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Abstract 
This paper presents technical and economic assessment of a hybrid solar-

wind energy system for electricity generation in rural area of the country. 

Research shows that, the northern part of the country has ample renewable 

resources availability and with a strong political will, optimal utilization of 

these renewable resources (solar and wind) can be actualized. Result shows 

that Hybrid Solar Power System (HSWPS) can be considered as a viable 

option for the energy market especially in Nigeria. Researchers, 

industrialist, policy makers and Nigeria government should therefore seize 

this opportunity in developing a sustainable energy through utilization of 

abundant renewable energy resources in the country. This study also shown 

that the mean annual wind speed and solar radiation for the location ranged 

from 2.31m/s for Warri to 3.52m/s for Maiduguri and 4.53kwh/m2  for Warri 

to 5.92kwh/m2 for Maiduguri, respectively. 
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Introduction 
Increasing energy access is 

recognized as an absolute priority for 

the development of rural and semi-

urban areas. For instance, 

electrification can be achieved via the 

extension of the grid or increasingly 

via decentralization generation, more 

and more frequently with a mix of 

technologies including renewable 

energy technologies including 

renewable energy technologies. 

(Kamme at el, 2008). 

The tendency to use renewable energy 

resources has grown. Continuously 

over the past few decades, be it due to 

fear over warnings of global warming 

or because of the depletion of fossil 

fuels. The challenge of producing 

sufficient energy to meet the ever 

increasing global energy 

consumption, the rapidly depleting 

fossil fuel reserves, and the services 

environment problems associated with 

the use of fossil fuel have motivated 

considerable research attention on 

clean energy sources (Paul, at el 

2012). 

Recently, much emphasis has been put 

in place on renewable energy to 

engine generators for remote power 

generation. The effectiveness of this 

alternatives is met when more than 

one renewable sources such as 

photovoltaic (PV), wind, biomass are 

combined together with energy 

storage in order to ensure power 

generation steady. The combined 

utilization of these renewable energy 

sources are therefore becoming 

increasingly attractive and are being 

widely used as alternative of oil-

produced energy. Economic aspects of 

these renewable energy technologies 

are difficultly promising to include 

them for rising power generation 

capability in developing countries. A 

renewable hybrid energy system 

consist of two or more energy sources, 

a power conditioning equipment, a 

controller and an optional energy 

storage system (Getachew, 2009). 

Hybrid energy system are not only 

economical and environmentally 

being, but also capable of offsetting 

the problems with the stochastic 

fluctuation in climate parameter. They 

seem to be potentially beneficial for 

remote locations where causational 

fuel supplies are not available or 

affordable (Nwosi, at el 2009). 

Despite the abundant of renewable 

energy resources, Nigeria is 

characterized with deprivation from 

conventional energy arising from poor 

supply of infrastructure. About 20% 

only of the rural populations have 

access to electricity (Tina, 2008). 

Where 
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conventional energy is available, its supply is unreliable. Electricity 

consumption in the country stood at just 140kwh per head in 2010. 

At 140kwh per capital, electricity consumption is one of the lowest in the world. 

This possibly may be the cause of the slow rate of development in the country.  

This low electricity consumption in Nigeria is primarily due to irregular and 

inadequate electricity generation and production which leads to less than half 

of the entire Nigerian population to have access to the electricity and only about 

20%. The rural population of the country has access to electricity (Zhou, at el, 

2010). This scenario can be improved by using solar and wind energy resources 

to intermittent nature of these resources; they may not be suitable and reliable 

stand-alone energy conversion systems. 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. 

As the advantages of solar and wind energy system became widely known 

system designers are now looking for their integration. Also the development 

and utilization of such a hybrid system will enhance the reduction lower major 

health risks through the air, land and water pollution. Adverse effects of global 

warming on weather and climate can be mitigated by reduced CO2 emissions. 

As a result, there will be reduction in health care costs and the impact of likely 

stricter federal emission standards in the future. 

The potential of solar and wind hybrid energy has been analyzed in literature 

and several designs of the hybrid energy system have been proposed. They also 

analyzed the future development of these systems as well as the potential for 

increasing the economic viability of these systems and their acceptance by the 

users. 

