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Abstract 
Sustainable energy development in Nigeria is the key to the stability of the 

country, in terms of viable economy, social order and political stability. 

Many indigenous researchers have investigated the availability of 

renewable energy resources in Nigeria with a view to establish their 

viability in country. The development and proper use of renewable energy 

should be giving high priority, especially now that issues of climate 

change and global warming are among the most critical issues discussed 

by the governments and other stakeholders in the country. The renewable 

energy resources in Nigeria are as enormous as they are diverse. 

However, the problem lies with the level of utilization which is very low. 

The potential of renewable energy resources in Nigeria is about 1.5 times 

that of conventional energy resources in terms of energy. In view of this, 

Nigeria must focus on the development of renewable and sustainable 

source. This paper present the review of literature carried out on different 

types of solar and wind energy system and combined for electricity 

generation. The overall aim is to utilize the presented literature for 

developing the proposed further work.    
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Introduction 
Energy is a key to the economic and 

social development of any nation if it 

has conserved in a most efficient 

manner. Not only should the 

technologies be developed to produce 

energy in a most environmental– 

friendly manner from all varieties of 

fuels, but also energy importance 
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should be given to conserve the energy resources in the most efficient way. 

Energy is one of the ultimate factors responsible for both industrial and 

domestic development. The use of renewable energy technology to meet the 

energy demands has been steadily increasing for the past few years, however, 

the important drawbacks associated with renewable energy systems are their 

inability to guarantee reliability and they are lean in nature. 

Import of petroleum products constitutes a major drain on our foreign exchange 

reserve. Renewable sources are considered to be the better option to meet these 

challenges. It is obvious that the known resources of fossil fuels in the world 

are fast depleting. The importance of renewable energy sources was recognized 

in the early 18th century. During the past three decades, a significant effort has 

gone into the development trial and induction of a variety of renewable energy 

technologies for use in different sectors. Energy consumption has been growing 

rapidly in developing countries like India where, about 15% of the world’s 

population live (Aliyu et al. 2015). 

The renewable energy resources potential in Nigeria has not been fully utilized, 

mainly due to the limited policy interest and investment levels (Karekezi et al, 

2003). Renewable energy is, undoubtedly, a promising solution to Nigeria’s 

energy challenges. Apart from being sustainable and inexhaustible, it can be 

established in smaller units, thus, suitable for rural community management and 

ownership and could be pivotal to economic development (Akinwale, et al 

2014). Nigeria is situated in the equatorial region and receives abundant solar 

radiation and wind speed (Ayodele et al, 2015), particularly, Northern Nigeria 

and  appear to be sitting on an energy reserve of massive solar and wind energy 

potential, which is becoming economically viable at a remarkable pace (Usha 

et al, 2003). However, detail information about Nigeria’s solar and wind energy 

technology, capacity, and projects is lacking. This has made solar and wind 

integration status quite difficult to asses (Banos et al, 2011).  

Despite the abundant availability of renewable energy resources (Solar, Wind 

etc), Nigeria is characterized with deprivation from conventional energy, arising 

from poor supply of infrastructure. About 18% only of the rural population have 

access to electricity (Sunday, 2011). Where conventional energy is available, 

its supply is unreliable. Electricity consumption in the country stood at just 137 

kWh per head in 2007. At 137 kWh per capita, electricity consumption is one 

of the lowest in the world. This possibly might have been responsible for the 

slow rate of development in the country. This low electricity consumption in 
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Nigeria is primarily due to irregular and inadequate electricity generation and 

production which lead to less than half of the entire Nigerian population to have 

access to electricity and only about 18% of rural population of the country has 

access to electricity (Rajesh. et  al, 2001). 

This scenario can be improved by using the solar and wind energy resources to 

supplement electricity generation in Nigeria. However, due to intermittent 

nature of these resources, they may not be suitable and reliable as stand – alone 

energy conversion system. Therefore, integration of both renewable energy 

conversion systems with diesel generator and storage facility could be a reliable 

energy system in most rural areas in Nigeria (Onar et al, 2008). Finally, the 

potential of solar - wind hybrid energy has been analyzed in the literatures and 

several design of the hybrid energy system have proposed.  

