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ABSTRACT 

 

When a wind farm is repowered, decommissioned turbines are discarded. This 

creates a stock of wind turbines that can be acquired for a fraction of the original cost, and 

refurbished. Taking advantage of the reduced price and the ruggedness of first generation 

wind turbines, new markets for sale of wind energy can be explored. 

This thesis first analyses the repowering background of Germany, Denmark, and 

other European countries, where transition to repowered or “second generation” wind 

farms is taking place. 

Then, a number of feasibility studies are reviewed to create a study framework, 

which will allow in-depth study of suitable energy markets. Using this framework, the 

suitability of four countries is analysed in detail: Djibouti, Madagascar, Mozambique, and 

Tanzania. 

Two countries are selected to perform a total of 6 site studies: Djibouti and 

Tanzania. Using WindPro 2.9, six model wind farms are simulated. A financial model is 

built, based on an NREL study, to analyse the economic viability of wind farms.  

Using the financial model, the levelized cost of energy is obtained, and used to 

evaluate the competitiveness of the model wind farms. A sensitivity study is carried out 

to identify the major influences on the LCOE. Using the cost data, the cost competitiveness 

of the proposed wind farms is discussed, including competitiveness in the target markets, 

and a cost comparison with commercial wind farms with new turbines is performed. Five 

out of six proposed wind farms are competitive in price in the target markets, and all 

achieve an average installation cost per kW of one third of conventional wind farms, while 

producing energy in the low range of commercial projects, and even lower for sites with 

excellent wind resources.  
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NOMENCLATURE 

 

AEP Annual energy production 

AEPo Energy produced during the first year of operation 

AOE Annual Operating Expenses (OPEX) 

C&EC Construction and Erection costs 

C0 Initial investment cost (CAPEX) 

CAPEX Capital Expenditures 

CFC Construction finance costs 

COC Contingency costs 

Ct Future cash flow of the project at year t 

d Discount rate (a.k.a. Internal Rate of Return, IRR) 

ELC Electrical installations purchase costs 

EP Electricity sale price 

Inf Inflation rate 

IRR Internal Rate of Return 

kW Kilowatts 

kWh Kilowatt-hours 

LCOE Levelized Cost of Energy 

MW Megawatts 

MWh Megawatt-hours 

N Operational life of investment 

OPEX Operational Expenditures 
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SDR System Degradation Rate 

SPP Small Power Producer 

TRC Transport costs 

WACC Weighted Average Cost of Capital 

WTC Wind turbines purchase costs 
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1 CHAPTER 1. INTRODUCTION  

 

 This chapter aims to present the reader with the necessary background information 

to understand the research question and the justification of this thesis.  

1.1 Brief Overview 

 In many countries of Europe, such as Germany and Denmark, wind power 

experienced a first wave of development during the 90’s and the 00’s. This fuelled 

technological progress in the wind power industry, which now delivers bigger, more 

powerful, and more advanced turbines to the market. 

  As of today, the first generation of wind farms is reaching the end of their useful 

life. These farms are usually situated in areas with good wind resources. As the first 

generation wind turbines produce significantly less energy than the new industry standard 

models, it is very attractive for developers to perform “repowering” of these farms. 

 Due to the vastly different technical specifications involved, repowering cannot take 

place in the traditional sense, e.g., replacing the nacelle and blades. At present, repowering 

a wind farm involves decommissioning the old turbines and erecting the new wind farm 

as a greenfield project. 

 The dismantling of first generation wind farms is creating a stock of 

decommissioned turbines. While several options are available to deal with this challenge, 

this thesis will focus on reutilization of the turbines. The reduced cost of acquisition, and 

relatively simple mechanisms of first generation wind turbines, make them an attractive 

option for power production in niche markets. Also, first generation turbines are generally 

smaller in size than new generation turbines; thus, sea transport can be made in regular 

barge vessels, and on-site erection does not require modern specialised cranes. For all 

these reasons, refurbished wind turbines could be an attractive solution for emerging and 

developing countries.  
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1.2 Research question 

A review on existing literature on using refurbished turbines in emerging countries in 

the African continent has yielded only a moderate success story in Gambia (IRENA, 

2013a). Therefore, this venue of study would benefit from more knowledge. 

This work will address the following question: 

- Is it feasible to provide competitive electricity in emerging markets using 

refurbished wind turbines? 

1.3 Structure of the document 

Detailed information about past cases of using refurbished turbines in developing and 

emerging countries has not been found. Documentation about the pioneer wind farm in 

Gambia is not available. Therefore, it is not possible to answer the research question by 

just reviewing the results of similar projects. 

Due to the singular nature of wind farms, development is carried out as a project. 

According to Bo Tonnquist approach to project management (Tonnquist, 2009), the first 

phase of any project is the “pre-study”, also known as “Feasibility study”. During this 

phase, an assessment of the viability of the project is made. Thus, this concept fits the 

requirements of the research question. 

The structure of the document is therefore be focused on performing several feasibility 

studies on target markets, while complying with the academic format requirements: 

 The literature review seeks to answer the following questions: 

o What is the state of the refurbished turbines market in Europe? 

o How should a feasibility study be performed? 

o What can be learnt from available wind farm feasibility studies? 

o What is the cost of installing new wind farms? 

 Based on the lessons learned during the literature review, the methodology sets 

the structure, scope, and procedures used to perform the case studies. 

 The application of the methodology and results chapter is used to present the 

case studies, applying the defined methodology to specific markets, and 

obtaining the key parameters. 
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 In the discussion and analysis chapter, the data is analysed and commented. 

