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Abstract 

This paper focuses on 

the maximization of 

the sun's energy 

supply for the pressing 

energy demands of 

agricultural 

production in Nigeria. 

It presented the 

viabilities for power 

generation by the 

utilization of the sun's 

energy through solar-

thermal or 

photovoltaic 

technologies, such as 

solar stills, remote 

electricity supply, 

space and water 

heating, and water 

pumping. Some of the 

applications of solar 

energy for Agricultural 
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Introduction  
Solar energy is free- it 

needs no fuel and 

produces no waste or 

pollution. It is only 

recently that mankind 

turned to the large 

scale exploitation of 

new and non-

renewable sources of 

energy and those 

sources have made 

possible the 

advancement of 

industrial revolution 

and great 

improvement in 

agricultural 

production. 

A complex whole of 

resource system is the 

Earth with an 

intensive exchange of 

materials and 

Energy with its 

environment it 

supports the growing 

human population 

(Karlsson, 1999). The  

Earth receives a 

silent, inexhaustible, 

and non-polluting  
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production in Nigeria 

were highlighted 

which include; crop 

and grain drying, 

manure drying, 

refrigerated food, 

vaccine and drugs 

storage. It was observe 

that the utilization of 

solar energy in Nigeria 

is not without its 

challenges some of 

which are financial 

constraints, 

technological 

incapability, and 

absence of a 

comprehensive 

national energy policy 

and low level of public 

awareness. Hence the 

need for more 

research into the 

techno-economies 

involving the initial 

and subsequent costs 

of solar plants and 

their power 

efficiencies should be 

encouraged, 

Government should 

subsidize the cost of 

importation of 

Renewable Energy 

Technologies (RET) 

most especially solar 

PV to bring down the 

high cost in Nigeria, 

Private individuals and 

organizations should 

be encouraged by 

appropriate 

authorities to invest in 

solar technologies in 

the country. 

Government should 

create more 

awareness on the 

advantages derivable 

from Renewable 

Energy Technologies 

(RET) such as solar 

technologies and 

Government can also 

consider placing 

restrictions on the 

importation of diesel 

and petrol engine 

generators because of 

its adverse effects on 

the environment even 

as the global 

community gear 

towards clean (green) 

energies. 

 

nergy directly from the sun (Eastop and McConkey, 2002). The 

solar energy utilization depends on its availability and appropriate 

technology (Nasir, 2001). The idea of using the sun’s power has 

held scientists in its grips for centuries, (Bradley, 1995). Also, for most of 

its evolution, humanity relied for its sources of energy on constantly 

replenished materials. When the use of fire was discovered for the 

provision of heat and for the processing of food, the additional demand for 

energy was met by constantly renewed sources (Oji, et al, 2010). Later still 

when water and wind powers were harnessed to the service of humanity, 

the new sources were also of a renewable nature. Thus throughout the 

early phase of human development, the availability of the readily 

renewable sources of energy was a key constraint and affected the size and 
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distribution of populations (Sambo, 2001). The sun’s power reaching the 

earth is typically about 1000W/m2. The total amount of energy that the 

earth receives daily is 1353W/m2 (Hoff and Cheney, 2000). Some 4 million 

tons of the sun’s matter will continue to be changed into energy every 

second (David and Hare, 1983). The sun is the most readily and widely 

available renewable energy source capable of meeting the needs of whole 

world. It can provide more power than any fossil fuel on the planet 

(Rochell, 2010). The solar radiation arrives at the earth at a maximum flux 

density of about 1kw/m2 in wavelength of band between 0.3, 2.5μm.This is 

called short wave radiation, and it includes visible spectrum. For habited 

areas fluxes received vary widely from about 3 to 30MJ/m2/day, depending 

on place, time and weather. The quality of radiation is characterized by the 

photon energy of around 2eV as determined by 6000K surface temperature 

of the sun (John and Anthony, 1987). 

 

STATEMENT OF THE PROBLEM. 

Energy independence and Food Production is the biggest challenge facing 

the world. 

Professionals in the agriculture industry have a unique set of 
circumstances. Farming and ranching is an energy intensive practice. A 
majority of costs are going to electricity, fuel, fertilizer, and chemicals. Even 
a slight increase in these costs would have a damaging effect on the farmers 
and ranchers in agricultural production. Farmers and ranchers face the 
many difficulties of reducing agriculture-operating costs, and competing in 
the international marketplace. All these challenges can be mitigated by 
providing independent solar energy generation and storage through a 
turnkey solar photovoltaic and thermal system. This system will reduce 
costs and improve  branded  by products in the eyes of agriculture retailers 
and consumers. 
 

