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Abstract: Zambia recently experienced extended hours of load shedding due to reduced hydroelectricity 

generation attributed to poor rainfall patterns. The inability to meet energy demand has influenced the 

government to consider alternative energy sources. This study aims to assess the economic feasibility of the 

eight sites using a 25-turbine layout for a 4 MW generic wind turbine at 130m hub height. An economic 

evaluation mathematical model was developed to analyze the economic feasibility using net present value, 

simple payback period, internal rate of return, and levelized cost of electricity (LCOE). The study shows that 

the Lusaka wind farm was the most economical with 386 GWh energy yield analysis (EYA), wind speed of 8 

m/s, NPV of 316 million dollars, SPP of 2.9 years, IRR of 82%, and LCOE of $0.182/ kWh. The results also show 

that the other seven sites are economically feasible, with Petauke being the lowest. The study’s economic 

sensitivity analysis conducted by varying the average electricity tariff shows that Lusaka was the most 

financially viable site. Therefore, policymakers should develop cost-reflective feed-in tariff (FiT) schemes and 

power purchase agreements for the country to have cost-reflective electricity tariffs that will motivate 

independent power producers to invest in Zambia. 

Keywords: economic feasibility; load shedding; electricity generation; energy demand; wind 

regime; sensitivity analysis 

 

1. Introduction 

Wind energy has become very popular in the last few years due to environmental concerns 

associated with the use of fossil fuels, the increase in the price of fossil fuels, and the desire of 

developed and developing countries to decrease their dependence on foreign fossil fuels. [1]. 

Renewable energies are gaining more attraction in the global energy market and society [2]. The U.S. 

government has invested $3 billion in wind research since 1976. The findings of this research 

demonstrate sizable and positive returns associated with wind power development [3]. Deploying 

turbines will achieve technical feasibility, high economic competitiveness, and high emission 

reduction. Therefore, clarity on suitable sites and investment costs is required. [4]. Tremendous 

greenhouse gas (GHG) emissions from the combustion of fossil fuels and unsatisfied energy 

requirements have forced the country to seek and adapt to environmentally friendly and renewable 

alternatives for sustaining an increasing energy demand. To this end, the government must 

emphasize renewable energy in future energy structures [5]. African countries, including Zambia, 

should take a leaf from such initiatives and fund wind research by empowering research and 

development(R&D) institutions to advance the wind energy sector.  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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Energy is one of the most critical factors for the socioeconomic development of any nation. It is 

undeniable that having access to power enhances productivity and creates opportunities for 

economic growth. Expanding alternate energy sources, such as solar and wind power, is a potential 

remedy for the problem posed by non-renewable resources [6]. Deploying onshore wind power is 

essential to mitigate climate change, despite producing disamenities for nearby residents, mainly due 

to noise pollution and visual effects [7]. 

 
Operators see the potential to increase investment returns in existing wind parks [8]. There are 

notable economic benefits of wind energy to communities, notably increased gross domestic product 

and local incomes [9]. Developing a renewable energy project such as wind and photovoltaic (PV) 

power plants requires a deep understanding of primary energy resources such as wind speed and 

solar irradiation [10]. Renewable energy projects help mitigate the release of GHG in the atmosphere. 

Global investments in offshore wind energy are expected to escalate over the coming decades, fueled 

by technological improvements, declining costs, and increasing political support. These 

developments’ complexity, scale, and location make international ownership and export of electricity 

more feasible [11].  

Achieving environmental decarbonization policies (low-carbon and net-zero carbon emissions) 

requires a reasonable offer from governmental officials [12]. The wind is an environmentally friendly 

energy source that can be harnessed as an onshore and offshore resource. In a hybrid of renewable 

energy systems, wind energy has resulted in a more reliable, feasible, and efficient stand-alone 

system [13,14]. Zambia aspires to be a prosperous middle-income country by 2030, and this will 

require an adequate supply of energy services to Zambians as an input to their productive activities. 

A market for renewable energy is gradually emerging, but many challenges limit growth. The 

government knows these market challenges and has worked closely with stakeholders to create a 

conducive market environment [15]. With this background, Zambia needs to conduct economic 

feasibility studies of renewable energy sources to provide the sector with information that 

policymakers and independent power producers can use. Among other potential energy sources, this 

study considers wind energy as that energy source [16]. Having the capability to plan more 

strategically will ultimately lower the LCOE of projects, enhance the certainty around long-term 

target-setting, and accelerate the deployment [17]. Many scholars have adopted scientific and 

advanced intelligent algorithms from the relevant research literature at home and abroad based on 

cost prediction of power engineering projects [18].  

Access to modern energy in the rural areas of Zambia needs to be improved [19]. Wind energy 

currently does not contribute to the installed generation capacity in Zambia, while solar PV 

contributes about 3% [20]. The adoption rates of modern bioenergy systems in the rural areas of 

Zambia are low, indicating shortcomings within the existing institutional arrangements for a 

conducive enabling environment for their deployment [21]. This status quo of access to modern 

energy in these areas shows the unlikelihood of attaining the 2030 rural electrification target of 51% 
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[22]. Comprehensive studies of onshore wind technical and economic potential should be a priority 

by the country for energy transition strategies. 

