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Abstract 

Rising concerns about global energy security and climate change due to emissions of 

noxious gases resulting from the combustion of fossil fuels have strongly renewed 

interest in renewable energy development. These concerns have also coordinated a 

reaction towards the global focus on a clean development mechanism, which is a basic 

strategy endorsed in the framework of the Kyoto Protocol. Several benefits abound for 

using renewable energy sources like emission reduction, lowering of cost and 

technological gain. 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 focused on the optimum design of a hybrid energy system for an isolated 

community (Osochokodo) as case study. For the design of off-grid electrification of 

the study community, 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 0.043$/kWh ($1 is 

equivalent to N470 in parallel market as at October 15, 2016), 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.  

 

Keywords: Energy crisis, Hybrid power system, Sustainable development, HOMER, 

NREL, RE, COE 

 

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 (Peidong 

et al., 2009). Amidst global energy crisis, the use of renewable energy systems for 

electric power generation is abruptly an indispensable solution to the prevailing 

phenomenon of global energy crisis. Energy crisis across different parts of the world 
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have created some adverse effects on the socio-economic life of human populace 

(Kellogg et al., 1996). In some developing social existence and economic realistic 

index is severely below standard due to shortage of modern energy supply. Currently, 

the global supply of electric power generation relies heavily on fossil fuels. 

Combustion of fossil based fuels has been the major source of greenhouse gases 

(GHGs). Emissions of carbon based compounds during combustion of fossil fuels have 

potential capability to jeopardize global atmosphere. The destruction of ozone layer is 

the main anticipated cause of rise in global temperature.  

However, electrical energy engineers and environmental experts have canvassed 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 encouraged awareness in sustainable energy development 

(Hamzeh et al., 2011; Kaabeche et al., 2011; Kaabeche and Ibtiouen, 2014). 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. Consequently, this study presents the techno-economic analysis 

of integrated hybrid Solar/Pico-hydropower based on a case study of rural Nigeria 

using the localized site data.   

 

Concept of Solar Power System 

On a global scale, domestic energy application in building is very crucial. Energy used 

in buildings constitutes a significant percentage of global energy demand. In most 

cases, energy is utilized domestically for lighting, heating and cooling for air-

conditioning (Evbogbai et al., 2016). However, the world heavily relies upon fossil 

fuels combustion for power generation but persistence challenges are based on 

emissions concerns and fluctuation in oil prices. Recent developments in terms of 

energy generation perspectives have lifted operating scenarios in favour of renewable 

energy especially solar based energy because of the presence of sunshine in every part 

of the world (Umar, et al., 2016 a,b). Sun produces vast amount of energy called solar 

energy or solar radiation. Despite the considerable distance between the sun and the 

earth, the amount of solar energy reaching the earth is substantial. Hence, energy 

experts and scientists alike have taken to the quest to increase research and 

development (R&D) in solar energy application for electricity generation. The amount 

of solar radiation intercepted by the earth is called extra-terrestrial radiation. As it 

makes its way towards the ground, it is depleted when passing through the atmosphere. 

On average, less than half of extra-terrestrial radiation reaches the ground level but it 

is still sufficient enough to produce electricity for mankind especially on a clear day. 

In rural areas of most developing countries, solar energy is significant to increase 

energy supply to households. Application of solar photovoltaic system component for 

the purpose of electric power generation is shown in Figure 1. Many crystalline or thin 

film PV modules power a solar PV system. Individual PV cells are interconnected to 
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form a PV module for easy installation. PV cells are made of light-sensitive 

semiconductor materials that use photons to dislodge electrons to drive an electric 

current. 

 
Figure 1: Solar Photovoltaic System Component  

(http://www1.eere.energy.gov/water/hydro-turbine-types.html) 

 

Solar Power Characteristics and its Benefits for Energy Generation 

Solar irradiance is an instantaneous quantity describing the rate, or flux of solar 

radiation (power) incident on a surface, commonly expressed in units of kilowatts per 

square meter (kW/m2). Outside the earth’s atmosphere, the solar irradiance on a 

surface oriented normal (perpendicular) to the sun’s rays is essentially constant at 

1.36kw/m2. Due to atmospheric effects, the peak solar irradiance incident on a 

terrestrial surface oriented normal to the sun, at noon on a clear day is about 1 kW/m2. 