The wind and solar energy are freely available and environmental friendly. The 

hybrid energy system is becoming widespread as it combines different energy 

sources to maximize each source’ strengths, while compensating for others 

shortcomings (Sudhakar at el, 2004). 

 

RENEWABLE ENERGY RESOURCES IN NIGERIA 

Renewable energy plays a very important role in meeting the needs of urban 

and rural areas of the country in terms of sustainable development in Nigeria. 

Proper utilization of renewable energy should be given high priority, especially 

now that the issues of climate change global warming are among the most 

critical issues discussed by various governments in the country. Developed and 



151  africanscholarpublications@gmail.com                                                                               

 2021 

 

developing countries are now adopting renewable in order to achieve energy 

sustainability (Klychev at el, 2007). 

Nigeria has abundant resources of renewable energy sources  ranging from 

solar, wind, hydro, biomass etc. they are  derived from non- fossil and non- 

nuclear sources in  ways that  can be  replenished while  its  harvesting, 

conversion and use in a  way that helps to  avoid negative impacts on the 

viability and  rights of local communities and  natural ecosystems. Apart from 

the non- replenishment of the abundant fossil fuel that are present in the country, 

there is also the great threat to global climate through the release of carbon 

dioxide, heavy metals and particulates. In view of this, the country must focus 

on the development of renewable and sustainable sources. Sustainable energy 

development in Nigeria is the key to the stability of the country, in term of viable 

economy, social order and potential stability. 

The   Government of Nigeria has also declared its target of meeting 10% and 

15% of the total power demand using renewable energy (solar and wind) by 

2030 and 2050 respectively (Nema at el, 2009). With this target at hand, 

government and non-government organizations are conducting surveys. 

Many indigenous researchers have investigated the availability of renewable 

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

country.  

Study shows that Nigeria receives about 4.851 x10-12 kWh of energy from the 

sun during the day. All this energy is equivalent to about 1.082 million tons of 

oil per day, while domestic consumption of oil is 297 thousand barrels per day. 

When we change barrels into tones we see very existing number; 297000 barrels 

= 47219.2281 tons =0.0472192281 million tons. Theoretically, it is obviously 

seen that domestic demand for oil can be substantial by solar energy (Adaramol, 

2012). 

Fig. 2.1: Solar radiation map 

of Nigeria. (source: NiMET, 

2019) 

 

On the other hand the 

potentials for wind-to-

electricity projects in Nigeria 

a number of study reports 

exist. Study shows that the 

annual   average speeds of 
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about 2.22m/s at the coastal region and 4.5mIs at the far northern region of 

the country. With an air density of 1.1kgIms, the wind energy intensity 

perpendicular to the wind direction ranges between 4.4W/m2 at the coastal 

areas and 35.2W/m2 at the far northern region (Fazelpour at el, 2015). 

 Further study on the wind resources in Nigeria revealed that the North-

central and south – east of the nation possess enormous potential for 

harvesting wind energy, with possible wind speeds reaching as high as 

8.70m/s in the north (Nwosu at el, 2009).  Thus, latest result (NIMET, 2019) 

based on the outcome of using at least 30 years available average wind data 

from the whole wind stations across the country showed that, the country-s 

wind regime is found to his majorly between poor to moderate regions, with 

the southern states having their mean wind profile at 10m height in the 

ranged between 3.0 – 3.5m/s, depending on the states, and Northern states 

capable with mean wind speeds of between 4.0-5.5mIs. This means that, 

Nigeria has good wind resources over most part of the country. 

Although, wind speeds in the southern states are low, they can however, be 

employed for stand-alone power generating system using small scale wind 

turbines. This if employed, will be a major breakthrough for rural and sub-

rural areas not connected to national electricity grid. 

Presently, the share of wind energy in the national energy consumption has 

renewed on the lower and with no commercial wind power plants connected 

to the national grid. In recent times, numerous studies have been carried out 

to assess the wind speed characteristics and associated wind energy potential 

in different locations in Nigeria.  Promising attempts are being made in 

Sokoto Energy Research Centre (SERC) and Abubakar Tafawa Balewa 

University, Bauchi, to developed capability for the production of wind 

energy technologies. 

