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I. INTRODUCTION 

 

Energy consumption in the 21st century is undisputedly 

unprecedented due to high increase in demand. Utilization of 

energy from renewable sources for power generation is highly 

indispensable in the current spate of global development. 

Amidst global energy crisis, the use of renewable energy 

systems for electric power generation is abruptly an essential 

solution to the prevailing phenomenon of global energy crisis. 

Energy crisis across different parts of the world have created 

some adverse effects on the socio-economic life of human 

populace. In some developing countries, social existence and 

economic realistic index is severely below standard due to 

shortage of modern energy supply. In the context of 

predominance theory, the global supply of electric power 

generation relies heavily on fossil fuels. Combustion of fossil 

based fuels have been the major source of greenhouse gases 

(GHGs) causing reduction of ozone. Emissions of carbon 

based compounds during combustion of fossil fuels have 

potential capability to jeopardize global atmospheric 

reliability. The destruction of ozone layer is the main 

anticipated cause of rise in global temperature.  

However, electrical energy engineers, rights activists and 

environmental experts have stimulated support for utilization 

of renewable sources of energy for atmospheric de-

carbonization. Therefore, contemporary energy related 

challenges integrate depletion of fossil fuels and critical 

environmental concepts. The grasp that fossil based energy 

sources are becoming insufficient couple with the fact that 

climate change is related to carbon-based emissions has 

Abstract: Autonomous diesel-based power system infrastructure in off-grid rural areas has a long time well-known 

history in many developing countries. However, successful operations of many of the standalone energy system have been 

obstructed by unexpected soaring price of the fuel (diesel) used. Realistically, threatening economic challenges mostly 

experience in rural areas of Nigeria and poor rural infrastructure such as inadequate road network are recounting 

setback related to fuel importation to such geographically isolated locations. This makes it difficult to completely rely on 

diesel power plant for electricity generation in remote villages in the country. The present days’ quest for emission 

reduction from energy systems couple with the intention for rural electrification has fostered aggressive research 

directives for renewable energy for sustainable development. Thus, this research investigates the techno-economic 

feasibility of a hybrid renewable energy system in a rural village (Osochokodo) as case study. For the off-grid 

electrification of the village, various combinations have been obtained for the hybrid systems with PV, micro-hydro 

turbines, batteries, convertors and generators from the HOMER optimization simulation. From the optimal simulation 

result table the most cost effective system, i.e. the system with the lowest net present cost, is the PV micro hydro battery 

converter configuration and the cost of energy (COE) is 0.044$/kWh, and renewable resources fraction is approximately 

99% from this we can easily observe that almost the total portion of energy production is from renewable energy sources. 
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encouraged awareness in sustainable energy development [1] 

and [2]. From a realistic point of view, an implementation of 

micro-power off-grid hybrid integrated energy systems 

involves lots of techno-economic issues for proper design and 

operational strategies [3]. Consequently, this study presents 

the techno-economic analysis of integrated hybrid 

Solar/Micro-hydropower/diesel/battery based on a case study 

of rural community (Osochokodo) in Nigeria using the 

localized site data and data from the website of National 

Aeronautics Space and Administration (NASA).   

 

 

II. ENERGY, ENVIRONMENT AND SUSTAINABLE 

DEVELOPMENT 

 

There is a strong connection amongst energy demand and 

per capita GDP, the Human Development Index (HDI) and 

other procedures of development progress [4]. While this 

relationship is predisposed by enhancements in energy 

efficiency and is weaker at developed levels of per capita 

energy demand, escalations in energy consumption are, for 

most people in the world, connected with surges in income 

and in security [5]. Growth in economy is also directly linked 

with energy. There are different opinions on the understanding 

of this relationship [6, 7], but certain features are clear. 

Unpredictable power supplies and a lack of energy restrain 

growth. Insufficient power provisions are estimated to have 

reduced growth rates in some West African countries by 

0.25% per year [8]. The costs of back-up sources of power and 

output lost during power outages in Africa amount to 1–4% of 

GDP [9]. Variations in oil costs also have an influence on 

growth in both oil exporting and oil importing countries [10]. 