The research question is answered, and quantified. 

 The conclusion is used to offer an overview of the process, gather all results, 

and new venues of study are presented. 

 

Figure 1-1 Structure of the thesis 
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2 CHAPTER 2. LITERATURE REVIEW 

2.1 Introduction 

This chapter is structured in four sections, each of which try to answer a different 

question: 

 Repowering background in Europe: What is the state of the refurbished turbines 

market in Europe? What is the outlook for the near future? 

 Structure of a feasibility study: How should a feasibility study be performed? 

 Brief analysis of wind farm feasibility studies: What can be learnt from 

available studies? 

 Brief analysis of the cost of wind power: What is the cost of installing new wind 

farms? 

The objective of this chapter is to provide an overview of the refurbished turbine market 

in Europe, a reference cost for wind power installation, and the current state-of-the-art in 

feasibility studies for wind power development. This includes a review of the status of 

repowering in Germany, Denmark, and Spain; the review of Project Management theory 

by Bo Tonnquist, and the analysis of five different feasibility studies. 
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2.2 Repowering background in Europe 

2.2.1 Repowering background in Germany 

  During 2014, a bonus for repowering was introduced in Germany. This produced 

an acceleration in the repowering rates. A total of 386 MW worth of old turbines were 

decommissioned in 2014 (Neddermann, 2014). Repowering has been more intense in the 

Schleswig-Holstein, Niedersachsen, Brandenburg and Rheinland-Pfalz districts (Ibid.). A 

list of repowered wind farms in Schleswig-Holstein is included in the Neddermann report, 

which provides useful information regarding the characteristics of potential turbines. 

 

Table 1 Repowered wind farms in Schleswig-Holstein during 2014. Source: (Neddermann, 

2014)  

 

It is noteworthy that while the power range is wide, the decommissioned turbine’s 

towers are small (≈ 67 m) for current standards. With reutilization in mind, this reduced 

size can be an advantage for transport when compared to modern turbines. In the 

Breklum/Struckum and Bredstedt-Land cases, high power ratings of 1800-2000 kW for 

67 m heights are found. This shows that MW-scale wind turbines are available in the 

refurbished turbine market. 

The proximity to the sea in the Schleswig-Holstein area provides access to nautical 

shipping, a requirement for long distance turbine transportation. 
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 The German renewable energy market is preparing for the introduction of tenders in 

2017 (BMWi, 2015). Thus, it can be expected that repowering will continue during 2015 

and 2016, to take advantage of the FiT scheme. 

 

2.2.2 Repowering background in Denmark 

 Denmark’s support for wind energy started at the beginning of the 80’s. The 

Energiplan81, in effect since 1981, introduced subsidies for the construction and operation 

of wind turbines at a small scale. During this decade, Danish families were offered tax 

incentives for generating power in their communities, which fuelled the widespread 

installation of small wind turbines. 

 The wind energy support system of Denmark served as a learning experience for 

other countries in the region, particularly Germany. The energy policy of Denmark has 

evolved swiftly over the years. Today, a flexible market premium scheme is in place, 

which is valid for 22.000 full load hours, roughly equivalent to 10 years of operation 

(IRENA, 2013b). This encourages repowering in an indirect way.  

The Danish Energy Agency (Energi Styrelsen) routinely publishes a register of wind 

turbines, including installed and decommissioned units. From this data, it can be found 

that in 2005, a total of 2510 turbines were in operation in Denmark. During the 2005-2015 

period, the number of operative turbines ranged between 2170 and 2800 (see Figure 2-1). 

Taking into account the market premium mechanism, and this high number of operative 

wind turbines, a continuous supply of decommissioned turbines is expected to occur 

during the next decade. 
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Figure 2-1 Wind Turbines in Operation in Denmark. Source: (“Register of wind turbines | 

Energistyrelsen,” 2015) 

 

2.2.3 Repowering background in Spain 

The Spanish wind power sector main development stage was between 2000 and 2010. 

Therefore, it can be expected that repowering will commence within the next decade. In 

2014, Spain had an installed capacity of 23 GW, mostly onshore (EWEA, 2015). In 

installed capacity, it is only second to Germany, with 39.2 GW (Ibid.). Therefore, it is 

poised to become the second largest repowering market in Europe. 

Due to the recent change in regulation, wind farms in Spain are no longer eligible for 

subsidies when the total pre-tax profit has reached 7.5%(IEA Wind, 2015). This situation 

can encourage current wind farm owners to sell wind turbines before the end of their useful 

life.  

In Figure 2-2, it is shown that more than 2.3 GW of installed wind power in Spain has 

been in operation for 15 or more years. These turbines are candidates for use as refurbished 

turbines in the short term. In the 2000-2009 period, an average of 1.5 GW were installed 

annually, which ensures a steady supply of turbines for the 2020-2030 period. 
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Figure 2-2 Installed wind power capacity in Spain. Source: (Colmenar-Santos et al., 2015) 

 

2.2.4 Conclusions on the repowering background in Europe 

Denmark and Germany are currently attractive markets for the acquisition of 

decommissioned wind turbines, due to the on-going repowering of wind farms.  

In the near future, Spain will become a very attractive market, due to the high volume 

of wind turbines (approximately 20 GW) installed in the 2000-2010 period. Recent 

regulatory changes may encourage wind farm owners to sell their turbines in the second 

hand market before the end of the standard 20 year useful life. 
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2.3 Current cost of installing new wind farms 

In order to provide clarity on the costs of wind energy, both IRENA and NREL have 

published reports (IRENA, 2012; NREL, 2011) analysing the cost of installing wind 

power. These costs will be used as a reference to assess the economic advantage of using 

refurbished turbines over new wind farms. Two key parameters will be used in this 

comparison: the cost per kW installed, and the levelized cost of energy (LCOE, which is 

explained in detail in the financial model section). 

