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ABSTRACT 

A proposed hybrid system based on diesel generator and solar photovoltaic (PV) as an effective 

option to power Mkpok Housing estate in Eket has been presented in this work. Running diesel 

generator constantly in the estate due to epileptic electricity supply from Power Holding 

Company of Nigeria (PHCN) is very expensive and not eco-friendly. The main objective of this 

proposed system is optimal design of a solar PV powered supply system to produce sustainable 

power and reduce or augment the use of continual diesel generator sets, resulting in reduced cost 

of operation, maintenance and pollutant emissions. Solar radiation data was obtained from 

meteorology station, analysis, proper sizing and specification of the PV system and battery bank 

were done based on this information. The hourly solar radiation, calculated values were 

considered, and used as input of the Hybrid Optimization Model for Electric Renewable 

(HOMER) software to analyze the system. In addition, a comparative study was carried out 

considering two scenarios of the proposed model system. In the first scenario, the diesel 

generation, solar PV system was treated as autonomous (or standalone). In the second scenario, 

the proposed model system was connected to the grid system. It is found that electrifying the 

housing estate using the proposed hybrid system is very beneficial and competitive with other 

types of conventional sources due to the fact that it decreases both operating costs and pollutants 

emissions. Also, results from the HOMER software are realistic and give promising results for 

on-grid schemes. 

Key words: HOMER, pollutant emissions, NPC, Epileptic supply  

 

1. INTRODUCTION 

The concern of every Consumer of 

electricity in Nigeria is the unreliable power 

supply in the country. Industries are not 

depending on the National grid to run the 

day to day business in order to produce 

goods and services. This endemic challenge 

has led to the research on alternative source 

of energy for private industry owners. Given 

this background, we need to exploit the 

Renewable energy resources to meet up with 

these challenges [1]. This type of energy 

does not deplete from the initial source; the 

source is renewable permanently at human 

scale. Their exploitation produces little or no 
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waste and no polluting emissions unlike 

fossil fuels. No matter the origin of the 

source of supply; the sun, the wind, and the 

heat from the earth, the waterfalls, and the 

tides or yet the growth of plants, they are 

energies generated from a permanent 

renewable source [2].  Nigeria as a 

developing country requires power supply to 

maintain its large population and economic 

growth.  Bulk of Nigeria’s present power 

generation is coming from fossil fuel (gas 

powered plant) and few hydro power plants. 

Thus, it is imperative to augment the 

expensive diesel generation of power with 

renewable energy.  

 

The application of renewable energy system 

has become an important alternative as 

power provider [3]. Increase of electric 

utility rates and decrease of solar 

photovoltaic (PV) costs are creating a fast 

growing market for residential solar power 

systems [4]. Solar energy is becoming the 

next source of power supply in came as the 

most promising of the renewable energy 

sources. According to studies, solar 

radiation is at a rated value of 3.8x1023kW 

per second [5]. From estimation, a square 

meter of the earth surface can receive as 

much as 1kW of solar power after traveling 

through the ionosphere. However, the 

intensity of radiation from solar energy is 

weak when compared with the high energy 

concentration volume of diesel fossil fuel; 

the advantages are far higher than the 

conventional source. The use of silicon solar 

cells in converting solar radiation to 

electricity is the most common way of 

achieving this technology. The silicon solar 

cells are made into modules which are 

electrically linked together on a base plate. 

 

1.1AIM OF THE STUDY 

This paper aimed at using Hybrid 

Optimization Model for Electric Renewables 

(HOMER) to design a Hybrid renewable 

Energy System that would reduce costs and 

gas emissions from a housing estate in 

Nigeria. 

 

1.2   OBJECTIVES OF THE WORK 
The primary objective of this Paper is to 

develop a component solar power (PV) 

which can be integrated into the Existing 

power generation network using diesel 

generator. The objectives of this study are 

stated sequentially to achieve the aim, thus 

to: 

 Collect data from the area under 

study from meteorological station in 

the state and NASA Website, for 

further analysis. 