2. Economic feasibility of wind energy 

This literature review focuses on various methods used to analyze the economic feasibility of 

wind energy. Several authors have applied net present value (NPV), simple payback period (SPP), 

annual life cycle saving, internal rate of return, benefit-cost ratio, year-to-positive cash flow, and cost 

of electricity production (COE). Mohammadi et al. [23] applied present value cost (PVC) and unit 

cost of electricity (UCE) to conduct an economic analysis of wind farms. The study results showed 

that investment in wind farms in eastern Iran could be associated with high profitability. The same 

methods were applied by Alham et al. [24], Mostafaeipou et al. [25], and Feng et al. [17]. The studies 

show that the PVC and UCE will differ for each site or wind farm. Abdelhady et al. [26] only applied 

NPV; the results of the annual electricity generation from selected wind turbines at the chosen sites 

were used to investigate the feed-in tariffs (FiT) rates. The FiT must consider the contract’s length, 

interest rate, and number of operation hours at the rated capacity of the wind turbine. Ohunakin et 

al. [27] used a similar method, and results show that the unit energy cost of about $0.30/kWh was 

more profitable for non-connected electrical and mechanical applications (water pumping, battery 

charging) than a diesel generator. With the NPV method, an annual income or expense that will occur 

for a specific number of years is given a value at a particular time, usually the day when the turbine 

starts to operate [28].  

According to Satymov et al. [29], the results of this study show that there exists a certain hub 

height that enables wind turbines to deliver the lowest cost of electricity generated, and exceeding 

that height does not pay off the rise in capital expenditures needed for stronger foundations and taller 

and sturdier towers. This is reaffirmed by Ohunakin et al. [30], Barter et al. [31], Mardones [32], Quinn 

et al. [33], and Langer et al. [34]. SPP method is used to evaluate the economic preconditions for an 

investment in a wind power project. It calculates the time it will take to recover the invested money 

[27]. Zoładek et al. [35] defined a simple payback period as a period when the value of the energy 

produced by the system exceeds the initial costs of the system. The achieved results allow one to 

evaluate the feasibility of the proposed system from both an energy and economic point of view. The 

proposed system achieves a simple payback period of 13.3 years, which puts it on the verge of 

profitability. 

A project is financially feasible if the IRR exceeds the financial discount rate. Also, the IRR is the 

maximum discount rate up to which the project can be economically viable. The levelized cost of 

electricity (LCOE, €/kWh) is the present value of the cost to produce one unit of electrical energy, 

considering the project’s lifetime [36]. Just like Ali et al. [35], Himri et al. [37] applied RETScreen 

software to estimate the energy output and to conduct the economic feasibility of a wind farm in 

terms of Simple Payback Period (SPP), Internal Rate of Return, Annual Life Cycle Saving, Net Present 

Value, Year to Positive Cash Flow, Benefit-Cost ratio and cost of electricity production (COE). Odoi-

Yorke et al. [38] applied the same method; findings reveal that a feed-in tariff (FiT) lower than 

US$0.15/kWh is not lucrative for wind power development in Adafoah. Furthermore, without 

financial incentives, the levelized cost of energy (LCOE) from the wind power plant is about 

US$0.143/kWh. 

Sensitivity analysis is applied to a realistic scenario for the worst things; this could be that the 

total power price will drop by 15 percent, and the power production will be 10 percent less than 

calculated due to errors in calculations, climate change, grid failure, and different hub heights. Ali et 

al. [35] explain that wind turbine hub height affects the economics of the wind turbine, so the optimal 

hub height was estimated for each wind turbine model; this is also reaffirmed by Zhang et al. [39] 

and Satymov et al. [28] in the sensitivity analysis conducted.  

This study analyses the economic feasibility of eight sites in Zambia to understand the cost 

structure of setting up wind power plants. The eight sites are located in the country’s provincial 

headquarters; therefore, connecting the power plant to the grid is easier. The model created in this 

study identified equipment transportation to these sites as a differentiating factor in terms of cost 
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structure due to differences in distance. This study was motivated by the need for more 

comprehensive research on the economic analysis of wind energy specific to Zambia. This work is 

the first economic feasibility study in the Zambian context. It seeks to identify the optimal cost 

structures for installing wind turbines in the selected eight sites shown in Table 1. The eight sites 

presented in this paper have good wind potential for electricity generation. Based on two years of 

data collection, DNV GL has evaluated the wind resource at each location, the long-term wind 

regime, and the estimated energy production based on a generic 4 MW wind turbine with a rotor of 

140 m and a hub height of 130 m [40]. This paper shows a comparative study of economic feasibility 

using net present value (NPV), simple payback period (SPP), internal rate of return (IRR), and 

levelized cost of electricity (COE). The results will also enhance the knowledge of wind power in 

Zambia, promoting the country’s transition towards clean and sustainable energy. Further, the 

findings will guide the development of wind power projects in Zambia and other places where the 

wind speed is low to moderate for the particular wind turbine [15]. 

