrical power. 

Nevertheless, the main emphasis of the journal paper will be to review the relevance 

of the photovoltaic solar power technology system because the power method of 

application of tools and methods has the primary aim of meeting the electrical energy 

demand in a reliable, accurate, efficient, and effective manner in the framework of 

industrial techniques, surroundings, and financial careful thought because it is the most 

excellent sustainable and renewable type of energy alternative for rural communities 

with unsteady and unstable power supplies [12–15]. Since about half of the global 

population lacks access to present-day power supplies and numerous human beings 

still depend solely on carbon containing fuel for energy, embracing this system is 

dependable, efficient, effective, cost effective, immaculate, affordable, and extremely 

reliable because it is not risky to health as well as the surroundings. For this reason, 

over the last few decades, there has been a steady increase in the use of photovoltaic 

solar energy systems on remote rural farms [16–20]. 

This paper intends to critically examine the materials with the following queries: 

How is photovoltaic solar energy technology being applied in agricultural farms for 

sustainable growth? How is the photovoltaic solar energy system used on a farm? 

What factors affect the effectiveness of photovoltaic solar energy? Principal 

application forms of photovoltaic solar energy in agriculture; photovoltaic solar 

energy issues; photovoltaic solar energy uses; difficulties and opportunities; solar 

PV’s value and demerits; obstacles and challenges in the process of adopting solar 

photovoltaic (PV) in the agricultural sector; and future policy recommendations 

regarding the use of solar photovoltaic energy for rural agricultural activities in sub-

Saharan African countries. 

Figure 2 depicted the space scattering of sun radiation in Sub-Saharan Africa 

nations, emphasizing strong-potential regions of focused radiation emitted from the 

sun and solar power development. 

Figures 1–3 illustrate SSA has a special worthy favorable condition to increase 

its energy production capability without SSA exacerbating change in global weather 

patterns as a result of its well-supplied/plentiful resources that can be sustained [21]. 
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Figure 1. Electricity availability rate and overall people in a place without electricity 

access [1,22,23]. 

 

Figure 2. Large potential for renewables in Sub-Saharan Africa [1,23]. 

 

Figure 3. Sunlight radiation in Sub-Saharan African countries [22,23]. 

2. How is the photovoltaic solar energy system operated within the 

farm 

The photovoltaic solar panel system provides low-cost green power, which is the 

best option for remote farms such as pumping water for crop irrigation [24]. However, 
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the functioning of the solar panel technology system requires the following: pump 

control mechanism, efficient source of sunlight, electric motor pump, photovoltaic 

solar power panel, water reservoir for water storage and means of water resource. 

There are several silicone cells or photovoltaic solar power cells in the photovoltaic 

solar energy panel. Photovoltaic solar cell is the smallest unit of the flat rectangular 

part. When the sunlight comes down on the solar panel, the vigor from the sunshine is 

absorbed by the photovoltaic energy solar cells. The photovoltaic solar power will be 

changed to unidirectional electrical current by partially conductive solid, then the 

control mechanism inserted in the inverter circuit will transform the unidirectional 

electrical charge to sinusoidal charge and the power will pass through to the electric 

motor pump control mechanism, subsequently, the electric motor pumped water and 

stored in the water reservoir [25]. As depicted in Figure 4 the use of water for 

irrigation purposes for remote agricultural farming. 

 

Figure 4. Operation of the photovoltaic solar energy system as an irrigation system 

[22]. 

3. What factors affect the effectiveness of photovoltaic solar energy 

Various factors affect the effective functioning output of photovoltaic solar 

energy these include: 

3.1. Shading 

Shading is the term used when photovoltaic solar energy panel is covered with 

shadows, this usually produce enormous effect on the energy generated by the solar 

energy [14,26]. Mani and Pillai [27] stressed that the effect of dust on the photovoltaic 

solar energy panel can be affected by the characteristic quality of the dust and the 

immediate remote environment. Dupraz et al. [28] further stated that the distinctive 

feature of the dust contains; constituent element, dimension and quantity of matter, 

this may be in form acidic substance, which can cause the photovoltaic solar energy 

panel to corrode. According to Maghami et al. [26] and Maher et al. [29], which 

affirmed that the immediate remote surrounding means the surrounding where people 

daily activities like animal activities, salt, dropping from birds and irrigation systems 

and also state of atmosphere; rainfall, wind, snow, cloudiness and other meteorological 

conditions can lead to poor performance of photovoltaic solar power system. 

3.2. Sunlight intensity 

The electric charge of a photovoltaic solar power panel is directly proportional to 

the strength of photovoltaic energy emitted. Maghami et al. [26] and Maher et al. [29] 

stated that photovoltaic energy solar lighting effect and degree of heat cell have direct 
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effect the energy generated of the photovoltaic solar power panel. It has been observed 

that as degree of heat increases above the approved functioning temperature of 25 ℃, 

the photovoltaic solar energy panel functions less effectively and there will be total 

reduction in electric potential. Accordingly, degree of hotness can be judged as 

opposition to the free movement of elementary particle called electrons. Maghami et 

al. [26] and Maher et al. [29] observed that a photovoltaic solar power panel working 

at temperature 80–90 ℃ will losses 0.5% in effectiveness per every degree increase in 

degree of heat. In view of this, there is need to put in place a device to extra heat above 

and below the photovoltaic solar power panel. 

3.3. Load resistance 

This factor helps to ascertain the electric potential at which the photovoltaic solar 

power panel will function effectively and reliably. The effectiveness of the 

photovoltaic solar energy panel relies on the resistance of the load employed in the 

design. To ensure the operating electric potential and electric charge are properly 

matched with the load functioning requirements the control mechanism must be 

effective in tracking the greatest possible power needed. Furthermore, the voltage of 

the system can be increased; this will certainly reduce the loss in resistance of the 

system. By double the electric potential of the system this will decrease the electric 

potential drop by 25%. For the overall efficiency of the photovoltaic solar energy 

system, cable size and length must be carefully and painstakingly selected and given 

special consideration during planning phase [13,20,26–29]. 

3.4. Poor maintenance 

Effective maintenance is the key to optimal performance of photovoltaic solar energy 

system. The existence of an unclean substance such as dust, soil and earth on the 

photovoltaic solar power solar panels vaguely decease the most desirable and 

favorable efficiency of the system. Photovoltaic solar energy modules frequent 

cleaning is hereby recommended [27–29]. 

Similarly, to these mentioned vital factors, there are other affecting factors 

influencing photovoltaic solar power optimal performance these include; Inverter 

efficiency, battery efficiency, mounting position of the PV solar power modules, 

charge controller and category of PV solar energy module employed. 

4. Importance of renewable energy for the farm 

Sunlight is an essential source of able to be renewed form of energy on Earth. 

