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Abstract 

Conventional energy sources from fossil fuels (crude oil, coal and 
natural gas) provide most of the energy needs of Nigeria today, but 
they are diminishing in reserve and costly.  Also they have damaging 
effect on the environment and cannot meet the energy demands of the 
country.  Solar energy, an unconventional or renewable energy source 
is abundant in the country, environmentally friendly and has the 
potentials to meet the energy needs of the nation.  To convert solar 
energy to other useful forms, such as electricity, requires solar 
technologies which, if well developed, have the capacity of improving 
the Nigerian economy and providing jobs as well as electricity for the 
teaming population.  Lack of appropriate legal policy to attract 
domestic and foreign investors to solar energy technologies as well as 
lack of power purchase agreement for generation and supply of 
electricity from solar energy into the national grid amongst others  
where identified as the factors affecting effective implementation of 
solar energy in Nigeria.  Finally, it was recommended that solar 
energy should be urgently developed and grid connected to reduce 
costs, increase reliability and energy security.  Fossil fuel subsidies 
should be withdrawn and tax imposed on the detrimental impact of 
emissions such as carbon (IV) oxide from fossil fuels.  
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 Electricity is an important necessity for all human activity. The socio-economic 
activities of modern society revolve around the availability of electricity.  The activities 
of man has in the last 100 years contributed to the concentration of green house gases in 
the atmosphere, thus leading to the enhanced green house effect (Intergovernmental 
Panel on Climate change (IPCC), 1996, 1998).  This, in turn, is expected to result in 
climate change, understandably the most important dangerous and certainly the most 
complex global environmental issues to date (Hamilton, 1999). 
 
 It is estimated that the extraction, burning and usage of fossil fuels is the source 
of about 70-90% of anthropogenic carbon (IV) oxide emissions (Eze, 2004) the most 
important green house gas.  Green house effect is a natural phenomenon.  Scientists 
have discovered that a natural mix of certain green house gases resides in the 
atmosphere.  These gases allow the shorter wave radiation from the sun to penetrate the 
atmosphere but absorb the lower wavelength energy which is re-radiated from the 
earth’s surface (Clayton, 1996, Houghton 1998).  Because these green house gases are 
good absorbers of radiant heat coming from the earth’s surface they act like a blanket 
over the earth’s surface, keeping it warmer than it otherwise would be. 
 
 Enhanced green house effect on the other hand is not natural.  It refers to 
changes in the earth’s radiation balance due to the anthropogenic accumulation in the 
atmosphere of radiatively active green house gases, like carbon (IV) oxide, methane, 
nitrous oxide, tropospheric ozone and chlorofluorocarbons.  According to Jekwu 
(2001), the effect of the green house gases is to accelerate warming effect beyond 
acceptable levels.  Models project that if current trends in anthropogenic green house 
gases emissions continue through 2030, the earth will experience an average rise in 
temperature ranging from 1.5oc to 4.5oc (Peter and Brown, 1991). 
 
 The projected impact of this on environmental stability and life on earth is 
better imagined than experienced.  Amongst these are changes in global climate and the 
eventual disruption in the temporal and spatial distribution of temperature, 
precipitation, evaporation-transpiration, clouds and air currents as well as consequent 
shift in the vegetational belts.  Melting of the polar ice-caps rises in sea level which 
could adversely affect low-lying areas and the synergy among these discrete effects. 
 
 However, some or all of the above have implications for fresh water resources, 
agriculture and food supply, natural ecosystems, biodiversity and human health (Ayres 
and Walter 1991, IPCC 1996).  Nevertheless, many scientific uncertainties remain 
concerning the timing and degree of the enhanced green house effect.  Despite these 
uncertainties, the balance of opinion suggests that climate change is real and favours 
early action in tune with precautionary principle. 
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Future Demand for Electricity in Nigeria 
 The energy industry in Nigeria is one of the most inefficient in meeting the 
needs of its customers throughout the country.  This is obvious from the persistent low 
quality supply of electricity.  According to Akinyemi (2008), this poor energy service 
provision has adversely affected living standards of the population and exacerbated 
income and energy supply in an economy where the majority of the people live on less 
than $2 a day.  This continuous energy crisis has weakened the industrialization process 
and more importantly, affected the efforts to achieve sustained economic growth and 
ability of domestic industries to compete favourably with their international counter 
parts in production of goods, services and sustenance of employment generation. 
 