OBJECTIVES OF THE WORK 

This work focuses on: 

• Creating awareness for the entire farming population that enormous 

energy abounds in the sun and it is capable of supplying the farm 

with a large percentage of its total energy requirements if properly 

harnessed with the right technology. 
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• The availability of solar energy and its applications in Nigerian 

Agriculture. 

• The potentials of solar energy in Nigeria and its challenges. 

 

SOURCE OF SOLAR ENERGY 

The sun has been radiating energy for over 500 million years and is 

expected to continue for at least the next 50 million years (Moon, 1940). 

Solar energy has an estimated worldwide average power potential of 24 

W/m2of earth's surface (Considine, 1997 and Sambo, 1994). Nigeria lies 

within a high sunshine belt of the world, receiving between 3.5 and 7 

kW/m2/day from the coastal latitude to the far North (Iwe, 1998). Energy 

has always been an essential input to all aspects of the modern age. 

 

THE CURRENT ENERGY STATUS OF NIGERIA 

Despite the abundance of energy resources in Nigeria, the country is in 

short supply of electrical power. Only about 40% of the nation’s over 160 

million has access to the national grid and at the rural level, where about 

70% of the population live, the availability of electricity drops to 15%. 

Nigeria requires per capital power capacity of 1000 Watts per person or 

power generation and handling capacity of 140,000MW as against the 

current capacity of 3,920MW. This will put Nigeria slightly below South 

Africa with per capita power capacity of 1047 Watts, UK with per capita 

power capacity of 1266 Watts and above Brazil with per capita power 

capacity of 480 Watts, China with per capita power capacity of 260 Watts. 

Currently Nigeria has per capita power ncapacity of 28.57 Watts and this 

is grossly inadequate even for domestic consumption. To achieve the goals 

of development, a strong energy sector is essential. Many countries, 

especially in developing countries are faced with serious energy crises. 

They have been unable to meet the energy needs of their countries. In a 

quest to realize this, many have turn to different sources of energy which 

among them are renewable energy sources. Currently a high proportion of 

the world’s total energy output is generated from fossil fuels such as oil and 

coal, (Yohanna, 2010). 
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SOLAR ENERGY APPLICATIONS FOR AGRICULTURE 

Renewable energy such as solar, wind, and bio-fuels can play a key role in 

creating a clean, reliable energy future. The benefits are many and varied, 

including a cleaner environment. 

Electricity is often produced by burning fossil fuels such as oil, coal, and 

natural gas. The Combustion of these fuels releases a variety of pollutants 

into the atmosphere, such as carbon dioxide (CO2), sulfur dioxide (SO2), 

and nitrogen oxide (NO2), which create acid rain and smog. 

Carbon dioxide from burning fossil fuels is a significant component of 

greenhouse gas emissions. These emissions could significantly alter the 

world’s environment and contribute to global warming (Svejkovsky, 

2006). Renewable energy, on the other hand can be a clean energy 

resource. Using renewable energy to replace conventional fossil fuels can 

prevent the release of pollutants into the atmosphere and help combat 

global warming. For example, using solar energy to supply a million homes 

with energy would reduce CO2 emission by 4.3 million tons per year,the 

equivalent of removing 850,000 cars from the road (Svejkovsky, 2006). 

Renewable energy is energy which comes from natural resources such as 

sunlight, wind, rain, tides, and geothermal heat, which are renewable 

(natural replenished). In 2006, about 18% of global fuel energy 

consumption came from renewable, with 13% coming from traditional 

biomass, which is mainly used for heating, and 3% from hydroelectricity. 

New renewable (small hydro, modern biomass, wind, solar, geothermal, 

bio-fuels) accounted for another 2.4% and are growing very rapidly.  

 

SOLAR ENERGY TECHNOLOGIES FOR AGRICULTURE 

Solar energy can supply and or supplement many farm energy 

requirements. The following is a brief discussion of a few applications of 

solar energy technologies in agriculture. 