Photovoltaic energy getting the Earth far exceeds the available yearly resources of 

other kinds of able to be renewed form of energy sources, as well as overall reserves 

of all fuel derived from prehistoric organisms [30]. The amount of photovoltaic solar 

power reaching Earth is calculated to exceed human energy requirements more than 

5000 times [31]. An estimated of 0.02% of sunlight energy getting to the Earth is 

employed to generate power supply in photovoltaic solar energy plants in the entire 

world [32], this result in the present less effectiveness of the current application of 

tools and methods in resolving difficulties. Sunlight can be employed in photovoltaic 

solar power cells and photovoltaic solar collectors not only for photovoltaic solar 
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energy radiation, but also an energy source utilized in physical world occurrences 

which include movement of water in surface, processes of changing from liquid to 

vapor, motion in air mass, and processes of formation of rain, snow and hail [33–35]. 

The sun also provides energy for photosynthesis activities and processes [36–38]. 

Sub-Saharan African Nations are frequently confronted with the extremely bad 

power shortage as a result of huge power use for faster economic development, as well 

as severe environmental pollution from non-able to be renewed form of energy 

generation and consumption. The benefits of agricultural photovoltaic solar power 

applications are unparalleled and unmatched. 

The following are the principal importance of Photovoltaic solar energy in sub-

Saharan Africa nations, these include: enhancing the environmental quality, Reduction 

in conflict between more people and fewer lands, improved economic yields for 

farmers, and encouragement of the building of the modern socialist nation side. 

4.1. Enhancing the environmental quality 

Breyer et al. [39] stated that the agricultural system combines with a photovoltaic 

solar power system will decrease the emissions and enhance environment in an 

important way. Hence it is of great importance to develop a low carbon farming and 

green method of farming in Sub-Saharan African nations [40]. Breyer et al. [39] 

opined that to succeeding in combating change in global weather patterns photovoltaic 

solar power system is an important technology to employ. Liu [41] further stated that 

with a photovoltaic solar power system of electrical output three kilowatts will 

conserve coal of 35.2 tones, decrease dust by 60% tone, carbon (IV) oxide energy 

released of 91.4 tones, nitride of 35% tones, and S02 of 77% tones for the period of 

twenty five years of the system lifetime. In a similar way, Nacer et al. [42] stated that 

a 23 kWp photovoltaic solar power system can reduce GHG emissions of 544 tones 

over the entire life of the system. 

4.2. Reduction in conflict between more people and fewer lands 

Greenhouse photovoltaic solar power system farming production system 

mounded and placed over or on the top of the building of the farm greenhouse, may 

conserve land resources by not occupying the land and alters the nature of land use. 

With the increase in world population, this method of farming will perform an 

effective function in the arable land reduction. Dupraz et al. [27] and Weselek et al. 

[43] deduced that greenhouse photovoltaic solar power system maximizes the use of 

land. 

4.3. Improved economic yields for farmers 

To save the expenses of energy transmission as stated by Xinhuanet [44] the 

photovoltaic solar power system can be mounted on the top of the building or in any 

available free which can supply electrical energy for farming activities. Also the 

excess electrical energy generated from the photovoltaic solar power can be supplied 

back to support electrical network. Xinhuanet [44] opined that with just five kilowatts 

of power generated through the use of photovoltaic solar energy system linked to the 

electrical network, a farmer can make additional nine hundred dollars in a month as 
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economic return. In view of this, photovoltaic solar power system will significantly 

enhance the entire farmers live in the distant rural communities in accordance to the 

moderate’s incomes from photovoltaic solar power system electrical energy 

production and farming products. 

4.4. Encouragement of the building of modern socialist countryside 

Xinhuanet [45] stated that to construct a modern socialist nation with successful 

and flourish financial economy, friendly agreement, facilities that are excellent, highly 

developed society and surrounding that are elegant in nature, which are unavoidable 

demands for the building of favorably placed community of people. The photovoltaic 

solar power system has been employed for building of remote area public service 

facilities, irrigation farming practices, treatment of waste water, supplying of 

electricity in remote area road, supply electricity to rural household, sewage disposal 

in remote area and lots more [46–48]. Seeing that photovoltaic solar power has energy 

saving benefits, security of the environment and conservation of energy, with the use 

of the photovoltaic solar power system is not only an effective solution to essential 

power use in remote, distant areas, except that, it likewise assist in the gradual 

improvement of the study of organisms and the environment and strongly promoting 

socialist highly developed society. 

In a nutshell, it has immense significance and of very great value to adopt and 

advance photovoltaic solar energy agriculture in Sub-Saharan African Nations, 

because photovoltaic solar power agriculture will efficiently enhancing the 

environmental quality, greatly reduce the conflict between more people and fewer 

lands, clearly improved economic yields for farmers, and strongly encouragement of 

the building of modern socialist countryside. 

5. Photovoltaic solar energy limitation; difficulties and 

opportunities 

5.1. Photovoltaic solar energy limitations in SSA 

Many authors have emphasized different kinds of limitations to installing and the 

employment of photovoltaic solar energy in Sub-Saharan African nations. In a similar 

way, photovoltaic solar energy manufactures and people that install solar energy in 

SSA are encountering the same challenges. The principal enigmas that discourage the 

deployment of PV solar power in the SSA are highlighted below 

[10,15,17,26,43,49,50]: 

• Expensive of the photovoltaic solar energy parts. 

• Non availability of money for the end users. 

• Non availability of medium of exchange for manufacturers and people that install 

solar energy. 

• Impression by the people that the cost of photovoltaic is high. 

• Unresponsiveness of potential market groups: for example the real estate 

industry. 

• Conscious creation; another limitation that has impeded the employment of 

photovoltaic solar energy in SSA. There must be improved awareness so that 
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people can know more of PV solar energy. End users request will intensify once 

the consciousness is increased and photovoltaic market will get larger and bigger. 

The over reliance on the conventional grid is the main reason for the PV lack of 

awareness. 

• Policy of government on power and energy management: there are several 

limitations hindering the process of enlargement of photovoltaic solar energy 

utilization: The SSAN policy on money spent on the conventional power grid has 

been so high in comparison to the photovoltaic network being extended to the 

rural area communities is the principal reason for low coverage of photovoltaic 

solar energy when compare to other developed nations. 

SSAN is blessed with sufficient deposit of natural renewable energy (RE) 

potentials ranging from solar, wind, hydro (small and large), biomass and fuel wood; 

RE has placed SSAN in a better position to advance her internal energy strategies. 

However, the nations are yet to integrate the vast RE potential into the energy mix. In 

addition, the mainstream energy supply chain is at present dependent on fossil fuels 

and firewood. These sources are grossly depleted due to the inability to harness other 

energy resources. The Figure 5 shows the photovoltaic solar energy radiation potential 

in Nigeria. 

 

Figure 5. Photovoltaic solar energy radiation potential in Nigeria [1]. 

