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ABSTRACT  

Namibia has one of the highest solar irradiation levels in the world, making it an 

ideal destination for renewable energy investments. The country receives an 

average of 300 days of sunshine per year. This means that there is an abundance 

of solar energy that can be harnessed for electricity generation using solar 

photovoltaic (PV) technology. The levelized cost of electricity (LCOE) is a key 

metric used to evaluate the financial viability of a solar PV project and is 

influenced by a range of factors that impact the cost of generating electricity from 

solar energy.  

The parameters that affect LCOE for solar PV systems include solar irradiation, 

O&M cost, financing cost, inverter efficiency, system design, system lifetime, 

regulatory environment, and the weighted average cost of capital. These 

parameters can interact with each other, and changes to one parameter can 

impact the LCOE in different ways. Several studies have considered the sun’s 

strength as the primary exogenous factor driving the cost of electricity and have 

treated other parameters such as the WACC, as largely endogenous and thus 

irrelevant to their analysis. 

This study has analyzed how the weighted average cost of capital from twenty-

six projects in Namibia between 2014 -2022, impacts the levelized cost of 

electricity of utility-scale photovoltaic. This study has shown that while both solar 

irradiation and the WACC are essential factors that influence the LCOE of a solar 

PV project, WACC has a more significant impact on the LCOE for solar PV 

projects than solar irradiation because the cost of capital represents a substantial 

portion of the total cost of a solar PV project, while solar irradiation mainly affects 

the electricity generation potential of the project.  
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CHAPTER 1. INTRODUCTION 

Context of the Study 

Sub-Saharan Africa (SSA) is one of the regions in the world with a chronic 

electricity supply shortage. More than two-thirds of people in sub-Saharan Africa 

have no electricity connection, which translates to about 600 million people. 

There has been robust economic and population growth on the continent over 

the last decade, which has been the key driver in an increase in the electricity 

demand. However, the region does not have enough generation capacity to meet 

the demand. Access to electricity is critical to fuelling any nation's economic 

growth and social development. (Eberhard et al., 2016) 

Namibia is not immune to the energy pandemic that the rest of the SSA countries 

are facing energy insecurity. About 47% of the Namibia population has no access 

to energy, and according to the World Bank, in 2020, approximately 56.26% of 

the country's population had electricity (n.d.). Namibia is a country in Southern 

Africa, with an area of about 850 000m2 (square kilometres) with a population of 

about 2.5 million, making it one of the less densely populated countries in the 

world (Olakunle Alao and Anton Eberhard, 2019). The Namibian electricity 

industry is relatively small and depends on the Ruacana hydro power station and 

power trades (imports) from the neighbouring countries. 

Namibia is abundantly endowed with rich renewable energy resources such as 

solar and wind, which are readily accessible, untapped, safe, and clean, yet the 

country cannot locally generate electricity to meet its demand. The state-owned 

utility company, NamPower, only generates about 40% of the national demand, 

and 60% is imported from neighbouring countries. In 2018, NamPower imported 

60% of the demanded electricity from the Southern Africa Power Pool (SAPP), 

Eskom (South Africa), ZESCO (Zambia), and ZPC (Zimbabwe) (MME, 2019). 

This has made Namibia to be a net importer of electricity. Eskom worsening 

electricity supply shortage has threatened Namibia's energy security, which has 
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led the government through the 2017 National Renewable Energy Policy (NREP) 

aims to achieve a minimum 70% share of GWh supplied from RES (wind, solar 

PV, CSP, biomass and hydropower) gradually by 2030 (MME, 2016). It will 

require considerable investment from both public and private sources if Namibia 

is to address the lack of generation capacity, and the sector is on the right path 

to address this challenge of the supply shortage through utility-scale projects by 

Independent Power Producer (IPP).    

Utility-scale projects are power generation plants which are equal to, or greater 

than, 5MW, and they are developed, constructed, and operated by private 

investors, and the state-owned power utility is the off-taker of the generated 

power. The introduction of IPPs in Namibia's power sector has transformed the 

industry since 2014. Namibia had no renewable utility-scale IPP in 2014 and no 

private investors in the power sector. As of 2020, Namibia was ranked fourth in 

SSA with the most renewable-based IPPs. At least 31% of the generation 

capacity comes from renewable energy sources. Namibia's power sector 

transformation is accompanied by one of the lowest base tariffs in the region. In 

2016, the Levelized Cost of Electricity from solar was US$c 6.3/kWh, dropping to 

US$c 2.9/kWh in 2020. (Kruger, 2022) 

Levelized cost of electricity (LCOE) is an academic modelling tool used in 

literature to measure the average unit cost of electricity generation. The cost 

involved engineering procurement and construction (EPC), operational and 

maintenance (O&M) over the project lifetime period of the plant until the electricity 

connection point to the grid and the cost of financing (Vartiainen et al., 2020). The 

cost of capital associated with PV projects is either financed through debt 

(borrowing money from investment banks) or through equity (selling a portion of 

the project to equity investors). Irrespective of how the project is financed, the 

present value of all costs must be equal to the present value of all generated 

electricity sales. So, the most significant parameter that impacts the LCOE is the 

weighted average cost of capital (WACC) rate, which is determined by the ratio 

of debt to equity, cost of debt and equity (Harvey, 2020).  
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There are studies (Breyer, 2013) that have considered the strength of the sun as 

the primary exogenous factor driving the cost of electricity, and have treated other 

drivers of PV cost, such as investment and operating costs, as well as the cost of 

capital, as largely endogenous and thus irrelevant to their analysis. So, this study 

will analyse how the cost of capital impact the levelized cost of electricity of utility‐

scale solar photovoltaics in Namibia's power sector.  

Research Problem 

Namibia's electricity demand exceeded the installed local capacity in 2016, and 

the gap has widened since about 60% of the shortfall demand is imported from 

South Africa and the Southern Africa Power Pool through the short-term energy 

market (Kruger, 2022). The government is aiming to achieve a minimum of 70% 

generation capacity from renewable energy sources by 2030 (MME, 2016).  

Namibia's urgency of alleviating its energy security, reduced fiscal space, and 

favourable energy policy have created a conducive environment for private power 

investors to participate through the Independent Power Producers projects. The 

success of these IPP projects will depend on the cost of capital that private 

developers have access to. The WACC can account for 20-50% of the levelized 

cost of electricity of utility-scale solar PV projects, so lower financing costs are 

critical for the affordability of electricity (IEA, 2021). 

The cost of capital is an important input to the calculation of the levelized cost of 

electricity (LCOE), as it determines the rate by which both costs and electricity 

yields are discounted over the lifetime of a solar PV system (Ondraczek, 2015). 

This research analyses how the project cost of capital and capital structure which 

effectively form the weighted average cost of capital (WACC), impact the 

levelized cost of electricity of utility-scale photovoltaic in Namibia.  
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Research Objectives  

The research aims to examine the impact of the weighted average cost of capital 

on the utility‐scale solar photovoltaic levelized cost of electricity in Namibia. The 

study analyzes various solar PV projects from 2014 until 2022. 

