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Abstract – This paper evaluated the economic potential of three different photovoltaic energy 
technologies at a selected site, Wa, in the Upper West region of Ghana. The cost of energy and 
net present value metrics were used to ascertain the cost-effectiveness of these technologies 
(fixed, single and double axis tracker systems). From the analysis, all three technologies are 
economically viable at the selected site, however, a sensitivity analysis shows that the fixed 
axis tracker is unviable at a discount rate above 2 % whiles that of the single and double axis 
power plants also become impracticable at a discount rate above 6 % using the financial input 
parameters adopted for the study. This is an indication that, even though the selected site may 
have the required solar radiation for the development of large-scale PV power plant, there is 
the need to create the necessary conducive financial environment to enable such projects to 
become viable. The double axis tracking system was identified as the optimum system that 
should be deployed at the selected site to get the best in terms of affordability of electricity to 
consumers and equity payback. 
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Nomenclature 
IEA International Energy Agency – 
GW Gigawatts  – 
STS Solar Tracking System – 
NPV Net Present Value $ 
COE Cost of Energy $/kWh 
EPC Energy Production Cost $/kWh 
O&M Operation and Maintenance  – 
MW Megawatt – 
T&D Transmission and Distribution  – 
kWh Kilowatt hour – 
MIRR Modified Internal Rate of Return % 
IRR Internal Rate of Return  % 
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1. INTRODUCTION  

In recent years, issues such as the need to ensure energy security, advancement in 
technology and the decreasing cost of most renewable energy systems as in the case of 
photovoltaic (PV) technology has led to the rapid development of renewable energy around 
the world [1]–[6]. Information from the International Energy Agency (IEA) shows that the 
PV market experienced an enormous growth in 2016, almost 76 GW was installed during that 
period worldwide [3]. Research has shown a direct correlation between access to energy and 
the development of a country [7]. Hence the need to ensure that majority of the people have 
access to clean, cost effective and safer sources of energy generation to help in their economic 
growth. 

Increasing demand for energy as a result of growing population, industrialization and 
urbanization coupled with depleting fossil fuel resources around the world has led to the need 
to find more sustainable sources of energy. Solar energy is one of such sustainable energies 
that has catch the attention of world leaders and investors. A photovoltaic solar system 
consisting of trackers, solar array units and other components that support the system employs 
photovoltaic elements to increase its efficiency [8]–[10].  

In order to make good use of the energy from the sun, the modules are usually slanted 
towards the equator at an optimum tilt angle. The climatic conditions and the latitude of the 
site determines the tracking angle. Two solar tracking systems (STS) namely: single STS and 
double axis STS depends on the movement of degree of freedom. A single STS is a method 
of tracking the direction of the sun from one point to another using a single pivot point for 
the rotation. The two axis STS is a technique which tracks the sun path in two different axes 
with the help of two pivot points for rotation, the STS in this technology has both vertical and 
horizontal axis [11]–[13].  

Several countries in the world are finding more sustainable, efficient and affordable sources 
of energy and Ghana is no exception. The government have a target to increase the percentage 
of renewable energy in the energy generation mix by some 10 %. This paper evaluated the 
economics of a large-scale solar power plant to be constructed in the Upper-West region in 
Ghana. This was done by using different tracking modes to assess the best technology for the 
selected site, using the cost of energy (COE) and net present value (NPV) financial metrics. 
This work is intended to provide policymakers and investors with the required information 
about all three technologies relative to their techno-economic viability to enable them to 
select the optimum technology as well as create deliberate policies that will help in the 
development of the sector. The study is divided into 4 main sections, section 1 has the 
introduction, section 2 provides the methodology adopted for the analysis, the results are 
presented in section 3, whiles the conclusion and some recommendations are also presented 
in section 4. 

2. METHODOLOGY 

The RETScreen is a clean energy management system software for evaluating energy 
efficiency, cogeneration project viability and performance of yet to be commenced (i.e. 
feasibility) as well as ongoing renewable energy projects. This paper used the RETScreen 
software to access the techno-economic potential of a 10 MW solar power plant (SPP) at Wa. 
The selected site is located on latitude 10.1 °N and longitude –2.5 °E. The daily solar 
radiation horizontal for the selected region according to the National Aeronautics and Space 
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Administration (NASA) using RETScreen, is 5.57 kWh m−2 d−1 with a wind speed average of 
2.2 m/s at a height of 10 m per year. This research used the cost of energy (COE) metric to 
assess the economic viability of the modelled power project. The COE is the ratio of the sum 
of the entire cost accumulated during the project’s lifetime to the unit of electricity generated 
over the entire lifetime of the project [2]. The COE and NPV can be computed using Eq. (1) 
and Eq. (2), respectively [14]. Three different tracking modes were employed in this paper, it 
includes, fixed, single-axis and double axis trackers as indicated in Fig. 1. 