 Obtain the load consumption from 

the supply Authority and determine 

the load profile of the estate. 

 Perform sizing of system 

components using HOMER and by 

computation. 

 Determine the size of solar panels 

required in the design by calculation. 

 Determine the quantity of gas 

emitted from diesel generators alone 

and associated costs using HOMER 

software. 

 Determine the quantity of gas 

emitted and cost savings due to 

Renewable energy source 

penetration Using HOMER 

software.  

 Compare both scenarios (Diesel 

generator only and a combination of 

diesel generator and PV system in 

hybrid mode for economic analysis 

and validation. 
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2.  EXTENT OF PAST RELATED WORKS 
In this part of our country, the cost of fossil 

fuel-based electricity generation is high 

despite being an oil-producing nation. It is a 

known fact that Reliability and costs are two 

different important aspects that must be 

taken into account when working with the 

standalone-hybrid system for electricity 

generation [6]. The hybrid standalone 

system is usually more reliable and less 

expensive than systems that have a single 

source of energy supply [7]. In the literature, 

it has been proven that renewable electrical 

systems in off-grid applications are 

economically viable, especially in remote 

areas [8]. Climatic conditions can be 

considered as one of the factors that could 

make a hybrid system more profitable than 

another type [9]. For instance, the proposed 

diesel PV battery system is ideal in a warm 

climate considering the location of the 

housing estate in Nigeria.  

Nigeria is endowed with plenty of renewable 

energy sources like solar, hydropower, wind, 

geothermal, biomass, and ocean energies. 

However, the exploitation and utilization of 

these renewable energy resources are very 

low. Lack of appropriate policy, regulatory 

and institutional framework to stimulate 

demand and attract investments are some of 

the main constraints in its application for 

commercial use. The rapid development and 

industrialization would bring the 

implementation of the technologies for the 

exploitation and utilization of these 

renewable energy resources in Nigeria [10]. 

Presently, there is poor voltage profile, 

overload, inadequate dispatch, weak grid 

network, and constant system failure in the 

transmission network. Consequently, 

electricity access is poor with less than 50% 

of the large population served with enough 

electricity supply. The per capita 

consumption of electricity in Nigeria is low 

as compared with that of the developed 

countries [11]. Nigeria as a country is yet to 

utilize the energy available from the sun 

with average sunlight of 8 hours a day; 

Photovoltaic (PV) array which is composed 

of modules is considered as the fundamental 

power conversion unit of a PV generator 

system it falls under the class of renewable 

energy resources [12]. Radiation intensity 

from solar energy is weak compared with 

the high energy concentration volume of 

diesel fossil fuel power supply; long-term 

costs savings is the major benefits when 

using renewable energy sources [13]. In 

light of this, the research work is proposing 

a solar photovoltaic (PV) renewable energy 

source that would integrate with the existing 

expensive diesel generators powering the 

Housing Estate, at Eket, Nigeria.  

 

 

    

3.  MATERIALS AND METHODS 

The materials involved in this study are the 

power generating sets rated 50kVA 

(40kW),11KV Step-Up  Transformer Rated 

200kVA, Automatic change over device, 

Power circuit breakers at the Motor Control 

Center (MCC). 

 

The methodology to achieve the aim of this 

work is the adherence to the stated research 

objectives which has to do with the 

tabulation of the collected data and 

characterization of the existing min-power 

station under study. It entails the measuring 

of the basic meteorological data of solar 

radiation from NASA for Eket Local 

Government Area, Nigeria and then 

performing stand-alone system optimization 

using HOMER Software. The Generator is 

used for the supply of power to the estate; 

the Low Voltage from the generator is 

stepped up to 11kV through a step up power 

transformer transmitted through the11kV 
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feeder for the Mini grid network supplying 

40residential buildings. The 11/0.415Kv 

200kVA distribution transformer for low 

voltage distribution is sized properly to 

accommodate future expansion.. However, 

several factors affect the smooth operation 

of this generator, major constraints include 

the high cost of Fuel, lubricants, Noise level, 

and carbon emissions. 