5.2. Limitations to photovoltaic solar energy utilization in Nigeria 

This part listed the obstructions militating against photovoltaic solar energy in 

the federal republic of Nigeria, the most populous nation in Sub-Saharan African. 

Nigeria the giant of Africa is the most populated nation is the Sub-Saharan Africa with 

6% of its population living in rural communities and the occupation of the people 

living in rural communities are predominately farming. Nigeria is situated in West 

Africa part of Africa, is the largest and significantly great nation among the countries 

in Sub-Saharan African nations with population over two hundred thousand people. 

Nigeria has photovoltaic solar energy radiation of average daily annual radiation varies 

from 12.6 MJ/m2/day (3.2 kWh/m2/day–25.2 MI/m2/day 7.0 kWh/m2/day). A series of 

obstructions hindering the process of enlargement of photovoltaic solar power in 

Nigeria include but not limited to [49,50]: 

⚫ Inconsistent and unpredictable of PV solar radiation: sunshine period in the 

Nigeria southern region and northern region respectively is calculated to be 

between 4 h to 9 h/day, because of this, the condition of solar energy being 
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available and accessible is not unreliable and incoherent. 

⚫ Network undependability: grid unreliability is a great enigma to PV solar power, 

as at present the grid in Nigeria functions between transmission voltage of 330 

kV and 132 kV. 

⚫ Lack of awareness and information: the information about the development and 

benefit of PV are inadequate. 

⚫ Expensive starting capital price: high cost of starting cost is the most hindrances 

that prevent the full deployment of photovoltaic in Sub-Saharan African nations 

such Ghana, Nigeria, Zimbabwe, and there are no motivating factors to serve as 

encouragement on the importation of components and equipment of Photovoltaic 

solar energy tools for homemade industries in the nation. 

⚫ Control and continuing repair work is expensive: due to lack of technical know-

how in the area of repair and continuous maintenance of PV solar equipment is 

extremely high. The federal Government of Nigeria policy on PV solar power 

and incentives to encourage or motivate people are enjoyed by conventional 

power sources while PV solar power source enjoy no subsidies of any form. 

⚫ Price simplification actions: deployment of photovoltaic solar power in Federal 

Republic of Nigeria is achievable. The resources to achieve this are not easily 

gotten. Banks and other organization offering financial services can make soft 

money lent available to the retailers at cheap price in order to design photovoltaic 

solar energy suitable for the people. 

⚫ Contest with land uses act subject of concern: land use act is a subject of concern 

is absolutely essential for photovoltaic solar energy project as the owners of the 

land are hindering the availability of their lands for feeling of anxiety of complete 

losing of the family legal inheritance. 

⚫ Coherent and logical cognizant awareness creation: photovoltaic solar power can 

be carried out effectively in a huge scale with reliable assistance and 

encouragement from the end users. 

5.3. Barriers to solar energy usage in Sub-Saharan African  

• Expensive and high cost of the photovoltaic solar energy components and parts. 

• Non availability of capital for the customers. 

• Non accessibility of medium of exchange for producers, manufacturers and 

retailers photovoltaic solar energy. 

• Impression by end users that the cost of photovoltaic is extremely high. 

• Unresponsiveness of potential market groups. 

• Conscious creation. 

• Policy of government on power and energy management. 

• Unreliable and incoherent photovoltaic solar radiation. 

• Undependability of the grid system. 

• Lack of awareness and information. 

• Expensive starting capital price. 

• Control and continuing repair work is expensive. 

• Price simplification actions. 

• Contest with land uses act subject of concern. 
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• Coherent and logical cognizant awareness creation. 

6. Principal application forms of photovoltaic solar energy in 

agriculture 

Principal application of photovoltaic solar power system includes but not limited 

to the following: 

⚫ Electrification of warehouse; 

⚫ Controlling of risk; 

⚫ Direct current and alternating current water pumps (electric cell operated); 

⚫ Warming of Earth’s atmosphere (lighting and windows automation); and 

⚫ Directly driven water pumps (no electric cell operated). 

A photovoltaic solar power system in agriculture application has an unparalleled 

benefit of simplicity in installation, minimal maintenance and automation is absolute. 

6.1. Employed for farm animals 

Employed for farm animals [10,15,25,27,51–55]: 

⚫ Pumping of water to the farm animals; 

⚫ Use for cooling system for the preservation of milk; 

⚫ Electrification of farm and warehouse; 

⚫ Supply power for milking systems and 

⚫ Employ to supply power for fencing purposes to secure the animals. 

6.2. Solar power controlling daily activities 

Photovoltaic solar energy has enormous ability for PV solar energy irrigation 

system and can be employed to pump water for animals raised for food or other 

products, most especially farm animals such as meat and dairy cattle, pigs, poultry 

birds and food crops. We require to model and design or repair structures to trap the 

degree of hotness able to be gotten in daytime. The trapped temperature can also be 

employed to give degree of warmth in house residence and livestock house. Many 

livestock require an uninterrupted available amount of refreshing breeze. In order to 

keep away from outrageous electricity billing, a well-designed cooling system can be 

put in place. To achieve this well-designed building architecture of less expensive 

must be put in place through the house builder to effectively receive maximum 

sunlight. To supply hot water for the cleaning of cattle and cleaning of pen, 

photovoltaic solar power system is very useful. The use of hot water from photovoltaic 

solar power system to stimulate udders in cow and providing warmth in dairy services 

is commendable. The photovoltaic solar light can be employed to generate electrical 

power to supply electrical energy to farmhouses and remote rural community [56–64]. 

6.3. Photovoltaic solar power to desiccate farm grains and crops 

A proportion of agricultural products in remote rural community are wasted when 

traditionally dried outdoors in Sub-Saharan African nations. Utilizing photovoltaic 

solar power techniques can desiccating the farm crops more quickly and at the same 

pace as leaving them exposed in the fields with the additional benefit of safeguarding 

them from farm animals such as; worms, rodents, insects, animals, and, birds. Spoiling 



Applied Photovoltaic Technology 2024, 1(1), 323.  

12 

easily plants grown for food are frequently hard to desiccate and majority of the crops 

final get damaged, with photovoltaic solar power drying, one can desiccate the farm 

harvest crops and allows a means of storage period to take longer times and easier 

means of transport. The farm crops spoilage will drastically reduce greatly and this 

will help to increase the revenue generated for farmers [65–69]. 

6.4. Greenhouse heating effective usage 

Warming of the earth’s atmosphere known as greenhouses usually employ 

photovoltaic solar power to perform their recommended role. Except that it requires 

to be controlled with fuel and gasoline to keep at unchanging rise in degree of heat. 

Various techniques can be employed to magnify the effectiveness of the greenhouse 

except that the farmers generally prefer to use a heat sink [70,71]. 