3. Materials and methods 

3.1. Site description and energy data 

The masts that form part of the ESMAP program are located across Zambia to inform the wind 

mapping studies. Measurements of the wind regime have been made at eight meteorological (met) 

masts locations across Zambia, as shown in Figure 1. DNV GL has analyzed a preliminary 25-turbine 

layout for a generic 4 MW wind turbine at a hub height of 130m close to each mast location to assess 

the potential energy production at each location [40]. 

 

Figure 1. Mast locations [40]. 

Table 1 below summarizes each site’s terrain and ground cover and the range of turbine base 

elevations. 
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Table 1. Site descriptions [40]. 

 
Table 2 shows the turbine model considered for this economic feasibility study. 

Table 2. Proposed turbine model parameters [40]. 

                Valid PC  

 

Turbine 

  

Rated 

power   Hub height 

[m] 

  Peak power   

Valid PC 

density   turbulence  

   

[MW] 

    coefficient 

[Cp] 

  

[kg/m3] 

  intensity 

range 

 

              

                [%]  

 

Generic 4 

MW  4.0  130  0.44  1.225  6-12  

                  

Turbine manufacturers should be approached early to gain acceptance of proposed turbine 

layouts and turbine suitability for each site and evaluate the need to mitigate fatigue loads through 

wind sector management. Some turbine models may provide better energy capture and improve the 

overall performance at the sites. Table 3 summarizes eight sites’ average turbine wind speed at 130m 

[40]. 

Table 3. Average long-term hub height wind speed estimates at the turbine locations. 

Site Average turbine wind speed at 130m (m/s) 

Choma 7.1 

Mwinilunga 7.2 

Lusaka 8.0 

Mpika 7.0 

Chanka 7.2 

Petauke 6.9 

Mansa 7.2 
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Malawi 7.1 

The projected net energy production of each wind farm is shown in Table 4 [40] . Energy 

production is essential for economic feasibility calculations as it helps to analyze the project’s 

viability. Lusaka, which had the highest wind speed, has the highest energy output of 386 

GWh/annum with a capacity factor of 44%, with Petauke having the lowest at 291.5 GWh/annum and 

a capacity factor of 33.2%.To be able to make an informed decision about a wind power project, a 

thorough economic analysis is necessary. The wind turbines must generate income to guarantee that 

the investors, or the banks that give loans, will get their money back and a decent return on their 

investment. Therefore, economic analysis should be followed up with a sensitivity analysis that will 

show the risks and opportunities of the investment [41].  

Table 4. Energy production summary [40]. 

 

3.2. Methodological approach 

An economic evaluation mathematical model was developed to conduct the economic feasibility 

using net present value (NPV), simple payback period (SPP), internal rate of return (IRR), and 

levelized cost of electricity production (LCOE). Figure 2 presents the methodological flow chart used 

in this study.  

 

Figure 2. Methodology flow chart. 
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3.3. Economic Feasibility Analysis 

Several methods have been applied to conduct the economic feasibility of wind energy potential 

for electricity generation. In this study, the following methods have been employed for computations.  

3.3.1. The cost of the wind turbine 

The cost of the wind turbine; 𝐶௪்($) can be estimated using Equation [35]: 𝐶௪் = 2950 × 𝑙𝑛 (𝑃ோ) − 375.2 (1) 

Where; 𝑃ோ is the rated power of the wind machine in MW. 

3.3.2. The present value of costs (PVC)  

The PVC method is adopted in this work because (i) it considers the dynamic development of 

the relevant economic factors and (ii) different occurrences of costs and income are taken into account 

regardless of whether the money has been or will be paid or received in the past or the future through 

deduction of accrued interest (discounting) of all payment flows to a standard reference time [42], 

this is calculated using the equation below is given [22–26,35,42]: 𝑁𝑃𝑉 = ∑  ௡௧ୀ଴ ஻೟(ଵା௥)೟ − ∑  ௡௧ୀ଴ ஼೟(ଵା௥)೟  (2) 

The other important factors taken into consideration when PVC is used to evaluate the costs of 

energy produced by turbines in kWh at the eight sites include:  

1. US dollar($) was used for calculations due to the Zambian Kwacha(ZMW) fluctuations. 

2. The study used the values of inflation rates for Zambia from May 2022 to June 2023. The inflation 

rate (i) value is 9.9 [43]. Zambia banks charge interest rates (r) of 20 to 30%, which makes it 

difficult for developers to achieve a good return on investment [44]. A minimum of 20% has been 

used in this study. 

3. Machine life (n) for turbines is 20 years. 

4. Operation and maintenance (O&M) costs constitute a sizeable share of the total annual costs of 

a wind turbine. Operational costs are annually recurring and involved in the routine operation 

of wind farms; these costs are fixed and can be estimated in a straightforward deterministic 

manner [22–26]. However, maintenance cost is not fixed, cannot be calculated straightforwardly, 

and is only activated by stochastic variables as it does not have a specific value but is often 

obtained from a range of values. It was also reported that operation and maintenance cost (Com) 

varies from 15 to 30% of the total initial cost (annual wind turbine cost + other initial costs) [35]. 