 

SOLAR AND WIND ENERGY POTENTIALS 

Renewable energy plays a vital role, meeting the needs of both rural and urban 

areas of the country in terms of sustainable development (Kanase et al, 2010). 

The development and proper use of renewable energy should be giving high 

priority, especially now that issues of climate change and global warming are 

among the most critical issues discussed by the various governments of the 

world. Developed and developing countries are now adopting renewables in 

order to achieve energy sustainability (Ajayi, 2009). 

The renewable energy resources in Nigeria are as enormous as they are diverse. 

However, the problem lies with the level of utilization which is very low. The 

potential of renewable energy resources in Nigeria is about 1.5 times that of 

conventional energy resources in terms of energy. In view of this, Nigeria must 

focus on the development of renewable and sustainable source. Sustainable 

energy development in Nigeria is the key to the stability of the country, in terms 

of viable economy, social order and political stability. Many indigenous 

researchers have investigated the availability of renewable energy resources in 

Nigeria with a view to establish their viability in country (Akinbami, 2001).  

 

THE SOLAR ENERGY RESOURCE 

Among all the renewable energy resources available, solar is the most 

promising of them all due to its apparent limitless potential. Nigeria is located 

within a high sunshine belt and solar radiation is well distributed within the 

country. The intensity of solar radiation is well distributed within the country. 
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The intensity of solar radiation exhibits remarkable variation from the northern 

region to the southern region (Akinbulire et al 2014) as shown in Fig.1 below.  

 
Fig.1: Solar radiation map of Nigeria. (source: NiMET, 2018) 

 

During the day it is estimated Nigeria receives about 4.851 x 1012 kWh of 

energy from the sun, which is equivalent to about 1.082 million tons of oil per 

day. While domestic consumption of oil is 297 thousand barrel per day. When 

we change barrels into tones we see very exiting number; 297000 barrels = 

47219.2281 tons. So it is obviously seen that domestic demand for oil can be 

substituted by solar energy (Aydogun et al, 2001). 

 

THE WIND ENERGY RESOURCE  

On the potentials for wind-to electricity project in Nigeria, a number study 

reports exist. A study on the wind energy potentials for a number of Nigerian 

cities shows that the annual average speeds of about 2.2 m/s at the coasted 

region and 4.5 m/s at the far northern region of country. With an air density of 

1.1 kg/m3, the wind energy intensity perpendicular to the wind direction ranges 

between 4.4 W/m2 at the coastal areas and 35.2 W/m2 at for northern region 

(Emodi et al, 2014). Further study on the wind resource in Nigeria revealed that 
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the North-East and South-East of the nation possess enormous potential for 

harvesting wind energy, with possible wind speeds reaching as high as 8.70 m/s 

in north (Barsoum, 2006) as shown in Fig. 2 below. 

 

 
Fig. 2: Wind speed map of Nigeria.   (Source: NiMET, 2018)  

 

THE SUN 

The sun is a sphere of intensely hot gaseous matter with a diameter of 1.39 x 

109 m and is on the average 1.5x1011 m from the earth. As seen from the earth, 

the sun rotate on its axis about one every 4 week. However, it does not rotate as 

a solid body, the equator takes about 27 days and the polar region takes about 

30 days for each rotation (Ghassan, 2010). The sun is the main energy source 

which is responsible for supporting all life activity around the world. Human 

beings are using the energy from the sun in two ways i.e for photo- electric 

generation and thermal conversion. These applications represent one big leap 

for the solution of the world energy shortage. For example it is estimated that 

out of 1.76 x 1015 TW of raw solar energy striking the Earth, 60TW can be 

economically converted into electricity and, considering that the estimation of 

the world energy demand is about 25-30TW by 2050. It is clear that only solar 

energy is enough to supply all demand and to free the world of fossil fuel (Diaf. 

et al, 2008). 
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GLOBAL SOLAR IRRADIATION 

The combination of diffused and direct solar incident on a horizontal plane at 

the earth’s surface is referred to as global solar energy, and three quantities 

(specifically their rate or irradiance) are linked mathematically by the following 

expression (Duffie et al, 2013). 

Ig = Id + Ib cos Z 

Where   Ig = global solar radiation on a horizontal surface  

Id = diffuse solar radiation 

Ib = direct solar radiation on a surface perpendicular to the direct beam 

Z = sun’s Zenith angle 

 

THE WIND 

Wind is the movement of air caused by pressure difference within the 

atmosphere. This pressure difference exerts a force that causes air mass to move 

from a region of high pressure to one of low pressure. That movement of air is 

referred to wind (Ekeren et al, 2009). 