 3.1 Configuration and Description of the 

power sources  
Figures 1 to 3 respectively show the power 

sources and how they are configured in this 

work. In Figure 1, the diesel fueled 

generator of size 50kW was used to power 

the estate alone and in Figure 2, the solar PV 

of size 50kW connected to the dc bus bar 

was introduced and the size of the diesel 

generator was reduced to 30kW. Figure 3 

shows that the diesel generator, solar PV 

battery system were connected to the grid. 

All systems were used to power the housing 

estate whose load profile is shown in Figure 

4 with 265kWh/day and 41kW peak 

 

 
               Figure-1 Diesel Generator mode on Conventional operation. 
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  Figure-2 System with Diesel Generator and solar PV 
 

 

 

 
 

Figure- 3 System with Diesel Generator and solar PV Connected to Grid 
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 Figure- 4   load profile of the Housing Estate. 

 

 

 

 
 

            Figure-5 Longitude and Latitude of Eket town in Nigeria 
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Table-1 Solar radiation and clearness index data for Eket Town in Akwa Ibom State. 

 

Month Daily radiation Clearness index 

January 5.82 0.62 

February 5.92 0.59 

March 5.46 0.53 

April 5.08 0.49 

May 4.79 0.48 

June 4.41 0.45 

July 3.93 0.4 

August 3.71 0.37 

September 4.03 0.39 

October 4.3 0.43 

November 4.89 0.51 

December 5.43 0.59 

 

Table- 2 Photovoltaic Module Electrical characteristics (BP Solar BP SX) 

 

Characteristics Rating 

Maximum power(Pmax) 150W 

Voltage at Pmax 34.5V 

Current at pmax 4.35A 

Short-circuit voltageIsc 4.75A 

Open-circuit voltageVoc  

43.5V 

Maximum system voltage 600V 

Area 1.2m
2
 

Efficiency 15% 

 

 

 
Figure-6 Global Radiation, Clearness index for Eket town, Akwa Ibom State (NASA). 
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3.2 Sizing and Specification of power components 

 

3.2.1 The PV peak power specification. 

The photo voltaic power is designed and 

sized to supply dc/ac electrical devices. The 

solar system is made up of solar modules 

that are connected to solar charge 

controllers, inverters and battery banks. The 

power generated is stored into batteries 

through the individual charge controllers 

attached to each battery bank, this is further 

converted to ac power by the inverter for 

supplying ac loads. Electrical specification 

is shown on table 2 (bpsolar, 

www.bpsolar.com).To estimate the size of 

the PV array, recall that the formula is   

PVarea= 
𝐸L

(𝐺𝑎𝑣∗𝑒𝑓𝑓 .𝑝𝑣∗𝑒𝑓𝑓 .𝑜𝑢𝑡 )
 1  

Where   EL is the average daily energy 

consumption of the residential area. 

Gav is the average energy input per day 

(Kwh/m
2
/day). 

 

The average daily radiation of the month 

most unfavorable is 3.71 Kwh/m
2
/d which is 

the month of August as shown in table 1.  In 

this work, the daily peak is 11.04Kwh 

TCF is the temperature correction factor 

eff.pv is the PV efficiency, 

eff.out is the battery efficiency 

(eff.B)*inverter efficiency(eff.Inv). 

The sizing of the photovoltaic generator is 

carried out on the basis of 1.2Kwh/m
2
/day 

that is the scaled annual average. 