The analysis was conducted using the following financial parameters: inflation rate of 2 % 
and debt term of 15 years as used in [15], debt ratio of 70 % and discount rate of 9 %. 
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Where: Co is the amount for the plant’s equity investment, Cn the cost of the project in n 
years (this includes the operation and maintenance, installations, financial costs and fees), 
dreal represents the real discount rate, dnominal is the nominal discount rate (discount rate with 
inflation inclusive), N is the period for the analysis, Qn is the generated electricity by the 
project in year n. 
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A positive NPV indicates that the project is economically viable, whiles a negative value 
indicates otherwise. The climatic data for the selected site is represented in Fig. 2. The solar 
radiation for the area is generally high in harmattan seasons i.e. the months of October, 
November, January, February, March, and April. It however peaks in the month of March. 
The rainy season of the area usually peak in June and July which accounts for the drop in 
solar radiation during that period as can be seen in the climatic data. 

The technical parameters for the simulation are as indicated in Table 1. All parameters used 
for the study were obtained from the RETScreen software. 

TABLE 1. TECHNICAL PARAMETERS USED FOR THE ANALYSIS 

Parameter Description/Value Unit 

Photovoltaic type Poly-Si  

Power capacity 10 000 kW 

Manufacturer Gintech  

Model Poly-Si-GTE 
240M63  

Number of units 42 000  

Efficiency 14.77 % 
Solar collector area 68 246 m2 

Inverter efficiency 98 % 
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Fig. 1. Different tracking types for PV Power Plant (authors’ elaboration). 

 

Fig. 2. Monthly average climatic data for the selected site (obtained from RETScreen, NASA data). 
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3. RESULTS  

This section evaluated the impact of tracking on the economic viability of a 10 MW PV 
power plant by analysing the EPC and NPV of all three scenarios. Evaluating a project’s 
techno-economic viability before implementation helps engineers, governments and investors 
to take the right decisions relative to the implementation or otherwise of such projects. In the 
case of renewable energy projects which has a high initial capital cost, it gives both decision 
makers and investors the opportunity to know at first hand the possible long-term techno-
economic behaviour of the project. Fig. 3 to Fig. 5 shows the cumulative cash flow for the 
project under different tracking systems. It also indicates the simple payback period for all 
three scenarios. 

The capacity factor which can be defined as the ratio of the actual electricity generated by 
a power plant to its maximum possible electricity output [16], in the case of the simulated 
plants are, 20.5 %, 25.6 % and 26.5 % for the fixed, single and double axis trackers, 
respectively. The total initial cost for all three projects was $ 43 120 000 using an initial 
capital cost of 1500 $/kWh for the PV modules [17] and an operation and maintenance 
(O&M) cost of 40 $/year [18] for all three scenarios. Table 2 shows the results obtained for 
the financial analysis of the different systems. The double axis tracker had a simple payback 
time of 11.6 years, the single axis tracker had 13.4 years whiles the fixed axis tracker recorded 
the longest period for the simple payback, which is 17.1 years. The differences in the years 
can be attributed to the differences in the intensity of solar irradiation received by the different 
systems due to the tracking system. The double axis tracking system recorded the least 
number of years because its mode of tracking results in greater irradiance relative to the other 
two modes or scenarios, since it minimizes losses due to the cosine effect through the use of 
its second axis of rotation. 

 

 

Fig. 3. Cumulative cash flow – fixed tracker. 
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Fig. 4 Cumulative cash flow – Single axis tracker. 

 

 

Fig. 5 Cumulative cash flow – Double axis tracker. 

The obtained results indicate that, the tracking system has a direct effect on the COE or 
EPC, double STS had the least EPC, whiles the highest EPC was recorded under the fixed 
axis system. It is clear from the analysis that the payback year and the EPC of the project can 
be reduced by the use of tracking system. 

The comparison of the three technologies as shown in Table 2 shows that the best 
technology for the reduction of greenhouse gas (GHG) emissions is the double axis tracking 
system. The RETScreen software provides GHG emission factor (excluding transmission and 

50 000 000 

40 000 000 

30 000 000 

20 000 000 

10 000 000 

0 

−10 000 000 

−20 000 000 

−30 000 000 

C
um

ul
at

iv
e 

ca
sh

 fl
ow

, $
 

0 5 10 15 20 25 
Year 

50 000 000 

40 000 000 

30 000 000 

20 000 000 

10 000 000 

0 

−10 000 000 

−20 000 000 

−30 000 000 

C
um

ul
at

iv
e 

ca
sh

 fl
ow

, $
 

0 5 10   15    20      25 
Year 



Environmental and Climate Technologies 

 ____________________________________________________________________________ 2020 / 24 

 
61 

 

distribution (T&D)) and GHG emission factor including (T&D) for every country. In the case 
of Ghana, GHG factor excluding T&D is 0.215 tCO2/MWh and including a 7 % T&D is 
0.232 tCO2/MWh. We assumed a GHG reduction credit rate of 30 $/tCO2 so as to compute 
the monetary value of the modelled project on the economy of Ghana, the rate usually varies 
between 1 and 100 $/tCO2 depending on the country involved and their level of pollution [19]. 
The modelling gave a GHG reduction revenue of 213 797 $, 669 215 $ and 682 873 $ for the 
fixed, single and double axis tracking systems, respectively, using natural gas as a reference 
fuel. 