The simplest and most preferred technique to control the degree of hotness in the 

greenhouse is to employ a temperature weight known as a heat dissipater. A heat sink 

refers to any substance that can take something up or in power and stores for use in 

the future. Water is a prime example. Photovoltaic solar power system temperature 

trapped in universal solvent can be employed for temperature regulation in the rural 

area of Sub-Saharan African nations [72,73]. 

Figure 6 depicts the photovoltaic solar power installed on the roof top. PV solar 

energy is a substitute source of energy which has the ability of producing heat and 

generating electricity. Of the group of all able to be gotten sources of energy 

produced by nature, light from the sun is the most, well supplied and abundant. 

Photovoltaic solar energy gotten from the sun is the world most plentiful and present 

in great quantities, cost effective source of power easy to get from nature. The 

quantity of photovoltaic solar power the surface of the Earth gets on a day with full 

of sunshine is enough of producing up to 200,000 times the overall daily power 

needed to supply energy to the entire world. The large amount of photovoltaic solar 

energy is only restricted by the collection techniques, means of storage and changing 

into degree of hotness and power. This, although, is gradually becoming things of 

the pass as a result of photovoltaic solar energy technology development and the cost 

of installing solar energy is decreasing day by day. The photovoltaic solar energy is 

free, clean, easy to maintain, dependable, reliable and self-renewable everyday all 

these make photovoltaic solar energy to be the best out of all figureable to be 

renewed energy sources presently available [72,74–81]. 

 

Figure 6. Solar panel on the roof top in Sub-Saharan African remote area [20,22]. 
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6.5. The Earth receives an incredible supply of solar energy 

The sun, an average star, is a fusion reactor that has been burning over 4 billion 

years. It provides enough energy in one minute to supply the world’s energy needs for 

one year. In one day, it provides more energy than our current population would 

consume in twenty seven years. In fact, “the amount of solar radiation striking the 

earth over a three-day period is equivalent to the energy stored in all fossil energy 

sources.” 

There are several advantages of photovoltaic solar power that make it “one of the 

most promising renewable energy sources in the world.” It is non-polluting, has no 

moving parts that could break down, requires little maintenance and no supervision, 

and has a life of twenty to thirty years with low running costs. It is especially unique 

because no large-scale installation is required. Remote areas can easily produce their 

own supply of electricity by constructing as small or as large of a system as needed. 

Solar power generators are simply distributed to homes, schools, farms rural areas for 

agricultural purposes [69–79,82–84]. 

7. Solar PV’S value and demerits; obstacles and challenges in the 

process of adopting solar photovoltaic (PV) in Sub-Saharan African 

Agricultural Sector 

7.1. Merits 

Solar photovoltaic farms are a simple way to generate safe, able to be renewed 

locally generated power for many years after construction. The most important 

benefits of solar photovoltaic agriculture are [71–75]: 

⚫ Low cost expenditure. 

⚫ The return of investment is in the future. 

⚫ It’s able to be maintained. 

⚫ Keep one safe from increasing price of electricity. 

⚫ Photovoltaic solar power will increase revenue base. 

Other benefits of using photovoltaic solar energy in agricultural sector in Sub-

Saharan African include [76,85,86]: 

⚫ The lack of reliable electricity supply is a major concern for many rural farmers, 

many of whom have experienced severe losses. 

⚫ Much less when compared to fuel derived from prehistoric organisms: in very 

big farms, operating photovoltaic solar power will translate into a low cost than 

fuel derived from prehistoric organisms. It will be expensive to install, but 

immediately the amount invested is recovered, the energy utilization will be free 

of charge. Furthermore, subsidies from the central and state government will 

assist in the payment of the installation cost. 

⚫ An efficient answer to drought enigmas: yearly, farmers are concerned with the 

long period of dry weather and the resulting power outages. With photovoltaic 

solar power system put in place, agriculture’s practitioner’s reliance on third 

party to successfully carry out agricultural activities is minimal. The photovoltaic 

solar power system needs least possible water and it has been established to be of 

great benefit in the area faced with acute water shortage. 
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⚫ Photovoltaic solar power storage for future utilization: most of agriculture 

practitioners at all times lives in anxiety of interruption in power supply, 

employing photovoltaic solar power system will be of help to many farmers. With 

the modern technology improvement to store photovoltaic solar power for future 

use is made easier. Agriculture practitioners can store photovoltaic solar power 

through the use of electric cells at peak period and utilize it in future time. 

⚫ The effective means of preventing climate change: climate change is the burning 

subject of the twenty-first century. Every sector of life is working hard to 

decrease its carbon dioxide and carbon monoxide releases to the atmosphere in 

one way to another. With agriculture practitioners employing photovoltaic solar 

power for their farming activities, it will be very easy to confront enigmas of 

climate change. 

⚫ Using solar energy technology such as photovoltaic solar panel in rural area 

agriculture in sub-Saharan African countries have many benefits: no cost for fuel, 

no noise and pollution of the environment, low cost of maintenance and the spare 

parts of solar panel are cheaper than using a generator operated by diesel engine, 

clean, abundant and available everywhere can be applied in many fields, 

including agriculture. Therefore, solar energy technology has become a solution 

for crop drying, greenhouse heating, water pump systems for crop production, 

livestock, electrification and small-scale irrigation [87]. This has been supported 

by Aroonsrimorakot and Laiphrakpam [88] who considered the economic and 

environmental factors related to solar panel adoption in agriculture. Similarly, 

Brudermann et al. [89] have shown the effectiveness of the fuzzy controller as 

well as the PV generator for saving the energy and lowering the costs of crop 

production into greenhouses. Therefore, application of solar panel application in 

agriculture can solve the problems associated with increasing population and less 

land while promoting the development of controlled environmental agriculture in 

order to increase economic benefits to farmers and also to improve the 

environment with the reduction of CO2 emission into the atmosphere. 

7.2. Obstacles and challenges 

Besides enormous benefits for the photovoltaic solar power system, this 

technology presents challenges [86]: 

⚫ The initial expenses of installing a photovoltaic solar power system are too high 

mostly when it requires an enormous supply of electrical energy in large 

quantities. 

⚫ Solar PV has challenges regarding the uncertainty of how much of sun’s rays it 

would receive, as weather can change from time to time. This would prove 

difficulty in determining how much energy to store for future use. Sunlight is 

clearly unavailable during night hours while there is still demand for electricity. 

In addition, peak radiation availability may not match with the demand for peak 

electricity. A mechanism for effective energy storage and efficient recovery is 

needed for this reason. 

⚫ Location can be an issue. The availability of solar radiation can vary depending 

on location. Some places, there are significantly more solar radiation than other 
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location. This would mean that solar energy generation is dependent on certain 

locations where the systems would need to be installed. 