It focuses on the LCOE model by focusing on the following parameters: 

• Project capital structure 

• The project cost of debt and equity 

• Project escalation factor (rate) 

• Calculate the weighted average cost of capital (WACC) 

• Capital expenditure (CAPEX) 

• Operational and maintenance cost (O&M) 

Significance of the study 

This study provides insight into the significance of the cost of capital in providing 

a critical benchmark to assess investors' risk and return preferences and 

determine the base tariffs that utility-scale solar developers and utility companies 

sign for long-term power purchase agreements.  

Policymakers lack access to reliable financing metrics across sectors and 

geographies, especially in Namibia. Flawed assumptions around the cost of 

capital can lead to the mispricing of risk and the potential for under- or 

overinvestment in the power sector. So, policymakers can use this consolidated 

research in analysing the impact of the cost of capital on past and future utility-

scale PV projects.   

Delimitations of the study 

While the levelized cost of energy (LCOE) is a useful metric for comparing the 

cost of different energy sources, its use has some limitations. It doesn't consider 
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externalities, LCOE does not consider external costs or benefits, such as the 

environmental or social impacts of energy generation. It doesn't consider system 

integration, LCOE does not consider the costs and challenges associated with 

integrating renewable energy sources into the existing energy system, such as 

the need for backup power or grid upgrades. LCOE is a useful tool for comparing 

the cost of different energy sources, it should be used alongside other metrics 

and considerations to fully evaluate the costs and benefits of an energy project.  

All projects analysed in this study are in the Namibian solar PV industry, with off 

takers either the national utility company or trading on the Southern Africa Power 

Pool. Namibia started its Renewable Energy Feed-in Tariff (REFIT) program in 

2014, and as a result, most of the financial information is concealed by financiers 

and developers. The researcher acquired data for twenty-six (26) projects from a 

possible thirty-six (36) projects installed in Namibia upon the writing of this 

research.  There is generally a lack of information related to solar PV projects in 

Namibia in the public domain, which has constrained the study from using actual 

data to make some assumptions.  

Battery storage is one of the most important parameters in the LCOE calculation 

model in certain situations, such as when evaluating the costs and benefits of a 

renewable energy project that includes energy storage. Still, due to Namibia's 

high cost and relatively underdeveloped industry, this study has not considered 

battery storage as a parameter. Furthermore, it has not included the 

decommissioning costs involved at the end of the power plant life span because 

none of the projects has reached its lifespan yet in Namibia.  
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Structure of the report  

This paper’s outline is as follows: 

i. Chapter 1 – Introduction: This chapter provides background on the 

Namibian electricity industry and the importance of this study. 

ii. Chapter 2 – Literature Review: This chapter includes a review of 

publications including journals, studies and papers reflecting the work that 

has already been conducted on the levelized cost of electricity globally. 

This assisted in highlighting the identified areas which need further 

research work or the gap that exists in this area of research. 

iii. Chapter 3 – Methodology: the study's research technique is discussed in 

this chapter. There are descriptions of the study's geographic scope, 

methodology, population, and sample. The data collection tool is detailed, 

along with the techniques used to maintain the tool's reliability and validity. 

iv. Chapter 4 – Results and Discussion: This chapter covers the results and 

discussions of the study. 

v. Chapter 5 – Conclusion: this section covers the empirical results obtained 

concerning the initial objectives of the study. 
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CHAPTER 2. LITERATURE REVIEW 

Introduction 

This section contains a brief synthesis and critical evaluation of the literature 

review on the effect of the cost of capital on the unit cost of photovoltaic electricity 

generation in Namibia and around the world. This section covers the following 

theoretical topic: financing of renewable projects, cost of capital for renewable 

projects, levelized cost of electricity, escalation factor (rate), Experience learning 

curve, and the impact of solar irradiance and cost of capital on the levelized cost 

of electricity.  

Financing of Renewable Projects 

New energy power projects are either financed by public or private investors, and 

there are two main financing structure alternatives, corporate and project 

financing (Steffen, 2018). When a project is financed through corporate finance, 

a credit guarantee for the project is extracted from the sponsor (company) 

balance sheet and existing project cashflows. On the other hand, the project 

finance model creates a new special purpose vehicle (SPV) which is legally and 

commercially self-contained and serves only to realise the project. The SPV is 

financed without guarantees from the sponsors, such that lenders to the SPV 

depend on future project cash flows only and cannot recourse on the sponsors' 

other businesses (Steffen, 2018). 

According to the Basel II framework, project finance has been defined as: “a 

method of funding in which the lender looks primarily to the revenues generated 

by a single project, both as the source of repayment and as security for the 

exposure. [...] In such transactions, the lender is usually paid solely or almost 

exclusively out of the money generated by the contracts for the facility's output, 

such as the electricity sold by a power plant. The borrower is usually an SPE that 

is not permitted to perform any function other than developing, owning, and 
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operating the installation. The consequence is that repayment depends primarily 

on the project's cash flow and on the collateral value of the project's assets” 

(Basel II, 2009, p. 5) Project financing model has mainly been used traditionally 

for big, high-risk projects where firms want to protect and decouple their core 

business from a future potential of project failure and, as a result, it comes with a 

higher transactional cost compared to corporate financing. Since lenders only rely 

on expected cash flow as a guarantee, proper due diligence needs to be carried 

out to ensure that projected cashflows are in check. Hence transactional costs 

such as contractual, commercial, technical, and legal checks can account for 

about 5-10% of the project value (Li, 2019; Steffen, 2018).  

There has been a global surge in capital projects financed through the project 

financing model. As shown in the figure below, project finance has increased from 

16% in 2004 to 52% in 2014. The large share increase in project finance is in 

parallel with the investment in renewable energy (Steffen, 2018).  

 

Figure 1. Project Financing in Germany 

The research carried out by (Steffen, 2018) analysed how power projects are 

financed in Germany, which is an ideal place for this study due to its low-risk 

electricity generation sector and its efficient capital market. The results indicate 

that most utility-scale power projects in a range of 10-20 MW capacity are 83% 

project financed and only 17% are corporate-financed, as shown in the figure 
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below (Steffen, 2018). Most utility-scale projects that are installed in the Namibian 

generation power sector are in a range of 5-20 MW capacity, which resembles 

Germany’s scenario (Kruger, 2022).   

 

Figure 2. Project Financing in Namibia 

If we analyse the paper (Steffen, 2018) further on how different types of power 

technology are being financed, the research has shown that 96% of solar PV 

projects are preferred to be financed through project finance, as shown in Figure 

3 below (Steffen, 2018).  

 

Figure 3. Solar PV projects financed through project finance 
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Project financing is preferred over corporate finance for renewable generation 

power projects for several reasons such as contamination risk, debt overhang, 

securitization, information asymmetry between sponsor and lenders, and the 

independence of the civic project. This research was carried out in a low-risk 

country with a well-developed financial market and the conditions will be different 

to Namibia which is a developing country. So, this research will assume that solar 

projects are funded with project finance, which will also affect the cost of capital.   