 

Table 2 Reference costs of wind power for different regions 

 € per kW installed 

NREL Cost of Wind Energy 2011 1963.32 

IRENA (2012) Installed cost: China 1220.83 

IRENA (2012) Installed cost: Europe 1737.66 

IRENA (2012) Installed cost: North America 1878.20 

 Levelized cost of energy, in c€/kWh 

IRENA (2012) LCOE: China 5.63 to 10.31 

IRENA (2012) LCOE: Europe 7.5 to 13.13 

IRENA (2012) LCOE: North America 6.56 to 10.31 

 

The results obtained from the case studies will be compared against these values, in 

order to quantify the competitiveness in installation and production costs of refurbished 

wind turbines. 
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2.4 Structure of a feasibility study 

In Bo Tonnquist’s project management handbook (Tonnquist, 2009), the different 

phases of a project are analysed. In this manual, it is stated that the feasibility study (pre-

study) should answer a fundamental question: is performing the project worthwhile? 

According to Tonnquist, the first step is to analyse the project background. The 

background is the situation and circumstances underlying the project. A desired change in 

those circumstances is what motivates the creation of a project. 

The project objectives are the formalization of this need for change. The objectives 

should be the answer to the question “Why is the project needed?” (Tonnquist, 2009). 

To achieve the objectives, a series of goals are set. The goals provide the standards 

against which the success of the project shall be evaluated. Therefore, the goals should 

answer the question “What shall be achieved?”  

Adequate goals should pass the SMART test, defined by Tonnquist as: 

- Specific: The goal should be indisputably described and unique for the project. 

- Accepted: The goal should be established with both the project group members and 

end users. 

- Realizable: The goal should be realizable with the resources made available. 

- Timed: The goal should be attained at a given time.   

Once objectives and goals are defined, the scope of the project shall be developed. The 

scope “defines the deliverables, client, work packages, outcomes, and human and financial 

resources”(Camilleri, 2012). The question the scope answers is “How are the goals going 

to be achieved?” 

The people that have influence over the project and the people influenced by the project 

are termed “Stakeholders”. During the feasibility study, identification and analysis of the 

stakeholders shall be performed. This answers the question “Who is going to be involved 

in the project and how?” 

The influence on the project of factors internal and external to the company should be 

identified and analysed. This is called “situational analysis”, and answers the question 

“What factors can influence the project and how?”  
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Projects are expected to create business value. This business value can be defined in 

financial terms; however, more subjective benefits can be obtained through the project, 

such as expansion of business areas, presence in new markets, or improved organization 

morale. Therefore, according to Tonnquist, business value analysis should answer the 

question “What kind of value does the project generate, and is the project’s expected end 

result within the sponsor’s business goals and strategies?” 

In Table 3, the parts presented in the previous paragraphs, and the question they raise, 

are grouped. 

 

Table 3 Parts of a feasibility study 

Is performing the project worthwhile? 

Objective definition Why is the project needed? 

Goal definition What shall be achieved? 

Scope definition How are the goals going to be achieved? 

Stakeholder analysis Who is going to be involved in the project and how? 

Situational analysis What factors can influence the project and how? 

Business value analysis What kind of value does the project generate? 
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2.5 Brief analysis of wind farm feasibility studies 

In this section, feasibility studies and guidelines are analysed, to provide a reference 

framework for the feasibility studies carried out in this work. The author recognises that 

the presentation departs from academic practice. This deviation is caused by the extent 

and variety of scope of the works analysed. A standardized methodology is used to provide 

comparability between studies. This methodology consists of extracting the information 

introduced in Table 3 Parts of a feasibility study) from each document. 

A summary condensing the findings of the analysis of wind farm feasibility studies can 

be found at the end of the chapter. 

2.5.1 Roger Williams University, 2009, “Wind Power Pre-Feasibility Study for the East 

Bay of Rhode Island, Technical Proposal” 

 Background 

The Town of Bristol, in Rhode Island (USA), wants to improve the electric power 

supply. Current generation is deemed too expensive and carbon intensive. Wind energy 

has been identified as a solution to this issue. However, no wind power planning had been 

carried out at the time. A public tender was opened for a wind power feasibility study of 

the area. 

 

 Objective of the project 

The objective of this project is to lower the cost and carbon intensity of the electricity 

generation sector in the Town of Bristol. 

 

 Goal of the project 

Present a study with enough information to elaborate a wind power development plan 

in the East Bay region of Rhode Island. 

 

 Scope of the study 

According to the definition given in Section 2.4, the study contains one task pertaining 

to the scope: 

 Preliminary project economics for potential turbine development 
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o Study availability and price of wind turbines 

o Present a financial model representing the costs avoided by using wind 

energy 

o Assessment of the financing options available to the client 

o Economic incentives that can be put in place to encourage wind energy 

develoment. 

 

 Stakeholder’s analysis 

The analysis is not contemplated directly in the document. However, throughout the 

document, the following stakeholders are identified:  

 East Bay Energy Consortium (EBEC), the organism in charge of the electricity 

supply of the East Bay region of Rhode Island. 

 The Town of Bristol, which acts as the project sponsor. 

 Local population, which is affected by the development of the wind farm. 