⚫ The primary demerit regarding the employ of photovoltaic solar energy panel 

system is maintenance and cost of initial setting. As what was given in the report 

of world energy assessment, the present cost of PV electricity is high compared 

to the conventional power plants and this is a major barrier for large scale 

implementation of PV [29]. In addition, there are some problems associated with 

greenhouse cultivation as: Internal climate control, changing decision on the 

management of production and necessity to adapt the system to alternating 

metrological conditions [17,90,91]. 

8. Conclusion 

This paper establishes the relevance and significance of photovoltaic solar energy 

as clean energy for sustainable growth in agricultural, especially in rural area of Sub-

Saharan African nations. It is reveals that with photovoltaic solar energy in place, there 

will be dependable and reliable production and supply of agricultural good. 

Consequently, this will reduce urban migration and hence promotes social 

development. Finally, with adequate and proper maintenance of installed photovoltaic 

solar energy, youth unemployment will be totally reduced to acceptable minimal and 

this will definitely diminish poverty in rural areas of Sub-Saharan African countries. 

Sub-Saharan African governments at all levels should promulgate laws and 

policy to support and stimulate the domestic growth of PV solar energy industry. For 

PV rural area agriculture, it has an unusually large potential for the local growth of 

photovoltaic solar energy in agriculture in rural communities of Sub-Saharan African 

as a result of effective and strong support policies, flourishing controlled 

environmental agriculture, policy-oriented rural electrification, promising electric 

machinery for greenhouse and continuous develop of PV technologies and products 

for agricultural production and farmers’ life. It has very great significance to develop 

PV solar energy for rural agriculture in Sub-Saharan African, due to the fact that PV 

solar energy for rural agriculture can efficiently reduce to bearable minimum the 

contradiction between more population and less land, powerfully advance the CEA 

growth, evidently amplify economic advantages of farmers, and substantially add 

value to the environment. 

9. Recommendations and suggestions 

Policy recommendations for sustainable growth in rural area of Sub-Saharan 

African Agricultural Sector. There are many recommendations or suggestions to 

improve the efficiency of photovoltaic solar energy technology in rural area 

agricultural farming economically as well as environmentally [92–96]. 

Funding is critical to improving access to electricity in remote communities of 

Sub-Saharan African nations: 

⚫ Involvement of private sector is still the most significant choice for remote 

communities energy access. 

⚫ Investment of private sector is a critical step in securing power supplies for 

remote rural populations. 
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⚫ Decision makers should give greater priority to the development of rural 

agriculture and supply of energy in remote areas. 

⚫ To ensure better planning and implementation supply of power to remote 

communities should be decentralized in order to keep rural populace at heart. 

⚫ The development of rural power supply has to be integrated into other facets of 

development in rural agriculture. 

⚫ To reduce the kWh-costs of PV, there should be improved in the cell and module 

conversion efficiency [55]. 

⚫ Semi-transparent PVPs should be used and increased the light transmission to the 

crop [96]. 

⚫ To improve long term system conversion efficiency, there is needed to use 

concentrator cells in sunny regions [27]. 

⚫ To reduce the production costs of solar cells and modules, the amount of material 

for manufacture the cells should be reduced [13]. 

⚫ To create shades on the cultivated land, it should have about 5 m elevated 

structure with solar panels along with the different solar panel design 

configurations so that the crops or plants cultivated on the underground surface 

can yield equally [97]. 

⚫ A unified standard must be set up to standardize the design and scale of projects 

of solar panel or photovoltaic agriculture. Solar panel producers need to produce 

a variety of applicable PV products for agricultural production to meet farmers’ 

requirements [98]. 

⚫ Government designers need to make innovations with due consideration on the 

cost and efficiency in order to motivate farmers to use the alternative renewable 

energy generating device rather than using conventional fossil fuel energy for a 

pollution free environment [15,74]. 

⚫ Need training of the farmers on how to use and maintain the PV system along 

with availability of a good support service [13,85,99–101]. 

Agricultural production is very important because its annual yields influence the 

security of food production in a nation. So, it is important to increase the output of 

production through the adaptation of technological innovations. However, there is a 

growing concern for environmental impacts due to the increasing usage of fossil fuel 

energy in agricultural operation processes, which generate lots of CO2. As a result, all 

over the world, governments and industries, both public and private organizations, are 

increasingly finding a means to reduce the warming of Earth’s atmosphere gas 

emissions from daily industrial and machinery operations by switching to green 

energy, that is, transitioning to sustainable, able-to-renew energy resources, for 

example, photovoltaic solar power. Solar panel farming is a better advantage for the 

agricultural industry as it helps accelerate the development of modern agriculture, 

even in rural areas. Due to the evolution of solar panel energy systems in agricultural 

technology, agricultural farm machinery, buildings, and production facilities are 

constantly being improved. This made solar panel agriculture a rapid development in 

developed countries due to government policies of innovative agricultural technology, 

resulting in rural farm electrification and machinery for greenhouses to maximize 

production while minimizing land use. However, more research and practical 

investigation must be conducted using innovative designs with less cost of installation, 
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while yielding higher output to optimize the combination of solar panel energy 

generation and agricultural cultivation in developing countries too. The article 

concludes that using PV panels in agricultural farming has more advantages than 

disadvantages, both environmentally and economically. The area of the Saharan desert 

photovoltaic solar energy government action plan is frequently explained as moving 

at snail speed. Regional weather plans, power supply initiatives, and energy-market 

reorganization and improvement frequently advance at an extremely slow speed. 

Except for not-long-ago introduction of free from pollution energy bidders, which 

opens a transparent and advantageous chance for manufacturers to find a means to 

penetrate the national able-to-renew energy market. In this area, the regional 

government action plan has been backed by DFI’s sustained request for bids from sole 

buyer plan of actions. 

Author contributions: Conceptualization, PTO and OO; methodology, PTO; 

software, PTO; validation, PTO, and OO; formal analysis, PTO; investigation, OO; 

resources, PTO; data curation, PTO; writing—original draft preparation, PTO; 

writing—review and editing, OO; visualization, PTO; supervision, PTO; project 

administration, PTO; funding acquisition, PTO. All authors have read and agreed to 

the published version of the manuscript. 

Conflict of interest: The authors declare no conflict of interest. 

References 

1. Climatescope 2020, World Bank Energy for Growth, Bloomberg NEF. 

2. International Energy Agency (IEA) World Energy Outlook 2015-Methodology for Energy Access Analysis. Available 

online: http://www.Worldenergyyoulook.rg/media/weowebsite/2015/EnergyAccess_Methodology_2015 PDF (accessed on 

25 June 2016). 

3. Strunk Jr W, White EB. The Elements of Style, 3rd ed. Macmillan, New York, 1979. 

4. Mettam GR, Adams LB. Introduction to the Electronic Age, E-Publishing Inc., New York, 1999, pp. 281–304. 

5. Mehmood A, Wasy A, Waqas A, Song JI. Development and Computational Flow Analysis of GSM Based Automated Solar 

Water Pump. 2013. 1–8. 