Zambia is a new market for wind power technology, and operation and maintenance cost (Com) 

is assumed to be 15% of the initial capital cost of the wind turbine installation system (system 

price/lifetime).  

5. Most of the selected sites are in rural areas. There is a challenge in terms of transportation. 

Therefore, the costs will mainly be incurred on the transportation of turbines, civil work, and 

road construction to the site. This cost may be higher than anticipated compared to sites in cities 

such as Lusaka, the capital city. These were considered 10% of the turbine price and civil works; 

therefore, for remote places, they will vary based on distance.  

6. 𝐵௧  is all the benefits during a particular year, such as income from selling electricity, 

depreciation, production tax credits (PTC), and investment tax credits (ITC) [35]. 

7. 𝐶௧ is the summation of turbine price and other initial costs, including provisions for civil work, 

land, infrastructure, installation, and grid integration. Since most of the projects will be executed 

in the rural area/suburbs of the country, the cost of land is assumed to be provided by the local 

chiefdom since Zambia has vast land which can be used for wind farms and labor for civil work 

may be very cheap as local people will provide it with support from government and R&D 

Institution; hence another initial cost can be taken as 5% of actual turbine price. 
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3.3.3. Internal rate of return (IRR) ∑  ௡௧ୀ଴ ஻೟(ଵାூோோ)೟ = ∑  ௡௧ୀ଴ ஼೟(ଵାூோோ)೟  (3) 

A project is considered financially feasible if the IRR is greater than the financial discount rate 

and also is the maximum discount rate up to which the project can be economically feasible [35]. 

3.3.4. Levelized cost of electricity (LCOE) 

Considering the project’s lifetime, the levelized cost of electricity ( LCOE,$/kWh ) is the present 

value of the cost to produce one unit of electrical energy. It is calculated as follows [35,41]. 

𝐿𝐶𝑂𝐸 = ∑  ೙೟సభ  ൬಺೟శೀ&ಾ೟షವ೟శ೅೟(భశೝ)೟ ൰∑  ೙೟సభ  ஺ா௉೟   (4) 

3.3.5. Simple payback period (SPP) 

A simple payback period (SPP) is the time in which the initial cash outflows of an investment 

are expected to be recovered from the cash inflows in the following years; this is the most 

straightforward investment appraisal technique and is calculated using the equation below: 𝑃𝐵𝑃 =  Initial investment 

 Net cash flow per period 
  (5) 

Table 5 summarizes other critical financial assumptions, and Table 6 estimates the wind turbine 

tower.  

Table 5. Summary of financial assumptions. 

Parameter Value 

Corporate tax (%) 5 

Depreciation period (Years) 20 

Depreciation method linear approximation 

Depreciation period (%) 5 

Operations period (Years) 20 

Real interest rate (%) 10.1 

Electric tariff ($/ KWh) 0.07 [44] 

Table 6. Wind turbine tower’s cost estimation parameters [35]. 

Monopole-Type Foundation 

Parameter Value 

Height(m) 130[39] 

Steel cost ($/kg) 0.64 

Steel density (kg/m3 ) 7870 

Monopole diameter (m) 5.5695 

Monopole thickness (m) 0.075 

4. Results and discussions 

4.1. Analysis of Wind Turbines for Choma site 

Considering financial and time constraints, it is essential to determine the most suitable locations 

to enable renewable energy farms to achieve the proposed targets for renewable energy production 
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[45]. The turbine hub height is one of the most critical parameters affecting wind farms’ economics. 

Along with hub height, other factors which highly affect the economics of wind farms are (but are 

not limited to) electric tariff ($/KWh), discount rate (%), and corporate tax rate (%). However, accurate 

prediction of these three parameters is complex [35]. Table 7 shows techno-economic parameters at 

130 hub height for the Choma site using Zambia’s average electric tariff of $0.07/ KWh. This section 

is not mandatory but may be added if there are patents resulting from the work reported in this 

manuscript. 

Table 7. Techno-economic parameters. 

Wind turbine 

model 

Optimum 

Hub Height 

(m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 303.0 34.6 - 

104,619,341 

4.87 0.233 - 9 

The results of the model show negative values NPV for the twenty years. Towards the end of 

the turbine lifetime, the values approach the positive NPV; this can be explained by the negative 

payback period; this means that it will take more than 20 years for the wind turbine to break even for 

the Choma site and start making a profit if the electricity tariff is maintained at $0.07/ kWh. The LCOE 

is at a minimum toward the end of the turbine lifetime. Figure 3 presents the results of NPV and 

LCOE. According to Ali et al. [35], the optimum hub height is defined as the hub height at which both 

LCOE is at a minimum, and NPV is at a maximum, or just LCOE is at the minimum. 

 

Figure 3. Wind turbine economics at $0.07/ kWh electricity tariff for Choma site. 

