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This paper is based on a techno-economic analysis and the environmental impact
of a proposed 1 MW solar photovoltaic (PV) power plant at themain campus of the
Federal Polytechnic Mubi (FPM) in north-eastern Nigeria. A photovoltaic power
plant converts solar radiation into electricity that can be used as a source of
electrical power to meet the daily energy requirements of homes, equipment, and
all tertiary institutions. RETScreen Expert software was used to evaluate the
techno-economic and environmental sustainability of installing a grid-
connected PV power plant. The research results revealed that with an annual
solar radiation of 5.74 kWh/m2/day, the maximum annual energy production was
estimated to be 1,550.98 MWh. It was discovered that the maximum energy
production in March was 146.89 MWh. The project’s profitability and economic
sustainability were determined with a good internal rate of return (IRR) of 11.9%
and a positive net present value (NPV) of $681,164. The proposed PV power plant
has a simple payback period of 11.4 years. The maximum greenhouse gas (GHG)
emission reduction is 670.9 tCO2, equivalent to 61.7 ha of forest-absorbing carbon
emissions.
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1 Introduction

Renewable energy is essential because of its vital role in producing energy, among several
other energy sources used worldwide. Many countries are shifting from conventional fossil-
fuel-based power generation to renewable, environmentally friendly energy sources (Same
et al., 2022). Alternative and sustainable energy policies aim to address future energy demand
challenges while simultaneously mitigating air pollution and combating climate change on a
global scale. One primary renewable energy source is solar energy technology, which has
advanced significantly in several aspects in recent years. Solar photovoltaic (PV) technology,
which directly transforms solar radiation into electricity, has become one of the fastest-
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growing and most widely adopted renewable energy technologies
worldwide. Recently, PV module prices have decreased by 80% and
are expected to continue falling (al Garni et al., 2016; Renewable
Energy Agency, 2014). According to Jamil et al. (2012), renewable
energy is crucial to a country’s sustainable development, particularly
in light of mounting international pressure to reduce carbon
emissions. By leveraging energy storage devices, renewable energy
can meet energy demand and provide a continuous supply of
electricity (Pal et al., 2015).

Numerous studies have demonstrated that as the human
population grows, so does energy consumption. It has been
reported that many communities worldwide, particularly in
developing countries, face economic and social challenges due to
over two billion people lacking access to electricity (Martínez-Díaz
et al., 2013; Akinyele et al., 2015a). Energy plays a fundamental role
in our daily activities due to the increase in population,
industrialization, and demand for rapid change in the standard
of living of people throughout the globe compared with the last few
decades. A conventional method of generating electricity is the
thermal power plant, which depends on fossil fuels and
contributes to greenhouse gas (GHG) emissions, leading to
atmospheric pollution that causes acid rain (Raji et al., 2020).
Aba et al. (2019) stated that the PV system was ranked as the
third most sustainable renewable energy technology in the world.
Bopp et al. (Kumi and Brew-Hammond, 2013) reported that due to
energy challenges in Sub-Saharan Africa, between 2000 and 2014,
more than 2000 factories were forced to shut down because of power
outages. The outages of grid power in Africa led to the usage of
gigantic diesel generators with rising fuel costs; operating and
maintaining these electric generators caused hardship for most
private businesses, enterprises, and companies and accelerated
the shutting down of businesses (Adesanya and Schelly, 2019;
Reuters, 2022).

Today, Nigeria ranks among the countries with high solar
energy potential, ranging from 3.5 kWh/m2/day to 7.0 kWh/m2/
day (Raji et al., 2020; Okoye et al., 2016). The Nigerian government
has shown interest in renewable energy to eliminate blackouts in
the national power supply. The northern states of Nigeria have
6 kWh/m2/day to 7.5 kWh/m2/day of direct irradiance, which is
higher than the recommended value required for concentrating
solar power technologies (Ogunmodimu and Okoroigwe, 2018).
Nigeria has natural resources and excellent potential for future
development if these resources are utilized (Soonmin et al., 2019).
Adesanya and Schelly (2019) reported that the country’s vision was
to be among the 20 economic superpowers worldwide by the end of
2020, but this goal could not be achieved due to an inadequate
power supply to boost economic growth. Many businesses in
Nigeria mainly depend on conventional power generation as
their primary source of electricity. Jaime et al. (Ruiz-Cabrero
et al., 2022) proposed that for Nigeria to develop, multi-
dimensional growth and infrastructural development like a
power generation plant should be considered as one of the five
key areas to be addressed to provide a reliable and affordable power
supply.