6. The International Renewable Energy Agency (IRENA). Available online: http://globalatlas.irena.org (accessed on 25 June 

2016). 

7. Goldemberg J. World Energy Assessment: Energy and the Challenge of Sustainability. United Nations Development 

Programme, UNDP; 2001. pp. 220–272. 

8. Landi M, Benelli G. Protecting crop species from biotic and abiotic constraints in the era of Global Change: are we ready for 

this challenge? American Journal of Agricultural and Biological Sciences. 2016; 11(2): 51-53. doi: 

10.3844/ajabssp.2016.51.53 

9. Hoppe W, Bringezu S, Thonemann N. Comparison of global warming potential between conventionally produced and CO2-

based natural gas used in transport versus chemical production. Journal of Cleaner Production. 2016; 121: 231-237. doi: 

10.1016/j.jclepro.2016.02.042 

10. Chel A, Kaushik G. Renewable energy for sustainable agriculture. Agronomy for Sustainable Development. 2011; 31(1): 91-

118. doi: 10.1051/agro/2010029 

11. Hoogwijk MM. On the global and regional potential of renewable energy sources [PhD thesis]. 2004. 

12. Torshizi MV, Mighani AH. The application of solar energy in agricultural systems. Renewable Energy and Sustainable 

Development. 2017; 3(2): 234-240. doi: 10.21622/resd.2017.03.2.234 

13. Turkenburg WC. Renewable energy technologies. In: World Energy Assessment. United Nations; 2000. 

14. Wasfi M. Solar energy and photovoltaic systems. Multidisciplinary Journals in Science and Technology, Journal of Selected 



Applied Photovoltaic Technology 2024, 1(1), 323.  

18 

Areas in Renewable and Sustainable Energy. 2011. 

15. Xue J. Photovoltaic agriculture - New opportunity for photovoltaic applications in China. Renewable and Sustainable Energy 

Reviews. 2017; 73: 1-9. doi: 10.1016/j.rser.2017.01.098 

16. GNESD. Global Network on Energy for Sustainable Development. Energy Access theme results. (UNEP). 2004. 

17. Goldemberg J. World Energy Assessment: Energy and the challenge of sustainability, United Nations Development 

Programme, 2000. pp. 1-29.  

18. Quiggin J. The End of the Nuclear Renaissance. National Interest. 2012. 

19. Solar photovoltaics: Competing in the energy sector. European Photovoltaic Industry Association (EPIA). 

20. IEA (International Energy Agency). Africa energy outlook: A focus on energy prospects in sub-Saharan Africa. Paris. 2014. 

21. Climate Vulnerable Forum. the CVF Vision. Available online: http://www.thecvf.org/marrakech-vision/ (accessed on 18 

November 2023). 

22. IEA (International Energy Agency). World energy outlook 2016. Paris. 2016. 

23. GeoSUN Africa. Global horizontal irradiation: Africa and Middle East. Available online: http://geosun.co.za/wp-

content/uploads/2012/07/SolarGIS-Solar-mapAfrica-and-Middle-East-en.png (accessed on 18 November 2023). 

24. Eker B. Solar powered water pumping systems. Trakia Journal of Sciences. 2005; 3: 7-11. 

25. Conserve Energy Future. How do solar panels work? Available online: https://www.conserve-energy-

future.com/howsolarpowerpanelswork.php (accessed on 18 November 2023). 

26. Maghami MR, Hizam H, Gomes C, et al. Power loss due to soiling on solar panel: A review. Renewable and Sustainable 

Energy Reviews. 2016; 59: 1307-1316. doi: 10.1016/j.rser.2016.01.044 

27. Mani M, Pillai R. Impact of dust on solar photovoltaic (PV) performance: Research status, challenges and recommendations. 

Renewable and Sustainable Energy Reviews. 2010; 14(9): 3124-3131. doi: 10.1016/j.rser.2010.07.065 

28. Dupraz C, Marrou H, Talbot G, et al. Combining solar photovoltaic panels and food crops for optimising land use: Towards 

new agrivoltaic schemes. Renewable Energy. 2011; 36(10): 2725-2732. doi: 10.1016/j.renene.2011.03.005 

29. Maher A, Kamel E, Enrico F, et al. An intelligent system for the climate control and energy savings in agricultural 

greenhouses. Energy Efficiency. 2016; 9(6): 1241-1255. doi: 10.1007/s12053-015-9421-8 

30. Leszczyński TZ. Solar energy prospects in the European Union. Earth’s crossroads—article no. 1069 (Polish). 2010. 

31. Michalski MŁ. World solar energy resources and directions for their use (Polish). Czysta Energia. 2006. 

32. Swatowska B. Photovoltaics. Types of solar cells. Characteristics I-Vi diagnostics of cells (Polish). AGH.cWykład. 2016. 

33. Klugmann-Radziemska E. Practical use of solar energy. Article in the framework of the project “Renewable Energy Sources 

of Opole Region” No. 1/POKL/ (Polish). 2008. 

34. International Energy Agency. World Energy Outlook. Available online: 

http://www.worldenergyoutlook.org/resources/energysubsidies/fossilfuelsubsidydatabase/ (accessed on 6 June 2023). 

35. IPCC Climate Change 2007. Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment 

Report of the Intergovernmental Panel on Climate Change. Geneva, Switzerland. 2007. 

36. IRENA. Renewable Energy Technologies: Cost Analysis Series. Biomass for Power Generation. 2012; 1(1/5). 

37. Malec A, Borowski G. Dust hazards and ambient air monitoring (Polish). Inżynieria Elologiczna. 2016; 50. 

38. Małażewska S. Environmental public goods in agriculture and rural areas (Polish). Ekonomia i Środowisko. 2015; 1(52). 

39. Breyer C, Koskinen O, Blechinger P. Profitable climate change mitigation: The case of greenhouse gas emission reduction 

benefits enabled by solar photovoltaic systems. Renewable and Sustainable Energy Reviews. 2015; 49: 610-628. doi: 

10.1016/j.rser.2015.04.061 

40. Nayak D, Saetnan E, Cheng K, et al. Management opportunities to mitigate greenhouse gas emissions from Chinese 

agriculture. Agriculture, Ecosystems & Environment. 2015; 209: 108-124. doi: 10.1016/j.agee.2015.04.035 

41. Liu C. Grid connection of China’s distributed PV generation project with the combination of PV system and breeding. 

Available online: http://report.hebei.com.cn/system/ 2014/08/05/013771765.shtml (accessed on 6 June 2023). 

42. Nacer T, Hamidat A, Nadjemi O. Feasibility Study and Electric Power Flow of Grid Connected Photovoltaic Dairy Farm in 

Mitidja (Algeria). Energy Procedia. 2014; 50: 581-588. doi: 10.1016/j.egypro.2014.06.071 

43. Weselek A, Ehmann A, Zikeli S, et al. Agrophotovoltaic systems: applications, challenges, and opportunities. A review. 