If the temperature is assumed to be 29.9
0
c, 

the TCF will be 0.866  

The evaluation procedure takes into account 

the efficiency of the system; in this case PV 

module efficiency is given as 15% 

Battery round trip efficiency is 85% 

Inverter efficiency is 90% 

PVarea= (11.04)/(1.2*0.85*0.9*0.15) 

=11.04/0.1377 

80.174m
2 

The PVpeak power= PV area *PSI*eff.pv 2 

Where: PSI is the peak solar intensity at 

the earth’s surface given as 1000w/m
2   

Applying the evaluated data, taking PV 

efficiency to be 15%, we have; 

PVwp=80.174*1000*0.15= 12026wp. The 

DC bus voltage is chosen to be12VDc. 

This is approximated to 12kwpeak. 

 

 

3.2.2  Power converter 

A converter is included in order to maintain 

the flow of energy between the AC and the 

DC bus. The conventional load is DC type, 

but generated power from the diesel 

generator is AC type. The PV inverter helps 

to improve the total energy utilization of the 

photovoltaic generator and as result the 

optimization is required. 

A ratio relating the inverter rated power 

(Ppv,INV.NOM) and the photovoltaic peak 

power is used as a sizing criterion. 

PPV,INV,nom=v*PPV,peak   3 

This ratio is dependent on the location that is 

on the solar radiation intensity; and varies 

between 0.75 to 1.2 for locations of low and 

high radiation values. 

Ppv,INV.NOM   =1.2*12026; =14.431Kw. 

 

3.2.3  Determination of the number of 

solar modules. 

Recall that we specify the characteristics of 

the chosen PV in table 2 as BP SX 150s PV 

type modules with 150w [PVwp module=150] 

peak power. 
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The daily energy requirement can be 

established by the following equation: 

Npv=PVwp/ [pvwp module]       4 

Npv=12026/150 

=80 

Approx. 80. 

From the above, 80 modules, type BP solar 

BPSX 150 PV are used to supply the estate 

and maintain the battery banks in a healthy 

state. 

 

3.2.4 Determination of parallel connection 

of modules. 

The number of strings to be connected in 

parallel (NP) is given in equation   

NP= PVarea/[PVwp module]     5 

NP=12026/1*150 =80 

From the result, you require parallel 

configuration only. 

If the DC bus voltage is chosen as 12 V DC; 

then the modules will be connected in 

parallel. 

All batteries must be connected in parallel 

also. 

 

3.2.5 Controller sizing 

The sizing of the controller depends on the 

total current IPMAX. 

The controller protects the batteries against 

deep discharge and it prevents them from 

being over charged. 

The total current needed is obtained by 

dividing the peak power by the DC voltage  

of the system. 

Imax,reg=1.2*NP*IPMAX   6 

IPMAX=(PVWP)/(VPV) 

IPMAX=12026/12 =1002A 

 

Charge controllers are rated in amps ranging 

from 40A, 80A, to say 100A. Each battery 

bank is provided with a charge controller of 

1002/80 = approximately 13 units. Ten 

battery banks are required with an associated 

charge controller rated 100A, the next 

higher rating. Recall that electricity from the 

PV renewable energy source is produced as 

dc, from the panels which pass through a 

grid-interactive inverter, which converts the 

dc electricity into ac used by utilities in the 

estate. If more electricity is produced than 

the housing estate needs, then the surplus is 

fed into the grid system as shown in Fig. 3 

Also, when there is no much sun and the 

generation from the PV is low to augment 

the supply from the diesel generator to the 

estate demand, the housing estate would 

draw power from the grid. Thus the grid-

interactive system also known as a smart 

grid system eliminates the need for a battery 

backup during low PV output. The PV 

modules that generate free power from the 

sun by converting sunlight to electricity with 

no parts, zero-emission, and no maintenance 

are a collection of solar panels with solar 

cells electrically connected. 