Okoye et al. (2016) reported that solar energy systems had been
used to provide electricity for household and street lighting across
Nigeria. Still, many people are unaware of the benefits of PV, and
those who are discouraged because of the high installation costs. As

Nigeria experiences insufficient electricity supply, it is imperative to
explore alternative means of generating power and work toward
reducing dependence on suchmethods by 2025. To achieve this goal,
the government, educational institutions, researchers, and public
and private companies must collaborate and promote
environmentally friendly energy sources (Ong et al., 2011). To
ensure environmental sustainability and long-term viability, the
Nigerian government must prioritize efforts to enhance the
efficiency of the power system by integrating alternative energy
sources. Higher education institutions, such as universities,
polytechnics, and research institutes with large land areas, can
transform their environment into green, self-sustaining campuses.

There are many relevant studies on the simulation of the PV
power system using free or paid energy simulation software such as
Homer Pro, PVsyst, PVWatt, Solar-GIS, Solar Advisor Model, Solar
Pro, Helioscope, PV Sol, and PV F-Chart (Shukla et al., 2016; Baitule
and Sudhakar, 2017). In the work of Alsharif et al. (2017), the author
conducted a techno-economic evaluation of a stand-alone power
system based on the mobile communication system. The author
carried out the research based on South Korean solar radiation data
using HOMER software and obtained the result on the initial capital
cost of the project by comparing the economic feasibility of the
proposed solar system with a conventional energy system in urban
and rural South Korea. Bhuyan et al. (2017) conducted a
performance analysis of a 75 kW solar power plant in grid-
connected and off-grid modes. The authors used a software
application to estimate the load as an input function to obtain
the proposed output. The authors concluded that the overall
economic benefit of a grid-connected power solar plant lies in
the reduction of the monthly electricity received from the grid
and the reduction of diesel consumption required when the grid
cannot provide electricity, making the PV plant a green energy
contributor. Manoj Kumar et al. (2017) assessed a 1 MW solar PV
power plant at the UMP campus in Malaysia; the authors used the
PV Geographical Information System (PVGIS) and PV Watt
software for their simulation. The result showed that 1390 MWh
of electricity was generated with a GHG emission reduction of
818.71 t CO2. The authors concluded that the result provided 5% of
the total energy required on campus and that both software
programs agreed on the amount of predicted energy production.

Jumaat et al. (2018) modeled a 120-W monocrystalline
photovoltaic module using MATLAB Simulink to estimate the
efficiency and performance of the PV module. The input
parameters for the study, which consist of solar irradiance and
temperature in Parit Raja (1.86°N and 103.12°E), were obtained from
RETScreen software. After comparing the theoretical I-V and P-V
curves, the result was shown in the I-V and P-V curves, and it was
concluded that the Su-Kam PV module works efficiently with a
complete performance at standard test conditions. Afzal et al.
(Muhammad Azeem et al., 2017) conducted a feasibility and
financial analysis of solar and wind power plants. The authors
developed the study through RETScreen Expert. The system
consists of a PV and wind turbine project model with a
combination of solar and wind energy to address the electricity
shortfall in Pakistan. Three cases were considered for generating
10,000 MW by retaining the same electricity prices of $0.13/kWh
throughout the simulation. The results showed an equity payback of
18 years, 19.2 years, and 18.5 years, respectively.
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A feasibility study of a small stand-alone PV system was
carried out by Thompson and Duggirala (2009) in Canada, and
the economic study of the system was determined for south
Kenora, Ontario, Canada. This project, which used RETScreen
International 4.0, considered the economic and environmental
costs of generating 100 kW of electric power after considering
biomass, wind, and PV sources. The authors concluded that
combining the two systems gave a payback period of 1.4 years
compared to an existing hybrid. Liqun and Chunxia (Liqun and
Chunxia, 2023) conducted a feasibility analysis of a hybrid wind-
PV system in Dongwangsha on Chongming Island in Shanghai.
The study used RETScreen software and National Aeronautics
and Space Administration (NASA) data for analysis. The result
revealed the percentage of electricity that could be generated by a
wind turbine (82.1%) and PV (16.2%) with an equity payback of
1.8 years. The authors inferred that feasibility analysis is essential
for selecting the appropriate hybrid renewable power system
based on local weather conditions. An availability study of a
grid-connected PV system for the rural area of Rajasthan was
carried out by Nsafon et al. (2020). In their study, the authors
determined the electrical energy demand for the village through a
PV energy system using RETScreen Expert. The PV power plant’s
proposed annual energy of 600 kW was evaluated using the
online tools PVGIS and PV Watt. It was concluded that the
result had a good agreement and encouraged the use of PV
systems.