A solar irradiance level of 1kW/m2 is often called peak sun and is the reference 

condition commonly used to rate the peak electrical output of photovoltaic modules 

and arrays. Solar power generation has characteristic output electricity that depends 

on the approximate proportional intensity of the sun to the solar panel. In this case the 

approximate values of current and power generated are proportional to the intensity of 

the sun. Solar insolation is an amount of solar energy received on a surface commonly 

expressed in units of kilowatt-hours per square meter (kWh/m2). Solar insolation 

(energy) is essentially the average solar irradiance (power) integrated with respect to 

time. 

 

Motivation 

Energy consumption in Nigeria is highly constrained due to the deficit between 

demand and supply thereby resulting in socio-economic challenges (Bernal and Dufo, 

2009; Evbogbai et al., 2004). Most affected by the looming crisis of energy shortage 

http://www1.eere.energy.gov/water/hydro-turbine-types.html
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in the country are the rural dwellers (Peidong et al., 2009). Immediate measures are 

inevitable to alleviate the suffering of the majority of the rural dwellers that constitute 

a larger proportion of the country’s population (Nelson et al., 2006).  

Available literatures have established that the cost of electric power generation from a 

similar set up of hybrid system in two different areas could vary significantly 

depending on the optimization of some technical constraints involved. This study 

covers the assessment of the localized load estimates as well as the optimal system 

design and techno-economic analysis of an integrated hybrid energy system for a 

remote area in North-central Nigeria, (Osochokodo Village). 

 

Characterization of the Inverter System 

The rated power of the inverter system chosen for the design must be coherent with 

the rated power of the PV system with both having the same kW rating of electrical 

power.An inverter (converter) is a device that converts electric power from dc to ac in 

a process called inversion, and/or from ac to dc in a process called rectification. The 

converter size, which is a decision variable, refers to the inverter capacity, meaning 

the maximum amount of ac power that the device can produce by inverting dc power. 

The rectifier capacity, which is the maximum amount of dc power that the device can 

produce by rectifying ac power, as a percentage of the inverter capacity had been 

specified.The efficiency of the inverter system is assumed to be 85% and the initial 

cost obtained from vendor is $1000/kW and the replacement cost is $900/kW. No cost 

is estimated for the operating and maintenance (O&M) of the inverter system used in 

the design. 

Characterization of the Battery Energy Storage System (BESS) 

A BESS operates on the principle of energy conversion from electrical to chemical 

energy during a state of charging and vice versa in discharging context. Integration of 

BESS in this hybrid system design is to ensure that the solar PV share of the energy 

system is utilize to the maximum value with respect to the critical loads in an event of 

energy deficiency. The model of the BESS consider for the design is Surrette 6CS25P. 

BESS is battery bank which is a collection of one or more individual batteries. A 

battery is a device capable of storing a certain amount of DC electricity at fixed round-

trip energy efficiency, with limits as to how quickly it can be charged or discharged, 

how deeply it can be discharged without causing damage, and how much energy can 

cycle through it before it needs replacement. The key physical properties of the battery 

are its nominal voltage, capacity curve, lifetime curve, minimum state of charge, and 

round-trip efficiency. The capacity curve shows the discharge capacity of the battery 

in ampere-hours versus the discharge current in amperes.  

Manufacturers determine each point on this curve by measuring the ampere-hours that 

can be discharged at a constant current out of fully charged battery. Capacity typically 

decreases with increasing discharge current. The lifetime curve shows the number of 

discharge-charge cycles the battery can withstand versus the cycle depth. The number 

of cycles to failure typically decreases with increasing cycle depth. The minimum state 

of charge is the state of charge below which the battery must not be discharged to 
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avoid permanent damage. The round-trip efficiency indicates the percentage of the 

energy going into the battery that can draw back out. 

 

The General Concept of Hydropower Generation 

A hydropower plant consists of six major essential components as illustrated in the 

Figure 2. The construction of hydropower station starts with a dam as the most 

significant component of the power system. Dams for hydropower must be built with 

the purpose of impounding water on a river with sufficient amount of water throughout 

the year regardless of the seasons. In addition, a fundamental requirement is that a 

sufficient head must be created to allow for sustainable potential energy for electricity 

generation. 