 Potential Wind farm owners and operators 

 

 Situational analysis 

The tasks pertaining to the situational analysis are listed below: 

 Wind turbine siting consideration and constraints: It covers the regulatory 

aspects of the land leases where the wind farm may be erected, and the 

demarcation of responsibilities of the parties involved in the construction. 

 Identification of sites: Using the criteria found in the previous step, potential 

sites are identified. 

 Available wind resource: Study of the wind resource available at the sites. 

 Municipal Facility Electrical Consumption and cost: Technical and economical 

analysis of the electricity demand of the public infrastructure. 

 Environmental impacts and permitting requirements: 

o Avian/Bats 

o Wildlife 

o Environmental permits 
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o Land use restrictions 

o Necessary permits 

o Height restrictions 

o Noise and Shadow Flicker  

 Public outreach: Development of collaboration with local population. 

 

 Bussiness value 

The value generated by the project is divided in financial and environmental 

considerations: 

 Reduced cost of electricity for the municipality 

 Decreased carbon intensity of electricity generation 

In addition, one value that has not been directly identified is the generation of economic 

activity for the owners and operators of the new wind farms, which translates into new 

jobs and tax revenues. 

 

2.5.2 Pinard and Maissan, 2008, “Ulukhaktok Wind Energy Pre-Feasibility Study” 

 Background 

A small community of circa 400 people inhabit the Hamlet of Ulukhatok, in the 

Victoria Island (Canada). The community uses a diesel generator to meet their electricity 

needs. However, the community has concerns over the rising costs of fuel acquisition and 

delivery. Being an isolated coastal community in the Arctic Circle, the access to renewable 

electricity sources is limited to wind during wintertime. To alleviate their dependence on 

diesel, a small wind power generator is considered. 

  

 Objective of the project 

To reduce the dependence on diesel of Ulukhatok. 

 

 Goals of the project 

To analyse how much fuel could be saved by installing wind power, and how much 

money would it cost. 
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 Scope of the study 

The tasks realized by the project are: 

 Estimate the cost of wind generation for the hamlet 

 Estimate how much power would be produced and how much fuel would be 

saved 

 Provide an outline of next steps required to pursue the integration of wind power 

in the hamlet 

 

 Stakeholder analysis 

No stakeholder analysis is specifically shown in the project. 

 

 Situational analysis 

The following tasks pertain to the situational analysis: 

 Analysis of wind data 

 Estimation of wind speeds around the hamlet using computer models 

 Procure a list of potential sites for location of wind energy generation. 

 Perform an analysis of different scenarios of power demands for the hamlet 

 

 Business value 

The business value is the reduction of dependence on diesel. Wind energy production 

was expected to raise the price of electricity by 60% when compared with the direct cost 

of diesel generation. It must be noted that the considered turbines have a 50 kW nominal 

capacity, which is very low for 2015 standards. 
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2.5.3 Waewsak et al, 2009, “A Pre-Feasibility Study of a MW Wind Power Generation in 

Thailand” 

 Background 

The government of Thailand is interested in the development of wind power. Several 

(18) meteorological stations were deployed in southern Thailand from August 2007 to 

July 2008, in order to assess the wind resource. The data from this measurement stations 

has been retrieved and analysed. 

 

 Objective of the project 

Ascertain the potential for wind power development at 18 locations in Thailand. 

 

 Goals of the project 

To determine the amount of energy that can be generated by wind power at 18 locations, 

and estimate the cost per kWh. 

 

 Scope of the study 

The following task falls under the scope section: 

 Brief economic analysis 

 

 Stakeholder analysis 

No stakeholder analysis was performed 

 

 Situational analysis 

The following tasks fall under the situational analysis section: 

 Description of wind measurement study 

 Wind data analysis 

 Wind power estimation 

 CO2 reduction estimation 
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 Business value 

In this case, the business value of the feasibility study is limited to showcasing the areas 

with the best potential in Thailand from all analysed.  

 

2.5.4 AWEA, 2008, “Wind Energy Siting Handbook” 

 Background 

In reaction to the dangers of global warming, many local and states throughout the USA 

have set mandates or passed laws, in order to encourage clean energy generation. 

However, the diverse regulatory background and lack of previous development experience 

acts as a barrier for development of wind power. 

 

 Objective of the project 

To enable developers and utilities to develop wind power. 

 

 Goals of the project 

To provide an overview of the technical, environmental, and regulatory aspects of 

developing a wind power project. 

 

 Scope definition 

The guidelines focus exclusively on the situational analysis of wind farm projects. 

 

 Stakeholder analysis 

No stakeholder analysis, beyond the public outreach chapter, is performed. 

 

 Situational analysis 

Tasks pertaining to the situational analysis are: 

 An overview of wind energy development basic concepts 

 Regulatory and permitting requirements associated with the development of a 

wind project 

 Environmental analysis description: 
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o Techniques for environmental impact analysis and mitigation 

o Critical environmental issues analysis, for the initial environmental due 

diligence studies 

o ASTM Environmental site assessments for bankability 

 Description of the importance and techniques for public outreach throughout 

the development process 

 

 Business value 

As the document acts as a guideline for developers, no specific business value analysis 

is performed.  

 

2.5.5 NREL, 2013, “Feasibility Study of Economics and Performance of Wind Turbine 

Generators at the Newport Indiana Chemical Depot Site” 

 Background 

In Newport, Indiana, USA, a Chemical Depot is being developed as an industrial site. 

It is foreseen that the development of this industrial area will bring large energy 

consumption needs. The electricity infrastructure is being upgraded to meet the new 

consumption, including revamping of the current 20 MW substation to 500 MW.  