The sun radiates energy on the earth and the earth is heated unevenly. The 

atmosphere heats up much more quickly in the equator regions than in the rest 

of the globe. Lands heat up (and cool down) more quickly than the oceans do. 

This differential heating of the earth drives a global atmosphere convection 

system and resulting different air pressure fluctuations (Fazelpour et al, 2014). 

 

WIND ENERGY  

Harnessing the wind is one of the oldest methods of generating energy. Since 

ancient times man has used the windmills for grinding and to pump water. With 

the appearance of electricity at the end of nineteenth century, the first prototype 

of modern wind turbine was built, using technology based on the classical 

windmill. The sudden increases in the price of oil in 1973 stimulated a number 

of research, development and demonstrations of wind turbines and other 

alternative energy technologies in different countries (Freris, 1990). 

Another wind turbine was designed and constructed in Denmark in the early 

1890 for supplying electricity to rural areas. In the same period a 12 kW of 

power windmills was constructed in the united states of American (USA). 

It was a large wind electric generator with 17 meters diameter of rotor and 144 

wooden propellers (Del Rio, et al 2008) 
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LITERATURE REVIEW 

STAND ALONE SOLAR SYSTEM 

Abhaya et al (1999) developed a model for energy management of PV based 

energy system. This model has been mainly proposed to raise the public 

awareness and education levels of solar system in an interesting and attractive 

way. The results indicate that the problems with PV system were not due to PV 

array and instead it was due to performance of the battery units. 

Martina, et al (1999), have discussed about multilevel converter that are 

effectively used to connect single phase grid with solar photovoltaic systems. 

An overview of different multilevel topologies and the suitability for single 

phase grid connected photovoltaic system was also presented. 

Similarly, Vivekkapil et al (1999) developed an Artificial Neutral Network 

(ANN) model for designing PV systems for remote areas and presented the 

influence of various parameters on the design of PV systems. The result of an 

ANN model showed a variation of 5% as compared to other models with more 

reliability and accuracy. The application of solar power is varied and the scope 

of PV systems being employed even in domestic applications appears to be 

bright. 

Bhattacharaya et al (2001) also, developed a simplified design approach and 

economic appraises of a solar PV system. In this model, the PV array and battery 

bank sizes for a standalone PV system were estimated. Also a cost comparison 

of the standalone PV system with a PV diesel hybrid system was presented. The 

results indicate that the hybrid systems were more cost effective than standalone 

system for given location. 

A feasibility study was carried out by Hamid (2001) on photovoltaic technology 

for power generation and presented comparative economic analysis of power 

generation with a conventional gas turbine. The results indicate that the solar 

photovoltaic is not economically as compared with a conventional gas turbine. 

However, it concluded that PV systems would become economical when the 

system cost reduces to be low with an efficiency above 20%. 

 
STAND ALONE WIND SYSTEM  

Aydogan et al (2001) have analyzed and presented a case study on wind energy 

utilization in a house in Izmir, Turkey. The developed model determines that of 

batteries needed for continuous energy supply for wind turbine taking into 

account of the economical aspect. It was found that the wind battery hybrid 

system was not economical in the areas of low wind potentials. 
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Kanat  et al (2000) have discussed about the potential of wind energy resources 

available  in central Asia. The equation used for determining the distribution of 

wind output, energy density, energy cost and efficiency have been discussed in 

details. 

Wen-jei yang (2001), adopted the same as Kanat et al (2000) the principle for 

determining the power generation by a wind machine and discussed about the 

utilization of excess wind power for hydrogen storage and subsequent 

secondary power generation. 

Rogers et al (2002), studies experimentally the design requirement for a 

medium size wind turbine for remote and hybrid power systems. Also, the 

operational problems of installing medium and large sized wind turbines at 

remote locations had been addressed. 

Suresh et al (2001) have developed a model to investigate the optimum sitting 

of wind turbine generator based on site and wind turbine types. The 

methodology of analysis was based on the accurate assessment of wind power 

potential of various sizes. The analytical computation of annual and monthly 

capacity factors has been out by using weibull statistical and employing cubic 

mean cube root of wind speeds. A judicious choice of potential service and wind 

turbine generator systems can be made by using the model proposed. 