 

Solar Stills 

Solar stills are designed to produce distilled water from brackish water and 

will be useful for hospitals, industry, and laboratories. When sized 

appropriately they can provide for the needs of comprehensive health 

centers of semi-urban localities. 
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Space And Water Heating 

Livestock and diary operations often have substantial air and water 

heating requirements. 

Modern pig and poultry farms raise animals in enclosed buildings, where 

it is necessary to carefully control temperature and air quality to maximize 

the health and growth of the animals. 

These facilities need to replace the indoor air regularly to remove 

moisture, toxic gases odors, and dust. Heating this air, when necessary, 

requires large amount of energy. With proper planning and design solar 

air/space heaters can be incorporated into farm buildings to preheat 

incoming fresh air. These systems can also be used to supplement natural 

ventilation levels during summer months depending on the region and 

weather. Solar water heating can provide hot water for pen or equipment 

cleaning or for preheating water going into a conventional water heater 

(Goedseels, 1986; WFE, 2002). Water heating can account for as much as 

25 percent of a typical family’s energy costs and up to 40 percent of the 

energy used in a typical dairy operation. 

A properly-sized solar water-heating system could cut those costs into half 

(Garg, 1987; UCS, 2009). There are four basic types of solar water-heater 

systems available. These systems share three similarities: a glazing 

(typically glass) over a dark surface to gather solar heat; one or two tanks 

to store hot water; and associated plumbing with or without pumps to 

circulate the heat transfer fluid from the tank to the collectors and back 

again (Schnepf, 2005; Svejkovsky, 2006; Schnepf, 2007).  

a) Drain down systems pump water from the hot water tank through 

the solar collector,         where it is heated by the sun and returned to 

the tank. Valves automatically drain the system when sensors detect 

freezing temperatures. 

b) Drain back systems use a separate plumbing line filled with fluid, to 

collect the sun’s heat. These systems operate strictly on gravity, 

when the temperature is near freezing, the pump shuts off and the 

transfer fluid drains back into the solar storage tank. 

c) Anti-freeze closed-loop systems rely on an antifreeze solution to 

operate through cold and winter months. Anti-freeze solutions are 

separated from household water by a double-walled heat exchange. 
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d) Bread box batch systems are passive systems in which the storage 

tank also functions as the collector. One or two water tanks, painted 

black, are placed in a well-insulated box or other enclosure that has 

a south wall made of clear plastic or glass and titled at the proper 

angle. This allows the sun to shine directly on the tank and heat a 

batch of water. An insulated cover can provide freeze protection 

(Svejkovsty, 2006). 

 

Remote Electricity Supply (Photovoltaic) 

Solar electric, or photovoltaic (PV), systems convert sun light directly to 

electricity. They work any time the sun is shining, but more electricity is 

produced when they sun light is more intensive and strikes the PV modules 

directly (as when rays of sunlight are perpendicular to the 

PV modules). They can also power an electrical appliance directly, or store 

solar energy in a battery. In areas with no utility lines, PV systems are often 

cheaper and require less maintenance than diesel generators, wind 

turbines, or batteries alone. And where utilities charge for new lines, a PV 

generating system is often much cheaper for the land owner than paying 

for a new line (NYSERDA, 2008; EREC, 2009). PV allows for the production 

of electricity– without noise or air pollution-from a clean, renewable 

resource. A PV system never runs out of fuel. Solar electric power comes in 

very handy on farm and ranches, and is often the most cost-effective and 

low maintenance solution at locations far from the nearest utility line. PV 

can be used to power lighting, electric fencing, small motors, aeration fans, 

gate-openers, irrigation valve switches, automatic supplement feeders. 

Solar electric energy can be used to move sprinkler irrigation systems 

(Svejkovsky, 2006). PV systems are also extremely well-suited for 

pumping water for livestock in remote pasture, where electricity from 

power lines is unavailable. PV is often much less-expensive than the 

alternative of extending power lines into these remote areas. 

 

Water Pumping 

Photovoltaic (PV) water pumping systems may be the most cost-effective 

water pumping option in locations where there is no existing power line. 

They are exceptionally well suited for grazing operations to supply water 
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to remote pastures. Simple PV power systems run pumps directly when the 

sun is shining, so they work hardest in the hot summer months when they 

are needed most. Generally, batteries are not necessary because the water 

is stored in tanks or pumped to fields and used in the daytime. Larger 

pumping systems may include batteries, inverters, and tracking mounts to 

follow the sun (EREC, 2002; NYSERDA, 2009). When properly sized and 

installed, PV water pumps are very reliable and require little maintenance. 