Development of a 16 to 35 MW wind power at the site has been identified as an option 

to meet the new demand, and reduce external power needs. 

  

 Objective of the project 

To enable development of wind power in the Chemical Depot site. 

 

 Goals of the project 

To ascertain how a wind farm can be installed at the site, how much energy will it 

produce, and the financial costs of the project. 

 

 Scope definition 

The task under the scope definition is: 
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 Financial performance study 

 

 Stakeholder analysis 

No specific stakeholder analysis is performed. 

 

 Situational analysis 

The tasks that fall under the situational analysis are: 

 Analysis of site specific topographical characteristics 

 Permitting and interference with weather and military radars 

 Environmental siting considerations 

 Wind resource analysis 

 Power production and cost of energy analysis 

 Ownership and grid connection type considerations 

 

 Business value 

This project focuses on the financial value. 
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2.6 Conclusions on the feasibility studies and guidelines review  

When comparing the theoretical outline given by Tonnquist for feasibility studies and 

the real case studies, one main conclusion arises: the analysed feasibility studies focus on 

the situational analysis, i.e. the external factors that influence wind power projects. 

 

Definition of the scope of the project (deliverables, client, work packages, human and 

financial resources, etc.) is in general limited to a preliminary financial analysis. In no 

case there is a work breakdown structure or similar preliminary task overview. This can 

be justified by the high complexity of planning and executing wind power projects.  

 

A reasonable outline for a wind power project feasibility study for site screening would 

be: 

 Background: A short description of why wind power development is sought in 

a particular site or market. 

 Objective: The main priorities of the project sponsor, for example: 

o Private developer: Financial gain, access to new markets. 

o Public or utility: Providing electricity to isolated areas, diversifying 

energy generation portfolio, proof of concept project. 

o Development agency: Introducing renewable energies in developing 

and emerging countries, capacity building. 

 Goals: The specific requirements of the project. For example, developing a 1 

MW wind farm in a particular site. 

  Scope: Laying out the tasks that can be performed during the early execution 

(such as the permitting process and land permit acquisition process) and 

financial estimation. 

 Stakeholder analysis: In this phase, focus should be in the identification of 

main players in the power sector: 

o Governmental and regulatory institutions 

o Utilities 

o Private companies 
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o Education and research institutions 

o Solvency of the power purchasing institution 

 Situational analysis: Analysis of the factors that influence directly wind power 

development, such as: 

o Wind resource 

o Transport infrastructure 

o Electricity infrastructure 

o Energy demand in the local market 

o Topography of the area 

o Regulation of the power sector 

o Investment rules 

o Imports regulation 

o ESIA considerations 

o Restricted areas 

 Business value: The financial or subjective gains that can be expected from the 

project. 

 

Using these findings, a framework for case studies is presented in the next chapter, 

Methodology. This framework is used to structure the case studies, which can be found in 

the Results and Discussion chapter. 
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3 CHAPTER 3. METHODOLOGY 

3.1 Introduction 

The objective of this section is to develop a framework to perform case studies.  

In the literature review, several case studies were analysed, and compared with the 

theoretical framework set by Tonnquist. Feasibility studies for wind power focused on the 

situational analysis of projects. The items necessary for a wind power feasibility study 

were identified. 

 

 

Figure 3-1 Phases of the study 

The main objective of this thesis is to assess the feasibility of using refurbished turbines 

to provide electricity in emerging markets in Africa at a competitive price. To achieve this 

goal, the process has been divided in three phases: 

1. Detailed screening: After a complete survey of all African countries (not 

included in this thesis), four were selected for detailed screening: Djibouti, 

Madagascar, Mozambique and Tanzania.  

2. Site selection: A search for suitable wind farm sites is carried out in the selected 

countries. 

3. Site analysis: At the best sites identified in the previous step, the techno-

economic parameters of erecting a wind farm are analysed.  

Detailed screening Site selection  

Brief background analysis 
Wind resource availability 

Topography 

Energy demand analysis 
Transport infrastructure 

Electrical infrastructure 

Stakeholder analysis 

Power sector regulation 
Solvency of the power  -

purchasing institutions 

Investment rules 

Imports regulation 
Permits 

Environmental considerations 

Access route 
Elevation 

Distance to electricity grid 

Distance to nearest load centre 
Distance to nearest dwelling 

Environmental protection 

 

 

Site analysis 

WindPro simulation 

Micrositing and energy 

production estimation 

Financial modelling 

Techno-economic results 
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The structure of the detailed screening is the following: 

 Introduction: Brief background of the country 

 Wind resource overview 

 Topography overview 

 Electrical infrastructure overview 

 Transport infrastructure overview 

 Energy demand analysis 

 Stakeholder analysis: Key actors in the power sector 

 Regulatory aspects: Power sector, investment, and imports regulation 

 Permits and permitting process 

 Environmental considerations and restricted areas 

The detailed screening comprises several pages for each country. To improve 

readability, a brief summary is included here. The complete screening can be found in 

Appendices A and B. 

For the case studies, 6 sites in total have been selected. The analysis comprises the 

following items: 

 General characteristics 

o Longitude and latitude 

o Distance to the transmission or distribution grid 

o Distance to nearest load centre 

o Distance to nearest protected area 

o Nearest port capable of handling wind turbine transport 

 Techno-economic analysis: Wind energy production estimation and financial 

analysis.  

A detailed description of the site selection, wind energy production estimation, and 

financial analysis methodology can be found in the following sections. 