The main idea of this study is to assess the viability of a
ground-mounted, 1 MW grid-connected PV system using
RETScreen Expert software. RETScreen offers comprehensive
functionality that allows users to assess the feasibility of
renewable energy projects by evaluating technical, economic,
and environmental aspects on a single platform. This holistic
approach enables well-informed decision-making. This study
involves conducting techno-economic and environmental
analyses to determine the project’s viability. This research is
essential as it aims to illustrate to the educational institutions’
administrations the potential impact of PV installation on
reducing the campus’s carbon footprint from non-renewable
energy sources. Several countries, including Nigeria, have
implemented carbon neutrality programs to achieve
decarbonization in response to environmental concerns.
Ensuring consistent energy for the activities on Nigerian
university campuses is expensive, with some institutions paying
up to $140,000 per month, not including running diesel generators
during sessions (Alabi, 2022). With this in mind, conducting a
techno-economic feasibility assessment is critical to determine
what additional generation can be added to the current power
system to satisfy growing electrical needs, reduce operating costs,
and transition to a cleaner and more reliable supply.

2 Materials and methods

2.1 Location of the study

The Federal Polytechnic Mubi (FPM), situated in Mubi,
Adamawa State, Nigeria, was selected as the location for the
study. FPM is 180 km from Yola, the capital of Adamawa State.

Geographically, FPM is located in north-eastern Nigeria and has a
total area of 750 ha. The school’s main campus, in Mubi, is
geographically located at 10°16′44″N and 13°17′25″E, and the
elevation above sea level is about 559 m. FPM has another
campus in Yola. The school is ranked as one of the best
polytechnics in northern Nigeria. FPM has four schools divided
into seven departments. The staff and student population of the
main campus is 25,000. The main campus consists of well-
established facilities, infrastructure, and social amenities. As an
institution, FPM promotes renewable and sustainable energy
usage on campus, leading to the reduction of global warming
and air pollution, and supports the federal government in
promoting renewable energy in Nigeria. The selected campus
regions are shown in Figure 1, and the site information is
provided in Table 1.

2.2 Distribution of the proposed grid-
connected PV power plant

The proposed 1 MW ground-mounted grid-connected solar
PV power plant is novel in Nigeria because most solar systems in
Nigeria are designed to supply power for 6 h–12 h per day,
depending on the load required by the users (Akinyele et al.,
2015a). The proposed 1 MW PV system is expected to meet the
electricity demand of the Federal Polytechnic Mubi campus for
24 h for more than 20 years. The power plant is convenient with no
interruption during operation and requires fewer operating and
maintenance costs throughout the plant’s lifecycle. The installation
of this proposed power plant will not only improve the standard of
living of both the staff and students of the institution but also for
nearby communities. All possibilities were considered when
designing the proposed 1 MW ground-mounted PV power
plant to meet the current energy needs and supply excess
energy to nearby communities to support the Federal
Government’s renewable energy program. Özbek and Çelik
(2022) listed solar modules, inverters, mounting grid
connections, and DC/AC cables as some of the critical
components needed for grid-connected PV power plants with
the specifications provided by manufacturers. The different
types of solar modules produced presently are categorized based
on the materials used by the manufacturing industries (Seme et al.,
2019). The crystalline solar modules are widely used in large-scale

TABLE 1 Proposed site climate data.

