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Abstract: Sufficient energy is pivotal to the socio-economic development of any country. Rural communities in Nigeria lack energy access owing to long 
distance, difficult terrain and cost of grid extension.The alternative solution to the use of fossilized power generation to solving the energy crises in these 
rural communities and guaranteeing sustainable energy access is the use of green energy technology-renewable energy resources. Fortunately, 
renewable energy resources abound in Nigeria and are harnessable using appropriate green energy technology. This work considered the evaluation of 
an off-grid small hydro power (SHP)-solar photovoltaic (PV)-diesel generator (DG) – battery bank (BB) hybrid power system as a pathway to attaining 
energy sufficiency and sustainability for Nigeria's rural communities using Itoikin, a rural community in Lagos state, as case study. Aye river in Itoikin and 
the solar resource of this community were used for the study. The peak load of the area was obtained from the Nigeria‘s National Control Center (NCC), 
Oshogbo, while the daily load profile was projected through questionnaire. The hydro data of the area were obtained from Ogun-Oshun River Basin 
Development Authority, Abeoukuta, Ogun state, while the solar data were obtained from National Aeronautics and Space Administration (NASA)‘s global 
satellite database. The capital costs of all the system components were from different component manufacturers and suppliers in Nigeria and Oversea. 
These parameters were the input for the hybrid optimization model for electric renewable (HOMER) software used the for simulation. The optimal energy 
systems were selected using the criteria of less levelised cost of energy (LCOE), less net present cost (NPC), less excess electricity, minimum annual 
capacity shortage etc. The resultant hybrid architecture was also compared with an autonomous diesel generator for the same community in terms of 
emission and economic consideration to appreciate the ecological advantage of green energy technology. The results showed that PV-BB-SHP is the 
optimal configuration for Itoikin area. The NPC is $1,464,633,000, LCOE $0.276/kWh and renewable fraction (RF) 100%. The result shows 
environmentally benign hybrid power system that can guarantee sustained and sufficient energy access to Itoikin community at minimum cost to improve 
the community's quality of live and socio-economic activities. The work will can also provide the impetus to researchers, investors, government and 
policy makers for green energy technology exploitation in Nigerian rural communities lacking energy access.  
 
Index Terms: Green energy system, Environmental impart, Renewable resources, Sustainability,  

———————————————————— 

 

1 INTRODUCTION 
Sufficient Energy is an essential requirement for the socio-
economic advancement of any nation. It is the bedrock for 
urbanization and industrialization [1]. A country remains in a 
low level of growth when no access to energy [2]. The 
provision of quality healthcare, social infrastructure and human 
development requires adequate, affordable and sustainable 
electric energy. Nigeria as a nation lacks self-sufficiency in 
power supply and this has hindered the socio-economic 
development of both her rural and urban areas. The primary 
sources of electric energy in Nigeria as a nation for the past 
forty-five years have remain coal, oil, water and gas. The types 
of power plants functioning in Nigeria are hydroelectric and 
thermal/fossil fuel power plants. These have been incapable of 
meeting the energy need of the ever-growing population of 
Nigeria [3].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The rural communities in Nigeria have been the worse 
receiver of the brunt of power shortage [4]. These villages and 
rural communities lack access to public power utility, partly 
owing to the terrain and topography of the zone or gross 
power inadequacies. The major parts of these areas are either 
distant from the national power supply grid or are 
underpopulated, thus making the extension of the utility grid to 
these sparsely populated areas unreliable and uneconomically 
viable [5]. Many have resulted to the use of kerosene lamps, 
solid fuel for cooking, petrol and diesel generators, with the 
attendant negative environmental impact, noise, production of 
greenhouse gas and health hazard [6]. There is also an 
increasing operating cost of running these diesel generators 
especially during fuel scarcity. Worldwide, the present trend in 
the quest for alternative energy sourcing is a hybrid green 
energy system [7]. Hybrid green energy system has gain 
acceptance as a large potential contributor to the 
strengthening and development of national sustainable energy 
infrastructure and as an energy solution to power shortage in 
rural communities. Hybrid power system also stands out as the 
best energy solution for these rural communities due to the 
vast and ubiquitous deposit of these renewable energy 
resources in these rural areas, coupled with their cleanliness 
and environmentally friendly nature [8]. Green energy is 
energy generated from a variety of natural phenomena that 
naturally replenish. These natural resources include sunlight, 
wind, tides, water, geothermal heat and biomass. It is safe, 
abundant and clean to use when compared with fossil fuels. It 
is also virtually limitless. Fossil fuels, in theory, are a finite 
resource because of how they are formed. Green energy 
exists in multiple forms. It has greater diversity when 
compared to fossil fuel resources [9]. Also, renewable energy 
provides the foundation for energy independence. When the 
renewable resources are properly harnessed, independence 
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with a diversified energy portfolio to access is achievable [10]. 
Itoikin community that is covered by this research is a potential 
for green energy system. Small rivers abound in this area. The 
wind profile and characteristics are suitable for wind power 
generation [11], [12]. The adoption of solar PV system is also 
increasing in these states as alternative energy source [13]. 
Tackling the energy need of rural communities sustainably with 
one renewable energy resource will not guarantee a self 
sufficiency in power supply. This is due to the stochastic 
nature of renewable energy. There is large variance of PV 
output under different insolation levels, and PV irradiation is 
never constant throughout the year. Wind speed and wind 
density are also never constant throughout the year and these 
affect the amount of power generated from the wind. Also 
stream flow rate fluctuates yearly. Hence to ensure continuity, 
availability and reliability of power supply to  rural 
communities, an integration of different renewable energy 
resources is a better option than a single system [14] This 
justifies the need for a hybrid power system which comprises 
two or more renewable energy sources or a renewable energy 
source with a conventional source used together. The system 
allows multiple sources of energy attachment on preference 
and complimentary manner, such that there is control and 
decision making as to which system should start to work at the 
failure of other system. This enhances the system efficiency 
and sustainability of power supply [15]. Green energy systems 
are fast gaining prominence as off grid power option for 
remote areas. Researchers have shown the energy potentials 
and sustainability of a hybrid power system (HPS) of 
renewable energy resources with a convectional source in 
different parts of the world and in Nigeria. Some have 
proposed certain hybrid technologies suitable for use in rural 
areas predicated on the renewable energy resource 
availability [16], [17], [18], [19], [20]. Many software exist for 
sizing and simulation of hybrid systems with few including 
hydro resources in the optimization process [21], [22]. A typical 
distributed energy system of DG -solar PV-WD-BB hybrid 
energy system was investigated by [23]. Two other 
researchers [24] covered the deployment of hybrid energy 
system of PV-DG-BB system while a PV-DG-WD-BB system 
was evaluated by [25] for some remote locations in Nigeria. 
Others researchers used the HOMER software to analyze the 
techno-economic viability of using hybrid PV-DG-BB systems 
to meet the load requirement of a typical commercial building 
in Nigeria [26]. Energy optimization project was investigated 
for two data centers in Nigeria. These were Abuja (Northern 
Nigeria) and Nkanu west (Southern Nigeria) by [27], to 
determine the cost effective power system. The feasible 
options were different combinations of grid connected, diesel 
generator, wind turbines and PV panels. According to the 
authors the best economic choice is the grid supply connected 
but fraught with high unreliability. The overall best was 
therefore a hybrid grid tied solar power in consideration for 
reliability and environment degradation concern, moreso that 
the hybrid system could reduce CO2 emission by 973 and 
853 kg/year in Abuja and Nkanu west, respectively. 
Nevertheless, the majority of the research works have not 
properly addressed the energy challenges facing rural 
communities in Nigeria amidst the instability and unreliability of 
the utility grid, and with regard to economic, social and 
environmental degredation consideration. In the various hybrid 
system projected, none of the researchers delved into small 
hydro based hybrid power system as possible solution to the 