Figure 4 shows sensitivity analysis results for the Choma plant. The highest value of LCOE is 

$0.617/ kWh, and the lowest is 0.232 $/kWh. By using LCOE for Lusaka, which is the lowest (0.182 

$/kWh) as the average electricity tariff for the country, we have positive values of NPV for the 20 

years at 130 m hub height with SPP of 5.1 years. The wind farm at a hub height of 130 m will generate 

net profits having an NPV of 182 million dollars. The LCOE will be as low as 0.232 $/kWh (the 

minimum) during the 20 years. Independent power producers in the wind sector can considering 

investing in Choma if the electricity tariff is between 0.232 $/kWh and $0.617/ kWh. However, other 

factors may affect the price, such as the company’s preferred profit margin, interest rates, taxes, 

government subsidies, and social and environmental factors. 
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Figure 4. Average electricity tariff ($0.07/ kWh) and ($0.617/ kWh) sensitivity analysis for the Choma 

site. 

4.2. Analysis of Wind Turbines for Mwinilunga site 

Table 8 shows techno-economic parameters at 130 hub height for the Mwinilunga site using 

Zambia’s average electricity tariff of $0.07/ kWh. The results of the model show negative values NPV 

for the twenty years. Towards the end of the turbine lifetime, the values approach the positive NPV; 

this can be explained by the negative payback period; this means that it will take more than 20 years 

for the wind turbines in Mwinilunga to break even and start making a profit if the electricity tariff is 

maintained at $0.07/ kWh. The LCOE is at a minimum toward the end of the turbine lifetime. Figure 

5 presents the results of NPV and LCOE. 

Table 8. Techno-economic parameters. 

 

Figure 5. Wind turbine economics at $0.07/ kWh electricity tariff for Mwinilunga site. 

Figure 6 shows sensitivity analysis results for the Mwinilunga plant. The highest value of LCOE 

is $0.624/ kWh and 0.235 $/kWh. By using the electricity tariff of 0.182 $/kWh which is the lowest 

Wind turbine 

model 

Optimum Hub 

Height (m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 323.3 36.9 - 105,555,910 15.4 0.235 - 9 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 October 2023                   doi:10.20944/preprints202310.0750.v1

https://doi.org/10.20944/preprints202310.0750.v1


 11 

 

LCOE for Lusaka, we have positive values of NPV for the 20 years at 130 m hub height; this can be 

explained by the payback period of 4.6 years. The wind farm, with a hub height of 130 m, will 

generate net profits having an NPV of 200 million dollars. The LCOE will be as low as 0.235 $/kWh 

(the minimum) during the 20 years. Independent power producers in the wind sector can consider 

investing in Mwinilunga if the electricity tariff between is 0.235 $/kWh and $0.624/ kWh. However, 

other factors may affect the price, such as the company’s preferred profit margin, interest rates, taxes, 

government subsidies, and social and environmental factors. 

 

Figure 6. Average electricity tariff ($0.07/ kWh) and ($0.624/ kWh) sensitivity analysis for 

Mwinilunga. 

4.3. Analysis of Wind Turbines for Lusaka site 

Table 9 shows techno-economic parameters at 130 hub height for the Lusaka site using Zambia’s 

average electric tariff of $0.07/ kWh; the model results show that Lusaka had the lowest negative 

values NPV for the twenty years. Towards the end of the turbine lifetime, the values approach the 

positive NPV; this can be explained by the negative payback period; this means that it will take more 

than 20 years for the wind turbines in Lusaka to break even and start making a profit if the electricity 

tariff is maintained at $0.07/ kWh. The LCOE is at a minimum toward the end of the turbine lifetime. 

Figure 7 presents the results of NPV and LCOE. 

Table 9. Techno-economic parameters. 

Wind turbine 

model 

Optimum 

Hub Height 

(m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 386.0 44.0 - 49,052,832 82.1 0.185 - 19 
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Figure 7. Wind turbine economics at $0.07/ kWh electricity tariff for Lusaka site. 

Figure 8 shows the sensitivity analysis results for the Lusaka plant. The highest value of LCOE 

of $0.482/ kWh, and $0.182/ kWh is the lowest. Using the average electricity tariff of $0.182/ kWh, we 

have positive values of NPV for the 20-year at 130 m hub height; this can be explained by the payback 

period of negative 2.9 years. The wind farm, with a hub height of 130 m, will generate net profits 

having an NPV of 316 million dollars. The LCOE will be as low as 0.182 $/kWh (the minimum) during 

the 20 years. Independent power producers in the wind sector can consider investing in Lusaka if the 

electricity tariff is between $0.182/ kWh and $0.482/ kWh. However, other factors may affect the price, 

such as the company’s preferred profit margin, interest rates, taxes, government subsidies, and social 

and environmental factors. 

 

Figure 8. Average electricity tariff ($0.07/ kWh) and ($0.482/ kWh) sensitivity analysis for Lusaka. 