 In Nigeria today, burning of fossil fuel for electricity generation is the in-thing, 
while almost every household in the country has one or more generating sets, banking 
industries, telecommunication companies, universities are not left out as they are all 
using generators to run their businesses. The question is: will burning of fossil fuel to 
generate electricity be the solution to Nigerian’s energy crisis? 
 
 According to British petroleum statistical review of world energy (2007), solar 
energy sources in Nigeria are present in abundance; solar radiation is estimated at 3.5-
7.0 killowatt hour/m2 per day.  It is obvious that by the year 2020 (Ibitoye and 
Adenikinja, 2007), energy from oil resources would have become more limited based 
on the global desire for cleaner and more efficient combustive energy and current fast 
depletion of fossil fuel.  According to Samuel (2002), if we look three or four decades 
into the future, we know that hydrocarbon alone will not meet the needs of a growing 
world economy.  Even with all the technical expertise, the world could offer and all the 
political will it could muster, eventually crude oil will be exhausted and even before 
then, the price of  a dwindling supply will be prohibitive.   At present, the world is over 
dependent upon one source of energy and that path is unsustainable. 
 
 However, lack of good road networks in the rural areas of Nigeria has 
prevented rural dwellers from accessing conventional energy such as electricity and 
petroleum products.  Even when the products are available, they are over priced at 
150% in excess of official pump prices (Abubakar, 2009a).  This has adversely affected 
the daily needs of the rural populace for heat energy which are met entirely from fuel 
wood. With the ongoing restructuring of the power sector and the imminent 
privatization of the electricity industry it is obvious that for logistic and economic 
reasons, the rural areas will not be attractive to private investors because of their 
remoteness from the national grid, low consumption and low purchasing power 
potential. 
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Meanwhile electricity is needed for basic developmental services such as pipe 
borne water, healthcare, telecommunication, street and traffic lights and quality 
education.  The abscence of reliable energy supply has not only left the rural populace 
socially backward but has left their economic potentials untapped.  Fortunately, Nigeria 
is blessed with abundant renewable solar energy potential, thus creating a logical 
solution to lack of power supply in the country. There should be an increased 
penetration of renewable solar energy into the electricity supply mix as Nigeria can 
afford to fail in any sector but not the energy sector the socio-economic development of 
the country depends on a stable energy supply. 
 
Problems of Conventional Energy Supply in Nigeria 
 The problem is that fossil fuels such as crude oil, coal and natural gas provides 
most of the energy needs of Nigeria today, but they are diminishing in reserves, have 
high prices, are not-renewable and most importantly have damaging effect on the 
environment.  Similarly, the dearth of steady power supply in Nigeria has been the bane 
of the economy, with many businesses and industries closing shop because of the huge 
cost incurred in providing diesel or petrol for their generators.  While national power 
demand stands at about 8000MW, the 14 power plants operated by both the Power 
Holding Company of Nigeria and independent power producers accounts for 3000MW, 
leaving a deficit of 5000MW (Toye,2011).   It is advocated that solar energy which is 
abundant in the country and environment friendly be developed to met this deficit and 
required energy mix that is needed for the sustainable development of the Nigerian 
economy. 
 