 

SOLAR - WIND HYBRID SYSTEM 

Bhave  (1999), studied the techno – economic feasibility of installing solar – 

wind Hybrid system. The system used electrical storage by lead acid battery and 

auxiliary power from AC mains. The results showed that 80% of energy demand 

is satisfied by the solar – wind hybrid system. But, it was cost effective, only 

when the system cost was considerably raised to a much higher level.  

Habib et al (1999), developed a model for optimizing the size of a hybrid solar 

– wind energy system. The procedure was applied for the sizing of solar – wind 

hybrid system designed to produce a constant load of 5KW in the Dhahram area, 

Saudi Arabia. The analysis indicates that hybrid system power output can be 

optimized to suit specific application with variables or constant power loads. 

Yang et al (2003), have proposed an optimization technique following the loss 

of power supply probability model for a hybrid solar – wind system taken into 

account the reliability of the system. They demonstrated the utility of their 

model through a case study of a hybrid unit for a telecommunication system. 
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Bitterlin  (2005), developed a model for a reliable wind – solar storage power 

system for remote radio based station which explores the current practicalities 

of PV – wind hybrid power generation solution for the cellular phone base 

station. It was concluded that the application of PV is not technically or 

commercially viable for this application because, a large capacity of PV 

modules and batteries are essential. Also, it was concluded that wind power 

generation area technically viable and has some practical possibilities being 

integrated with the wind radio mast. The long – term intermittence of the wind 

demands a back - up power supply best provided by a diesel generator. The 

battery will minimize the start/run demand on the diesel engine which in turn 

will minimize the required size of the batteries storage capacity. 

Tina el al (2006) assessed the long term performance of a hybrid wind – solar 

power system for both standard and grid dependent application by using a 

probabilistic approach to model the uncertain nature of the load and resources. 

Dihrab and Sopian (2010), proposed a hybrid PV/wind system that would be 

used for grid connected application as a power source in three cities in Iraq. A 

simulation of the model was carried out on MATLAB, where the input 

parameters were determined by meteorological data from the three locations, as 

well as the sizes of the wind turbine and the PV array. Their results showed that 

their hybrid system would provide sufficient energy for villages in desert of 

rural areas. 

Kershman et al (2010), studies the design of a sea water reverse osmosis 

distillation plant powered by a hybrid wind/solar system to be located on 

Libya’s coats, the plant will be used to supply a village with portable water. 

 

ENERGY STORAGE IN HYBRID SYSTEM 

Yang et al (2008) studies hybrid solar/wind systems using battery banks and 

developed an optimal model for designing such systems. The stand-alone 

system was designed to power a telecommunication station along the coast of 

China. The slope angle of the photovoltaic (PV) array was studied to find the 

optimal power – producing angle, as well as the optimal values of other 

variables such as the number of wind turbines and battery capacity. The model 

was solved using a genetic algorithm and good complementarity between the 

two energy sources was reported 

According to Celik (2003) proposed  new method of sizing hybrid wind/solar 

energy systems using battery storage that includes design parameters both the 

fraction of time that the system can satisfy the load and the cost of the system. 
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Similarly, Borowy and Salameh (2013), developed a graphical construction 

technique for determining the optimization of the battery bank and the PV array 

in a hybrid wind/solar system. Only paired combinations of the three 

subsystems were considered in the optimization process. 

Elhadidy and Shaahid (2004), assessed the feasibility of providing power to 

commercial building and meeting the local requirements using a hybrid solar – 

wind energy system, different combinations of wind energy systems, 

photovoltaic panels with battery storage, and a diesel backup energy system 

were investigated. 

Shakya, et al (2005) carried out a feasibility study of a grid – independent hybrid 

wind/solar system for a particular region of Australia and come up with a design 

feature and compressed hydrogen gas storage system. 

 

TECHNO – ECONOMIC ANALYSIS OF HYBRID SYSTEM 

Bakos and Tsagas (2014), analyses the technical and economic feasibility of 

using a grid – connected hybrid wind/solar system to meet the energy demands 

of atypical residence in Xanthi, a city in Greece, through electrical and thermal 

energy production. 