Description FPM-main campus

Latitude 10.8°

Longitude 13.8°

Climate zone 0B-Extremely hot—dry

Elevation 559 m

Heating design temperature 18.4°C

Cooling design temperature 36.0°C

Ground temperature amplitude 17.2°C

Source: RETScreen Expert (2020).
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PV power plant installations around the world. Four 250 kW
inverters were selected for the 1 MW PV plant. The solar panels
will be mounted at an optimal angle per the site conditions; the
latitude of the particular location was chosen to obtain maximum
orientation (Seme et al., 2019). The proposed 1 MW solar plant
components and their respective specifications are shown in
Figure 2. The excess power generated by the power plant would
be supplied to the grid; in case of a power shortage, the system
would receive and use electricity from the grid (Olanrewaju et al.,
2019).

2.2.1 Proposed solar PV plant area
A typical 1 MW ground-mounted solar PV plant requires five

acres of land area, and the space required can either be open land or
on top of a building (Atsu et al., 2021). For this project, the PV
plant’s total area is 0.6382 ha (6,382 m2) of the 750 ha acquired by
the Federal Polytechnic Mubi campus.

2.2.2 Tilt angle optimization
Nigeria experiences a considerable amount of solar radiation

because of its global location (Elhab, 2012). The tilt angle used in this

proposed power plant is the value of the latitude of the site location,
as it is the best way to obtain maximum absorption of solar
radiation. The tilt angle considered for this PV plant is
10°16′44″. The simulation study was conducted using the
RETScreen software tool to obtain the maximum optimized value.

2.2.3 PV solar panel used
The China Sunergy mono-si-CSUN200-72M solar PVmodule is

used for the solar power plant with a power rating of 200 W, as
shown in Table 2. To meet the requirements of the inverter, the PV
panels will be connected in series to form a PVmodule string. A total
of 426 panels are needed for the project. As mentioned previously,
the maximum power (Pmax) of the proposed plant can be
determined using Equation 1:

Pmax � EACPi

GSRfPVηinv
, (1)

where EAC is the daily power consumption in kWh/d, Pi is the solar
radiation at standard test conditions (STC) in kW/m2, GSR is the
global solar radiation (kWh/m2/d), fPV is the PV derating factor,
and ηinv is the inverter yield (Yakub et al., 2022).

FIGURE 1
Proposed site location map: Federal Polytechnic Mubi, Main Campus.

FIGURE 2
System diagram of the proposed solar PV power plant component connections.
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Equation 2 was used to select the proposed plant’s suitable PV
module.

Panel selection � PVmodule capacity × Module efficiency

module price × area of themodule
.

(2)

2.2.4 Inverter
An inverter is a device that converts DC to AC. It is key to the

safety, efficiency, and reliability of any PV system setup, and the sizing
of the inverter for this study is given in Equation 3. The inverter is also
designed to handle high voltage and current under adverse weather
conditions. The inverter’s ingress protection and efficiency are the two
major factors determining its lifespan (Owolabi et al., 2019). The
Digital Luminous inverter with a rating capacity of 10 kVA/180 Vwas
selected for this proposed 1-MW solar PV power plant; 125 pieces is
needed. Hence, the efficiency of this inverter is 95%, and it would be
connected to meet the proposed PV power plant requirement.

Inverter size � Peak energy requirement × Factor of safety.

(3)

2.2.5 Economic analysis
The current study used RETScreen software to assess the grid-

connected PV system’s techno-economic viability. It was also used to
examine the effects of tilt angles on the PV power output. These
measures of economic viability were assessed to evaluate the
profitability and return on investment of the suggested PV project.

The capacity factor (CF) is the actual power generated by the PV
system during the time under consideration compared to the
amount of energy that could have been produced during the
same time under continuous full-power operation. The capacity
factor is expressed in Equation 4.

CF � Pout

P × 8760
. (4)

The net present value (NPV) is the after-tax cash flow for the year.

NPV � ∑N

n�0
Cn

1 + r( )n. (5)

The levelized cost of energy (LCOE) is the average net present
cost of electricity generation for a generator throughout its lifetime,
which is calculated using Equation 6:

LCOE � Sumof cost over lifetime

Sumof electricity generated over lifetime
. (6)

Simple payback (SP) measures how long it will take for a
planned facility to recoup its initial investment in terms of
savings or revenue. It is expressed in Equation 7.