 If Nigeria with a population of about 167 million people is to be ranked among 
the top 20 economies of the world by the year 2020, it must be able to produce 
electricity to meet its domestic and industrial needs.    For instance, United Kingdom 
with 60 million people consumes 80GWE of electricity.  If the living standard of an 
average Nigerian is to be at least half of that of a Briton, it must be able to  produce at 
least 40 times of what it is producing now, hence this study propose solar energy as an 
alternative energy source that can be used to meet the energy deficit of the Nigerian 
nation. 
 
Benefits of Solar Energy 
 The sun is the ultimate source of energy for our planet.  Its energy is found in 
fossil fuel as well, as in all living things.  Harnessing its energy holds great promise for 
Nigeria’s energy need as it can be readily called upon to; 

1. provide solar energy to rural and semi-urban areas as a cheap source of energy. 
2. safeguard the ecosystem by reducing carbon emission and provide solar energy 

as a clean source of energy without the environmental problems associated 
with energy from fossil fuels. 
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3. reduce the soaring and biting cost of petrol and gas even as the Nigerian 
government propose to withdrew completely oil subside 

4. generate interest in capital investment and job creation in solar energy and its 
technologies in Nigeria especially at the local level. 

5. improve the living conditions of rural dwellers and reduce rural urban 
migration, thus improving the overall social, demographic and economic 
balance of the Nigerian nation. 

 
Estimated Solar Radiation 
 Nigeria lies within a high sunshine belt and thus, has enormous solar energy 
potentials.  The mean annual average of total solar radiation varies from about 3.5kwh 
per day in the coastal latitudes to about 7.0kwh per day along the semi arid areas in the 
far North.  On the average, the country receives solar radiation at the level of about 
19.8MJ per day.  (World Solar Programme, 2005). 
 
 Average sunshine hours are estimated at 6 hours per day.  The solar radiation is 
fairly well distributed.  According to Abubakar (2009b), the minimum average is about 
3.55kwh per day in Katsina in January and 3.4kwh per day in Calabar in August and 
the maximum average sunshine is 8.0 kwh per day for Nigeria in May. 
 
 Given an average solar radiation level of about 5.5 kwh per day, and the 
existing efficiencies of commercial solar electric generators, then if solar collectors or 
modules were used to cover 1% of Nigeria’s land area of 923,773km2, it is possible to 
generate 1850 X 103 GWh of solar electricity per year (National Planning Commission, 
1997).  This is over one hundred times the current grid electricity consumption level in 
the country.  Nevertheless, an estimate of potential solar energy in Nigeria with 5% 
device conversion efficiency is 5.0 1014 kJ of useful energy annually (Onyebuchi, 
1989).  This is equivalent to about 258.62 million barrels of oil produced annually and 
4.2 X 105 Gwh of electricity production annually in the country  (Akinbami, 2001). 
 
 Meanwhile, majority of the people in Nigeria live in rural communities where 
there are difficult terrains, no good roads, no electricity grids and no easy access to 
fossil fuel energy resources.  Effective harnessing of solar radiation using solar 
technologies to augment energy supply from fossil fuel energy resources would 
enhance availability of energy for socio-economic activities and improve the standard 
of livelihood of the people. 
 
 
Solar Energy Technology  
 Solar technologies are broadly characterized as either passive solar or active 
solar depending on the way they are captured, converted and distributed.  Active solar 
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techniques include the use of photovoltaic (PV) panels and solar thermal collectors to 
harness the energy.  Passive solar techniques include orienting a building to the sun, 
selecting materials with favourable thermalnes or light dispersing properties and 
designing spaces that naturally circulate air. 
 
Photovoltaic Cells 
 Photovoltaic cells or solar cells take advantage of the photoelectric effect to 
produce electricity.  They are the building blocks of all PV systems because they 
convert sunlight to electricity.  PV cells come in many sizes and shapes, from smaller 
than a postage stamp to several inches across.  They are connected together to form PV 
modules which are in turn, combined to form PV arrays of different sizes and power 
output. The modules of the array include the electrical connections, mounting 
hardware, power-conditioning equipment and batteries that store solar energy for use 
when the sun is not shining.  The energy of the absorbed light is transferred to electrons 
in the atoms of the PV cell. With their new found energy, these electrons escape from 
their normal positions in the atoms and become part of the electric current in the circuit.  
The built in electrical field of the PV cell provides the EMF needed to drive the current 
through an external filed such as a light bulb. 
 