Analysis by the Overseas Development Institute (ODI) 

discovered that one-third upsurge in oil costs over a two-year 

period would lead to a 1% decrease in GDP in sub-Saharan 

Africa, and as much as 4% decrease in the poorest countries 

[11]. 

Energy is a critical aspect in poverty reduction and wealth 

amelioration, and access to contemporary energy (defined as 

electricity, safe and clean fuels, and mechanical power) is 

known as a precondition for the achievement of the 

Millennium Development Goals [12] and [13]. 

Access to energy permits people to perform the operations 

of domestic needs like heat, cools and cook, use telephones, 

televisions and radios and to transport themselves and their 

goods from one point to the other, benefit from better health 

and education facilities, and earn a living. Access to modern 

energy for cooking expands energy productivity, increases the 

health status of women and children (most vulnerable) by 

reducing their problem of accumulating fuel (inform of 

firewood) and reducing indoor air pollution. Access to energy 

broadens people’s livelihood choices and supports their 

flexibility in the face of climatic condition changes [14]. 

 

 

III. HYBRID ENERGY SYSTEM 

 

A hybrid energy system is the one that uses the method of 

combining one or more of renewable energy resources such as 

wind, micro/mini-hydropower, solar and biomass with other 

related technologies such as diesel generator and batteries. 

Off-grid hybrid power generation as it is, the hybrid system 

offers efficient, sustainable and clean power that will in 

several circumstances be more cost-effective than utilizing 

single energy resource for power generation. Henceforth, 

renewable energy options have progressively becoming the 

ideal solution for autonomous power generation, [15]. 

Survey of literature is a critically important concept in 

research study based on the quest to fill the existing research 

gap identified in a specific subject area. In context of hybrid 

energy system implementation, many research papers have 

been published based on different research findings. However, 

different software has been exploited to carry out the optimal 

analysis and system operational configuration based on 

specific sites. Consequently, some of the important research 

works in the area of hybrid renewable energy systems for 

power generation are therein presented in this study. A work 

conducted by [16] focused on the design and implementation 

of renewable based energy system for domestic application in 

Khartoum (Sudan) for electric power generation. The study 

focused on hybrid PV-battery integrated energy system and 

presents that there is situation of high cost of the system for 

single users but however, established that for cluster of users 

the system is economically viable. In the framework, 

optimization and simulation was carried out for individual 

households in addition to a cluster of other households 

comprising of 10 to 25 in numbers for techno-economic 

benefits. Results revealed that the cost of energy (COE) for 

individual home energy user is about 49.5 SP/Wh, for 10 

households it is approximately 25.8 SP/Wh while the value of 

about 20.1SP/Wh is obtained for 25 households. In another 

study, hybrid off-grid integrated energy system was studied in 

the research presented by [17] for rural electrification 

considering the Kingdom of Bhutan as case study. The system 

was designed for simple load supply services at four different 

sites (Gasa, Lunana, Getena and Yangtse). Results obtained 

shown that in Gasa and Lunana PV/battery is economically the 

best option while diesel/PV/battery hybrid system is suitable 

for Getena from the same economic point of view. Application 

of wind/battery system was reported to be most appropriate for 

Yangtse spot. 

 

 

IV. METHODOLOGY AND RESEARCH INSTRUMENT 

 

The methodology of sizing the hybrid power system study 

in this work is shown in the flow chart of Fig. 1. Literature 

resources on renewable hybrid power system is first reviewed 

and then followed by system input data consideration based on 

the localized site data and system design component selection. 

HOMER software is applied to carry out simulation, 

optimization and sensitivity analysis. 
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Figure 1: Flow chart of the project implementation strategies 

 

 

V. DESCRIPTION OF RESEARCH INSTRUMENT 

 

Hybrid Optimization Model Electric Renewables 

(HOMER) is a computer software model for the purpose of 

designing a remote area distributed generation comprising 

renewable energy systems in a grid-connected or off-grid 

operational mode. The software package was developed by the 

National Renewable Energy Laboratory (NREL) in the United 

States of America (USA). The purpose of developing the 

computer based programme is to help integrate renewable 

energy into a small-scale power system. Specific areas of 

applications of the software are optimization, simulation and 

system sensitivity analysis for techno-economic feasibility. 