Cost of Capital for Renewable Projects 

The cost of capital expresses the expected financial return, or the minimum 

required rate, for investing in a project. This expected return is closely linked with 

the degree of risk associated with project cash flows. Cost of capital is also 

referred to as financing costs, discount rate, or hurdle rate commonly used terms, 

though this refers to the minimum cost of funds, or internal rate of return (IRR), 

required to fund a particular investment, in contrast to the overall cost of funds for 

a firm(IEA, 2021). 

The cost of capital is the sum of a base rate plus a premium. The base rate 

incorporates the return on investment with low perceived default or reinvestment 

risk in a benchmark global economy such as the United States. The premium 

accounts for the risk perceptions associated with a specific investment and can 

be grouped into two categories: systematic and unsystematic risks. Systematic 

risks are difficult to avoid, while unsystematic risks can be managed through 

portfolio diversification (IEA, 2021). 

The cost of capital also reflects the funding structure of a project. It is calculated 

as the weighted average between the costs of debt and equity. The cost of debt 

is the interest rate (or yield) that the project can secure from lenders (or bond 

subscribers). Cost of equity is the financial return expected by shareholders in 

exchange for providing capital; it is also referred to as the expected return on 

equity (IEA, 2021). 
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Renewable energy projects can be financed either by the project developers and 

are referred to as internal financing, through equity investors, which occurs when 

a portion of the project is sold to external equity investors, or through the 

borrowing of money from banks or investors which is referred to as debt financing. 

Equity investors are usually pension fund managers, other companies, bank 

equity fund managers or equity funds. On the other hand, debt financing is usually 

supplied by investment banks (Harvey, 2020). 

Renewable energy requires a large sum of start-up capital; hence the cost of 

capital makes up a significant portion of the cost during the project lifecycle. It 

has been reported that the cost of capital can make up about 50% of the LCOE 

for solar PV projects in developing countries, and in a developed country like 

Germany, the cost of capital accounts for about 12-37% of the LCOE. Renewable 

energy projects are mainly financed through private cost capital. (Steffen, 2020) 

Private financing of renewable energy projects structure usually comprises non-

traded equity investments with a bank debt financing model, which is not available 

in the public domain like corporate financing setup, that is available from publicly 

traded platforms. Since the cost of capital is kept as confidential information to 

developers and bankers, this poses a challenge to researchers and policymakers 

to find suitable empirical data to verify the actual project figures. To make up for 

the lack of information on the cost of capital, scholars use three main methods 

for calculating or measuring the cost of capital in literature: average cost of 

capital, internal rate of return and the weighted average cost of capital (Li, 2019; 

Steffen, 2020). 

Levelized Cost of Electricity  

The levelized cost of electricity (LCOE) is a metric used to measure and compare 

the unit cost competitiveness of different energy generation technologies to 

determine grid parity. LCOE calculates the unit cost of electricity over a 

photovoltaic project's lifetime, including construction costs, operating and 

maintenance, and financing costs. Generally, LCOE is calculated by taking the 
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total cost of a project and dividing it by the total energy production over a lifetime 

(Jung, 2019). Alternatively, total capital investments (NPV) over the discounted 

energy yield. The project breaks even when the NPV reaches zero. (Sung, 2019) 

(Aldersey, 2019) 

The LCOE is a worldwide indicator which provides us with the minimum required 

tariff to recover the project costs over a lifetime, but in the actual business world, 

it's not a perfect approach when it comes to a financial point perspective (Jung, 

2019). The results produced by the LCOE calculation only include the project 

costs but do not include basic financial concepts of revenue and profit. But still, 

the results produced are informative in the energy generation industry for 

comparing different technologies. (Aldersey, 2019) There are two widely used 

LCOE methods discussed below. 

1.1.1 National Renewable Energy Laboratory (NREL) - USA 

The method used by the US department of energy for LCOE calculation is 

referred to as NREL or annualizing method. This method calculates total costs 

over an annual period and divides them by the energy generated in the same 

period. Capital costs are expressed in terms of cost per kW installed and modified 

by a capital recovery factor which calculates the equivalent annuity payment 

required to service the overnight capital over the term of the project's financing, 

and operating costs are expressed in terms of cost per kWh. (Sung, 2019) 

(Aldersey, 2019) 

NREL methodology states that the LCOE returned by its formula is “the minimum 

price at which energy must be sold for an energy project to break even”, meaning 

that the energy price required for a project to exactly meet its operating costs in 

a year and the share of capital costs (including the costs of financing those costs) 

in that year. 
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Department for Business, Energy & Industrial Strategy (BEIS) – UK 

The LCOE BEIS method is used in the United Kingdom, defined as “the 

discounted lifetime cost of ownership and use of a generation asset, converted 

into an equivalent unit of cost of generation in £/MWh” (Aldersey, 2019, p. 4). 

BEIS method calculates the lifetime cost of energy for the project by considering 

the cost over the duration of a project. This method divides the discounted sum 

of costs by the discounted sum of energy production.  

Although the BEIS method states that LCOE “should not be seen as a guide to 

potential future strike prices”. It is apparent that it reflects a minimum required 

real price for a project. A similar analysis finds that if nominal costs with constant 

inflation factors are used as inputs, and the nominal inflation rate scales up the 

discount rate, this method returns the average through-life nominal price required 

for the project to achieve an IRR equal to the nominal discount rate. When used 

with real costs, the metric returns a value which equates to the minimum constant 

real price required for a project to achieve a target return. When using nominal 

figures, and a nominal discount rate, it will return the average nominal price 

required through the project's life to generate the required nominal return 

(Aldersey, 2019) (Sung, 2019).  

To the best knowledge of the author, there is no published theoretical justification 

for the BEIS methodology found in the literature. 

The following section will review some of the LCOE studies that have been done 

around the world, starting with Europe: 

LCOE in Europe  

Europe is one of the continents with the least solar irradiation in the world, yet 

they have seen the greatest development in utility-solar PV. This is due to their 

advanced financial market and strong energy policies which were implemented 

in the 2000s. There is a study by (Vartiainen et al., 2020) on the impact of the 
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cost of capital on utility-scale PV LCOE analyzed and projected future LCOE in 

several European countries.  

The study used the most recently available public input data from Finland, UK, 

Germany, France, Italy, and Spain to project future LCOE from 2019 – 2050. This 

study varied different nominal WACC rates in the analysis: 2%, 4%, 7%, and 10%. 

The capital structure used is a 70/30 debt-to-equity ratio. Figure 4 below shows 

Photovoltaics' levelized cost of electricity in six European locations for the years 

2019 to 2050.  