4.4. Analysis of Wind Turbines for Mpika site 

Table 10 shows techno-economic parameters at 130 hub height for the Mpika site using Zambia’s 

average electric tariff of $0.07/ kWh. The model results show negative NPV values for the twenty 

years. Towards the end of the turbine lifetime, the values approach the positive NPV; this can be 

explained by the negative payback period; this means it will take more than 20 years for the wind 

turbines in Mpika to break even and profit if the electricity tariff is maintained at $0.07/ kWh. The 

LCOE is at a minimum toward the end of the turbine lifetime. Figure 9 presents the results of NPV 

and LCOE. 

Table 10. Techno-economic parameters. 

Wind turbine 

model 

Optimum 

Hub Height 

(m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 320.3 36.5 - 101,505,602 16.1 0.184 - 9 
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Figure 9. Wind turbine economics at $0.07/ kWh electricity tariff for Mpika site. 

Figure 10 shows sensitivity analysis results for the Mpika plant. The highest value of LCOE of 

$0.487/ kWh, and the lowest is $0.487/ kWh. By using LCOE for Lusaka, which is the lowest at $0.182/ 

kWh as the average electricity tariff, we have positive values of NPV for the 20-year at 130 m hub 

height; this can be explained by the payback period of 4.6 years. The wind farm at a hub height of 130 

m will generate net profits having an NPV of 201 million dollars. The LCOE will be as low as 0.182 

$/kWh (the minimum) during the 20 years. Independent power producers in the wind sector can 

consider investing in Mpika if the electricity tariff between 0.182 $/kWh and $0.487/ kWh. However, 

other factors may affect the price, such as the company’s preferred profit margin, interest rates, taxes, 

government subsidies, and social and environmental factors. 

 

Figure 10. Average electricity tariff ($0.07/ kWh) and ($0.487/ kWh) sensitivity analysis for Mpika. 

4.5. Analysis of Wind Turbines for Chanka site 

Table 11 shows techno-economic parameters at 130 hub height for the Chanka site using 

Zambia’s average electric tariff of $0.07/ kWh. The results of the model show negative values NPV 

for the twenty years. Towards the end of the turbine lifetime, the values approach the positive NPV; 

this can be explained by the negative payback period; this means that it will take more than 20 years 

for the wind turbines in Chanka to break even and start making a profit if the electricity tariff is 

maintained at $0.07/ kWh. The LCOE is at a minimum toward the end of the turbine lifetime. Figure 

11 presents the results of NPV and LCOE. 
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Table 11. Techno-economic parameters. 

Wind turbine 

model 

Optimum 

Hub Height 

(m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 345.6 39.4 - 92,088,088 35.3 0.206 - 10 

 

Figure 11. Wind turbine economics at $0.07/ kWh electricity tariff for Chanka site. 

Figure 12 shows sensitivity analysis results for the Chanka plant. The highest value of LCOE is 

$0.547/ kWh, and the lowest is $0.206/ kWh. Using the average electricity tariff of $0.182/ kWh as the 

average electricity tariff, we have positive values of NPV for the 20-year at 130 m hub height; this can 

be explained by the payback period of 3.9 years. The wind farm at a hub height of 130 m will generate 

net profits having an NPV of 235 million dollars. The LCOE will be as low as 0.206 $/kWh (the 

minimum) during the 20 years. Independent power producers in the wind sector can consider 

investing in Chanka if the electricity tariff is between $0.206/ kWh and $0.547/ kWh. However, other 

factors may affect the price, such as the company’s preferred profit margin, interest rates, taxes, 

government subsidies, and social and environmental factors. 

 

Figure 12. Average electricity tariff ($0.07/ kWh) and ($0.547/ kWh) sensitivity analysis for Chanka. 

4.6. Analysis of Wind Turbines for Petauke site 

Table 12 shows techno-economic parameters at 130 hub height for the Petauke site using 

Zambia’s average electric tariff of $0.07/ kWh. The results of the model show negative values NPV 

for the twenty years. Towards the end of the turbine lifetime, the values approach the positive NPV; 

this can be explained by the negative payback period; this means that it will take more than 20 years 

for the wind turbines in Petauke to break even and start making a profit if the electricity tariff is 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 October 2023                   doi:10.20944/preprints202310.0750.v1

https://doi.org/10.20944/preprints202310.0750.v1


 15 

 

maintained at $0.07/ kWh. The LCOE is at a minimum toward the end of the turbine lifetime. Figure 

13 presents the results of NPV and LCOE. 

Table 12. Techno-economic parameters. 

Wind turbine 

model 

Optimum 

Hub Height 

(m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 291.5 33.2 - 113,363,194 - 6.4 0.204 - 8 

 

Figure 13. Wind turbine economics at $0.07/ kWh electricity tariff for Petauke site. 