The current cost of energy for electricity consumers in Ghana ranges between  
15–19 ¢/kWh for electricity generated from Ghana’s conventional sources [2]. Comparing 
the obtained EPC for the various scenarios evaluated in this paper to the current cost of energy 
in Ghana means electricity generation from all three systems will be cheaper should any of 
them be developed. 

 TABLE 2. COMPARISON OF FINANCIAL VIABILITY 

Parameter Fixed axis Single axis Double axis 

Pre-tax IRR equity, % 3.9 6.7  7.1 
Pre-tax MIRR equity, % 5.1 7.2  7.6 
Pre-tax IRR assets, % –1.2 0.47  0.74 
Pre-tax MIRR assets, % 0.81 2.3  2.6 
Simple payback, years 17.1  13.4 11.6 

Equity payback, years 20  17.5  17.1 
NPV, $ –9 856 990 –4 564 455 –3 659 826 
Annual life cycle savings, $/year –1 003 503  –464 690  –372 593 

Benefit-Cost (B-C) ratio 0.24 0.65 0.72 

Debt service coverage 0.78 0.92 0.94 

GHG reduction cost, $/tCO2 141  57.42  16.37 

Energy production cost (EPC), $/kWh 0.151  0.133  0.130 
Annual electricity export to grid, MWh 33 082  37 567  38 334 

Electricity export rate, $/kWh 0.10  0.10  0.10  

Annual electricity export revenue, $ 3 308 177 3 756 730 3 833 400 

Gross GHG reduction, tCO2/year 7127  8093  22 762 

Gross GHG reduction – 25 years, tCO2 178 164  202 322 569 060 

3.1. Sensitivity Analysis 

Since COE and NPV can be affected by economic and environmental vicissitudes, a 
sensitivity analysis was conducted to ascertain the impact of some financial parameters on 
the economic viability of the project. The discount and inflation rates were varied to unravel 
their effects on all three technologies. From the sensitivity analysis, it is clear that the 
economic viability of such projects hugely depends on the financing conditions. The obtained 
results suggest that the bankability of all three projects depends significantly on the inflation 
rate, the fixed system exhibited the highest susceptibility. Fig. 6 shows the sensitivity analysis 
of inflation rate on the NPV of the project. The impact of inflation and discount rate on the 
EPC is also significant, the EPC, increases with increasing inflation and discount rates as 
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indicated in Fig. 7 and Fig. 9. The fixed tracker has shown to be more susceptible to the type 
of financial conditions for the project, a discount rate of 4 % and above renders the NPV 
negative as can be seen in Fig. 8, this indicates that fixed tracker projects will not be 
economically viable using the 9 % discount rate in this study. 

 

Fig. 6. Sensitivity Analysis on Inflation. 

 

Fig. 7. Sensitivity analysis of inflation rate on EPC. 
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Fig. 8. Sensitivity analysis of discount rate on NPV. 

 

Fig. 9. Sensitivity analysis of discount rate on EPC. 

4. CONCLUSION 

This study seeks to unravel the best technology for the development of PV power plant at 
the selected site in Ghana. From the analysis, the project has high economic prospects, 
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conditions. All three different technologies are viable; however, the double STS shows more 
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economic cost-effectives relative to the other technologies. From the analysis, an EPC of 
0.151 $/kWh, 0.133 $/kWh and 0.130 $/kWh were obtained for the fixed, single and double 
axis tracker systems, respectively. The NPV for all three scenarios turned negative which is 
an indication that all three projects cannot be bankable under the current financial 
arrangement used for the analysis. The most electricity export to grid was generated from the 
double-axis tracking system, exporting a total of 38 334 MWh to grid per annum, whereas 
the single-axis tracking system exported 37 567 MWh, with the fixed axis system generating 
33 082 MWh which is the least electricity to grid per annum. From the sensitivity analysis, 
the impact of both discount and inflation rates can not be underestimated if such project were 
to be economically viable. This means the role of the Ghanaian and other governments on the 
continent with similar solar radiation potentials in the economic viability of such projects is 
key. There is the need to create the conducive financial environment for such projects to 
thrive. For instance, the simulation suggests that a discount rate of 2 % and above makes the 
fixed axis system unviable, the single and double axis tracker systems can only be viable with 
discount rate up to 6 % under the current financial conditions used for the analysis. It is 
therefore important to create a financing scheme that favours such projects such as the 
creation of grants and incentives schemes for investors. 

This paper recommends that, in order to comprehend the impact of other factors such as 
cost of land, ambient temperature, dust pollution and other financial conditions on the project, 
it is necessary to perform a future study which factors them to ascertain their effect on the PV 
system. Secondly, this paper assumed an equal initial capital cost for all technologies, it is 
instructive to note that, there may be some slight differences relative to the cost of fixed and 
tracking system. 
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