 

Figure 4. Photovoltaics levelized the cost of electricity in six European locations for the 

years 2019 to 2050 

Figure 4 above shows that with a 7% nominal WACC, the LCOE in Helsinki and 

Malaga ranged from 24 - 42 €/MWh in 2019. In 2030 and 2050, the LCOE for 

these two cities is expected to be in the range of about 14 – 24 €/MWh and 9 – 

15 €/MWh, respectively. This projection study shows that if the WACC increases 

from 2% to 10% the levelized cost of electricity will double, meaning that WACC 

has a huge impact on the LCOE. 
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Impact of Solar Irradiance vs Cost of Capital on LCOE 

Researchers such as (Breyer, 2013) have treated the cost of capital as an 

endogenous factor when it comes to determining the levelized cost of electricity 

and mainly considered solar irradiation as the primary exogenous that mainly 

drives the average cost of electricity. But if we look at the table below (Ondraczek, 

2015), countries with the highest cost of capital are all located close to the equator 

with high solar strength, meaning that high solar irradiance doesn’t translate to a 

low cost of electricity. Ondraczek, 2015 has shown in his paper that factors that 

influence the levelized cost of electricity for solar PV are more than just the 

strength of the sun. 

Table 1. Countries with the highest cost of capital 

 

The journal article titled - WACC the dog: The effect of financing costs on the 

levelized cost of solar PV power investigated the importance of the cost of capital 

as a driving factor in determining the cost of electricity from solar PV. The paper 

estimated LCOE from 143 countries across the world, by populating the global 

LCOE model with input parameters such as Engineering Procurement 

Construction (EPC) costs, Operation and Maintenance (O&M) costs, cost of 

finance and decommissioning costs(Ondraczek et al., 2015, p. 893). 

The result of the study (Ondraczek, 2015) has found a strong association 

between the weighted average cost of capital and the levelized cost of electricity 

for solar PV, which is 0.82. On the other hand, there was no strong correlation 

between the country's solar irradiance and the LCOE. This is a suggestion that 
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countries with a well-developed financial market (developed) like Germany have 

lower LCOE even though their sun is not the strongest.  

Even though the results from (Ondraczek, 2015) clearly indicate that the weighted 

average cost of capital has a bigger influence on the LCOE than the solar 

radiation, some of the data inputs that were used in the computation are not 

specifically for renewable projects. In countries where project-specific data are 

not available like lending interest rates, the data was collected from IMF loans for 

prime customers, which is different from loans that lenders will avail to renewable 

projects, which might carry more risk. Some of the rates from the IMF appear to 

be high compared to the actual solar PV projects. Evidence from the literature 

(IEA, 2021) suggests that Germany’s actual WACC is in the range of 4-6%, but 

the calculated one is 9.2%, which is way above. This can lead to an LCOE which 

might be under or overestimated for a specific country.   

Furthermore, the analysis of this study mainly focused on the global average cost 

of installing a commercial (50kW) and residential (10kW) solar system 

(Ondraczek, 2015). Economies of scale play a big role when it comes to 

determining the cost of electricity as the overall cost declines with an increase in 

capacity (Hummel, 2001). This means that the LCOE of 50kW will be higher than 

the utility-scale solar project of 5MW. So, the study by (Ondraczek, 2015) and 

(Breyer, 2013) give an indication of the influence of solar radiance and the cost 

of electricity, but they do not address how the WACC impact the LCOE on a utility-

scale and the researcher aims to tackle this gap.  
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CHAPTER 3. RESEARCH METHODOLOGY  

This thesis was conducted using a quantitative approach. Bhandari (2020) 

defines quantitative research as the process of collecting and analysing 

numerical data, which can be used to make predictions, test relationships, and 

generalize results to wider populations. This thesis assesses the impact of 

weighted average cost of capital (WACC) on utility‐scale solar photovoltaics (PV) 

levelized cost of electricity (LCOE), as well as the effect major components 

attributing to LCOE have on it. After examining the conceptual foundations of the 

study, the data collection methods are described. During the examination of the 

relationships of the components to LCOE, the data used, and the interpretations 

discussed, the thesis further explores the parameters considered, and the 

justifications for each selection as the impact of WACC on LCOE is analysed. A 

brief description of the study’s setting is followed by a discussion of the sampling 

strategies used and selected, a discussion of the processing methods, and a 

summary of the study design’s constraints. The techniques used to maintain the 

tool’s reliability and validity are detailed. 

RESEARCH APPROACH AND DESIGN 

Research Design 

Durakovic, 2021 reiterates that in the recent years, the society is witnessing 

growing share of renewable energy projects as an effort towards decarbonised 

economy and more sustainable future. He further states that in the evaluation of 

different renewable energy technologies, Levelized Cost of Electricity (LCOE) is 

most common measure that investors use a criterion for project prioritization. 

(Baptiste, 2018) agrees solar energy will become one of the main generation 

technologies and its intermittency will result in important changes in the energy 

system. In his paper, Durakovic, 2021 stresses that considering that most 

renewable energy technologies have low or zero fuel cost with the fact that they 
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are capital intensive, the weighted average cost of capital WACC commonly have 

most critical impact on LCOE. 

According to (Park et al., 2021), many reputable institutions and government 

agencies provide LCOE, to which they apply different levels of discount rates to 

reflect project risk. To this end, the weighted average cost of capital (WACC) is 

frequently used as a proxy for project risk-adjusted discount rate. LCOE 

estimation is critical in supporting both policymakers and investors in key 

investment decisions or the determination of the most viable energy mix. 

However, the traditional method of calculating the LCOE cannot reflect the 

individual status of risk per variable because it depends on a deterministic method 

using a WACC. The WACC does not apply a specific level of risk in a target 

project since it is approximated from comparable projects or industry averages. 

(Shah, 2018)  clearly outlines the importance of the varying components that go 

into calculating LCOE, and the effect they have on investment decisions and 

therefore the implementation of the project. 

This is an explanatory research study because, in addition to offering a narrative, 

it attempts to explain why certain events occur with limited information (George 

& Merkus, 2021). It is possible to describe the study’s research methodology by 

focusing on the 26 projects made available for the research. To conduct the study 

holistically, all connections and activities inside and outside the study's 

environment were considered. Several data gathering methods were used 

throughout this procedure in order to get a broad idea of the research. Since 

certain data were obtained based on one point and time while other data were 

acquired on several points and times, a combination of cross-sectional and 

longitudinal methodologies were employed to perform an extensive study. 
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Research Approach  

In a quantitative approach, collecting, analysing, and interpreting numerical data 

are the main objective. Databases and organizational records are typical 

methods for gathering quantitative data. Bhandari, 2020 states that researchers 

may use a quantitative approach to find patterns and averages, make predictions, 

test casual relationships, and generalize results to wider populations. Below 

follows variables that will be studied and their justification.  

Weighted Average Cost of Capital 

The WACC is an important factor in the LCOE calculation because it reflects the 

overall cost of the capital invested in the project, including both the cost of equity 

and the cost of debt. The cost of equity represents the return required by investors 

to compensate them for the risk of investing in the project, while the cost of debt 

represents the interest rate paid on any loans used to finance the project. 