energy needs of these communities, especially Itoikin area; 
whereas small rivers abounding in these communities are 
micro, mini, medium and small hydro energy potentials. This 
work, therefore, investigates the technical and economic 
feasibility of a stand-alone Small Hydro-Solar PV-Diesel 
generator hybrid system supported with a battery bank for 
storage as an energy solution to the rural dwellers in Nigeria 
using Itokin community as a case study. The hybrid system is 
such as to minimize cost, meet load demand and efficiently 
regulate the use of the diesel generator to ensure reduced 
fossil fuel penetration, environmental pollution and other toxic 
effects. The performance of hybrid systems is dependent on 
the environmental conditions. The techno economic analysis 
of a hybrid energy system of a given study area is associated 
with diesel fuel price, size and cost of component. The hydro 
and solar radiation data are sensitivity variables that are 
collected to determine the effect of these variables on the cost 
of the system to arrive at the optimal system configuration for 
the study area. The first part of this study presents the 
available resources (hydro and solar) for the research and 
load requirement of the study area to be met by the hybrid 
power system. The hybrid system proposed consists of small 
hydro and solar photovoltaic (PV) panels. A diesel generator 
and a battery bank were included to provide back-up and 
energy storage for the system respectively. The mathematical 
modeling of hybrid energy system components were done and 
presented. The project lifetime was estimated for about 25 
years. The results obtained from HOMER simulation were 
thereafter presented and discussed.  
 

2 MATERIALS AND METHODS 
 
2.1 Description of the Study Area: Itoikin -Lagos state 
Itoikin is located in the Northwest of the region of Epe, Agbowa 
district, Epe L.G.A, Lagos state, Nigeria. This community is 
located at Latitude 6.635

o
 N and Longitude 3.8350° E. The 

predicted terrain elevation above sea level is 4 meters. It has a 
tropical wet and dry climate with two distinct rainy seasons: 
the more intense season occurs between April and July and a 
milder one from October to November. In a year, the average 
rainfall is 1646 m [28]. The temperature range is fairly small, 
generally staying between 33°C high and 21°C low. The 
hottest month is March, when the average daytime 
temperatures reaches 29°C, while July is the coldest month 
with an average temperature of 25°C. The averages 
temperature is 27.4 °C [29]. Itoikin is a town of scanty 
population whose main occupations are hunting, fishing, fish 
mongering and palm wine tapping. There are also some small 
and medium enterprises (SMEs). Itoikin community (Fig 1) has 
been highly affected by the epileptic power supply facing the 
nation. Some parts of the community have no access to 
electricity, while those that are connected to the surrounding 
grid experience epileptic power supply. Aye river selected for 
this study is located at Latitude 6.6157

o
 N Longitude 3.774

o
 E. 