Figure 14 shows sensitivity analysis results for the Petauke plant. The highest value of LCOE is 

$0.542/ kWh and $0.204/ kWh. Using the average electricity tariff, the lowest LCOE of $0.182/ kWh 

for Lusaka, we have positive values of NPV for the 20 years at 130 m hub height; this can be explained 

by the payback period of 5.7 years. The wind farm at a hub height of 130 m will generate net profits 

having an NPV of 163 million dollars. The LCOE will be as low as 0.204 $/kWh (the minimum) during 

the 20 years. Independent power producers in the wind sector can consider investing in Petauke if 

electricity tariff is between $0.204 kWh and $0.542/ kWh. However, other factors may affect the price, 

such as the company’s preferred profit margin, interest rates, taxes, government subsidies, and social 

and environmental factors. 

 

Figure 14. 

4.7. Analysis of Wind Turbines for Mansa site 

Table 13 shows techno-economic parameters at 130 hub height for the Mansa site using Zambia’s 

average electric tariff of $0.07/ kWh. The results of the model show negative values NPV for the 

twenty years. Towards the end of the turbine lifetime, the values approach the positive NPV; this can 
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be explained by the negative payback period; this means that it will take more than for the wind 

turbines in Mansa to break even and start making a profit if the electricity tariff is maintained at $0.07/ 

kWh. The LCOE is at a minimum toward the end of the turbine lifetime. Figure 15 presents the results 

of NPV and LCOE. 

Table 13. Techno-economic parameters. 

Wind turbine 

model 

Optimum Hub 

Height (m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 314.7 35.9 - 107,314,348 9.7 0.226 - 9 

 

Figure 15. Wind turbine economics at $0.07/ kWh electricity tariff for Mansa site. 

Figure 16 shows sensitivity analysis results for the Mansa plant. The highest value of LCOE is 

$0.599/ kWh and $0.226/ kWh. Using the average electricity tariff, which is the LCOE of $0.182/ kWh 

for Lusaka, we have positive values of NPV for the 20-year at 130 m hub height; this can be explained 

by the payback period of 4.9 years. The wind farm at a hub height of 130 m will generate net profits 

having an NPV of 191 million dollars. The LCOE will be as low as 0.226 $/kWh (the minimum) during 

the 20 years. Independent power producers in the wind sector can consider investing in Mansa if 

electricity tariff is between 0.226 $/kWh and $0.599/ kWh. However, other factors may affect the price, 

such as the company’s preferred profit margin, interest rates, taxes, government subsidies, and social 

and environmental factors. 

 

Figure 16. Average electricity tariff ($0.07/ kWh) and ($0.599/ kWh) sensitivity analysis for Mansa. 

4.8. Analysis of Wind Turbines for Malawi site 
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Table 14 shows techno-economic parameters at 130 hub height for the Malawi site using 

Zambia’s average electric tariff of $0.07/ kWh. The results of the model show negative values NPV 

for the twenty years. Towards the end of the turbine lifetime, the values approach the positive NPV; 

this can be explained by the negative payback period; this means it will take more than 20 years for 

the wind turbines in Malawi to break even and profit if the electricity tariff is maintained at $0.07/ 

kWh. The LCOE is at a minimum toward the end of the turbine lifetime. Figure 16 presents the results 

of NPV and LCOE. 

Table 14. Techno-economic parameters. 

Wind turbine 

model 

Optimum Hub 

Height (m) 

AEP 

(GWh) 

CF (%) NPV 

(Million $) 

IRR(%) LCOE 

($/kWh) 

SPP 

(Years) 

4 MW generic 

wind turbine 

130 303.7 34.6 - 107,718,668 3.7 0.233 - 9 

 

Figure 16. Wind turbine economics at $0.07/ kWh electricity tariff for Malawi site. 

Figure 17 shows sensitivity analysis results for the Malawi plant. The highest value of LCOE is 

$0.617/ kWh and $0.617/ kWh. Using the average electricity tariff of $0.182/ kWh, the lowest LCOE 

for Lusaka, we have positive values of NPV for the 20-year at 130 m hub height; this can be explained 

by the payback period of 5.1 years. The wind farm, with a hub height of 130 m, will generate net 

profits having an NPV of 180 million dollars. The LCOE will be as low as 0.233 $/kWh (the minimum) 

during the 20 years. Independent power producers in the wind sector can consider setting up wind 

farms near the Malawi site if electricity tariffs is between $0.233/ kWh and $0.617/ kWh. However, 

other factors may affect the price, such as the company’s preferred profit margin, interest rates, taxes, 

government subsidies, and social and environmental factors. 

 

Figure 17. Average electricity tariff ($0.07/ kWh) and ($0.617/ kWh) sensitivity analysis for Malawi. 
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Table 15 summarizes results for the economic feasibility of onshore wind energy potential. 

Table 15. Techno-economic parameters. 