(Aldersey, 2019; Shah, 2018; Vartiainen et al., 2020) 

Since solar energy projects typically require a significant amount of upfront 

capital, accurately estimating the WACC is critical for evaluating the economic 

feasibility of the project and determining its LCOE. A higher WACC will result in 

a higher LCOE because the higher cost of capital will increase the overall cost of 

the project. (Shah, 2018) 

Moreover, the WACC can be influenced by various factors such as interest rates, 

inflation, credit rating, and market conditions. Therefore, understanding the 

impact of these factors on the WACC and how it affects the LCOE is crucial for 

making informed investment decisions and evaluating the economic feasibility of 

solar energy projects. 

Capital Expenditure (CAPEX) 

As suggested by the white paper (Carroll, 2022) Capital expenditures are a 

significant component of the total cost of building and operating an energy project, 

and therefore they are an important factor in determining the levelized cost of 
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energy (LCOE). CAPEX includes all the costs related to the initial construction 

and installation of the project, such as land acquisition, engineering, 

procurement, and construction (EPC) costs, as well as the cost of equipment, 

materials, labor, and other necessary expenses. The CapEx also includes the 

financing costs, such as interest on loans, and any contingencies for unexpected 

events that may arise during the construction. (Li, 2019; Steffen, 2020) 

The higher the CapEx of a project, the higher the initial investment required to 

build it, which may have a significant impact on the LCOE. This is because the 

LCOE calculation includes the total cost of the project over its entire lifetime, 

which means that the initial CapEx investment will be spread out over the project's 

operating life. A higher CapEx will therefore result in a higher LCOE, all else being 

equal. (Shah, 2018; Steffen, 2020) 

Moreover, CapEx also plays an important role in determining the financing and 

the return on investment of the project, which can have a significant impact on 

the overall profitability and viability of the project. Therefore, accurately estimating 

CapEx is critical to the success of an energy project and understanding its impact 

on the LCOE is essential for making informed decisions and evaluating the 

economic feasibility of different projects or technologies. 

 

Operations and Maintenance 

O&M (Operations and Maintenance) costs are an important factor in determining 

the levelized cost of energy (LCOE) for solar energy projects. O&M costs refer to 

the ongoing costs associated with operating and maintaining the solar panels and 

other equipment used to generate electricity. Solar panels are exposed to the 

elements and can degrade over time due to weather, soiling, shading, or other 

factors, which can reduce their performance and efficiency. To maintain optimal 

performance, regular cleaning, inspection, and maintenance of the panels and 

other equipment are necessary. These O&M costs can include labor costs, 

equipment and material costs, and overhead costs. 
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The O&M costs for solar energy projects can have a significant impact on the 

LCOE because they represent a significant portion of the total cost of the project 

over its lifetime. The O&M costs are typically spread out over the entire operating 

life of the project, which means that the ongoing costs will impact the overall 

profitability and competitiveness of the project. Moreover, as solar technology 

continues to evolve, the O&M costs may also be affected by advances in 

technology, changes in regulations or standards, and other factors that may 

impact the efficiency and reliability of the system. Therefore, accurately 

estimating the O&M costs and accounting for them in the LCOE calculation is 

critical for evaluating the economic feasibility of solar energy projects and making 

informed investment decisions. 

RESEARCH SETTING 

The study was conducted in Namibia, Sub-sahara Africa. The Namibian 

government introduced the renewable energy feed-in tariff (FIT) program in 2014, 

which aims to incentive the deployment of utility scale renewable energy system. 

Under the FIT program, independent power producers (IPPs) are encouraged to 

invest in and install renewable energy systems, such as solar photovoltaic (PV) 

and wind turbines, with a capacity of up to 5 MW. The electricity generated by 

these systems is then sold to Namibia's national power utility, NamPower, at a 

fixed price for a period of 25 years. (MME, 2019)  

The FIT program aims to support Namibia's renewable energy targets, which 

include achieving 70% of its electricity generation from renewable sources by 

2030. Since its launch, the FIT program has attracted interest from local and 

international investors, and several utility-scale renewable energy projects have 

been developed and connected to Namibia's national grid (Harvey, 2020). This 

study analyzed twenty-six projects in Namibia which have been constructed 

between 2014 to 2022. 
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THE STUDY POPULATION AND SAMPLE 

According to (Krieger, 2012), a population is defined as the whole collection of 

units from which a sample may be drawn. The study population consists of solar 

PV projects in Namibia. 

A convenient sample of 26 PV systems was selected. (Creswell, 2012)defines a 

sample as a subgroup of the target population that the researcher plans to study 

for generalizing about the target population. “A convenience sample is a non-

probability sample in which the researcher uses the subjects that are nearest and 

available to participate in the research study” (Crossman, 2019). Available 

subjects were entered into the study until a sample size of 26 was reached. 

Subjects who met the sample criteria were identified by the researcher and 

personnel at several different electricity-providing institutions. 

The sample size of 26 PV systems was the total of subjects who were willing to 

participate in the research and who met the sampling criteria during the two-

month period of data collection.  

The Sampling Criteria 

Subjects included in the sample were selected to meet specific criteria. The PV 

systems had to meet the following criteria to be included in the sample. They 

should have the following parameters available: 

▪ Installation capacity >5MW: Only projects with an installed capacity of 

5MW or more have been sampled and considered utility-scale solar PV 

project because they generate electricity for utility-scale power grids 

(Kruger, 2022, p. 1).  

▪ Project capital structure: The project capital structure is important for the 

levelized cost of energy (LCOE) because it can significantly impact the 

cost of financing the project and the cost of capital. The cost of financing 

and capital structure can then have a direct impact on the LCOE. 
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▪ Weighted Average Cost of Capital: The WACC is an important factor in the 

LCOE calculation because it reflects the overall cost of the capital invested 

in the project, including both the cost of equity and the cost of debt. The 

cost of equity represents the return required by investors to compensate 

them for the risk of investing in the project, while the cost of debt 

represents the interest rate paid on any loans used to finance the project. 

▪ Project escalation factor (rate): The escalation rate refers to the rate at 

which costs are expected to increase over time due to inflation, changes 

in technology, and other factors. As the cost of generating electricity 

increases over time, the LCOE of a project will also increase.  

▪ Capital expenditure (CAPEX): CAPEX is a significant parameter of the 

total cost of building and operating an energy project, and therefore they 

are an important factor in determining the LCOE. CAPEX includes all the 

costs related to the initial construction and installation of the project, such 

as land acquisition, engineering, procurement, and construction (EPC) 

costs, as well as the cost of equipment, materials, labor, and other 

necessary expenses. 

▪ Operational and maintenance cost (O&M): The O&M costs for solar energy 

projects can have a significant impact on the LCOE because they 

represent a significant portion of the total cost of the project over its 

lifetime. The O&M costs are typically spread out over the entire operating 

life of the project, which means that the ongoing costs will impact the 

overall profitability and competitiveness of the project. 