The river has a length of 13.04 km and covers a distance of 3 
km from Itoikin [30]. 

 

https://energsustainsoc.biomedcentral.com/articles/10.1186/s13705-016-0092-x#ref-CR6
https://energsustainsoc.biomedcentral.com/articles/10.1186/s13705-016-0092-x#ref-CR7
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Fig. 1. Area view of Itoikin village and Aye river 
 

2.1.1 Assessment of the Hydro and Solar Resources of the 
Study Area 
Flowing water availability at a gradient is the only resource 
needed for a small hydro power plant. Therefore planning any 
small scale hydro power plant starts with the correct estimate 
of head and flow existing at the proposed sites. The relevant 
information needed for the study such as stream flow and 
water head were obtained from Ogun-Oshun River Basin 
Development Authority (OGOSRBDA), Abeokuta, Ogun state. 
The eight years monthly average stream flow rate of the river 
used for the study is displayed in Table 1, measured in litre per 
second (L/s). The stream flow data of Aye river showed that 
the annual average stream flow is 4857.50 (L/S). Evidently 
Itoikin experiences dry season ranging from November to 
March and its wet season ranges from April to October. The 
stream flow reaches its peak (12,580.00L/S) in July. Fig. 2 
shows the monthly average stream flow chart for the site. In 
order to meet the load demand, the subsequent step is 
accessing the solar resource potential of the study area. 
HOMER works on the basis of direct importation of solar 
resources from the National Aeronautics and Space 
Administration (NASA)‘s global satellite database by entering 
the respective GPS coordinates of the study areas [31]. These 
data are used to assess the solar energy potential of the sites 
under investigation. The monthly average Global Horizontal 
irradiance (GHI) solar resource of the study area covering ten 
years period and the clearance index are shown in Table 1. 
The HOMER graphic of the daily radiation and clearness index 
is as depicted in Fig. 3. The solar radiation varies throughout 
the year. It ranges from 5.020 kWh/m

2
/ day in November to 

5.030 kWh/m
2
/ day in March which is the dry season period 

and 5.260 kWh/m
2
/ day in April to 4.490 kWh/m

2
/ day in 

October, which is the period of wet season in Itoikin as 
obtained from NASA. The analysis shows that the average 
solar radiation for the village is 4.64 kWh/m

2
/ day 

 

TABLE 1 
AVERAGE MONTHLY HYDRO AND SOLAR RESOURCES 

DATA OF ITOIKIN 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 2. Monthly average stream flow. Chart of Aye 
river 

 

 
 

Fig. 3. Daily solar radiation and clearness index of Itoikin 
 

2.1.2 Itoikin Community Load Profile 
Estimate of the electricity demand for this town was obtained 
from the Nigeria power supply authority‘s National Control 
Center (NCC) at Osogbo. The estimated peak load from this 
source is 36 MW, and the estimated daily load profile for the 
community was developed with the aid of questionnaire. Three 

  Hydro data Solar data 

Month 
Discharge 
(L/S) 

Head(m) 
Solar 

Radiation 
(kW/m

2
) 

     
Clearness 
index 

January 610 0.61 5.33 0.53 

February 670 0.65 5.21 0.502 

March 1880 0.67 5.03 0.479 

April 4080 0.68 5.26 0.516 

May 6500 0.7 4.49 0.465 

June 9230 0.75 3.72 0.4 

July 12580 1.23 3.55 0.376 

August 11050 0.83 4.05 0.408 

September 6300 1.23 4.21 0.408 

October 3800 1.19 4.49 0.433 

November 1020 0.75 5.02 0.497 

December 570 0.61 5.26 0.531 

Annual 
Average  

4857.5 0.825 4.635 0.4620 
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types of load were taken into consideration: domestic 
electricity demand, commercial and community/infrastructural 
electric demand. For the community/infrastructural load, 
primary health centre, public primary schools, shops, 
community hall and few miscellaneous loads were assumed in 
this study area. In the households, the load considered 
includes energy saving bulbs, ceiling fans, television 
refrigerators, air conditionals, grinding machines, water pumps 
and others. The commercial load includes the demand load for 
few cottage industries. The daily and hourly primary load 
demand varies during the day. The load is averagely low 
between 0:00–6:00 hours. There are usually few connected 
loads at this time.  From 8.00- 14.00 hours the load demand is 
relatively high because the load usage switches from domestic 
to some commercial loads. Between 18.00–22:00 hours the 
power demand is maximum than other hours. This is when the 
community‗s power consumption is at its peak. This is so in 
view of the size of the community and the domestic load 
usage at this time as shown in Fig. 4. The average daily 
energy need of the village is 351,980 kWh and a daily average 
power of 14, 665 kW, while the peak load is 36,000 kW. 

 

 
 
Fig. 4 Daily load profile of Itoikin 
 

2.2 Modelling of Hybrid Power System Components 
The components making the hybrid energy system are 
mathematically modelled as described below. The proposed 
hybrid power system is comprised of small-hydro generating 
system, solar PV system, diesel generators unit and battery 
storage system. The theories are given below and are based 
on the works of [32], [33] 
 
2.2.1 Small-Hydro Generator Mathematical Model 
Equation 1 represents the electrical power produced by small 
hydropower generator [34, 35].. 