The size and cost of a 

PV water pumping system depends on the quality of solar energy available 

at the site, the pumping depth, the water demand, and system purchase and 

installation costs, PV systems are very cost-effective for remote livestock 

water supply, pond aeration, and small irrigation systems. For example, a 

system that includes a 128-Watts PV array and a submersible pump can 

produce 750-1000 gallons of water per day from 200 foot drilled well 

(EREC, 2002). 

 

SOLAR ENERGY APPLICATION FOR AGRICULTURAL PRACTICES 

Crop and Grain Drying 

Using the sun to dry crops and grain is one of the oldest and mostly widely 

used applications of solar energy. The simplest and least expensive 

techniques is to allow crops to dry naturally in the field, or to spread grain 

and fruit out in the sun after harvesting. The disadvantage of these 

methods is that the crops and grains are subject to damage by birds, 

rodents, wind, and rain, and contamination by windblown dust and dirt. 

More sophisticated solar dryers protect grains and fruits, reduce losses, 

dry faster and more uniformly, and produce a better quality product than 

open air methods (EREC, 2002; UCS, 2009). The basic components of a 

solar dryer are an enclosure or shed, screened drying trays or racks, and a 

solar collector. In hot, arid climates, the collector may not even be 

necessary. The southern side of the enclosure itself can be glazed to allow 

sunlight to dry the materials. The collector can be as simple as a glass box 

with a dark coloured interior to absorb the solar energy that heats air. The 

air heated in the solar collector moves, either by natural convection or 

forced by a fan, up through the material being dried. The size of the 

collector and rate of airflow depends on the amount of material being 
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dried, the moisture content of the material, the humidity in the air, and the 

average amount of solar radiation available during the drying season 

(Schepens, 1986). There is a relatively small number of large solar crop 

dryers around the world. This is because the cost of the solar collector can 

be high, and drying rates are not as controllable as they are with natural 

gas or propane powered dryers. Using the collector at other times of the 

year, such as for heating farm building, may make a solar dryer more cost 

effective. It is possible to make small, very low cost dryers out of simple 

materials. These systems can be useful for drying vegetables and fruit for 

home use (NYSERDA, 2009). 

 

Manure Drying 

With large scale production of domestic animals concentrated in a single 

farm, the handling of the waste therefore becomes a problem. For instance, 

a chicken layer will produce about 60g/day of wet droppings from 

115g/day of feed consumed, while a dairy low produces 45 liters/day of 

wet feace waste (David and Hare, 1983). Sawdust, rice husk or straw would 

often be spread on the poultry house floor and would be discharged with 

the droppings, thereby increasing the poultry waste load considerably. 

Poultry and other animal wastes contain a large amount of nitrogen which 

is basic to their value as good natural manure. However, if left for long in 

the wet state, the raw manure will loss the nitrogen content. For wet 

poultry manure 85% of the wet will be lost within 5 days (Sainsbury, 

1986). Hence the need to dry the manure quickly in order to conserve its 

nitrogen content and hence its usefulness as manure is very necessary. 

Manure is more easily handled in the dry state so it needs drying. Any 

proposal to commercialize the supply of animal manure must therefore 

consider systems for drying the waste. Comparatively, sun drying is a 

cheap but slow and hazardous method. It may promote the spread of bad 

odor and disease through insect and air vectors and is unreliable during 

the rainy season. Engineered solar dryers offer improvements in the form 

of faster drying rates, protection from flies and other insects since the 

dryer chamber is normally too warm for the insects; it also reduced 

hygienic problems, protection from rain when compared to the open sun 

drying. 
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Food, Vaccine, and Drugs Storage 

Some foods such as fruits vegetables, meat and fish are best consumed in 

their fresh form/state. 

The shelf lives of the above crops in their fresh state are short when 

harvested due to changes in ambient temperature and humidity. Vaccines 

and drugs may loss their potencies if poorly stored under light 

temperature. Refrigerated storage is required to reduce the crop losses, 

achieve wider distribution and availability both within and out of season. 