The conventional behaviour of the HOMER software is such 

that it simulates a power system based on the input parameters 

(electrical load, renewable energy resources, conventional 

energy source, component technical costs and specifications, 

system dispatch strategy and controls). These enable it design 

an optimal configuration of a micro power plant with potential 

capability to serve a desired load in a rural districts. In the 

optimal design strategy, effective result is such that ensure 

most excellent feasible matching between supply and demand 

of electric load obtained on the circumstance of low cost of 

energy dispatch. Therefore, the possible means of getting the 

most excellent result using HOMER is to allow the software 

perform three basic computer programmes of simulation, 

optimization and sensitivity analysis of the model inputs in the 

design. Additionally, there is other renewable energy software 

but the purpose of choosing HOMER is based on reliability 

and multi-objective nature.  

Month Flow rate (Litre/Sec.) 

January 690 

February 610 

March 880 

April 1,040 

May 1,590 

June 10,990 

July 34,080 

August 46,640 

September 36,750 

October 12,240 

November 2,240 

December 1,440 

Flow Rate Average 12,433 

Source: (Kogi State Ministry of Environment & Water 

Resources) 

Table 1: Average flow rate of stream across the year of the 

study site 

Month Clearance 

Index 

Daily Radiation 

(kWh/m
2
/day) 

January 0.623 5.770 

February 0.582 6.480 

March 0.521 6.320 

April 0.572 6.120 

May 0.586 6.050 

June 0.535 5.430 

July 0.458 4.680 

August 0.479 4.130 

September 0.536 5.550 

October 0.620 6.180 

November 0.740 6.460 

December 0.736 6.660 

Source: National Aeronautics Space and Administration 

(NASA) 

Table 2: Clearance index and daily radiation of the study site 

 

 

VI. PRIMARY AND SECONDARY DATA COLLECTION 

 

The design of autonomous PV/ micro hydro/battery 

hybrid power supply system for rural electrification of about 

eight hundred and twenty one (821) households presently 

living in the case study community (Osochokodo, Kogi-

Central, Nigeria), with an average of seven (7) members per 

household considering the data obtained from Kogi State 

Ministry of Rural and Infrastructural development is the 

cardinal point of this research. Importantly, the timing of 

deferrable load is not very important such that it could be 

utilized at any point of time. The primary load in the study 

area mainly consists of lighting points, portable DVDs, 

pressing iron, televisions, mobile charger, PC, radio receivers 

and refrigerators. It is assumed that the load consumption of 

the villagers during the working days will be different from 

weekends and holidays. The electric load proposals for the 

households have been categorized into two as large consumer 

houses and low consumer houses respectively based on their 

means of income. Two hundred and twenty one (221) houses 

have been classified as large consumer houses and six hundred 

(600) houses as low consumer houses.   Presently, there is no 

electricity supply to the rural area but energy consumed at 

individual household is supplied on self-maintained household 

petrol generators. Traditionally, electricity demand in the area 
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will increase with time especially when electricity is made 

available to the area which could thereby attract some socio-

economic activities.  

S/N Data collected Value Source of Data 

1 Number of 

worship centres 

2 Okene L.G.A 

administrative 

Office 

2 Number of 

primary school 

2 Okene L.G.A 

education office 

3 Number of 

health facility 

2 Okene L.G.A health 

office 

4 Net head of 

stream 

22 m Measurement using 

GPS 

5 Cost of 

renewable 

energy 

equipment 

- Sourced from online 

mart websites 

6 Village 

population 

density 

3,010 Population 

commission, Lokoja 

Office-2006 

7 Village present 

population 

5,856 Population 

commission, Lokoja 

Office-2006 

8 Flow rate of 

stream (1985-

2010) 

31 

years 

average 

Kogi State Ministry 

of water resources 

9 Solar radiation 

data 

20 

years 

average 

NASA 

Table 3: Primary and Secondary data collected for the village 

under study 
Large  Consumer Houses (221) 