 PV systems are already an important part of our daily lives. They provide 
power for small consumer items such as calculators and wrist watches.  More 
complicated systems provide power for communication satellites, water pumps, lights, 
appliances machines in homes and work places and road traffic signs.  It is the least 
expensive form of electricity for these tasks. 
 
Concentrating Solar Power (CSP) 
 Concentrating Solar Power technology use minners to reflect and concentrate 
sunlight onto receivers that collect solar energy and convert it to heat.  This thermal 
energy can then be used to produce electricity via a steam turbine or heat engine that 
drives a generator.  A single CSP plant can generate enough power for about 90,000 
homes. 
 
Creation of Jobs 
 The development of solar technologies would be very beneficial to the 
Nigerian economy due to the influx of investors from overseas with the attendant 
technological impact.  For example systems manufacturers, supplier, developers and 
planners, system operators, maintenance and construction workers, financiers, insurers 
and retailers would create jobs and their multiplier effect.  Also, construction generates 
demand for local labour services. 
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 The introduction of solar technologies will have numerous other socio-
economic benefits since no resettlement is foreseen and no adverse social impacts are 
expected. On the contrary, the project is expected to impact poverty positively by 
adding to the power capacity of Nigeria. 
 
 The improvement of the living conditions in rural areas will also reduce the 
migration pressure to urban areas, improving the overall social, demographic and 
economic balance of the Nigerian nation. 
 
 Factors Affecting Effective Implementation of Solar Energy Technologies in 
Nigeria 
 Some of the problems association with the use of solar energy in Nigeria 
includes; 
1. Lack of appropriate policy framework of legal fiscal and regulatory instruments 

to attract domestic and international investments to solar energy. 
2. Lack of power purchase agreement framework for generation and supply of 

solar energy to the national grid. 
3. Absence of an empowered government agency to oversee the development of 

solar energy in Nigeria. 
4. High up-front capital cost of solar energy technologies compared to 

conventional energy alternatives (though they have long term benefits.) 
5. Lack of public awareness of the capabilities of solar energy technologies and 

their future prospects. 
 
Summary 

The development of affordable, inexhaustible and clean solar energy 
technologies will have huge long term benefits. It will increase Nigeria’s energy 
security through reliance on an indigenous, inexhaustible and most importantly 
dependent resource, provide  employment, enhance sustainability, reduce pollution, 
lower the costs of mitigating climate change, and keep fossil fuel prices lower than 
otherwise.  Hence the additional costs of the incentives for early deployment should be 
considered learning investments; they must be wisely spent and shared. 
 
 It is believed that if all these are done, solar energy will gain ground in Nigeria, 
supplement conventional energy sources and ultimately, drive the Nigerian economy 
for sustainable development. 
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Recommendations 
 Conventional energy is depletable with its high extinction risk. To address this 
problem and enhance the energy security of the Nigerian nation and thus establish a 
sustainable energy supply system, the following suggestions are made: 
1. Electricity from solar energy technologies should be urgently developed and 

grid connected in order to reduce costs, increase reliability and security. 
2. Lawmakers should develop necessary legal and financial frameworks to attract 

more domestic and foreign investment to solar energy projects and de-
emphasize over dependence on fossil fuels.  Import duties on solar supplies 
should be abolished and concessionary grants and subsidies given. 

3. For solar energy to be adopted with best results, fossil fuel subsidies should be 
lowered or completely removed and there must be communication and 
involvement among all sectors. 

4. Taxes on the detrimental impact of emissions from fossil fuels, such as Co2 tax 
should be initiated and funds realized used to develop solar energy 
technologies.   
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