 

 
Figure 2: Generation of Energy from Hydro 

(U, Umar et. Al 2016b) 

 

Hydropower in Hybrid Power System 

Most rural communities in the country are located close to the site of water source and 

some of them have capacity to produce small-scale hydroelectric power. The priority 

of Nigerian government to provide portable drinking water in rural areas is 

progressively slow which have forced up inhabitants of many rural villages to live 

close to source of natural water. Most of the rivers are capable of flowing throughout 

the year. In some of the rural locations, flowing water can be dammed artificially to 

hold a considerable quantity by volume of water to sustain their livelihood activities. 

The water can also be captured for the purpose of generating a community based small 

hydroelectricity. Hydroelectric power generated from such a watercourse can be 

combined with other power plant(s) to form a hybrid energy system for intermittency 

control and effective power plant sizing benefits. Figure 3 and Figure 4 present block 
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diagrams for hydropower based hybrid power system combine with other sources of 

energy. 

 

 
Figure 3: The Hybrid System Configuration with Energy Storage System 

 

 
Figure 4: A Block Diagram of Hydropower based Hybrid Power System with a Diesel 

Generator 

 

Materials and Method 

The materials involved the collection of meteorological data and the localised site data 

of the study location, HOMER software computer application is employed and average 

flow rate of stream on monthly basis is also collected. 

(Note: $1 is equivalent to N470 at parallel market as at October 15, 2016) 

 

Table 1: Primary and Secondary Data Collected for the Village under Study 

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 

AC Bus DC Bus 

Pico-hydropower 

generator 

Inverter 

(DC/AC) 

Solar PV 

 

Charge 

Controller 

Battery Bank 

 AC Load 

 

AC Bus 

Diesel 

generator 

Hydropower 

generator 

AC Load supply 
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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 (1999-

2013) 

17 years 

average 

Kogi State Ministry of water 

resources 

9 Solar radiation data 20 years 

average 

NASA 

 

Table 2: Analysis of Load Demand of the Case Study Community 

Large Consumer Houses (221) 

S/N Device 

description 

Rated 

Power(W) 

Quantity Load for 221 

Large 

houses(kW) 

Operating  

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 Miscellaneous 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) 

Operating  

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 
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5 Miscellaneous 18 1 10.8 24 259.2 

 Sub-total   136.8  916.2 

General Public Loads Demand 

(1) Worship Centers 

S/N Device 

Description 

Rated Power 

(W) 

Quantity Load for 2 

Worship 

Centers(kW) 

Operating 

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 Miscellaneous 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) 

Operating 

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 

(Classrooms) 

15 28 0.84 3 2.52 

4 Miscellaneous 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) 

Operating 

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 Miscellaneous 18 1 0.036 24 0.864 

 Sub-total   2.946  34.704 
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Other Loads Demand 

S/N Device 

Description 

Rated Power 

(W) 

Quantity Load for other 

demands (kW) 

Operating 

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 

 

The summary of Economic input into HOMER software is stated in Table 3. The 

values in Table 3 are principally selected according to the size of the load demand of 

the study community. These inputs are the main strategies for choosing the sizes of 

the power system components. The costs are projected based on the existing local and 

global prices of the components presently. Additional inputs into the HOMER 

software, for instance the range of sizes for the PV, converter, lifetime of the 

equipment and battery are given in order to assure flexibility to the software and 

optimize the results output. 

 

Table 3: Economic Input to HOMER 

Equipment 

Description 

PV 

Panel 

Hydro 

Turbine 

Diesel 

Generator 

Battery Converter 

Size of 

Energy 

equipment 

1kW 1kW 1kW 1156Ah, 6V 1kW 

Capital cost 

($) 

2,750 682 500 1250 900 

Replacemen

t cost ($) 

2,500 545 400 1100 900 

O&M 

cost($/yr) 

$5/y 

 

27 $0.05/h 

 

15$/y 

 

18 

Sizes 

considered 

(kW) 

0,25,30

, 

35,40 

  16,24,32,40,48,

56,64,72,80,130 

 