Agronomy for Sustainable Development. 2019; 39(4). doi: 10.1007/s13593-019-0581-3 

44. Xinhuanet. The monthly income of 6000 RMB yuan for a farmer with a roof power station in Yantai. Available online: 

http://news.xinhuanet.com/local/2015-05/04/c_1115169677.htm (accessed on 6 June 2023). 



Applied Photovoltaic Technology 2024, 1(1), 323.  

19 

45. Xinhuanet. Bulletin of the Fifth Plenary Session of the 16th CRC Central Committee. Available online: 

http://news.xinhuanet.com/politics/2005-10/11/content_3606215.htm (accessed on 6 June 2023). 

46. Hassanien RHE, Li M, Dong Lin W. Advanced applications of solar energy in agricultural greenhouses. Renewable and 

Sustainable Energy Reviews. 2016; 54: 989-1001. doi: 10.1016/j.rser.2015.10.095 

47. Kamalapur GD, Udaykumar RY. Rural electrification in India and feasibility of Photovoltaic Solar Home Systems. 

International Journal of Electrical Power & Energy Systems. 2011; 33(3): 594-599. doi: 10.1016/j.ijepes.2010.12.014 

48. Zhu B, Zhang W, Du J, et al. Adoption of renewable energy technologies (RETs): A survey on rural construction in China. 

Technology in Society. 2011; 33(3-4): 223-230. doi: 10.1016/j.techsoc.2011.09.002 

49. IRENA. Renewable Energy: A Gender Perspective. Available online: https://irena.org/publications/2019/Jan/Renewable-

Energy-A-Gender-Perspective (accessed on 6 June 2023). 

50. Chikaire JN, Nnadi FN, Nwakwasi RN, et al. Solar energy applications for agriculture. Journal of Agricultural and 

Veterinary Sciences. 2010; 2: 58-62. 

51. Qoaider L, Steinbrecht D. Photovoltaic systems: A cost competitive option to supply energy to off-grid agricultural 

communities in arid regions. Applied Energy. 2010; 87(2): 427-435. doi: 10.1016/j.apenergy.2009.06.012 

52. Santra P, Pande PC, Kumar S, et al. Agri-voltaics or Solar farming: the concept of integrating solar PV based electricity 

generation and crop production in a single land use system. International Journal of Renewable Energy Research. 2017; 7: 

694-699. 

53. Schneider K, Schindele S. Agrophotovoltaics Goes Global: from Chile to Vietnam. Available online: 

https://www.ise.fraunhofer.de/content/dam/ise/en/documents/pressreleases/ 2018/1818_ISE_e_PR_APV_international.pdf 

(accessed on 6 June 2023). 

54. Sharma PK, Samuel DVK. Solar photovoltaic-powered ventilation and cooling system of a greenhouse. Current Science. 

2014; 106: 362-364. 

55. Mekhilef S, Faramarzi SZ, Saidur R, et al. The application of solar technologies for sustainable development of agricultural 

sector. Renewable and Sustainable Energy Reviews. 2013; 18: 583-594. doi: 10.1016/j.rser.2012.10.049 

56. Ji J, Wang Y, Yuan W, et al. Experimental comparison of two PV direct-coupled solar water heating systems with the 

traditional system. Applied Energy. 2014; 136: 110-118. doi: 10.1016/j.apenergy.2014.09.037 

57. Haddad S, Benghanem M, Mellit A, et al. ANNs-based modeling and prediction of hourly flow rate of a photovoltaic water 

pumping system: Experimental validation. Renewable and Sustainable Energy Reviews. 2015; 43: 635-643. doi: 

10.1016/j.rser.2014.11.083 

58. Boutelhig A, Bakelli Y, Hadj Mahammed I, et al. Performances study of different PV powered DC pump configurations for 

an optimum energy rating at different heads under the outdoor conditions of a desert area. Energy. 2012; 39(1): 33-39. doi: 

10.1016/j.energy.2011.10.016 

59. Bouzidi B. New sizing method of PV water pumping systems. Sustainable Energy Technologies and Assessments. 2013; 4: 

1-10. doi: 10.1016/j.seta.2013.08.004 

60. Gopal C, Mohanraj M, Chandramohan P, et al. Renewable energy source water pumping systems—A literature review. 

Renewable and Sustainable Energy Reviews. 2013; 25: 351-370. doi: 10.1016/j.rser.2013.04.012 

61. Ebaid MSY, Qandil H, Hammad M. A unified approach for designing a photovoltaic solar system for the underground water 

pumping well-34 at Disi aquifer. Energy Conversion and Management. 2013; 75: 780-795. doi: 

10.1016/j.enconman.2013.07.083 

62. Mokeddem A, Midoun A, Kadri D, et al. Performance of a directly-coupled PV water pumping system. Energy Conversion 

and Management. 2011; 52(10): 3089-3095. doi: 10.1016/j.enconman.2011.04.024 

63. Periasamy P, Jain NK, Singh IP. A review on development of photovoltaic water pumping system. Renewable and 

Sustainable Energy Reviews. 2015; 43: 918-925. doi: 10.1016/j.rser.2014.11.019 

64. Zhang J, Liu J, Campana PE, et al. Model of evapotranspiration and groundwater level based on photovoltaic water pumping 

system. Applied Energy. 2014; 136: 1132-1137. doi: 10.1016/j.apenergy.2014.05.045 

65. Fudholi A, Sopian K, Ruslan MH, et al. Review of solar dryers for agricultural and marine products. Renewable and 

Sustainable Energy Reviews. 2010; 14(1): 1-30. doi: 10.1016/j.rser.2009.07.032 

66. Fadhel MI, Sopian K, Daud WRW, et al. Review on advanced of solar assisted chemical heat pump dryer for agriculture 

produce. Renewable and Sustainable Energy Reviews. 2011; 15(2): 1152-1168. doi: 10.1016/j.rser.2010.10.007 

67. Bayrakcı AG, Koçar G. Utilization of renewable energies in Turkey’s agriculture. Renewable and Sustainable Energy 



Applied Photovoltaic Technology 2024, 1(1), 323.  

20 

Reviews. 2012; 16(1): 618-633. doi: 10.1016/j.rser.2011.08.027 

68. Bal LM, Satya S, Naik SN. Solar dryer with thermal energy storage systems for drying agricultural food products: A review. 