SP � C − IG

Cener + Ccapa + CRE + CGHG( ) − Co&m + Cfuel( ). (7)

Equity payback (EP) is simply the amount of time it takes to
recoup the cost of an investment. It is expressed in Equation 8.

EP � ∑N

n�0Cn. (8)

Annual life cycle savings (ALCS) represents the annual savings
or revenue realized as a result of putting the proposed system into
practice and is calculated using Equation 9.

ALCS � NPV

1
r 1 − 1

1+r( )N( )
, (9)

where Pout is the energy generated per year, P is the installed capacity,
N is the project life in years,Cn is the after-tax cash flow in year n, and
r is the discount rate. C is the total initial cost of the project, fd is the
debt ratio, Bc is the total benefits of the project, IG is the incentives
and grants, and Cener is the annual energy savings or income. Ccapa is
the annual capacity savings or income, CRE is the annual renewable
energy (RE) production credit income, CGHG is the GHG reduction
income, and Co&m is the annual operation and maintenance cost of
the plant. Cfuel is the annual fuel cost , which is zero for renewable
projects (Yakub et al., 2022; Owolabi et al., 2019).

2.3 Simulation software package

RETScreen Expert is a clean energy management software that
enables professionals and decision-makers to identify the potential of
energy efficiency and renewable energy projects. Natural Resources
Canada developed the program on 30 April 1998 (Umar et al., 2018).
The software integrates with many databases, such as a global climatic
conditions database, the NASA satellite database, a benchmark
database, a cost database, and a hydrology database. The software
can perform energy, cost, emission, financial, sensitivity, and risk
analyses (Khandelwal and Shrivastava, 2017). The simulation
procedure is shown in Figure 3.

2.4 Solar radiation potential

Studies of potential solar radiation at the site where the PV
power plant will be installed are important. Conditions like solar
radiation, air temperature, and relative humidity vary from
location to location. According to Giwa et al. (2017), solar
radiation in Nigeria ranges from 12.6 MJ/m2/day to 25.2 MJ/
m2/day in the coastal and northern areas, respectively. This study
takes the selected location’s solar radiation potentials and air
temperatures from the RETScreen Expert databases. The daily
solar radiation horizontal (DSRH) and air temperature (AT) of

TABLE 2 Manufacturer specifications of China Sunergy mono-Si-CSUN200-72M
under standard test conditions (STC).

Description Value Unit

Manufacturer China Sunergy -

Model Mono-Si-CSUN200-72M -

Type Mono-si -

Efficiency 15.67 %

Nominal operating cell temperature 45 °C

Temperature coefficient 0.4 %/°C
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the chosen area are shown in Figure 4. From the simulated
results, the maximum solar radiation of 6.55 kWh/m2/day was
obtained in March, followed by 6.36 kWh/m2/day in February.
The lowest solar radiation of 4.75 kW/m2/day was obtained in
August. Similarly, the maximum air temperature of 30°C was
obtained in March, 29.5°C in April and 24.40°C in August.

3 Results and discussions

3.1 Monthly variation in energy generation

Monthly energy generation variations are clearly observed from
simulated studies in RETScreen Expert software, as shown in

Figure 5. The simulation revealed that the annual PV energy
production was 1,505.98 MWh for an annual average solar
irradiation of 5.74 kW/m2/day. March generated the maximum
energy, 146.89 MWh, while the minimum was generated in
August, 106.73 MWh.

3.2 Emission analysis

The proposed 1 MW PV power plant is not fully considered a
zero-carbon power generation system. Thus, there is a need to
estimate the CO2 t/kWh released by the plant. The proposed case
against the coal-based power plant’s CO2 emissions is known as
the base case, as shown in Figure 6. RETScreen Expert has

FIGURE 3
RETScreen simulation procedure.