0,30,35,40,

45,50 
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Quantities 

considered 

   48 

 

 

Life time  

 

25 y 

 

25 y 

 

12000 h 

 

9,645kWh 

(lifetime 

thought) 

15 y 

 

 

Table 4: Resource Inputs to HOMER 

S/N Resources Mean Value Source of Data 

1 Solar radiation of 

the study area 

5.09 kWh/m2/d; Lat. 7.550 

N and Long. 6.230E 

NASA 

2 Flow rate of 

stream 

(Average) 

12,433 litres/s Ministry of Environment 

& Water Resources 

3 Stream net head 22 m Site GPS measurement 

4 Primary load 

demand 

3546 kWh/day, 147.7kW 

average, 435kW peak 

HOMER 

5 Designed flow 

rate 

599 litres/s After several iterative 

simulations 

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

 

Table 5: Clearance Index and Daily Radiation of the Study Site (NASA) 

Month Clearance Index Daily Radiation (kWh/m2/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 
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Table 6: Average Flow Rate of Stream across the Year 

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: (KSMEWR) 

 

Hybrid System Design 

The PV/ Micro hydro hybrid power generation system creates use of the solar PV and 

hydro turbine for electricity production as the principal source to meet up the load 

demand. The arrangement of PV/ micro hydro hybrid system is investigated for several 

PV array sizes and quantity of battery banks including a diesel generator based as a 

replacement system. The charge controller has to charge the batteries with energy 

available from PV modules and hydropower sources. The objective of PV/ micro 

hydro hybrid system is to offer clean, effective and viable power from freely available 

renewable energy sources. The diesel generator functions only when the system 

blackout (power outage) occurs and delivers power for most essential loads (clinics, 

pumping, and schools e.t.c.) first. The diesel based generator does not reflect as key 

part of the hybrid system instead it is used as a standby source of power. HOMER 

software is used to execute the modeling of the hybrid energy system and to 

accomplish the techno-economic analysis.Power system physical performance is 

perfected with the use of HOMER software and its life cycle cost as well, which is the 

cost of installing and operating the system over its lifetime. HOMER permits the 

system performance investigator to relate numerous different design possibilities built 

on their technical and economic advantages. It also contributes in understanding and 

enumerating the effects of uncertainty or changes in the inputs parameters. Though, 

HOMER is used to achieve the goal of this research. As stated earlier, the main 
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objective of the research is to design PV/ micro hydro/ battery and diesel generator 

backup to serve as standby for off-grid power generation systems for the study area to 

meet their load demand requirements. The Figure 5 shows the HOMER design 

architecture of hybrid energy system for an isolated community in Nigeria.   

 

 
Figure 5: HOMER Design architecture of Hybrid Energy System for an Isolated 

Community in Nigeria 

(HOMER Software) 

 

Description of Research Instrument 

Hybrid Optimization Model Electric Renewable (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 

μ-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 



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

249 

Vol. 19 No.5 

September, 2020. 

programmes of simulation, optimization and sensitivity analysis of the model inputs 

in the design. Additionally, there is other renewable energy software but the choice of 

HOMER is based on reliability and multi-objective nature.  

 

Load System Description 

A study of load demand profile is a very important concept in the design of energy 

system. It is a fundamental criterion upon which the energy system design can be 

planned, designed and implemented for meeting the demand of electricity consumers. 

Besides, evaluation of the load profile is also a criterion upon which electric power 

load demand can be forecasted. Daily electrical load demand of the study area is 

presented in Figure 6. The monthly load profile of the study area as generated by 

HOMER is illustrated and also presented in Figure 7. The load profile of the study 

area is formulated based on the specify survey conducted on the primary load demand 

with respect to the rating of domestic appliances and their corresponding operating 

point in time. The expected load profile of the study area is formulated based on the 

specified house-to-house survey conducted on the primary and deferrable load demand 

with regards to the rating of domestic appliances and their corresponding total number. 