           (1) 

and the total energy in kWh is given by (2) 

(2) 

Where  stands for the electrical power generated by  

small hydro power generator, where  presents the 

hydro efficiency, Q discharge in m
3
/s, is the water 

density ,  means the height or head in (m), means 

the electrical energy produced by small hydropower generator 

and  is time given in hour. 

 
 
 

2.2.2 Solar Photovoltaic Generator Mathematical Model 
Using the solar radiation available, the hourly energy output of 
the PV generator (EPVG ) can be calculated according to (3) 
[34, 35].  

     (3) 

The assumption made is that the temperature effects (on PV 

cells) are ignored. Where  represents the hourly 

irradiance in kWh/m,
2
 A stands for the surface area in 

m
2

is the PV penetration level factor and is the PV 

generator efficiency.  
 
2.2.3 Diesel Generator Mathematical Model  
The energy generated by diesel generator on hourly basis 
(EDEG) with nominal capacity (PDEG) is given by expression (4) 
[34]. 

                (4) 

Where ∏DEG stands for the efficiency of the diesel generator. 
The diesel generator is expected to always operate between 
80 and 100% of their kW rating for better performance and 
higher efficiency. 
 
2.2.4 Converter Mathematical Model 
In the proposed scheme the power converter is a combination 
of both rectifier and inverter. The battery units and solar PV 
generator and are linked to the DC bus while the hydro and 
diesel generating systems are coupled to the AC bus. The 
predominant electric load types in this design are AC loads. 
 
(a) Inverter 
The inverter model for photovoltaic generator and battery bank 
are given in (5) and (6) 

         (5)  

]        (6) 

Where  hourly energy output from inverter (in 

case of solar PV) in kWh,  hourly energy output of 

the PVg,   efficiency of inverter,  hourly 

energy output from inverter (in case of battery) in kWh, 

energy stored in battery at hour t-1 in kWh and 

 battery discharging efficiency. 

 
(b) Rectifier 
The rectifier is used to transform the surplus AC power from 
the small hydro unit and diesel electric generator to DC power 
at constant voltage, when the energy generated by the hybrid 
energy system exceeds the load demand. The rectifier model 
is defined by (7), (8) and (9) [34]. 

        (7) 

       (8) 
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At any time  

(t)      (9) 

where is the hourly energy output from rectifier 

in kWh, is the hourly energy input to rectifier in 

kWh, is the efficiency of rectifier, is the 

amount of surplus energy from AC sources in kWh, 

is the hourly energy generated by diesel generator, 

(t) is the hourly energy consumed by the load side in 

KWh and is the electrical energy generated by small 

hydropower generator. 
 
2.2.5 Charge Controller Mathematical Model  
It is necessary to forestall overcharging of a battery, and this is 
the function of a charge controller. It senses when the 
batteries are fully charged and automatically stops the 
charging process or limits the amount of energy flowing to the 
batteries from the energy source. The charge controller 
mathematical model is as shown in (10) and (11) [34]. 

       (10) 

       (11) 

Where is the hourly energy output from charge 

controller in kWh, is the hourly energy input to 

charge controller in kWh, is the efficiency of charge 

controller is the hourly energy output from 

rectifier in kWh and is the amount of surplus 

energy from DC sources in kWh. 
 
2.2.6 Battery Bank Mathematical Model  
The battery state of charge (SOC) is defined as the total daily 
summation of the charge/discharge transfers. The battery is 
both a load and energy source. It is a source of energy when 
discharging and a load when charging. At any time, t, the 
present state of battery bears a relationship to the previous 
state of charge and to the energy production and consumption 
scenarios of the system for the duration of the time from t -1 to 
t. In the charging process, that is when the cumulative energy 
output of all generators is in excess of the load demand, the 
available battery bank capacity at time, t, is represented by 
(12) [35, 36] 

 (12) 

Where the energy is stored in battery at hour t in 

kWh,  is the energy stored in battery at hour t-1 

in kWh and is the battery charging efficiency 

On the other hand, when the load demand is greater than the 
available energy generated, the battery bank is in discharging 
state. Therefore, the available battery bank capacity at time, t, 
can be expressed by (13) [36] 

       (13) 

Where  stands for the hourly electric load desired 

or energy needed at a specific time. On the assumption that d 
be the ratio of minimum permissible SOC voltage limit to the 
maximum SOC voltage read at the battery terminals when it is 
charged to the full, then DOD or Depth of Discharge is given 
by expression (14) 
 
DOD = (1- d) ×100      (14) 
 
DOD is an appraisal of the level of energy withdrawn from a 
storage device, expressed as a percentage of full capacity. 
SOC has a maximum value of 1, and the minimum SOC is 
ascertained by maximum depth of discharge (DOD), as 
expressed by (15) [34] 
 

.              (15)  

 
2.2.7 Power Generation Mathematical Model 
The sum total of hybrid power generated at any time t, is 
expressed by (16) [34.35] 

 (16) 

Where  is electrical power generated by small 

hydropower generator, PVGP  is the electrical power generated 

by the solar PV generator, is the rated power output by 

diesel generator, NH stands for the numerical quantity of small-
hydro generators unit , NP is the numerical quantity of PV cells 
unit and ND is the numerical quantity of diesel generators unit. 
The electric power generated will normally be supplied to the 
loads. The diesel generator power production revolves around 
the constraint of always operating between 80 and 100% of 
their kW rating. In the event that the power generated is more 
than the load demand the excess of energy produced is stored 
in the battery bank. This energy augments times of power 
deficiency thus ensuring seamless power supply. The battery 
bank charged quantity is bound by the constraint SOC MIN ≤ 
SOC(t) ≤ SOCMAX . The excess energy produced by the 
renewable generators or diesel generators is stored by the 
dump load. This is when the load is fully served and the 
battery is charged to its maximum capacity. 
 