S/N Device 

description 

Rated 

Power (W) 

Quantity Load for 221 

Large 

houses(kW) 

Operatin

g 

hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Radio at 

working 

days 

25 1 5.525 4 22.100 

2 Radio at 

weekends 

25 1 5.525 9 49.725 

3 TV(29’’) 100 1 22.1 6 132.600 

4 Lighting 15 5 0.075 7 116.025 

5 Heating 

panel 

3000 1 663 2 1326 

6 Cooking 

stoves 

1000 1 221 3 663 

7 Miscellaneo

us 

18 1 3.978 24 95.472 

 Sub-total   921.203  2404.922 

Low Consumer Houses (600) 

S/N Device 

description 

Rated 

Power (W) 

quantity Load for 600 

Low 

houses(kW) 

Operatin

g 

hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Radio at 

working 

days 

25 1 15 3 45 

2 Radio at 

weekends 

25 1 15 8 120 

3 TV(29’’) 100 1 60 4 240 

4 Lighting 15 4 36 7 252 

5 Miscellaneo

us 

18 1 10.8 24 259.2 

 Sub-total   136.8  916.2 

General Public Loads Demand 

(1) Worship Centers Loads Demand 

S/N Device 

Description 

Rated 

Power 

(W) 

Quantity Load for 2 

Worship 

Centers(kW) 

Operatin

g hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Megaphone 16 8 0.256 4 1.024 

2 Lighting 15 20 0.6 4 2.4 

3 Miscellaneo

us 

18 1 0.036 24 0.864 

 Sub-total   0.892  4.288 

(2) Primary Schools Load Demand 

S/N Device 

Description 

Rated 

Power 

(W) 

Quantity Load for 2 

Primary 

Schools(kW) 

Operatin

g hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Computers 100 5 1 5 5 

2 Lighting 

(Offices) 

15 8 0.24 5 1.2 

3 Lighting 

(Classroom

s) 

15 28 0.84 3 2.52 

4 Miscellaneo

us 

18 1 0.036 24 0.864 

 Sub-total   2.116  9.584 

(3) Primary Healthcare Loads Demand 

S/N Device 

Description 

Rated 

Power 

(W) 

Quantity Load for 2 

Healthcare 

(kW) 

Operatin

g hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Water 

Heater 

1000 1 2 8 16 

2 Microscope 20 1 0.04 8 0.32 

3 Vaccine 

Refrigerator 

65 1 0.13 24 3.12 

4 Lighting 15 8 0.24 10 2.4 

5 Medium 

Refrigerator 

250 1 0.5 24 12 

6 Miscellaneo

us 

18 1 0.036 24 0.864 

 Sub-total   2.946  34.704 

Other Loads Demand 

S/N Device 

Description 

Rated 

Power 

(W) 

Quantity Load for 

other 

demands 

(kW) 

Operatin

g hours 

(Hr/day) 

Daily 

Energy 

Demand 

(kWh/day) 

1 Flour Mill 8500 1 8.5 8 68 

2 Pump 1500 3 13.5 6 81 

3 Tomato 

Paste 

processing 

plant 

4500 2 9.0 3 27 

 Sub-total   31  176 

 Total Daily 

Energy 

Demand 

  1094.957  3545.698 

Table 4: Analysis of load demand of the case study community 

 

 

VII. RESOURCES INPUT TO HOMER 

 

The resources, its corresponding values and the respective 

sources of data inputted into the HOMER software are 

presented in the table 5. 