A primary load is a sort of load demand that have to be met instantaneously while 

deferrable (street lighting, water pumping machines, etc.) load is another type of load 

which must be provided within some period of time. Small scale agricultural industrial 

load was designed; two worship centers, two primary healthcare facilities and two 

primary schools loads were also designed for. 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 
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household is supplied on self-maintained household petrol generators. Traditionally, 

electricity demand in the area will increase with time especially when electricity is 

made available to the area which could thereby attract some socio-economic activities. 

 

 
Figure 6: A Typical Daily Hot Weather Load Profile (HOMER) 

 

 
Figure 7: Monthly Load Profile of the Study Area (HOMER) 

 

The software HOMER offers two strategies and allows the users to model them 

together to realize the better option in any specific situation. These dispatch strategies 

are known as load following and cycle-charging. In the load-following strategy 

scenario, a generator delivers sufficient power to serve the load and battery bank is not 

to be charged. Under the cycle-charging approach, when a generator operates, it 

operates at the battery maximum rated capacity and charges the battery bank with the 

available excess. Cycle-charging (CC) and load-following (LF) dispatch strategies all 

together are analyzed to fix an optimal scenario in a given time.  

 

Categorization of Solar Radiation of the Study Area 

Energy exploitation using solar based energy system is one of the vast and growing 

renewable energy (RE) technologies in the world today with characteristic 

environmentally friendly potential. Solar based electricity is being pursued across 
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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 latitude 7.55oN and longitude 6.23oE 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 Figure 8. The solar 

radiation data simulated by the HOMER indicated that solar radiation range is 

4.13kWh/m2/day in August to the peak value of 5.77 kWh/m2/day in January. The 

pattern observed is such that the scale annual average of solar radiation of the study 

area is 5.09 kWh/m2/day. The majority of the months with high solar radiation 

correspond to dry season (November-April) and consequently, the period of high 

energy demand resulting from hot weather. The clearness index is equal to the ratio of 

the global solar radiation on the surface of the earth to the extraterrestrial radiation at 

the top of atmosphere. The value estimated by HOMER depend on the variation of the 

magnitude of clearest weather conditions which is usually attributed to the highest 

value of 0.8 to the worst case overcast weather conditions with a typical value of zero. 

 

 
Figure 8: Solar Radiation and Clearness Index of the Study Area (HOMER Software) 
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Results and Discussion of Results 

Cost Analysis Concept 

The evaluation of the energy performance of a distributed energy system is a very 

significant task for the reason that it will help us compare the technical capability of 

different energy options to meet rural energy needs. In the same way imperative, an 

economic analysis of distributed energy systems can help us evaluate the cost 

effectiveness of multiple energy options. The costs of a hybrid system include 

purchase costs, operating costs, maintenance costs and replacement costs. At the end 

of life of the system, the system may have a salvage value. An economic analysis is 

done based on life cycle costing method, which accounts for all costs associated with 

the system over its life time, taking into account the amount of money spent. Life cycle 

costing is used in the design of the hybrid system that will cost the least amount over 

its lifetime. Cost annuity (cost required to generate 1kwh of energy) is an indication 

on the cost of the system so that the system with the least cost annuity can be selected. 

The life cycle cost of an item consists of the total cost of procurement and operating 

this item over its lifetime. Some costs involved in the procurement and operating of 

an item are incurred at the time of an acquisition (includes costs of purchasing 

equipment and installing them), and other costs are incurred at later times (includes 

costs of fuel if exists, operation and maintenance). The later costs may occur on regular 

basis or/and at irregular basis. In order to compare two similar items, which may have 

different costs at different times; it is convenient to refer all costs to the time of 

acquisition. 

  

Simulation 

The simulation process determines how a particular system configuration, a 

combination of system components of specific sizes, and an operating strategy that 

defines how those components work together, would behave in a given setting over a 

long period.  

HOMER can simulate a wide variety of micro- power system configurations, 

comprising any combination of a PV array, a run of river hydro turbine, and up to three 

generators, a battery bank, a dc-ac converter and other conventional or non-

conventional energy sources. The goal of the optimization process is to determine the 

optimal value of each decision variable that interests the modeler. A decision variable 

is a variable over which the system designer has control and for which multiple 

possible values can be considered in the optimization process. Possible decision 

variables for this study include:  

a) The size of the PV array  
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b) The size of each generator  

c) The number of batteries  

d) The size of the dc-ac converter  

e) The dispatch strategy  

 

Optimization can help the modeler find the optimal system configuration out of many 

possibilities. Multiple values for each decision variable can be entered in search space, 

which is the table that contains the set of all possible system configurations over which 

HOMER can search for optimal system configuration. 