2.3 The Hybrid System Model in HOMER 
Six types of data are required by HOMER for simulation and 
optimization. These include meteorological data, load profile, 
renewable energy resource‘s data, equipment characteristics, 
economic and technical data. The hourly values of global solar 
radiation, small hydro monthly average stream flow data 
obtained as mentioned earlier were synthesis to hourly data 
based on the algorithm used in HOMER. These data serve as 
energy resources input to the software. HOMER utilized these 
data to compute power output of solar PV array and SHP 
turbines. All the input parameters were fed into HOMER to 
determine the optimal system from the various configurations. 
The parameters, characteristic, properties, types, size, cost 
and model of the hybrid system components are dependent on 
the peak load demand of the study area. Fig. 5 shows the 
schematic of the hybrid energy system model of the study 
area. Accordingly, the components‘ parameters, properties and 
model of the location are presented subsequently. 
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Fig. 5. Itoikin Small Hydro-Solar PV-Diesel generator-        
Battery bank Model 

 
2.3.1 Small-Hydro Turbine Model 
Turbine model was selected to match the peak load demand 
of the area. Certain assumptions were also taken regarding 
available head, design flow rate, maximum and minimum flow 
ratios and efficiency of the turbine used in the location. 
HOMER treats these as input variables and hence allows for 
adjustment to suit the design. The life time of the small hydro 
model in the simulation was taken as 25 years. The size 
considered was 38 MW and nominal capacity of 2550.6 kW. 
The designed flow rate and available head were assumed to 
be 13,000 L/s and 25 m respectively.  
 
2.3.2 Photovoltaic Module 
The connected maximum power derived is a parallel and 
series combination. The photovoltaic tracking systems were 
assumed to be excluded in this study. This is to establish the 
worst-case scenario for the location. The effect of temperature 
was not considered in the project also. HOMER allows 
difference sizes to be considered for load matching. The sizes 
therefore considered ranged from 37 to 66 MW. The life time 
was taken as 25 years and a derating factor of 96% was 
assumed. 
 
2.3.3 Diesel Generator Model 
Different Diesel generator model abound. The selection of a 
model was in consideration for the size of the load of the 
community. The generator used for the study location is a 
diesel powered generator. The price of diesel fuel is $0.629/L 
in accordance with the federal government of Nigeria official 
pump price as at January, 2021. A sensitivity value of $0.635/L 
was applied to allow for fluctuation in the diesel price. This 
price fluctuates considerably depending on region, costs of 
transporting the commodity and recent market price. The 
diesel generator serves as back-up system. It operates at 
times of inadequate output from hydro and solar systems to 
meeting the load and when the battery storage has been 
exhausted. A 38 MW genset was considered for this research, 
with maximum flow ratio of 25% and 25 years life time. 
 
2.3.4 Storage Battery 
The storage battery chosen was Generic 1kWh Lead Acid. 
HOMER software datasheet gives the minimum state of 
charge of the batteries as around 20%. The round-trip 
efficiencies are in the neighborhood of 80%. Batteries are 
considered pivotal in small-scale off-grid power systems. It 
helps to minimize the starting/stopping frequency of the diesel 
generator such that the problems of premature wears are 
eliminated and thus able to satisfy load demand amidst 
renewable sources fluctuations. HOMER allows for number of 
quantities of batteries to be considered to match the load. The 

quantities considered range between 20 and 80. The voltage 
for each is 12V, maximum capacity 83.4 Ah and life throughput 
800.00 kWh 
 
2.3.5 Power Converter 
A power converter as used for the study works both as an 
inverter and a rectifier depending on which direction power 
flow. In this present study, the size of the converter was 
carefully selected to accommodate the peak load in the areas. 
The sizes of converters used ranged between 1 and 80 MW. 
The life time was chosen as 15 years with inverter efficiency of 
98%. 
 