Site Wind Speed 

(m/s) 

AEP 

(GWh) 

CF (%) NPV ($) IRR(%) LCOE 

($/kWh) 

SPP 

(Years 

Choma 7.1 303.0  34.6   182,139,859   4.87   0.233   5.1  

Mwinilunga 7.2 323.3  36.9   200,415,210   15.4   0.235   4.6  

Lusaka 8.0 386.0  44.0   316,257,568   82.1   0.185   2.9  

Mpika 7.0 320.3  36.5   201,626,318   16.1   0.184   4.6  

Chanka 7.2 345.6  39.4   234,987,752   35.3   0.206   3.9  

Petauke 6.9 291.5  33.2   162,512,406   (6.40)  0.204   5.7  

Mansa 7.2 314.7  35.9   190,517,732   9.7   0.226   4.9  

Malawi 7.1 303.7  34.6   179,703,012   3.7   0.233   5.1  

Wind energy technologies have seen a rapid decline in costs in the last two decades, but the 

drivers for these cost reductions are poorly understood [46]. Figure 18 shows Parameter estimations 

of the sites. The economic assessment is essential while investing considerably in installing utility-

scale wind turbines for wind power production. Initially, the first site-specific wind characteristic 

analysis is carried out. Then the selection of wind turbines is examined while considering the 

mechanical configuration of the turbine suited to the site [47,48]. In recent years, the utilization of 

renewable energy resources using WECSs for electricity generation has become more prevalent 

around the globe. However, in the literature, very few studies have concentrated on these systems’ 

economic and energetic investigation [49]. Economic evaluation is based on various assumptions, 

such as EYA and total power price. Scenarios of the worst case are considered, such as the power will 

sink or EYA will drop, resulting in a loss for the company. A risk assessment through a sensitivity 

analysis will give a clear position. The cash flow analysis calculates annual cash flow, annual 

revenues, maintenance costs, capital costs, and surplus. 

  
(a) (b) 

(c) (d) 
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Figure 18. Parameter estimations of the sites; (a) EYA & Wind Speed; (a) EYA & CF; (b) SPP & IRR; 

(d) IRR & PBP. 

Figure 18 (a) shows the relationship between EYA and wind speed. It can be observed from the 

graph that Lusaka, with the highest EYA of 386 GWh, has the highest wind speed of 8m/s. Similarly, 

Petauke, with an EYA of 291.5 GWh, has the lowest wind speed of 6.9m/s. Figure 18(b) Shows the 

relationship between EYA and capacity factor. The results show that Lusaka, with the highest EYA, 

has the highest capacity factor of 44%, while Petauke has the lowest capacity factor of 33.2%. The 

relationship in Figure 18 (C) shows that Lusaka has the lowest SPP of 2.9 years and an IRR of 82%, 

while Petauke has the highest SPP of 5.7 years and an IRR of (6)%. With the negative IRR, Petauke is 

the least profitable site, which can be attributed to less EYA and low wind speeds. This shows that 

the project with a short period SPP likely has the highest IRR. Figure 18 (d) shows the relationship 

between NPV and LCOE. It can be seen from the graph that the highest NPV is about 200 million 

dollars for Lusaka, with the lowest LCOE of $0.182/ kWh, Petauke with the lowest NPV of 163 million 

dollars and Mwinilnga with the highest LCOE of $0.235/kWh; this means that Lusaka has the lowest 

production cost a kWh while Mwinilunga has the highest. Mwinilunga has the longest distance from 

Lusaka, about 913.1 km. Therefore, transportation and other contingency costs may contribute to the 

increased production cost of a kWh. 

5. Conclusions 

This paper analyses the economic feasibility of onshore wind energy potential for electricity 

generation for eight sites in Zambia. A detailed economic analysis was conducted to determine the 

economic viability for eight sites. The economic feasibility was based on eight sites considering a 25-

turbine layout wind farm for a 4 MW generic wind turbine at 130m hub height. The economic 

evaluation was conducted by employing a MATLAB mathematical model to analyze the economic 

feasibility using net present value (NPV), simple payback period (SPP), internal rate of return (IRR), 

and levelized cost of electricity production (LCOE). The study shows that the Lusaka wind farm was 

the most economical with 386 GWh EYA, wind speed of 8 m/s, NPV of 316 million dollars, SPP of 2.9 

years, IRR of 82%, and LCOE of $0.182/ kWh. The study results also show that the other seven sites 

are economically feasible, Petauke being the lowest with 291.5 GWh EYA, wind speed of 6.9 m/s, 

NPV of 163 million dollars, SPP of 5.7 years and negative IRR - 6%. Transportation contributed to 

increased costs, especially for plants located in far areas. 

The study shows that the current average electricity tariff needs to be higher, and if applied to 

wind farms, the projects will not be profitable. It recommended using the LCOE as a benchmark for 

setting the electricity tariff price for each location. Policymakers should consider reducing subsidies 

on electricity tariffs, developing feed-in tariff (FiT) schemes, and developing viable power purchase 

agreements to move to cost-reflective electricity tariffs that will motivate independent power 

producers to invest in Zambia. With the highlighted massive potential of wind power for electricity 

generation, This study recommends that the Government, Rural Electrification Authority(REA), and 

independent power producers use this data for energy policy formulation and implementation of 

wind projects. For further wind assessments and related studies in Zambia, DNV GL would 

recommend using CFD wind flow modeling to decrease horizontal extrapolation uncertainties. 
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