S/N Resources Mean Value Source of Data 

1 Solar 

radiation of 

the study 

area 

5.09 kWh/m
2
/d; 

Lat. 7.55
0
 N and 

Long. 6.23
0
E 

NASA 

2 Flow rate of 

stream 

(Average) 

12,433 Lit./Sec. Ministry of 

Environment & 

Water 

Resources 

3 Stream net 

head 

22 metres Site GPS 

measurement 

4 Primary load 

demand 

3546 kWh/day, 

147.7kW 

average, 435kW 

peak 

HOMER 

5 Designed 

flow rate 

599.8 Litres/Sec. After several 

iterative 

simulations 

6 Diesel 1.0-1.5 ($/Litre) Local Mart 

Table 5: Resource inputs to HOMER 
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VIII. SIMULATION RESULTS AND DISCUSSION OF 

RESULTS 

 

The inputted data into the HOMER simulation software 

described the primary load, and hybrid system components 

and its costs (PV module, Hydro turbine, Battery bank, 

converter and Generator 1) and different sizes as mentioned so 

far in the previous sections. The system’s simulations are 

performed by HOMER for each of the 8,760 hours in a year. 

The simulation output consists of several combinations of 

each source, with initial capital and net present cost of each of 

them. The monthly average solar radiation of the village is fed 

into HOMER as shown in Table v. Energy exploitation using 

solar based energy system is one the vast and growing RE 

technologies in the world today with characteristic 

environmentally friendly potential. Solar based electricity is 

being pursued across different regions in the world but 

depending on solar radiation of the area. Utilization of solar 

energy can cushion the endeavour to reduce the current level 

of global dependence on fossil fuels for electricity generation. 

Solar radiation of tropical countries is sufficiently high to 

sustain electric power generation. The solar data for the site 

investigated in this study is not available locally but obtained 

from the National Aeronautics and Space Administration 

(NASA), United States of America, based on the geographical 

co-ordinates of the local site. Thereafter, monthly clearness 

index and daily radiation with respect to monthly average for a 

period of one year is generated by the HOMER as shown in 

the Fig. 2 while Fig. 3 shows hydro resource of the rural 

village. 
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Figure 2: Solar radiation and clearness index of the study 

area (NASA) 

 
Figure 3: Stream Flow Average of the study community site 

 

 

IX. OPTIMIZATION RESULTS 

 

For the off-grid electrification of Osochokodo village, 

various combinations have been obtained for the hybrid 

systems with PV, micro-hydro turbines, batteries convertors 

and generators from the HOMER optimization simulation. 

From the optimal simulation result Table 6, the most cost 

effective system, i.e. the system with the lowest net present 

cot, is the PV micro hydro battery converter configuration the 

cost of energy (COE) is 0.044$/kWh, and renewable resources 

fraction is 99% from this we can easily observe that almost the 

total portion of energy production is from renewable energy 

sources. This setup could be a good choice for implementation 

because the system is almost from renewable energy sources. 

 
Table 4: Overall optimization results 

 Fig. 4 shows the energy produced by percentage by the 

hybrid sources. An overview of the figure exhibits that the 

most important part of the energy comes from hydropower 

which is as high as 94% and just a share of 6% produce by the 

PV array and 1% from diesel power plant. This scenario 

implies that even if the major part of the energy is produced 

by hydro power, the photovoltaic system covers 6% of the 

total energy demand by the village. Based on optimization 

result the most feasible hybrid configuration is 35kW PV, 

94.2kW hydropower, 80 Surrett6CS25P battery and 70kW 

inverter and 52.5kW rectifier. The NPC of the hybrid system 

is $394,819 and the cost of energy for the hybrid system is 

0.044$/kWh, which is relatively lower than the current 

electricity tariff of Nigeria, that is $0.05/kWh.  

 
Figure 4: Energy produced by percentage in the hybrid 

sources 

 

 

X. CONCLUSION 

 

This project work aimed to explore the techno-economic 

feasibility and design a hybrid power generation system which 

comprises of PV arrays, Micro hydro with battery banks using 

a conventional diesel generator as back-up system. The hybrid 



 

 

 

Page 146 www.ijiras.com | Email: contact@ijiras.com 

 

International Journal of Innovative Research and Advanced Studies (IJIRAS) 

Volume 3 Issue 8, July 2016 

 

ISSN: 2394-4404 

system is designed to supply electricity to the village, which is 

equipped with residential loads, a health post and primary 

school, and some agricultural activities, to improve the life of 

people as well as the infrastructure in the village where they 

are detached from the central grid. The study of the renewable 

potentials of the site is based on the data sourced from the 

average solar radiation data obtained from the NASA surface 

metrology, and the average stream flow obtained from 

Ministry of Rural and Infrastructural development, Kogi State. 