3.2 Site selection 

Once a region with good wind resource is identified, a site will be selected, based on 

the following considerations: 



 

 

24 

 Access route. The transport infrastructure shall be as enabling as possible. 

Good communication with ports will be specially regarded, as the considered 

regions would most likely receive wind turbines by sea. Roads suitable to carry 

wind turbine components should be in the immediate vicinity. 

 Elevation: Preferably, the wind farm shall be placed on elevated ground. This 

increases the local wind resource due to hill effects. 

 Distance to the nearest distribution/transmission network: In order to minimize 

the costs of the evacuation lines, the wind farm distance to the network shall 

be as reduced as possible.  

 Distance to the nearest load centre: Taking into account the available 

infrastructure of the considered markets, which is in many cases sub-optimal, 

placing the wind farm close to the consumption centres shall contribute to 

minimise losses in the local grid. 

 Distance to the nearest dwelling: To minimize impact on local population, the 

wind farm shall be at least 1km away from the nearest dwelling. 

 Not included in protected areas or areas of high environmental value: The wind 

farm shall not be placed in areas of high ecological and/or social value, unless 

the impact of the wind farm is negligible.  
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3.3 Site analysis: Wind energy production estimation 

As a wind farm extracts energy from the wind, it is vital that the selected sites possess 

good wind resource. If no wind measurements are available for the selected areas, two 

sources will be used. The Wind Atlas from IRENA provides an overview of the predicted 

wind resource for the whole world. This will be used first to identify the regions suitable 

for wind power development. The key parameter for identification of suitable areas will 

be an average wind speed equal or above 6.6 m/s at 80m a.g.l. 

The proposed wind farms are an array of five Vestas V47-660. WindPro, a software 

dedicated to wind farm simulation, is used to predict the yield of the proposed wind farms. 

This software has access to several wind databases, most from mesoscale models 

calibrated with surface measurements. The PARK model is used to estimate the energy 

production, with the standard 10% reduction applied to account for wind farm downtimes. 

The reports generated by WindPro for each site can be found on Appendix D. 

In addition, the results of a wind resource assessment in Djibouti are available to the 

author, and will be used to select and model sites in this country. 

3.4 Site analysis: Financial model 

A wind power project, as any project developed by a for-profit company, needs to be 

financially sustainable. Thus, total income over the life of the project should be greater 

than total costs. The financial indicators used to evaluate the investment shall be the Net 

Present Value (NPV), the Modified Internal Rate of Return (MIRR), and the Levelized 

Cost of Energy (LCOE).  

3.4.1 Net Present Value (NPV) 

The NPV serves to identify if a given project is viable for a given discount rate. If the 

NPV is positive, the project is considered viable. The NPV is defined as “the sum of the 

present values of a project´s individual annual cash flows” (Allen, 1991). The 

mathematical formulation of the NPV is: 

𝑁𝑃𝑉 = ∑
𝐶𝑡

(1 + 𝑑)𝑡

𝑁

𝑡=1
− 𝐶0 ( 1 ) 
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Where “Ct” is the future cash flow of the project at year “t”, “C0” the initial investment 

cost, “d” the discount rate (also called internal rate of return, IRR), and “N” the operational 

life of the investment. The discount rate can be estimated using different methods, such as 

the expected rate of return of other investment choices with a similar level of risk, or the 

cost of borrowing money to finance the project (Investopedia, 2015). 

3.4.2 Modified Internal Rate of Return (MIRR) 

The MIRR serves to analyse the attractiveness of an investment. The main difference 

with the IRR as that it allows for a better comparison between a company’s investment 

options (Crundwell, 2008). The mathematical expression of the MIRR is as follows: 

𝑀𝐼𝑅𝑅 = √
𝐹𝑢𝑡𝑢𝑟𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑠 𝑎𝑡 𝑟𝑒𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒

− 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑎𝑠ℎ 𝑓𝑙𝑜𝑤𝑠 𝑎𝑡 𝑓𝑖𝑛𝑎𝑛𝑐𝑒 𝑟𝑎𝑡𝑒

𝑁

− 1 ( 2 ) 

3.4.3 Levelized Cost of Energy 

The LCOE serves as an indicator of how much money will it cost to produce each unit 

of energy. It is used to estimate the minimum price for sale of energy that must be reached 

in a power purchase agreement. Therefore, it will be the key value in this work when 

calculating the competitiveness of a site. In simple terms, it can be expressed as: 

𝐿𝐶𝑂𝐸 =
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠 (€)

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑀𝑊ℎ)
 ( 3 ) 

According to NREL, the standard methodology to calculate the LCOE has four basic 

inputs (NREL, 2011), which are the sum of several project sub costs: 

1) Installed Capital Costs / Initial investment costs (C0) 

2) Annual Operating Expenses (AOE) 

3) Financing costs 

4) Taxes 

a) Taxes over profit 

b) Taxes over capital 

Thus, the LCOE can be expressed as: 
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𝐿𝐶𝑂𝐸 =
𝐶0 + ∑

𝐴𝑂𝐸𝑡

(1 + 𝑑)𝑡
𝑁
𝑡=1

∑
𝐴𝐸𝑃𝑡

(1 + 𝑑)𝑡
𝑁
𝑡=1

 ( 4 ) 

 

Where: 

 C0 are the initial investment costs. Unit: € 

 AOEt is the annual operating expenses at year t. Unit: € 

 AEPt is the total energy production of the wind farm at year t. Unit: kWh. 