 

4             RESULTS AND DISCUSSION 

 

4.1            Results of Simulations using  

HOMER Software 
The following are the results obtained using 

the HOMER software in the course of the 

study. Simulations were run for three 

different scenarios using the different 

configurations of the electric generating 

sources discussed in the methodology 

section of this work. The results obtained in 

the three scenarios are discussed in three 

different sections. The simulation results 

using the configuration system in Figure1 

for only diesel-fueled generator off grid 

system serving the housing estate are shown 

in section A. In section B, the configuration 

system in Figure 2 was used where solar PV 

was introduced including the converter and 

battery units and the system is still off-grid. 
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The grid-connected system of the diesel, 

solar PV, and battery system is shown in 

Figure. 3 was analyzed in section C. 

 

 

4.1.1 Section A (Only Diesel Generator off Grid System)  

 

 

 
 Figure- 7     Optimized Results using only Diesel Generator 

 

 

 

 
 

Figure-8 Cash Flow summary using only Diesel Generator 
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 Figure-.9 Grid Extension using only Diesel Generator 
 

 

 

 Table- 3 Emissions of using Diesel Generator 
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4.1.2     Section B (Diesel Generator and Solar PV Battery off Grid System) 

 

 
Figure- 10    Optimized Results using Diesel Generator, Solar PV 

 

 

 
 

Figure- 11 Cash Flow Summary using Diesel Generator, Solar PV 
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 Figure-12 Cost Analyses using Diesel Generator, Solar PV on Grid System 

 

 

 
 Figure- 13 Grid Extension using Diesel Generator, Solar PV 
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Table- 4   Emissions using Diesel Generator, Solar PV off Grid System 

 

 
 

 

4.1.3 Section C (Diesel Generator, Solar PV Battery System on Grid Connected 

 

 
 

Figure- 14 Optimized Results using Diesel Generator, Solar PV on Grid System 
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Figure- 15 Cash Flow Summary using Diesel Generator, Solar PV on Grid 

 

 
Figure- 16   Cost Analysis using Diesel Generator, Solar PV on Grid System 

 

 
 Figure-17 Solar Radiation for all Model Systems   
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Table-5 Diesel Generator and Solar PV on Grid System 

 
 

4.2 Analysis of the Simulation Results  

In section A, Figures 7 and 8 respectively 

show the optimized and cash flow results for 

the diesel generation off-grid system. It 

could be seen that the use of diesel generator 

incurs a very high cost to run with about 

2,400 USD net present cost (NPC). The 

value of the grid extension is also very high 

in the range of 227km as in Figure 9, 

showing that after 227km it would be 

expensive to use the grid system and the 

standalone would be cheaper to implement. 

The emissions of the system, in this case, are 

also very high as shown in Table 3, with 

high carbon, unburned hydrocarbon, and 

nitrogen contents in kg/year. In section B, 

Figures 10 and 11, the optimized results for 

the diesel, solar PV battery are shown with 

respect for the off-grid system, where it is 

seen that the NPC of the system dropped 

drastically compared to the use of only the 

diesel system, due to the penetration of the 

solar renewable system. The salvage value 

of the system for this case is also seen to be 

appreciative with about 7,000 USD at the 

end of project life as shown in Figure 12. 

The grid extension system dropped 

drastically from 227km for only diesel 

system to 139km (Figure 13) due to the solar 

PV integration into the system. The 

emissions of the system are way lower as 

shown in Table 4 compared to those 

obtained in section A; this is because a lot of 

the solar renewable energy technology 

penetration has made the use of the constant 

speed diesel power source operation 

reduced, as compared with when there was 

no solar PV battery. The Optimized results 

and the cash flow summary for the on-grid 

tied scenario for the diesel generator and 

solar PV battery system are shown in 

Figure14, and Figure15 respectively in 

section C. It could be observed that the 

values of the net present cost (NPC), the 

Levelized cost of electricity (COE), and 

total operating cost were lower than the 

results obtained in sections A and B. Also, 

based on Figure 16, the fuel cost was very 

low, with reduced and evenly distributed 

operating and Replacement costs, for the on 

grid system, though the salvage value is 

lower in this case. Figure 17 shows the solar 

radiation used to generate electricity in the 

solar PV system for all the model systems 

considered in this study. The global solar 
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and the solar altitude scatter diagram is 

displayed based on the location where the 

PV system was sited. Table 5 shows the 

amount of energy purchased, sold from the 

grid system and the net purchases in kWh 

for the year of operation. The peak demand 

and energy charge for the grid system is also 

shown in Table 5.  