Photovoltaic power components have also been shown to adequately 

provide the electricity for refrigerators and deep freezers in which crops, 

fruits, vaccines, and drugs can be safely stored without losing their 

potencies. The conventional alternating current (AC) powered refrigerator 

is more available and reliable than the direct current (DC) refrigerators 

because it can be easily operated with solar cell. It is especially reliable and 

important  in rural clinics where irregular or unavailability of main supply 

results to wastage of very useful and expensive drugs and vaccines (Yahaya 

and Sambo,1991). 

 

ADVANTAGES OF SOLAR ENERGY 

A preponderant reason that makes solar a choice energy resource in 

Nigeria is that it is very abundant and that it is renewed indefinitely as a 

cause of nature. With appropriate technology therefore, it can be 

harnessed, converted and used sustainably. Nigeria’s present largest 

source of processed energy (the Kainji dam) for example, generates about 

3.2 x 108W (Timothy, 2010) and when fully developed, would generate 9.6 

x 108W (Babatunde, 1998). By comparison, this amount represents a 

millionth of what the Sun is capable of supplying freely. More precisely, the 

annual solar energy insulation value (Babatunde,1998) is about 27 times 

the nation’s total conventional energy resources in energy units and is over 

117,000 times the amount of electric power generated in the country then 

(Chendo, 2002). Interestingly, this huge energy resource from the Sun is 

available for about only 26% of the day. According to Timothy and 

Oguntola 2010, another important reason that favors solar energy 

utilization is that it is relatively pollution–free. Unlike the other energy 

resources mentioned earlier on, the use of solar energy would not lead to 
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many of the serious negative environmental impact(s) seen with 

conventional energy sources. Other comparative advantages possessed by 

solar power over other energy sources include the following: 

(a) The simple and low-cost technology involved in harnessing solar 

radiation. 

(b) Solar energy is found at the places where it is needed for use. This 

is a convenience that saves transportation costs. 

(c) Solar energy utilization would help inhibit or arrest the process of 

desertification brought about by mass use of fuel wood. 

(d) The advantages embodied in the practical use of solar energy tend 

to promote widespread implementation at the household level as 

well as personal interest and acceptance. 

 

CHALLENGES OF SOLAR ENERGY IN NIGERIA 

According to Chendo, 2002, some of the factors militating against the 

growth of the solar energy and concurrently solar thermal Industry in 

Nigeria include:  

(i) Financial constraints: A basic barrier to the development of solar 

energy technology in Nigeria as a developing country lies in high 

initial costs and long payback times.  

(ii) Technological incapability: Though the technologies for harnessing 

solar energy are being developed in Nigeria, most components have to 

be imported which further pushes the investment costs higher. 

(iii) Absence of a Comprehensive National Energy Policy. There was virtu

ally no comprehensive energy policy in Nigeria until very recently. 

Only sub-sectored policies relating to energy exist. 

(iv) Low level of Public Awareness: The level of awareness about the 

immense socio-economic and an environmental benefit derivable 

from solar energy is very low in Nigeria. The current flow 

of information about the development, various applications, 

dissemination, and diffusion of solar energy resource and 

technologies is inadequate.  

(v) Capacity Building: there is definite need for capacity building and 

training both at institutional and personnel levels. This will 

enable stakeholders acquire the Technical, Organizational and 
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Managerial Skills required for increased development of solar energy 

technologies and market in Nigeria. 

 

CONCLUSION 

Agricultural production has high-energy demands. Farm machinery, farm 

buildings, and production facilities are constantly being improved, 

therefore, cheaper and improved source of energy like solar, which is clean, 

renewable, unlimited, and risk-free constituting no harm to man and 

environment is needed for efficient and smooth operations of the facilities 

and to meet the high energy needs of agricultural production. 

 

RECOMMENDATIONS 

For effective and efficient utilization of solar energy for agricultural 

production in Nigeria, the following recommendations will be useful:  

(i) More research into the techno-economies involving the initial and 
subsequent costs of solar plants and their power efficiencies should 
be encouraged. 

(ii) Government should subsidize the cost of importation of Renewable 
Energy Technologies 

(iii) (RET) most especially solar PV to bring down the high cost in 
Nigeria. 

(iv) Private individuals and organizations should be encouraged by 
appropriate authorities to invest in solar technologies in the 
country. 

(v) Government should create more awareness on the advantages 
derivable from Renewable Energy Technologies (RET) such as solar 
technologies. 

(vi) Government can also consider banning the importation of diesel and 
petrol engine generators because of its adverse effects on the 
environment even as the global community gear towards clean 
(green) energies. 
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