 “d” is the discount rate. Unit: % 

 “N” operational life of the project. Unit: years [technically speaking, it is 

treated as a dimensionless coefficient in the formula] 

 

A comprehensive list of all the high level variables required to perform the financial 

analysis can be found in Table 4 

 
Table 4 Financial model high level variables 

Symbol Name Units 

Ct Future cash flow of the project at year t € 

C0 Initial investment cost (CAPEX) € 

AOE Annual Operating Expenses (OPEX) € 

AEP Annual energy production kWh 

 

In the following sections, an in depth description of these variables is presented. The 

base level variables are introduced and defined.  

3.4.4 Future cash flow of the project at year t (Ct) 

The Ct is the difference between yearly income and expenses. Yearly income is 

obtained by sales of energy. The value of these sales is the annual energy production 

(AEP) of the farm, multiplied by the sale price of energy.  

𝐶𝑡(𝑡) = 𝐴𝐸𝑃(𝑡) ∗ 𝐸𝑃(𝑡) ( 5 ) 
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Where “EP” is the electricity sale price (€/kWh). The electricity sale price will be 

updated each year accounting for inflation. The average inflation will be obtained from 

the CIA fact book (CIA, 2015a). 

AEP of the farm is for a given year is calculated using the following formula: 

𝐴𝐸𝑃(𝑡) = 𝐴𝐸𝑃0 ∗ (1 − 𝑆𝐷𝑅)𝑡 ( 6 ) 

Where “AEP0” is the initial energy production, as calculated with WindPro, and SDR 

is the system degradation rate. Scholarly sources (Staffell and Green, 2014) place the value 

of the SDR for properly maintained wind farms in the range of 1.5-1.9%. For comparison, 

gas turbine technologies’ SDR ranges from 0.75% to 2.25% (Ibid). 

The expected annual expenses are listed below: 

 Insurance: The costs of insurance, including property insurance and liability 

insurance. 

 Preventive maintenance. 

 Foreseen repairs and replacement. 

 Commercial management. 

 Land lease cost. 

 Technical management of the wind farm. 

 Financial interests. 

 Taxes over profit. 

 Taxes over capital. 

3.4.5 Initial investment cost (C0) 

The initial investment costs can be split in two categories, hard costs and soft costs: 

a) Hard costs 

i) Wind turbine(s): Will be estimated using AGUT-EAS in-house data. This is 

the focal point of this thesis: According to NREL (NREL, 2011), wind turbines 

make up to 32% of the total project investment. By using refurbished turbines, 

there is a high potential for savings.  

ii) Electrical installations: Transformers, evacuation lines, internal lines, etc. 

Those costs will be estimated using in-house data. 
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iii) Construction & Erection costs. These costs will be obtained from in-house 

data. 

iv) Transport of turbines and equipment. These costs will also be obtained from 

in-house data. 

b) Soft costs 

i) Construction finance. These costs will be obtained from IEA (Schwabe et al., 

2011). 

ii) Contingency costs. These costs will also be obtained from IEA (Ibid.) 

3.4.6 Discount rate (d) (also known as Internal Rate of Return) 

The discount rate is used to determine the present value of future cash flows. It is 

mainly used to take into account the time value of money, and the risk and uncertainty of 

future cash flows. One standard method of obtaining the discount rate is taking as a 

reference a given company cost of raising capital on debt and equity markets: the weighted 

average cost of capital (WACC). The mathematical formulation of the WACC is: 

𝑊𝐴𝐶𝐶 = (
𝐸

𝐸 + 𝐷
) ∗ 𝑅𝐸 + (

𝐷

𝐸 + 𝐷
)𝑅𝐷 ( 7 ) 

Where “E” is the amount of equity, “D” is the amount of debt, “RE” is the cost of equity, 

and “RD” the after-tax cost of debt (Crundwell, 2008). These values will be obtained by 

in-house data. 

The cost of equity is calculated by adding the risk free rate of return (e.g. State Bonds) 

plus the premium expected for risk. 

The cost of debt is, as a standard procedure, considered to be the after tax debt rate. 

That is, the interest rate paid by debt multiplied by 1 minus the company’s marginal tax 

rate (the rate at which its last euro of profit is taxed). 

3.4.7 Operational lifetime of the project (N) 

This is the amount of years that the wind farm is expected to produce energy. The 

standard business assumption is 20 years (NREL, 2011). In this case, being refurbished 

turbines, a more conservative value of 15 years will be used, based on in-house 

estimations. 
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Table 5 Financial model low level variables 

Symbol Name Units Source 

EP Electricity sale price €/kWh Various 

AEPo Energy produced during the first year of 

operation 
kWh WindPro simulation 

WTC Wind turbines purchase costs € Agut-EAS In-house data 

ELC Electrical installations purchase costs € Agut-EAS In-house data 

C&EC Construction and Erection costs € Agut-EAS In-house data 

TRC Transport costs € Agut-EAS In-house data 

CFC Construction finance costs € IEA, (Schwabe et al., 2011) 

COC Contingency costs € IEA, (Schwabe et al., 2011) 

WACC Weighted Average Cost of Capital € Agut-EAS In-house data 

d Discount rate (a.k.a. Internal Rate of 

Return, IRR) 
% Agut-EAS In-house data 

N Operational life of investment years Agut-EAS In-house data 

Inf 
Inflation rate % 

CIA´s world factbook 

(CIA, 2015b) 
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4 CHAPTER 4.  APPLICATION OF THE METHODOLOGY AND 

RESULTS  

4.1 Introduction 

In this chapter, the results of the case studies are shown. During the detailed screening, 

four countries were analysed: Djibouti, Madagascar, Mozambique and Tanzania. From 

these four countries, Djibouti and Tanzania were selected to further perform case studies, 

and are therefore included in this thesis. The results of these analyses span a large amount 

of pages, and are therefore included in this thesis as Appendices A and B.  