Fig. 2.2: Wind speed map of 

Nigeria.   (Source: NiMET, 2019)  

 

Recently, indigenous researchers 

revealed that Nigeria’s hydro 

potential is high and hydropower 

currently account for over 35% of 

the total installed commercial 

electric power capacity. 
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The overall large-scale potential (exploitable) is in excess of 11,000MW 

(Tina, 2008). Nigeria has considerable hydro potential sources exemplified 

by her large rivers, small rivers and stream and the various rivers basin being 

developed. Nigeria’s rivers distributed all over the country with potential 

sites for hydropower scheme which can serve the urban, rural and isolates 

communities. An estimation  of river Kaduna, Benue and cross river (at 

Shiroro, Makurdi and Ikom respectively) indicated  that the total capacity  

of about 4,650MW is available, while  the estimate for the river Mambilla 

Plateau is put at 2,3330MW (Nema at el, 2009). Total capacity of the 

untapped hydropower potential; sites identified by Motor Columbus in the 

1970s was 7322MW. 

Studies showed that, small hydropower potential sites exist in almost all 

parts of the country. There are almost 278 unexploited sites with total 

potentials of 734.3MW (400.  So far about eight small stations with 

aggregate capacity of 37MW have been installed in Nigeria by private 

company and the government. 

 

ELECTRIC LOAD ESTIMATATION 

In accordance to sustainable development policies energy efficient 

appliance have been considered in this study. The major electricity and use 

in rural communities comprises lighting, entertaining and cooling/ leading. 

The household in the remote area in Nigeria is assumed to be simple, not 

requiring large quantities of electrical energy. In this study, a rural 

community of 500 households is considered and the electrical load includes; 

demand for cooling (ceiling fan, entertaining (television) and lighting. In 

this work, the load includes 3 energy efficient lamps (compact fluorescent 

bulb, 15W each), 2 fans (40W each) and one television (TV 80W) for each 

household. Day lighting hours do not vary significantly throughout the year 

in Nigeria. It is normal to experience up to twelve hours of visible light from 

about 6.00am to 18:00pm all year round.  In Nigeria, there is an average of 

9 hours of sunshine daily, all year round. Therefore, the average number of 

indoor artificial lighting hours is assumed to be 6-8 hours each day. On week 

day, the families members are usually out of homes, so fan are used only on 

hot weekends in the afternoon. Average TV operating time is 5h per day. 

Average electric load demand of a typical household is shown in table 1 

below. From this table 1, the total consumption per household is averaged 
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at 0.986kWh/day. The daily average demand for the whole community 

considered is 20KW with a peak, load of 100KW and load factor of 0.205 

resulting daily electricity appliance use log suggest that there is very little 

difference between the daily electricity demand patterns for weekdays and 

weekends.  

Day-to-day and time time-step-to-time-step variability factors are 15% and 

20% respectively. The average primary load is calculated to be 

1884KWh/day.  It is assumed that this load is constant around the year. The 

afore-mentioned electric loads are considered as the primary loads 

(electricity demand that must be not immediately it arises) as second load 

type is also considered as the deferrable load. It is met only after the primary 

load has been satisfied except under critical condition.  The deferrable load 

includes activities like pumping water, charging batteries and fly wheels and 

heating water. Due to the nature of the load, it also determines the energy 

storage capacity of a system. The storage capital can be described as the 

amount of electricity required to fully satisfy the deferrable load. In this 

system, the deferrable load is the pump used in pumping of water into tanks 

available and the storage capacity is the amount of electricity required to full 

it. 

For the 500 households a minimum of 50,000 liters of water per day is 

required (i.e. 100 liter per family). To accomplish this, 14 pumps of 150w 

with a pumping capacity of 10 liters per minute operating for 6hr/day are 

assumed. The peak deferrable load is 2.1kw and the average deferrable load 

is calculated to be 12.6kwh/day. Assuming a water storage capacity of 4 

days, the corresponding electricity storage capacity is 50.4kwh. The total 

daily energy consumption for the community of 500 families is therefore the 

sum total of the primary load and the deferrable load, which adds up to 

1886kwh. The monthly deferrable load is presented in figure 4. 