DATA COLLECTION 

Data Collection Instrument and Procedure 

Most of the projects are spread all over Namibia, hence it was not possible to visit 

every site for data collection due to time and cost constrain. A cost-effective 

approach of contacting various stakeholders via email as attached in APPENDIX 
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C – Data Collection Instrumentswas used. Furthermore, email requests were 

followed up through telephonically.  

A Microsoft Excel attached in APPENDIX C – Data Collection Instruments was 

created adopted from the Electricity Control Board database of the commercial 

installed renewable energy projects in Namibia. The excel sheet was chosen as 

the data collection instrument for ease of manipulation. The excel sheet was 

shared with participants to provide inputs for their respective projects. They were 

requested to provide the base tariff, escalation (inflation) rate, capital structure, 

cost of debt/equity, capital expenditure and the fixed operational and 

maintenance cost. Solar irradiation for Namibia were acquired from the global 

atlas database.   

Quantitative data analysis methods are utilised in this study, where the data 

acquired from the Development Bank of Namibia, IJG Namibia, NORED 

Electricity, Electricity control board of Namibia, Bank of Namibia and Global solar 

atlas database were converted and manipulated in into the Microsoft Excel 

format. 

RELIABILITY AND MANIPULATION 

Reliability 

According to IBO (As Cited by John, 2015), reliability is the accuracy of 

measurement resulting from an assessment and how likely it is that the same 

result will be produced in a slightly different circumstance. The Microsoft Excel 

sheet was given to different stakeholders in the electricity industry to provide input 

information from databases. Reliability is ensured as sources were minimised. 

Data collection bias was minimised by the researcher as the conditions of data 

collection have no personal linkage to the researcher.  



1988599 MMFI RESEARCH REPORT  

Master of Management in Finance & Investment 34  

 

 

Validity 

The validity of an instrument is the accuracy of the measuring instrument in 

performing its measuring function (Sudaryono et al., 2019). Content validity refers 

to the extent to which an instrument represents the factors under study. 

Parameters were chosen based on information gathered during the literature 

review to ensure that necessary information has been included. The Microsoft 

Excel sheet was provided to institutions personally. Clear instructions were 

provided. For validation, the sheet was submitted to the supervisor and a 

statistician. As a result, more parameters were added for ease of analysis and 

validity. 

ETHICAL CONSIDERATIONS 

The conducting of research requires not only expertise and diligence but also 

honesty and integrity. This is done to recognise and protect the rights of project 

developers and financiers. To render the study ethical, the researcher asked for 

consent to include the 26 chosen PV systems in the study, and the researcher 

was thus required to sign non-disclosure agreements. 

DATA ANALYSIS 

Once in Microsoft Excel format, manipulation of raw data to extract information 

was done as follows: 

I. Firstly, the PV systems were listed in chronological order of development 

from the first year, 2014, to the latest year, 2022. 

II. Secondly, WACC (%), the most crucial parameter affecting the LCOE, was 

calculated for each system, using the following formula:  

𝑾𝑨𝑪𝑪 = 𝒄𝒐𝒔𝒕 𝒐𝒇 𝒆𝒒𝒖𝒊𝒕𝒚 × %𝑬𝒒𝒖𝒊𝒕𝒚 + 𝒄𝒐𝒔𝒕 𝒐𝒇 𝒅𝒆𝒃𝒕 × %𝑫𝒆𝒃𝒕 × (𝟏 − 𝑻𝒂𝒙 𝑹𝒂𝒕𝒆).

 Equation 3:1          

Where Namibian Tax Rate = 32%.  
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III. The LCOE (c/kWh) was then calculated for each system with the formula: 

 𝑳𝑪𝑶𝑬 =
𝑵𝑷𝑽 𝒐𝒇 𝑻𝒐𝒕𝒂𝒍 𝑪𝒐𝒔𝒕𝒔 𝑶𝒗𝒆𝒓 𝑳𝒊𝒇𝒆𝒕𝒊𝒎𝒆

𝑵𝑷𝑽 𝒐𝒇 𝑬𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂𝒍 𝑬𝒏𝒆𝒓𝒈𝒚 𝑷𝒓𝒐𝒅𝒖𝒄𝒆𝒅 𝑶𝒗𝒆𝒓 𝑳𝒊𝒇𝒆𝒕𝒊𝒎𝒆
. Equation 3:2 

IV. The chi-Square test was done to test the significance of the relation 

between WACC and cost of debt and equity, and the relationship between 

LCOE and major contributing factors. This test was done using the SPSS 

IBM Statistics tool and was found suitable as it tests for association and 

significance. 

Significance testing was done on the null hypothesis at a 5% level of 

significance, using the t-test to check the significance of the data and the 

results. 

V. A Correlation test was calculated to test the relationship between WACC 

and cost of debt and equity, and the relationship between LCOE and major 

contributing factors. The test was done using the IBM SPSS Statistics tool 

to test the effect these components have on each other if any. 

VI. A trend line was used to study the changes in WACC over the 8 years. 

VII. Cronbach’s Alpha was used to test the reliability of the data collected. 

The research problem examined using the above methodology is given below: 

the impact of the weighted average cost of capital on the utility‐scale solar 

photovoltaic levelized cost of electricity in Namibia. The study will analyse 

various solar PV projects from 2014 until 2022. 

CONCLUSION 

The researcher used a quantitative research design. A Microsoft Excel sheet was 

administered by the researcher himself to collect the data from different 

stakeholders in the electricity industry in Namibia. The sheet has 15 parameters. 

The sample included 26 willing participants in the form of solar PV projects. 

Consent was obtained from all stakeholders. Non-disclosure agreements were 
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signed. The Microsoft Excel sheet was distributed to the institutions to ensure 

validity. 

This chapter discussed the research methodology, the sample chosen, the data 

collection techniques and instruments, and the ethical standards, reliability and 

validity of the study. 
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CHAPTER 4. RESULTS AND DISCUSSION 

Analysis Used  

The study analyzed various solar PV projects from 2014 until 2022 in Namibia. 

The analysis focuses on the relationship between the levelized cost of electricity 

(LCOE) and with major components. 

Two major formulae were used, the WACC (%) and LCOE. They are 

WACC formula: 

𝑾𝑨𝑪𝑪 = 𝒄𝒐𝒔𝒕 𝒐𝒇 𝒆𝒒𝒖𝒊𝒕𝒚 × %𝑬𝒒𝒖𝒊𝒕𝒚 + 𝒄𝒐𝒔𝒕 𝒐𝒇 𝒅𝒆𝒃𝒕 × %𝑫𝒆𝒃𝒕 × (𝟏 − 𝑻𝒂𝒙 𝑹𝒂𝒕𝒆).