 

Optimization  

The simulation process models a particular system configuration, whereas the 

optimization process determines the best possible system configuration. The best 

possible, or optimal, system configuration is the one that satisfies the user specified 

constraints at the lowest total net present cost. Finding the optimal system 

configuration may involve deciding on the mix of components that the system should 

contain, the size or quantity of each component, and the dispatch strategy the system 

should use. In the optimization process, many different system configurations are 

simulated; the infeasible ones are discarded. The feasible ones are ranked according 

to total net present cost.  

 

Sensitivity Analysis  

In the sensitivity analysis process multiple optimizations are performed, each using a 

different set of input assumptions. A sensitivity analysis reveals how sensitive the 

outputs are to changes in the inputs. In a sensitivity analysis, ranges of values for a 

single input variable are fed to HOMER. A variable for which the user has entered 

multiple values is called a sensitivity variable. Almost every numerical input variable 

that is not a decision variable can be a sensitivity variable. Examples include the PV 

module price, the fuel price, the interest rate, etc. Sensitivity analysis eliminates all 

infeasible combinations and ranks the feasible combinations taking into account 

uncertainty parameters. HOMER allows taking into account future developments, 

such as increasing or decreasing load demand as well as changes regarding the 

resources, for example fluctuations in the river’s water flow rate, solar radiation 

variations or price of the diesel and changing of interest rate. Here, the various 

sensitive variables are considered to select the best-suited combination for the hybrid 

system to serve the load demand. With change in the sensitive variables, the 
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configuration of the system changes. Even in this analysis, HOMER ranks the 

configurations in descending order of their total NPC. 

 

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 converters 

and generators from the HOMER optimization simulation. From the optimal 

simulation result Table 7, the most cost effective system, i.e. the system with the 

lowest net present cot, is the PV micro hydro battery converter configuration and 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 7: Overall Optimization Results (HOMER Software) 

 
 

From the optimal simulation results presented in Table 7, the most cost effective 

system, i.e. the system with the lowest net present cot, is the PV, micro hydro, battery, 

converter configuration with 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.  



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

255 

Vol. 19 No.5 

September, 2020. 

 Table 8: Categorized Simulations Results (HOMER Software) 

 
 

Figure 9 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. In addition, the cash flow 

summary of the hybrid system is shown in Figure 10. 

 

 

 

 
Figure 9: Energy Produced by Percentage in the Hybrid Sources (HOMER Software) 
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Figure 10: Cash Flow Summary for Hybrid System and System Cost Break Down Per 

Year for Hybrid System 

(HOMER Software) 

 

Sensitivity Simulation Result  

This model shows how micro-hydro systems can be integrated with photovoltaic 

system and battery in a stand-alone application for rural electrification. Sensitivity 

analysis was carried out and Figure 11 shows the variation of stream flow against 

global solar radiation at fixed diesel price, the most cost effective set up for a particular 

set of hydro and battery is also included. In this Figure, it can be seen that the 

hydropower plays big role in supplying energy to the community. At this point, it must 

be known that this is not due to less solar radiation availability; rather it is because of 

enough water, which can Supply the village used. From Figure 11, it is observed that 

for a stream flow lies between 16,500 litre/second and HOMER suggests hydro/ 

battery/ systems is favourable while for stream flow between 16,500 litre/second 

and14,500 litre/second hydro/Gene/battery is the most favourable configuration. But 

For a steam flow greater 14,500, litre/second and if solar radiation is ample HOMER 

combines Hydro/PV/Gen/Battery in feasible configurations. 
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Figure 11: Sensitivity of Stream Flow and Global Radiation with Some NPC (HOMER 

Software) 

 

Conclusions 

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 

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 villages isolated 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 value of 5.09 kWh/m2/day. The results obtained from the software gave 

numerous alternatives of feasible hybrid systems with different levels of renewable 
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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. 

Conclusively, the technical 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. 

Thus, 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.   
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