2.4 System Economics  
The capital costs of all system components including PV 
module, hydro turbine, diesel generator, converter and battery 
are based on quotes from different component manufacturers 
and suppliers both in Nigeria and Oversea. The hydro turbine 
and generators prices were based on quotes from Alibaba, a 
major supplier of hydro turbines worldwide [37]. The solar 
modules, batteries and converters prices were quotes based 
on system component suppliers in Nigeria and Oversea such 
as Solar Shop, Jumia and Eco business [38,39]. The cost is a 
function of the sizes of the components, while the component 
size is determined by the load. The prices are likely to vary 
with time due to many market factors. The replacement costs 
of equipment were estimated to be 20% – 30% lesser than the 
capital cost [40]. The hydro turbine, PV array, diesel generator, 
inverter and battery maintenance costs are estimates 
considering time requirement and wage estimates for a project 
of this magnitude and nature for remote areas of Nigeria in 
view of the terrain among other factors. Operation and 
maintenance cost from most literature range from 2.0 % to 4% 
of total project capital cost. For this study, operation and 
maintenance cost considered is 2% [40] The detailed cost of 
small-hydro turbine for this study, was assumed as $400 per 
kW of installed capacity. The transportation and civil work 
added up to $600 per kW. PVs are cost per watt or kilowatt. 
The PV array cost and other cost such as labour, installation 
and structure cost estimate were put at $2000 per kW. The 
Operation and maintenance costs are negligible. But 1.2% of 
capital cost for simple panel cleaning and routine maintenance 
was applied in this study. Diesel generators. are cost in $ per 
kW. Caterpillar diesel generator was selected for the study 
area. The capital cost of a 1kW generator was taken as $400. 
The cost includes the cost of installation and logistics. 80% 
and 2% of capital cost were assumed as replacement, 
operation and maintenance cost respectively. The converter 
used for this study is Eaton Power Xpert. The capital cost of a 
converter was taken as $360 per kW. Generic 1kWh Lead Acid 
Battery was the battery type used in this study with a unit 
battery considered as $300. The replacement and operation/ 
maintenance costs of both converter and battery were taken 
as 80% and 1.2% of capital cost per kW of converter and a 
battery unit respectively. All initial costs such as installation, 
commissioning, replacement, operating & maintenance costs 
summary for the site are shown in Table 3. All costs presented 
are in U.S Dollars. An expected inflation rate and nominal 
discount rate of 11.98% and 8% respectively were applied. 
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TABLE 3 
COST ASSESSMENT OF HYBRID SYSTEM COMPONENTS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.5 System Control/Energy Management 
System control parameter defines how the system models the 
operation of battery and generator in the hybrid system. A 
dispatch strategy is a set of rules that controls the operations 
of the diesel generator and the battery bank. Two types of 
dispatch strategies are available in HOMER, namely: load 
following and cycle charging. In systems integrating a 
generator and a battery bank, there is another aspect for 
consideration in system operation; this bothers on how the 
generator should charge the battery bank. HOMER makes 
available two simple strategies and determines the best 
depending on the prevailing circumstance. Under the load-
following strategy, a generator produces only power enough to 
serve the load and does not charge the battery bank. Under 
the cycle-charging strategy, the generator operates at its full 
capacity whenever it operates and uses the surplus to charge 
the battery bank. HOMER analyzes both cycle-charging (CC) 
and load-following (LF) dispatch strategies and takes decision 
on which dispatch strategy is optimal in a particular situation. 
In the system control, RE sources are given priority as the 
energy source feeding the load. This simply implies that in 
normal operating condition solar PV (𝑃𝑝𝑣) and small hydro 
(SHP) are prioritized as power sources feeding the load. The 
excess energy is channeled to charging the battery until it 
reaches the maximum state of charge (SOCmax). A dump load 
consumes any available additional excess energy. A 
conventional diesel generator is expected to come into 
operation automatically in times of energy deficiency from 
either the RE sources or the battery to supply the load and 
also charge the battery. The system control is responsible for 
supervising the switching operation from one operating mode 
to another in response to the atmospheric conditions, the load 
demand, and the battery SOC. The choice to put into 
operating any of the powers sources and to charge or 
discharge the battery takes place on hourly basis on the 
energy balance computing process. 
 
2.6 System Constraints 
The lifetime of the project and the annual interest rate is set at 
25 years and 14% respectively. The system is assumed to 
have no capacity shortage, while the operating reserve is 10% 
of hourly load. The operating reserves being a percentage of 
hydro power output and solar power output were put at 50% 
and 80% respectively. Operating reserve is the safety margin 
that helps guarantee reliability of the supply in spite of electric 

load variability and stochastic nature of hydro power and solar 
power supply. The summaries of the techno-economic details 
and system constraints utilized in the modeling of the hybrid 
system are presented in Table 4. For each search space in the 
optimization process, the objective function is minimized 
subject to the set constraint. The constraints include; energy 
balance constraint, loss of power supply probability, battery 
charging and discharging constraints and generator technical 
constraints 

 
TABLE 4 

MODEL SYSTEM ECONOMIC, CONTROL AND TECHNICAL 
CONSTRAINT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 RESULTS AND DISCUSSION  
The best energy system was selected on the basis of less 
NPC, less COE, minimum excess electricity, minimum fuel 
consumption where diesel generator applies, minimum annual 
capacity shortage and maximum renewable fraction (RF). The 
most economically viable system after the simulation is  PV-
BB-SHP configuration. The COE is $0.276/kWh and the 
renewable resource fraction (RF) is 100 %. This implies that 
the total element of electrical energy production comes from 
renewable energy sources. 
 
3.1.1 Small Hydro Output 
The small hydro power output of the hybrid architecture is as 
depicted in Fig. 5. The Nominal capacity is 2,551 kW, capacity 
factor 18.0 % and total electric energy production is 4,014, 496 
kWh/yr. The Hydro penetration is 3.12 % and Levelized cost of 
energy is $0.251/kWh. The power output increased 
progressively from May to about 1030 kW and reaching its 
peak in July of about 2,085 kW. 