 Equation 3:1 

Namibian Tax Rate = 32% 

The study focused on the LCOE model as shown in the formula below: 

 𝑳𝑪𝑶𝑬 =
𝑵𝑷𝑽 𝒐𝒇 𝑻𝒐𝒕𝒂𝒍 𝑪𝒐𝒔𝒕𝒔 𝑶𝒗𝒆𝒓 𝑳𝒊𝒇𝒆𝒕𝒊𝒎𝒆

𝑵𝑷𝑽 𝒐𝒇 𝑬𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂𝒍 𝑬𝒏𝒆𝒓𝒈𝒚 𝑷𝒓𝒐𝒅𝒖𝒄𝒆𝒅 𝑶𝒗𝒆𝒓 𝑳𝒊𝒇𝒆𝒕𝒊𝒎𝒆
. Equation 3:2 

The formula above can be simplified as shown below: 

𝑳𝑪𝑶𝑬 = 𝚺

(𝑰𝒕+𝑴𝒕+𝑭𝒕)

(𝟏+𝒓)𝒕

𝑬𝒕

(𝟏+𝒓)𝒕

       Equation 4:1 

Where: 

 The initial cost of investment expenditures (I) 

Maintenance and operations expenditures (M) 

Fuel expenditures (if applicable) (F) 

The sum of all electricity generated (E) 
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The discount rate of the project or the weighted average cost of capital 

(WACC) (r) 

The life of the system (t) 

 Analysis of Results & Discussion  

1.1.2 Effect of WACC on LCOE 

Figure 6 shows the LCOEs for the 26 different projects established in Namibia 

during the years 2014 to 2022. The orange bar in the figure shows the LCOE and 

the blue bar shows the WACC for each project. Project 8 recorded the highest 

LCOE at N$ 1.32 c/kWh, with a WACC of 9.96% in 201. Project 21 in Katima 

recorded the lowest LCOE at 0.57 c/kWh with a WACC of 8.30% in 2022. The 

highest WACC calculated belongs to project 3 which rank as the second highest 

LCOE.  

 

Figure 5. Comparative Graph of LCOE and WACC 
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Figure 6: Effect of WACC on LCOE 
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Table 2. Chi-Square Tests of the Relationship Between LCOE and WACC in the 26 projects 

  Value df Asymptotic Significance (2-sided) 

Pearson Chi-Square 546.000a 525 0,025 

Likelihood Ratio 158,331 525 1,000 

Linear-by-Linear Association 11,126 1 0,001 

N of Valid Cases 26     

Table 2 shows: 572 cells (100%) have an expected count of less than 5, the 
minimum expected count is 0.04. There is a Pearson chi-square, the p-value is 
546a which is statistically significant at a 5% level of significance based on 525 
degrees of freedom and the likelihood ratio, the p-value is 1, and statistics is 
158.331 based on 525 degrees of freedom. This suggests that the LCOE and 
WACC are associated with each other. 

Table 3. Correlation between LCOE and WACC of the 26 Projects 

  Value Asymptotic 
Standard Errora 

Approximate 
Tb 

Approximate 
Significance 

Interval by Interval Pearson's R 0,667 0,087 4,387 0.000c 

Ordinal by Ordinal Spearman 
Correlation 

0,723 0,083 5,125 0.000c 

N of Valid Cases 26       

According to Table 3, LCOE and WACC have a positive correlation: as WACC 

increases, so does LCOE. 

In the case of utility-scale solar photovoltaic (PV) projects, the WACC has a 

significant impact on the levelized cost of electricity (LCOE). This is because the 

cost of financing a solar PV project can be a significant portion of the overall cost 

of the project. 
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The results have shown that a higher WACC will increase the cost of capital and, 

in turn, increase the LCOE of a solar PV project. This is because a higher discount 

rate will lower the present value of future cash flows, increasing the overall cost 

of the project. 

Conversely, a lower WACC will decrease the cost of capital and, in turn, decrease 

the LCOE of a solar PV project. This is because a lower discount rate will increase 

the present value of future cash flows, reducing the overall cost of the project. 

 

1.1.3 Base Tariff and LCOE 

The base tariff represents the price at which electricity is sold to customers, while 

the LCOE represents the average cost of producing electricity over the lifetime of 

a solar project. Figure 7 below shows all 26 projects LCOE with their base 

respective base tariffs.  

 

Figure 7. Comparison between LCOE (c/kWh) and Base Tariff (N$/kWh) 

Figure 7 shows a comparison between LCOE (c/kWh), the orange bars, and base 

tariff (N$/kWh), the blue bars, for 26 projects. The base tariff is higher than the 

LCOE, If the base tariff is higher than the LCOE, then the solar project can 
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generate profits for the project developer. Conversely, if the base tariff is lower 

than the LCOE, then the project may not be economically viable. 

Table 4. Chi-Square Tests of the Relationship Between LCOE and Base Tariff in the 26 
projects 

  Value df Asymptotic Significance (2-sided) 

Pearson Chi-Square 494.000a 475 0,264 

Likelihood Ratio 147,781 475 1,000 

Linear-by-Linear 
Association 

8,482 1 0,004 

N of Valid Cases 26     

Table 4 shows: 520 cells (100%) have an expected count of less than 5, and the 

minimum expected count is 0.04. There is a Pearson chi-square, the p-value is 

494a which is not statistically significant at a 5% level of significance based on 

475 degrees of freedom and the likelihood ratio, the p-value is 1, and statistics is 

147.781 based on 475 degrees of freedom. This suggests that the LCOE and 

base tariff are not associated with each other. 

Table 5. Correlation between LCOE and Base Tariff of the 26 Projects 

  Value Asymptotic 

Standard Errora 

Approximate 

Tb 

Approximate 

Significance 

Interval by Interval Pearson's R -0,582 0,066 -3,511 0.002c 

Ordinal by Ordinal Spearman 

Correlation 

-0,678 0,075 -4,516 0.000c 

N of Valid Cases 26       
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According to Table 5, LCOE and base tariff have a negative correlation: as base 

tariff increases, LCOE tends to decrease. 

1.1.4 Effect of Cost of Capital on WACC 

Figure 8 illustrates the relationship between the cost of debt, the orange area, 

and the cost of equity, the blue area, against WACC, the grey bars. It is clear 

there is an effect, as it can be seen over the years, as the cost of equity and cost 

of debt decreases, WACC increases gradually. 

 

 

Figure 8. Comparison of Cost of Debt (%) and Cost of Equity (%) Against WACC (%) 

 

Table 6. Chi-Square Tests of the Relationship Between Debt (%) and Cost of Equity (%) 
Against WACC (%) in the 26 projects 

  Value df Asymptotic Significance (2-

sided) 

Pearson Chi-Square 208.000a 200 0,033 
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Likelihood Ratio 99,739 200 1,000 

Linear-by-Linear Association 0,898 1 0,343 

N of Valid Cases 26     

Table 6 shows: 234 cells (100%) have an expected count of less than 5, the 

minimum expected count is 0.04. There is a Pearson chi-square, the p-value is 

208a which is statistically significant at a 5% level of significance based on 200 

degrees of freedom and the likelihood ratio, the p-value is 1, and statistics is 

99.739 based on 200 degrees of freedom. This suggests that the cost of debt and 

the cost of equity are associated with WACC. 