FIGURE 4
Monthly solar radiation and air temperature.
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generated GHG emissions from the PV plant. Similarly,
RETScreen was used to calculate the revenue that can be
generated from the sale of GHG reduction emissions.
Transmission and distribution (T&D) losses of 16% were used
as stated in Yakub et al. (2022), and a GHG emission factor of
0.433 tCO2/MWh was used in Nigeria’s base case electricity
system. The software can calculate the selected location’s gross
annual GHG emission reduction, which is the difference between
the proposed case and the base case. The GHG emission for the
base case is 721.4 tCO2/MWh, and the proposed case is
50.5 tCO2/MWh. Therefore, the site’s gross annual GHG
emission reduction is 670.9 tCO2/MWh, which is equivalent to
61.7 ha of forest-absorbing carbon that will not be cut down for
the project’s lifespan. The software also calculates the GHG
reduction revenue, as shown in Figure 6. This is done to show
how to generate revenue through carbon trading.

3.3 Financial analysis of the proposed 1MW
solar PV power plant

Financial analysis is essential for the development and technical
feasibility of any project. The financial analysis cannot be perfect due
to various uncertainties associated with the calculation. Some of the
parameters used in the study as input variables are standards
obtained directly from the software’s built-in financial
parameters, including the inflation rate, discount rate,
reinvestment rate, debt ratio, and debt interest rate (Owolabi
et al., 2019). However, the initial cost and the operation and
maintenance cost were manually inputted, as shown in Table 3.

The software generated the outputs, such as the internal rate of return,
net present value (NPV), annual life cycle savings, benefit-cost (B-C) ratio,
debt service cost, energy production cost ($/kWh), payback period, and
equity payback period, as shown in Table 4 from the input variables.

FIGURE 5
Monthly energy variation of the 1-MW solar PV power plant.

FIGURE 6
GHG emissions for the base and proposed cases.
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According to Yakub et al. (2022), the project’s feasibility and
acceptability depend on the NPV, internal rate of return (IRR), and
payback period. The NPV is the difference between the present
value of cash inflows and the current value of cash outflows over
time for a project. The result in Table 4 shows that if the NPV of the
project is positive, then the project is economically viable and
sustainable for investors (Yakub et al., 2022; Yaniktepe et al., 2017).
The result also showed that the IRR, which reveals the project’s
profitability, is higher than the required rate of return (Yakub et al.,
2022). This also makes the project acceptable if the rate of return is
equal to the discount rate. The solar power plant project has a
payback period of 12 years, the time required to recoup the cost of

the initial investment in the project. With this payback period, the
solar PV plant makes financial sense at this location. The equity
payback, or the number of years required to recoup the equity
investment in the project from pre-tax cash flows reflecting
inflation and debt payments, shown in Figure 7, is 10 years.
The simulation results imply that the proposed project will
yield interest in the chosen location for 13 of its anticipated
25 years of service.

3.4 Solar PV plant risk analysis

Risk analysis allows varying all parameters within a specific
range before concluding the simulation (Owolabi et al., 2020).
In this study, energy production cost was selected as the
financial indicator, and its range is ±25% for all parameters
involved. The software’s built-in Monte Carlo simulation was
used to run 4,500 iterations. The result is displayed as the
impact and distribution graphs shown in Figures 8, 9. The
variation in the energy production cost yield results from the
different parameters, as shown in Figure 8. The result revealed
that the initial cost and the electricity exported to the grid

FIGURE 7
Cumulative cash flow of the project after 25 years.

TABLE 3 Financial input parameters used in RETScreen Expert.

Financial parameter Value

Escalation rate fuel 2.0%

Inflation rate 2.0%

Discount rate 6.0%

Reinvestment rate 9.0%

Project lifetime 25.0 years

Debt ratio 60%

Debt interest rate 5.0%

Debt term 15.0%

Debt payment $98,269/year

Electricity export rate $0.10/kWh

Electricity export escalation rate 2.0%

Initial cost $1,700,000

Operation and maintenance $13,000

Total annual cost $111,269

TABLE 4 Financial output parameters in RETScreen Expert.