Renewable and Sustainable Energy Reviews. 2010; 14(8): 2298-2314. doi: 10.1016/j.rser.2010.04.014 

69. Bal LM, Satya S, Naik SN, et al. Review of solar dryers with latent heat storage systems for agricultural products. 

Renewable and Sustainable Energy Reviews. 2011; 15(1): 876-880. doi: 10.1016/j.rser.2010.09.006 

70. Abdel-Ghany AM, Al-Helal IM. Solar energy utilization by a greenhouse: General relations. Renewable Energy. 2011; 

36(1): 189-196. doi: 10.1016/j.renene.2010.06.020 

71. Abdel-Ghany AM. Solar energy conversions in the greenhouses. Sustainable Cities and Society. 2011; 1(4): 219-226. doi: 

10.1016/j.scs.2011.08.002 

72. Benli H, Durmuş A. Performance analysis of a latent heat storage system with phase change material for new designed solar 

collectors in greenhouse heating. Solar Energy. 2009; 83(12): 2109-2119. doi: 10.1016/j.solener.2009.07.005 

73. Korecko J, Jirka V, Sourek B, et al. Module greenhouse with high efficiency of transformation of solar energy, utilizing 

active and passive glass optical rasters. Solar Energy. 2010; 84(10): 1794-1808. doi: 10.1016/j.solener.2010.07.004 

74. Davies PA. A solar cooling system for greenhouse food production in hot climates. Solar Energy. 2005; 79(6): 661-668. doi: 

10.1016/j.solener.2005.02.001 

75. Panwar NL, Kaushik SC, Kothari S. Solar greenhouse an option for renewable and sustainable farming. Renewable and 

Sustainable Energy Reviews. 2011; 15(8): 3934-3945. doi: 10.1016/j.rser.2011.07.030 

76. Radhwan AM, Fath HES. Thermal performance of greenhouses with a built-in solar distillation system: experimental study. 

Desalination. 2005; 181(1-3): 193-205. doi: 10.1016/j.desal.2005.05.005 

77. Sethi VP, Arora S. Improvement in greenhouse solar drying using inclined north wall reflection. Solar Energy. 2009; 83(9): 

1472-1484. doi: 10.1016/j.solener.2009.04.001 

78. Berroug F, Lakhal EK, El Omari M, et al. Thermal performance of a greenhouse with a phase change material north wall. 

Energy and Buildings. 2011; 43(11): 3027-3035. doi: 10.1016/j.enbuild.2011.07.020 

79. Murthy MVR. A review of new technologies, models and experimental investigations of solar driers. Renewable and 

Sustainable Energy Reviews. 2009; 13(4): 835-844. doi: 10.1016/j.rser.2008.02.010 

80. Montero I, Blanco J, Miranda T, et al. Design, construction and performance testing of a solar dryer for agroindustrial by-

products. Energy Conversion and Management. 2010; 51(7): 1510-1521. doi: 10.1016/j.enconman.2010.02.009 

81. Sreekumar A, Manikantan PE, Vijayakumar KP. Performance of indirect solar cabinet dryer. Energy Conversion and 

Management. 2008; 49(6): 1388-1395. doi: 10.1016/j.enconman.2008.01.005 

82. Belessiotis V, Delyannis E. Solar drying. Solar Energy. 2011; 85(8): 1665-1691. doi: 10.1016/j.solener.2009.10.001 

83. Jain D. Modeling the performance of the reversed absorber with packed bed thermal storage natural convection solar crop 

dryer. Journal of Food Engineering. 2007; 78(2): 637-647. doi: 10.1016/j.jfoodeng.2005.10.035 

84. Sharma A, Chen CR, Vu Lan N. Solar-energy drying systems: A review. Renewable and Sustainable Energy Reviews. 2009; 

13(6-7): 1185-1210. doi: 10.1016/j.rser.2008.08.015 

85. Complete panels cost guide involves payback period. Available online: http://www.solarpanelscostguide.com/ (accessed on 

20 April 2013). 

86. Benefit s of Renewable Energy. Available online: http://www.ucsusa.org/clean_energy/our-energychoices/renewable-

energy/public-benefits-of-renewable (accessed 20 November 2013). 

87. Photovoltaic Geographical Information System. Performance of grid-connected PV. Available online: 

http://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php?map=africa (accessed 17 January 2014). 

88. Aroonsrimorakot S, Laiphrakpam M. Application of solar energy technology in agricultural farming for sustainable 

development: A review article. International Journal of Agricultural Technology. 2019; 15: 685-692. 

89. Brudermann T, Reinsberger K, Orthofer A, et al. Photovoltaics in agriculture: A case study on decision making of farmers. 

Energy Policy. 2013; 61: 96-103. doi: 10.1016/j.enpol.2013.06.081 

90. Hatirli SA, Ozkan B, Fert C. Energy inputs and crop yield relationship in greenhouse tomato production. Renewable Energy. 

2006; 31(4): 427-438. doi: 10.1016/j.renene.2005.04.007 

91. Heidari MD, Omid M. Energy use patterns and econometric models of major greenhouse vegetable productions in Iran. 

Energy. 2011; 36(1): 220-225. doi: 10.1016/j.energy.2010.10.048 

92. Mohammadi A, Omid M. Economical analysis and relation between energy inputs and yield of greenhouse cucumber 

production in Iran. Applied Energy. 2010; 87(1): 191-196. doi: 10.1016/j.apenergy.2009.07.021 



Applied Photovoltaic Technology 2024, 1(1), 323.  

21 

93. Dhamakale SD, Patil SB. Fuzzy logic approach with microcontroller for climate controlling in green house. International 

Journal of Emerging Technologies in Learning. 2011; 2: 17-19. 

94. Fabrizio E. Energy reduction measures in agricultural greenhouses heating: Envelope, systems and solar energy collection. 

Energy and Buildings. 2012; 53: 57-63. doi: 10.1016/j.enbuild.2012.07.003 

95. Esen M, Yuksel T. Experimental evaluation of using various renewable energy sources for heating a greenhouse. Energy and 

Buildings. 2013; 65: 340-351. doi: 10.1016/j.enbuild.2013.06.018 

96. Green MA. Photovoltaics: technology overview. Energy Policy. 2000; 28: 989-998. 

97. Oliver M, Jackson T. The evolution of economic and environmental cost for crystalline silicon photovoltaic. Energy Policy. 

2000; 28: 1011-1021. 

98. Harinarayana T, Vasavi KSV. Solar Energy Generation Using Agriculture Cultivated Lands. Smart Grid and Renewable 

Energy. 2014; 05(02): 31-42. doi: 10.4236/sgre.2014.52004 

99. Mala K, Schläpfer A, Pryor T. Better or worse? The role of solar photovoltaic (PV) systems in sustainable development: 

Case studies of remote atoll communities in Kiribati. Renewable Energy. 2009; 34(2): 358-361. doi: 

10.1016/j.renene.2008.05.013 

100. IEA. World Energy Outlook 2018. IEA; 2018. 

101. Abah J. Nigeria: “What is working and what is not”, Nigerian Bureau of Public Sector Reforms” Acumen (2017), An 

Evidence Review: How affordable is off-grid energy in Africa. 2017. 