 

Components Price 

Initial 

Costs                              

($) 

Replacement 

Costs ($)   

 O&M  

Costs 

($)  

Hydro 

Turbine 

$/kW of 

capacity 
      600 480 

           

12    

PV Module 
$/kW of 

capacity 

     

2,000 
1600 

            

24 

Diesel 

Generator 

$/kW of 

capacity 
      400 320 

            

8 

Converter 
$/kW of 

capacity 
      360  288 

            

4.32 

Battery  1 qty       300 240 
            

3.6 

 

Parameters  Values 

Simulation time step (min) 60 

Project lifetime(yr) 25 

Annual interest rate (%) 14 

Inflation rate (%) 11.98 

Diesel price ($) 0.629/litre 

Maximum renewable fraction (%) 100 

Maximum unserved energy (%) 0 

Maximum annual capacity shortage ( 0 
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Fig. 5. Hydropower output of the system 
 

3.1.2 Solar PV Output 
As shown in Fig. 6, the result shows that the PV rated capacity 
as proffered by HOMER is 195,901 kW, mean output 36,306 
kW, capacity factor 18.5 %, total energy production 
318,044,165 kWh/yr, hours of operation 4,380 and levelized 
cost of energy $0.0445/kWh. As observed electric energy 
generation is higher at times of excessive solar radiation 
reaching the surface of earth. Solar radiation is high during the 
dry season when less cloud overcasts. Daily high-power 
output above 170,000 kW was registered in the months of 
November, December, January, February and March. Solar PV 
total hours of operation were 4,380 hours per annum. This  
shows that the PV worked almost more than 11 hours per day. 
The maximum and mean PV outputs are 224, 752 kW and 
36,306 kW respectively, while the mean output energy is 
871,354 kW/day. The rated power output is 195,901 kW at 
times of high clearness index. When no sunshine, the 
minimum power output is 0 kW.  

 

 
 

Fig. 6. Annual electric production of the solar PV system 
 

3.1.3 Battery State of Charge and Converter Output 
The battery state of charge is depicted in Fig. 7. The annual 
throughput of the battery is 64,562,253 kWh. The energy in is 
72,006.152 kWh/yr and the energy out is 57, 746,234 kWh/yr. 
The battery bank was active throughout the project life. The 
maximum inverter output of 32,000 kW was recorded because 
of high PV penetration serving the AC load. The rectifier output 
is 0 kW, the load served being AC load. 

 

 
 

Fig. 7. Battery state of charge 
 

3.1.4 Monthly Average Electric Production of the System     
Architecture  
After the simulation, the optimum topology is PV-BB-SHP. The 
detail system architecture is presented in Table 5. The 
electricity generation by individual power units of the hybrid 
system and consumptions by the AC load are given in Figure 
8. Generic PV array accounted for 98.8%, whereas hydro 
contributed 1.25% of the complete electricity energy produced 
by the hybrid scheme. The percentage of hydro penetration is 
low due to limitation by the hydro resources of Itoikin study 
area. The fractional hydro penetration occurred only in the 
months of June to August. Ac load consumption is 100% 
whereas DC load is 0% and deferrable load is 0%. The peak 
load of most load profile is always in the evening time. But 
considering the two scenarios of wet and dry season in this 
study area, the small hydro resources is capable of meeting a 
fraction of the load demand during the wet season. During the 
dry season solar energy is available during daytime, 
particularly at peak sun hour. Although the small-hydro power 
energy production is small compared to that of solar PV, this 
system can still ensure that power is 100% availability to serve 
the load and 0 hours of power outage throughout a year 
especially with the inclusion battery backup 

 

 
 

Fig. 8. Monthly average electric production chart of the system   
architecture 
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TABLE 5 
THE HYBRID SYSTEM ARCHITECTURE FOR ITOIKIN 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Nominal Cash Flow of the Project  
The cost summary or the breakdown of cost contribution of the 
components of the hybrid energy system is shown in Figs. 9 
and 10. The figures reveal that the cost of PV panels, 
replacement cost of converter and batteries contributed to the 
hike of the NPC of the hybrid system. Maintenance and 
operational (O&M) cost applied to the hybrid system 
throughout the project life. Salvaging of battery and converter 
apply at the end of the project life. It can be seen that after 15 
years converter replacement occurred. Battery replacement 
occurred twice. These were after 9 and 19 years of the project 
life. Salvaging cash inflow for both components occurred 
toward the end of the project life. On yearly basis, the O&M 
cost for hydro, PV, converter and battery applied. PV had no 
replacement cost throughout the project life. 

 

 
 

Fig. 9. Cash flow by cost type 
 
3.3 Emission Analysis of ihe Proposed Hybrid System  
In view of the environmental degradation it causes,   emission 
is an important consideration in power generation. In order to 
appreciate the environmental benefit of green energy hybrid 
system, the emissions resulting from the feasible hybrid 
energy system is compared with an autonomous diesel 
generator usage in Itoikin community. The winning architecture 
(PV-BB-SHP) is a clean energy solution. It is a better 
alternative because it saves 37,935,060 litres of fuel 
consumption per annum, prevents the emission of 99,299,379 
kg of carbon dioxide per annum and emission of 625,928 kg of 
carbon monoxide per annum associated with a lone diesel 
generator if it were to be used for the same purpose. This 
comparison is shown in Table 6. The more the renewable 
resources available in the hybrid power system the more the 
percentage reduction in emissions. This explains the benefits 
of a hybrid power system as the best answer to environmental 
pollution question. 