 

HYBRID SYSTEM COMPONENT 

1.1 Grid:- In this study, grid connected renewable energy system is 

compared with grid only and renewable energy resource (RES) only 

system. In the grid connected RES, grid is used as standby supply. When 

energy supply is inadequate from RES due to bad weather, electricity 

from grid is consumed. 
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1.2 Photovoltaic (PV) Array:- The optional PV array size in KW for 

concerned load is determined in this study. PV array size is dependent 

on technical and economical parameter of PV panel. It is assumed that 

PV panel output is linearly proportional to incident radiation. Technical 

parameters of PV array are shown in table 1 below. 

 

Output current   DC 

Lifetime   20 years 

Azimuth angle   0 degree 

Ground reflection  20% 

Slope     22degree 

Derating factor  85.50% 

Table 1: Technical parameters of PV array. 

The economic parameters are also shown in table 3. Below charge 

controller is required to control charging and discharging of battery by 

PV array current and as HOMER does not providing this option the price 

of charge controller is merged with PV panel price.  

1.3 Wind turbine:- This study uses 10kw wind turbine manufactured by china 

company. Technical parameters of the wind turbine are shown in table 2 

below. Economic parameters of wind turbine are shown in table 3. 

 

Rated power   10kw 

Hub height   25m 

Lifetime   9years 

Rotor diameter   8m 

Number of blades  3 

Efficiency    0.85% 

 Table 2: Technical parameter of the wind turbine  

1.4 Battery and inverter: - As renewable resources like solar radiation and wind 

speed are seasonal, energy storage medium is required to get continuous 

supply of energy from RES. In case of grid connected RES electricity can 

be supplied reliably by using backup of grid supply and deep cycle load acid 

batteries. Electro solar deep cycle load acid battery is used in this study. The 

technical parameters are shown in table 3 below. 

Nominal capacity  130Ah 

Nominal voltage  12v 
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Round trip efficiency 80% 

Maximum state of charge 40% 

Float life   6years 

Maximum charge rate 0.4A/h 

Maximum charge current  52A 

Lifetime throughput  2230kwh 

Suggested value  2230kwh 

 Table 3: Technical parameters of load acid battery. 

The converter sizing is roughly in proportion to the size of the load it serves. 

Sizing for the case study converters therefore ranged from 20 to 45kw. 

Economic parameters of converter are shower in table 3. 

 

ECONOMIC ASSESSMENT OF SOLAR/WIND HYBRID ENERGY 

SYSTEM  

The decision whether to accept or reject a hybrid energy system for a given 

location depends on the economic viability and cost of energy. Some of the 

economic factors methods for appraising hybrid energy system after the 

design to determine for suitability are Net present value (NPV), Net present 

cost (NPC) and Cost of energy (COE). 

The HOMER software is mainly used to simulate the net present cost (NPC) 

and cost of energy (COE) of a hybrid energy system. The simulation inputs 

include. The initial capital, replacement cost, and operating and maintenance 

cost of each component of a hybrid energy system. Net present cost (NPC) 

means the present value of the costs of investment and operation of a system 

over its lifetime. Net present cost (NPC) in used as a main economic 

indicator to compare energy systems. 

The net present cost of an energy system is a summation of all costs involved 

in the life cycle of the energy system. The total net present cost comprising 

of the following costs: capital investment, non-fuel operation and 

maintenance costs replacement costs, energy costs (fuel cost plus any 

associated costs), and any other costs. If a number of options are being 

considered then the option with the lowest net present cost will be the most 

favorable financial option. When alternatives have same life expectedly and 

cost than the only major consideration is the NPC, and it can be 

mathematically written as: 
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𝐶𝑁𝑃𝐶= 𝐶𝑂 +  𝐶𝑟𝑒𝑝 +  ∑
𝐶𝑡

(1 + 𝑖)𝑡

𝑁

𝑡=1

 − 𝑆𝑉𝐶𝐴 =  𝐶𝑁𝑃𝐶  𝑋 𝐶𝑅𝐹 … … … … … … (1) 

                But, 

                     CA = CAPC  x  CRF   ………………………………………(2) 

where:  CNPC  is the NPC of the energy system  

 Co  is the cost of initial investment  

 Crep  is the replacement cost (at t = o), 

 Ct  is the total annualized cost of the system (N/year) 

 I  is the annual real interest rate (%) 

 SV  is the salvage value (at t = o), 

 CRF is the capital recovery factor which is give as: 

CRF = i(I + i)N            ……………………………………………..(3) 

                     (I + i)N - 1 

Where: N is the energy system lifetime and i is the annual interest rate to 

the energy system life time. 