Shakya et al (2005) presented the result of the technical feasibility and the 

financial analysis of a hybrid wind/solar system with hydrogen storage. 

Mohanlal et al (2002) analyzes the economic viability of a stand – alone solar 

photovoltaic system with the most likely conventional alternative system i.e a 

diesel powered system for energy demand through sensitivity analysis of life 

circle cost computation. The analysis has been carried out the energy demand 

for different key parameters, such as discount rate, diesel fuel cost and 

reliability. The result showed that the PV powered system could be at cost 

effective option at a daily energy demand up to 15 KWh even under unfavorable 

economic condition. 

Bhave, A.G (1999), have carried out a research study on the Techno – economic 

feasibility of installing solar photovoltaic – wind hybrid system. This system 

uses electrical storage by local acid battery and auxiliary power from AC mains. 

The result from the above study showed that 80% of the energy demand was 

satisfied by the solar photovoltaic wind hybrid system.  But it was cost effective 

only when the system cost was considerably reduced or the current electricity 

cost raised to a much higher level. 
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RESULTS OF THE REVIEW  

Various literature reviewed has confirmed that huge solar and wind energy 

potentials in Nigeria and the fact that they are yet to be properly and effectively 

harnessed. Worthy of note also, is the fact that so many research studies on 

solar, wind and their combination in various institutions and research centers 

across Nigeria have been carried out successfully. Sadly, these intellectual 

materials that are at our various institutions are yet to get the required patronage 

by government and stakeholders. Government at all levels must begin to drive 

policies that will change this ugly situation. However, conscious and deliberate 

government policies and commitment geared towards research and 

development will help to change the situation. 

Clean and environmental friendly energy can only be achieved through the 

proper utilization of renewable technology. The renewable energy resources in 

Nigeria are as enormous as they are diverse. However, the problem lies with the 

level of utilization which is very low. Renewable energy technology has great 

potentials in alleviation the staggering energy situation in Nigeria. The high 

daily demand of electricity generation in the rural and urban areas of the country 

can be ameliorated to a large extent by adopting hybrid energy technology, in 

most cases solar and wind. 

Many indigenous researchers have investigated the availability of renewable 

energy resources in Nigeria with a view to establish their viability in the 

country. In view of this, the country must focus on the development of 

renewable energy and sustainable sources. Sustainable energy development in 

Nigeria is the key to the stability of the country in terms of viable economy, 

social order and political stability. 

From the foregoing, adopting solar-wind hybrid system technology with proper 

installation to meet a high daily energy demand in some key sectors in Nigeria 

is achievable and sustainable especially in Northern Nigeria. Hence, a 

renewable energy revolution is our hope for sustainable future and clearly, the 

future belongs to clean energy sources and to those who prepare for it now. 

 

CONCLUSION 

With the world oil crisis, dangers of overdependence on oil pushed for the 

development of alternative energy sources. Current international trend in 

electricity generation is to utilize renewable energy resources. Solar and wind 

energy can be seen as suitable alternatives to conventional power. With the 
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expectation of promoting electricity generation based on non- conventional 

renewable energy, the Government of Nigeria introduced an energy policy to 

achieve a 20% target of power generation through non- conventional renewable 

energy by year 2030. 

North central Nigeria is rich in solar and wind energy resources; however, more 

than 80% of the country’s population is not connected to the national grid 

because of their location (rural areas) and poor economy, lack of basic 

infrastructure, high initial investment and cost of the transmission and 

distribution lines from the central locations to remote areas which are 

considerably high. Similarly, the rapid population growth has far reaching 

economic and political consequences on energy demand in the local area of 

study. 

The technology for solar- wind hybrid system is an ongoing innovation. Hence, 

Nigerian Government and stakeholders gives very small attention in developing 

the system for industrial domestic purposes. Presently, renewable energy 

systems especially stand-alone solar PV and to some extent, wind energy 

systems have been developed and installed across different locations of Nigeria, 

but they are mostly for personal use. However, standalone solar PV energy 

systems can only provide reliable power during sunny days, while stand-alone 

wind systems can only satisfy constant load demands at low significant 

fluctuations in the magnitude of wind speeds from hour to hour throughout the 

year. Furthermore, the intermittent nature of solar and wind energy is also an 

issue. 
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