TABLE 6 
ECOLOGICAL ADVANTAGE IN TERMS OF  EMISSIONS IN 

KG/YR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4 Economic Metric and Break-even Period of the System  
The choice of the winning architecture is also based on its 
economic advantage over the base system (DG Only). The 
prospect of return on investment (R.O.I) and simple payback 
year are catalysts for investment in hybrid green energy power 
systems. The interest of every investor in any power project is 
to know the probable period of recouping investment, hence, 
the need to determine the payback period of the proposed 
hybrid energy system. This is illustrated in Table 7. A positive 
R.O.I figure means that net returns are auspicious as total 
returns exceed total costs. A negative R.O.I figure means that 
net returns are nose-diving (in other words, the investment 
produces a loss), as total costs exceed total returns. The 
hybrid green energy power project produced positive R.O.I of 
422.2 % as shown in Table 7. This means the hybrid project is 
profit oriented. Payback is the number of years at which the 
cumulative cash flow of the difference between the current 
system and base case system (diesel generator) switches 
from negative to positive. The payback is an indication of how 
long it would take to recover the difference in investment costs 
between the winning hybrid system and the base case system. 
An investment with a short payback period is considered to 
be better, since the investor's initial outlay is at risk for a 
short period of time. The simple payback in years occurred in 
0.23 year. This means, investment in this project break even in 
less than year The Present worth is the difference between the 
NPC of the base case system and the winning hybrid system. 
The sign of the present worth indicates whether the current 
system compares favourably as an investment option with the 
base case system: A positive value indicates that the current 
system saves money over the project lifetime compared to the 
base case system. The result is also positive meaning that this 
hybrid power project is worthwhile as shown in Table 7. A 
hybrid power system by far outwit an autonomous diesel 
generator usage as energy solution for communities where 
renewable resources are available. 

 
 
 
 
 

Component Name  Size Unit 

PV SolarMax  Generic PV  195,901  kW 

Storage  Generic1kWh Lead Acid  794,537  strings 

System 

converter  
Eaton Power Xpert  60,602  kW 

Hydroelectric  Generic Hydro  2,551  kW 

Dispatch 

strategy  
HOMER cycle charging 

  

 

System architecture 
PV-BB-
SHP 

Autonomous 
Diesel 

Generator 

Generator operational hour (hrs)  0 8,760 

Fuel consumption (L)  0 37,935,060 

CO2 (kg/yr)  0 99,299,379 

CO (kg/yr) 0 625,928 

Un-burned hydrocarbons (kg/yr)  0 27,313 

Particulate matter (kg/yr)  0 3,794 

Sulfur dioxide (kg/yr)  0 243,161 

Nitrogen oxides (kg/yr) 0 587,993 

Total Emission (kg/yr) 0 138,731,388 

 

https://www.accountingtools.com/articles/2017/5/10/investment


INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 11, ISSUE 01, JANUARY 2022       ISSN 2277-8616 

137 
IJSTR©2022 
www.ijstr.org 

TABLE 7 
THE HYDBRD SYSTEM ECONOMIC METRICS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5 Conclusion and Recommendations  
This article aimed at evaluating the techno-economic viability 
of designing an off-grid hybrid green energy power system 
comprising of small hydro, solar PV and diesel generator with 
battery storage to solve the energy need of Nigeria rural areas 
using Itoikin as case study. The best energy system was 
selected using technical, economic and ecological indices. The 
optimal selection for the case study area is PV-BB-SHP, which 
is purely a green energy solution. The ecological merit of this 
system is the kilogrammes of pollutants eliminated per annum 
in place of an autonomous diesel generator for the period of 
25 years. The investment attraction was also considered in 
terms of return on investment (R.O.I) and simple payback 
periods which were positive. Considering the epileptic nature 
of power supply in Nigeria, the yearning of rural communities 
for energy and the global concern about environmental 
degradation, the finding of the study provides an immediate 
solution. The implementation of the hybrid project is a 
necessity. The hybrid topology gives the best components with 
an appropriate operating strategy to provide an efficient, 
reliable, cost-effective and environment-friendly power system. 
The execution of this hybrid energy system by the government 
of Nigeria towards renewable energy penetration in its rural 
communities would mean sustainable and efficient energy 
access at significantly reduced cost of electricity in Itoikin 
community. One case study area was used in this research 
and gave positive result. Many small rivers abound in other 
localities within the Nigerian state which has the potentials for 
green energy technology adoption. It is therefore 
recommended that similar researches be conducted in other 
states of the country. When this is done green energy 
revolution is guaranteed in all nooks and cranny of the 
Nigerian rural communities and threat to ecosystem reduced 
or eliminated. The initial capital of a hybrid power project is 
usually high compared to a lone generator. Since the research 
has shown that HPS has high percentage return on investment 
and short payback period, the projects are worthwhile. The 
private sectors, federal, state and local governments need to 
fast track the dissemination and awareness creation of green 
energy technology in their rural communities to end the 
lingering energy crises existing in these communities. This 
work opens the floodgate for green energy technology 
exploration and deployment in other parts of Nigeria. It will 
serve as an important policy tool for government and other 
policy makers in the power sector on the relevance of green 
energy technology exploitation in Nigerian rural communities.  
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