Cost of energy (COE) is the price at which electricity can be generated 

from a given sources to break even. It is an economic assessment of 

energy operating plant which includes all the costs over its life period 

such as the initial investment and the operation and maintenance. 

The COE of the system is evaluated as follows (Paul, 2012) : 

COF = Ct           ……………………………………………..(4) 

                       Et 

Where, Ct and Et are the total annualized cost and total electricity 

consumption respectively. 

In sustainability analysis, smaller values of NPC and COE main a less 

payment to match the same electricity load. For achieving a sustainable 

economic efficiency, it is to minimize these two types of cost. 

 

RESULTS 

Solar energy potential  

Regarding solar energy potential there is no accurately recorded solar radiation 

data base in the country, instead only sunshine hour data was available. 

Empirical formulas used to estimate the solar radiation from available sunshine 

duration data obtained from the archive of National Aeronautics and space 

administration renewable energy resources (NASA) data website for same 
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selected location in Nigeria. The monthly average global solar radiation for the 

location selected as shown in figure below.  

In this figure 4. The annual average daily global solar radiation is 4.96kW/m2 

day-1 in Abeokuta, 5.48kw/m2 day-1 in Maiduguri, 5.90kw/ m2 day-1 in Kano 

and 4.53km/ m2 day-1 in Warri. The clearness index which is availability of 

global solar radiation varies with geographical location and period of the year. 

Clearness index on the cities selected varies from 0.303 to 0.683. The least 

clearness index is in Warri of 0.303 in the month of July and the highest value 

is 0.683 in Kano in the month of April. 

 

Wind Energy potential 

The wind speed data used in this study were obtained from Nigerian 

meteorological Agency (NIMET), Abuja. The wind speed at were captured at 

10m height by a cup generator Anemometer. The monthly mean speed at the 

investigated location based on 211 years (1992-2012) wind speed data is 

presented in figure 5 below. It shown that the monthly wind speed very between 

2.03m/s in January to 2.66 m/s in April for Abeokuta; 1.61m/s in October to 

3.16m/s in January for Abuja; 1.73m/s in December to 2.41m/s in July for 

Enugu; 2.75m/s in November to 3.76m/s in February for Kano; 2.22m/s in 

October to 4.01m/s in March for Maiduguri; 1.73m/s in December to 2.74m/s 

in July for Warri. The annual mean wind speeds and the correspond power 

density (assumed that air density is 1.225kg/m2) for each location are 

determined as: Abeokuta (2.42m/s, 8.68W/m2), Abuja (2.45m/s, 9.01 W/m2), 

Enugu (2.35m/s, 7.95W/m2), Kano (3.46m/s, 25.15W/m2), Maiduguri (3.52m/s, 

26.71 W/m2) and Warri (2.31m/s, 7.55 W/m2). 

CONCLUSION 

The feasibility study for the hybrid system is based on findings of the wind and 

solar energy potential at six selected location  from the results, the wind energy 

potential of all selected site are not attractive enough for the total electricity 

demand of 1886kwh for 500 families. This is as a result of the low wind speed 

profile recorded at low altitude 10m for the selected location. Abeokuta, Abuja, 

Enugu, Maiduguri, Kano and Warri having a mean annual wind speed of 2.42, 

2.45, 3.52, 3.45, and 2,31 m/s, respectively for 21 years available data. 

Hybrid energy system are not only economic and environmental being, but also 

capable of offsetting the problems with the stochastic fluctuations in climate 

parameters. They seem to be potentially beneficial for remote locations where 
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conventional fuel supplies are not available or affordable (Adaramola, 2012). 

Also, among the various techniques for green operation in the literature, wind 

and color energy are commonly used because they are both technically and 

environmentally viable option. In addition, they are ubiquitous and freely 

available.  

By using hybrid energy system; access rate to electricity in the rural area of the 

selected locations where national electricity grid extension could be difficult or 

expensive to achieve can be increased. These would bring about constant and 

reliable electricity supply in the rural area. The reliable supply of electricity 

through the hybrid system can improve the standard of living and economic 

activities of the rural habitants. 
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