HOMER does the analysis of the renewable energy resources. 

From the results, the hydro potential of the site is found to be 

considerably high, and adequate for supplying the village in 

the current and near future electric power demand of the 

village. However, incorporating a PV panel also ensure the 

unforeseen increase in energy demand for the rural 

community. The results obtained confirmed the availability of 

ample solar energy at the site with an average radiation. The 

results obtained from the software gave numerous alternatives 

of feasible hybrid systems with different levels of renewable 

resources penetration, which their choice sorted by changing 

the net present cost of each set up. In General, this study 

demonstrates the technical, economic and environmental 

impact of the off-grid system. 

 

  

XI. CONCLUSIONS BASED ON THE RESEARCH 

FINDINGS 

 

 Technically, the results of the hybrid system study in this 

project revealed that 94% of the energy is supplied by 

hydropower generator and the PV module covers only 6% 

of the total load consumption. Thus, the PV may not be 

considered as a priority electricity generator in this case.  

 The hybrid system studied in this project is cost 

competitive with 0.044$/kWh, which is less than the 

present 0.05$/kWh in Nigeria. 

 The hybrid system exhibited a very large fraction (99%) 

of renewable, thereby has high tendency to contribute to 

sustainable environmental dignity from the point of 

emission reduction.   

It is no doubt that increasing demand for global energy 

consumption in the coming years is apparent due to soaring 

demand for socio-economic activities. In addition, rapid global 

increase in human population coupled with depleting fossil 

fuel sources is undisputedly validating the necessities for 

pursuing alternative approaches to conventional power 

generation in order to increase the global capacity for energy 

supply. Growing socio-economic activities have tendencies to 

raise concerns for environmental damages. Exploitation of 

renewable energy sources is fast becoming an obligatory trend 

to minimize energy crisis and protect environmental dignity. 

However, quite a number of renewable energy systems have 

been designed and developed to supply electricity to far-flung 

off-grid communities. Applications of renewable energy 

sources such as wind energy, solar energy, geothermal energy 

and hydropower in off-grid locations are constructive strategic 

approach to electrification options to gain access to modern 

energy. Aggressive deployment of integrated renewable 

energy systems could provide strategies to reduce greenhouse 

gas (GHG) emissions orchestrating from conventional power 

generation. Technically, there are challenges of energy 

management while using renewable energy generators due to 

unpredictable nature of alternative energy sources. Utilizing a 

single source of renewable energy for power generation is 

characterized with the inability to harness usable electricity 

continuously for some extensive duration of time over the 

year. Harvesting renewable energy especially wind or solar 

energy system is critically associated with some drawbacks 

such as power quality problems and restricted supply 

continuity due to unpredictable weather conditions. In 

consequence, trends are in evolution to combine two or more 

renewable power generators to eliminate the stochastic 

behaviours of the power output from renewable energy 

sources. The integrated renewable energy systems are called 

hybrid energy systems and they can be operated in off-grid or 

grid-connected configuration. An optimal design and 

implementation of hybrid power system based on renewable 

energy sources can be operated with sustainable investment in 

off-grid or grid connected mode. The operation of hybrid 

renewable energy systems require new architectures, 

capabilities and control strategies. Therefore, following 

recommendations are made based on this study: 

 The implementation for this hybrid system in the village 

can serve as a pilot system for the whole country. This 

will build for more research, study and analysis.  

 As far as the environmental aspects are concerned, this 

kind of hybrid energy systems have to be wide spread in 

order to cover the energy demands of rural communities 

in the country.  

 Future researchers should extend such a research work in 

other potential sites and make the rural people reap the 

benefits of renewable energy for sustainable development.  

Conclusively, government and energy stakeholders in the 

country should brainstorm on aggressive development of 

renewable energy in line with Kyoto protocol to fit into the 

global agenda of power sector de-carbonization. 
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