Table 7. Correlation between Debt (%) and Cost of Equity (%) Against WACC (%) of the 26 
Projects 

  Value Asymptotic 

Standard Errora 

Approximate 

Tb 

Approximate 

Significance 

Interval by Interval Pearson's R -0,189 0,165 -0,945 0.354c 

Ordinal by Ordinal Spearman 

Correlation 

-0,225 0,187 -1,132 0.269c 

N of Valid Cases 26       

According to Table 7, the cost of debt and cost of equity has a low negative 

correlation to WACC: if the cost of debt and cost of equity is low, WACC may be 

high. 

The results have shown that the higher the proportion of debt financing used, the 

lower the WACC will be. This is because debt financing is less expensive than 
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equity financing, and a higher proportion of debt financing will lead to a lower 

weighted average cost of capital. 

Figure 9 shows the trend line of WACC over the 8 years. The slope is negative, 

therefore, as years pass WACC is decreasing. 

 

Figure 9. WACC Trend Line Between 2014 to 2022 

The reduction in the Weighted Average Cost of Capital (WACC) in Namibia over 

time can be attributed to various economic factors. Regulatory changes is one of 

the biggest factor, The introduction of the modified single buyer (MSB) regulatory 

change in Namibia's energy sector has significantly impact project financing for 

energy-related projects. MSB encourages increased competition among power 

producers, leading to more favourable power purchase agreements (PPAs) and 

stable revenue streams for project developers. Moreover, the shift in 

responsibility for power procurement has reduce the offtake risk, making projects 

more attractive to investors and lenders, potentially lowering financing costs. 

Private sector participation is also encouraged, attracting private investment and 

reducing the financial burden on the government. This has improve access to 

diverse sources of financing, both domestically and internationally. With market-

driven pricing dynamics and more flexible contract structures, projects have enjoy 

improved financing terms.  
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1.1.5 LCOE Sensitivity to Major Components 

Figure 10 The sensitivity of levelized cost of electricity (LCOE) between 2014 to 

2022 on input parameters in Namibia are as follows: 0.151 N$/kWh capital 

expenditure (CAPEX), 0.138 N$/kWh Operational and Maintenance Cost (O&M), 

0.208 N$/kWh Total Cost, 6.5% cost of debt. 9.1% cost of equity, 0.957 N$/kWh 

Base Tariff, 0.745 kWh/kWp solar Irradiation, 7.8% weighted average cost of 

capital (WACC), 8.4% escalation rate, and 0.192 (N$) NPV of Total Costs. 

 

Figure 10. LCOE Sensitivity to Major Components 
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1.1.6 Effect of Solar Irradiation on LCOE 

 

Figure 11. Comparative Graph of LCOE and Solar Irradiation 

Figure 11: A comparison between LCOE (c/kWh), the orange bars, and solar 

irradiation (kWh/kWp), the blue bars, for 26 projects. It can be seen that LCOE 

does take into account the change in solar irradiation. As solar irradiation 

changes, LCOE is directly proportional with it. 

Table 8. Chi-Square Tests of the Relationship Between LCOE (c/kWh) and Solar Irradiation 
(kWh/kWp) in the 26 projects 

  Value df Asymptotic Significance 

(2-sided) 

Pearson Chi-Square 156.000a 150 0,352 

Likelihood Ratio 82,737 150 1,000 

Linear-by-Linear Association 8,113 1 0,004 

N of Valid Cases 26     
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Table 8 shows: 182 cells (100%) have an expected count of less than 5, the 

minimum expected count is 0.04. There is a Pearson chi-square, the p-value is 

156a which is not statistically significant at a 5% level of significance based on 

150 degrees of freedom and the likelihood ratio, the p-value is 1, and statistics is 

82.737 based on 150 degrees of freedom. The correlation is significant and 

Figure 10 also shows some level of co-movement between the two 

Table 9. Correlation Between LCOE (c/kWh) and Solar Irradiation (kWh/kWp) of the 26 
Projects 

  Value Asymptotic 

Standard Errora 

Approximate 

Tb 

Approximate 

Significance 

Interval by Interval Pearson's R 0,570 0,141 3,396 0.002c 

Ordinal by Ordinal Spearman 

Correlation 

0,555 0,115 3,270 0.003c 

N of Valid Cases 26       

According to Table 9, solar irradiation has a moderate positive correlation to LCOE: 

if solar irradiation increases, LCOE may increase as well. 

 

Cronbach’s Alpha: 

A 15 Microsoft Excel sheet was filled in by 26 participants (PV systems) where 

α=0.702. This presents an acceptable reliability analysis. 
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CHAPTER 5. CONCLUSIONS  

Namibia is abundantly endowed with rich solar energy resources, yet the country 

cannot locally generate electricity to meet its demand. In order to alleviate the 

electricity shortage, the Namibian government introduced the renewable energy 

feed-in tariff program in 2014 which included solar PV. As discussed in the 

literature review section, there are studies that have considered the strength of 

the sun as the primary exogenous factor driving the cost of electricity and have 

treated other parameters such as the cost of capital, as largely endogenous and 

thus irrelevant to their analysis. The aim of this study was to analyse how the 

levelized cost of electricity of solar PV is impacted by the weighted average cost 

of capital in Namibia.  

The main challenge that the researcher encountered during this assessment is 

that developers and financiers conceal financial information related to solar 

projects due to a variety of factors, including the company's strategic goals, 

regulatory requirements, competitive landscape, and perceived risk associated 

with the project. Despite this challenge, the researcher managed to acquire data 

on 26 projects from about 36 projects in Namibia, so a total of 26 solar projects 

were analysed between 2014 to 2022.  

This study has shown that while both solar irradiation and the cost of capital are 

essential factors that influence the LCOE of a solar power project, the cost of 

capital impact is more significant. Among the analysed data, projects with the 

lowest LCOE are located in Katima which has the lowest solar irradiation of about 

5 kWh/kWp in Namibia and these projects have the lowest WACC in the range of 

7.4 – 10.52%. WACC has a more significant impact on the LCOE for solar PV 

projects than solar irradiation because the cost of capital represents a substantial 

portion of the total cost of a solar PV project, while solar irradiation mainly affects 

the electricity generation potential of the project. 

The weighted average cost of capital in Namibia has been declining since the 

renewable feed-in tariff program was launched. The declining WACC for solar PV 
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projects in Namibia is due to a combination of factors, including a favourable 

regulatory environment, lower financing costs, improved infrastructure, and 

technological advancements. These factors have made solar PV projects more 

attractive to investors and helped to support the growth of the renewable energy 

sector in Namibia. 
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APPENDIX D – Coding Instruments  

For comparison graphs and trend lines: 
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For Chi-Square and Correlation 
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