 

4.3 Cost and comparative analysis of the 

proposed system. 

The economic analysis and pollutant 

emissions of the proposed system were 

carried out. The load profile or the nature of 

the AC primary load has a lot of impact on 

the economic and demand side management 

of the system. The responses of the AC 

primary load and excess electricity produced 

for without grid and with grid modeled 

system for this system are shown in Figs.18 

and 19 respectively for the month of 

January. When the grid was not considered 

the excess electricity produced was as high 

as 18.2kW as against 0.8kW with the grid 

modeled into the proposed system. A 

summary of the economic analysis for the 

scenarios of the proposed diesel solar PV 

battery system with and without grid is 

given in Table 6 ,while the comparison 

between  running a diesel generator alone 

and running it in hybrid mode was shown in 

table 7; it is clear that less pollutants are 

emitted to the atmosphere when the 

renewable energy penetration is considered. 

 

 
Figure- 18 AC load and Excess Electricity (without grid) 

 

 
Figure-19 AC load and Excess Electricity (with grid) 
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Table- 6 Economic Analysis of Diesel, Solar PV without and with Grid 

Scenarios NPC ($)  

 

LCOE 

($/kWh ) 

 

Operating 

Cost ($/yr)  

 

Excess 

Electricity  

(kW) 

Renewable 

Fraction  

 

Without 

Grid 

Modeled  

 

79,144 0.064 5,534 18.2 0.95 

With Grid 

Modeled  

 

38,215 0.0017 2,684 0.8 0.63 

 

Table- 7 Emissions of diesel Generator alone and emissions of hybrid connected mode (off 

grid). 

Pollutant Emissions kg/yr. Diesel 

Generator only 

Emissions kg/yr. Diesel 

Generator connected with 

solar PV off grid 

Carbondioxide 156.152 4.137 

Carbon monoxide 385 10.2 

Unburned hydro carbons 42.7 1.13 

Particulate matter 29.1 0.77 

Sulfur dioxide 314 8.31 

Nitrogen oxides 3,439 91.1 

 

  5.    Conclusions and Recommendations 

Solar photovoltaic (PV) power system has a 

great potential in the future as one of the 

renewable energy technologies for power 

generation. This work has presented an off-

grid connected diesel, solar PV system to 

power a Housing estate, in Eket. The factors 

that affect the design and sizing of 

components of the proposed model system 

to ensure adequate, reliable, and economic 

system design was presented. HOMER 

software that allows for flexible renewable 

energy hybrid system design using a library 

of components that can be inserted into the 

system, including a diverse set of electricity 

generators, energy storage, and load options 

was used. The software was used in 

analyzing the performance of the system in 

terms of cost, environmental and economic 

analysis; for the sustainability of the 

proposed hybrid power system. Some of the 

outcomes in the successful implementation 

of the system are; generating electricity and 

meeting load demand for the housing estate, 

reducing carbon and other pollutant 

emissions, due to minimal use of the diesel 

generator, thus, preventing environmental 

pollution and increasing the carbon credit, 

cost-effective and maintenance cost due to 

the minimum running hours of the diesel 

generator. HOMER was also used to model 

on a grid-connected to the proposed model 

system. A comparative analysis was done 

for both the off-grid and on-grid-connected 

systems. The simulated results show 

potential results for favoring on-grid 

systems, thus the long-term planning 

towards on-grid diesel hybrid PV systems 

stakeholders would be encouraging. 

However, the cost of the proposed system 

may be high, but commercial use with more 

customers of such systems can decrease the 

cost of technology and economical for the 

estate occupants.
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