Financial viability Value

Internal rate of return 11.9%

Net present value (NPV) $677,405

Annual life cycle savings $53,000/year

Benefit-cost (B-C) ratio 2

Debt service coverage 1.5

Energy production cost $0.093/kWh

Simple payback period 11.4 years
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connection significantly impact the proposed project in
opposite directions. Thus, the higher the initial cost, the
higher the energy production cost, while the more electricity
exported to the grid, the lower the energy production cost. To
exceed the 90% confidence level (Pr 90 value) of the energy
production cost, the risk level was set to 20% by excluding 10%
for the lower level and 10% for the upper level, as shown in
Figure 9. According to the result obtained, the Pr 90 energy
production cost was $107/MWh, which is slightly above the
energy production cost of $93/MWh at the proposed site; this
value revealed that the project is bankable and realistic
(Akinyele et al., 2015b).

3.5 Performance comparison using
RETScreen Expert Software

The performance of the proposed 1MWsolar PV power system for
Federal Polytechnic Mubi, Main Campus, was compared using
RETScreen Expert software. The results of this simulation study
were compared with the few existing studies of plants of similar
capacity. The result obtained from the present study is the same as
the study of Bano and Rao (2016) in Jaipur, India, but slightly higher
than the study ofManoj Kumar et al. (2017) and Yaniktepe et al. (2017),
while the work of Kumi and Brew-Hammond (2013) and Kazem et al.
(2017) was slightly higher than the present study. The study of

FIGURE 8
Impact graph of the risk analysis result for the PV power plant project in FPM.

FIGURE 9
Distribution graph of the risk analysis result for the PV power plant project in FPM.
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Poullikkas (2009) had the highest annual energy generation, as shown
in Table 5.

4 Conclusion

RETScreen Expert software was used to analyze the
feasibility of installing a 1 MW grid-connected PV power
plant at the Federal Polytechnic Main Campus in Adamawa
State, Nigeria. This was performed by considering the project’s
technical, financial, risk, and environmental impacts on the
community. In this study, some parameters used as input to the
software are the inflation rate, discount rate, location weather
data, reinvestment rate, and debt interest rate. The simulation
was performed to calculate the energy required to be exported
to the grid, the amount of GHG emission reduction, the total
initial cost, the GHG emission revenue over the lifetime of the
project, the sales of energy exported to the grid, and the number
of forest-equivalent hectares that would be needed to absorb
the carbon from fossil-fuel-based methods of generating
electricity. It was shown from the results that a maximum
annual energy production of 1,550.98 MWh could be
exported to the grid. In addition, the simulation result
shows that the calculated payback period of the PV solar
plant is 11.4 years, and its equity payback period is 10 years.
The project showed a positive value of $677,471 for the NPV
with an IRR of 11.9%, making the project viable and
economically sustainable. In addition, the project reduced
GHG emissions by 670.9 tCO2, equivalent to 61.7 ha of
forest-absorbing carbon emissions. The findings also
indicated a correlation between increased electricity export
to the grid and decreased energy production costs at the Pr
90% level.
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TABLE 5 Comparison of performance simulation results with the existing studies.

Location PV technology Plant
capacity (MW)

Annual
energy (kWh)

Yield factor
(kWh/year/kWh)

Capacity
factor (%)

Reference

Andhra Pradesh,
India

Monocrystalline
silicon

1 1,656,000 1,656.00 18.90 Goura (2014)

Cyprus Monocrystalline
silicon

1 1,820,850 1,820.00 20.79 Poullikkas (2009)

FPM, Mubi Monocrystalline
silicon

1 1,551,000 1,551.00 17.70 Present study

Ghana Polycrystalline
silicon

1 1,159,000 1,159.00 13.20 Kumi and Brew-Hammond
(2013)

Jaipur, India Polycrystalline
silicon

1 1,551,000 1,551.00 17.70 Bano and Rao (2016)

Oman - 1 1,771,000 1,771.00 21.70 Kazem et al. (2017)

Turkey Polycrystalline
silicon

1 1,544,000 1,544.00 17.62 Eke and Demircan (2013)

UMP, Pekan,
Malaysia

Crystalline silicon 1 1,390,000 1,390.00 15.86 Manoj Kumar et al. (2017)

UMP, Gambang,
Malaysia

Crystalline silicon 1 1,380,000 1,380.00 15.75 Manoj Kumar et al. (2017) and
Humada et al. (2016)
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