The reasons for choosing Djibouti are the availability of wind measurement data, 

geographical proximity, and the high prices of energy, caused by the country’s dependence 

on imported fuels. Tanzania has been selected due to the existing FiT support programme 

for small electricity producers, which applies for installations of less than 10MW of 

nominal capacity. 

In order to maintain the academic integrity of this document, a brief summary of the 

screening results for Djibouti and Tanzania is presented in this section. This summary 

contains all the relevant information that will be used in the upcoming chapters. 

 

4.2 Brief summary of screening results 

This section summarizes the findings of the screenings. The full details can be found 

in Appendices A and B. 
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4.2.1 Republic of Djibouti 

 

Brief background 

Djibouti, formerly a French colony, is located in the strait between the Red Sea and the 

Gulf of Adam. This is an strategically important location for sea trade, particularly 

between Asia and Europe. Several countries have military bases in place, including USA 

and France. The landscape is a mixture of arid and volcanic terrains.  

 

Wind resource 

Annual average wind speeds above 7 m/s at 80m a.g.l. are registered in the country, 

particularly in the central part and the northern coast (IRENA, 2015a). 

 

Energy market 

Energy demand is rising in Djibouti, which produces most of its energy through 

conventional thermal plants. Energy generated at the local thermal plants reaches a price 

of 26.5c€/kWh (IRENA, 2015a). Djibouti relies on Ethiopian hydropower electricity, 

which imports at 6.2c€/kWh (Ibid.), both to lower its cost of electricity and to meet the 

total demand (EUEI PDF, 2014). In 2011, Djibouti imported 40% of its electricity from 

Ethiopia (Ibid.). This means that the country is vulnerable to the interruption of supply 

from its Ethiopian neighbours. 

 

Investment, tax and import rules 

As a consequence of the energy dependency, the investment and import laws favour 

development of energy generation, through tax exemptions and allowing foreign direct 

investment without the requirement of a local partner. LOI N ° 58/AN/94/3-rd L explicitly 

grants exemptions on license tax, value added tax and import taxes, if an investment of 

more than 26.000 € is made in energy production. A renewable ten-year tax holiday on 

corporate income tax is granted to renewable energy projects (IRENA, 2015a). Therefore, 

the financial analysis is performed without including any taxation. 
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Regulation of the power sector and wind power framework 

The regulation of the power sector is still in its infancy. An electricity sector law is 

being prepared in the context of a collaboration project with the German technical 

cooperation agency GIZ (EUEI PDF, 2014). 

No incentives for wind energy, aside from the high market price for electricity, are in 

place. No regulatory framework has been issued for private developers. Negotiations and 

contracts should be carried out directly with the national utility and the Ministry of Energy 

and Natural Resources. 

 

4.2.2 United Republic of Tanzania 

 

Brief background 

Tanzania is a largely agricultural country in eastern Africa. The country came into 

being after the union of Tanganyika and the island of Zanzibar in 1964. British rule of 

Tanganyika came to an end in 1962, becoming a democratic republic. The official 

language of the government is English. 

 

Wind resource 

 The central region is predicted to have good (above 6.6 m/s at 80 a.g.l.) wind resource. 

The coastal areas and the island of Zanzibar present areas of similarly high wind resource. 

According to the African Development Bank, the state owned grid utility, TANESCO, is 

engaged in wind resource assessment studies (AfDB, 2015). However, these studies have 

not been found online. 

 

Energy market 

Tanzania has a Feed in Tariff framework in place for Small Power Producers (SPPs). 

Renewable energy plants, up to 10 MW, are eligible for this framework. In 2014, the tariffs 

were 7.45c€/kWh for the wet season (December to July), and 9.94c€/kWh for the dry 

season (August to November). (EWURA, 2014) 
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Investment, tax and import rules 

Foreign direct investment is allowed, with no restrictions on company ownership 

(UN, 2005). Wind generators and wind energy equipment are exempt from import duties 

and VAT (DC, 2015; TIC, 2015). Wind power is not specifically exempted from 

corporate income tax (CIT). However, no clear taxation has been found for power 

production. As an approximation, the effective taxation rate of 15% for the 

manufacturing sector will be used, as provided by the World Bank (FIAS, WB, 2006). 

 

Regulation of the power sector 

The power sector in Tanzania has a developed framework. Information regarding the 

permitting procedure is available. However, due to the extensive detail and length, has 

been omitted from this summary. The full process can be found in Appendix B.  
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4.3 Site studies: Introduction 

The results of the site studies be summarized. For simplicity and readability, the results 

are organised in tables.  

The information will be separated by country, and structured as follows: 

1. Summary of results: The main parameters are presented, including the 

economic and technical parameters of the wind farm project. 

2. The individual sites are presented. A description of the sites is provided, 

including siting considerations, access to the electrical grid, transport, and 

environmental impact considerations. 

3. Sensitivity analysis: The key value in these case studies is the Levelized Cost 

of Energy (LCOE). A sensitivity analysis is carried out to quantify the impact 

of the assumptions in the LCOE. 

 

The annual energy production, as already mentioned, will be performed with WindPro, 

using the PARK model. The reports from these simulations are available in the Appendix 

D. 

A detailed account of the economic analysis parameters used in each case is available 

in Appendix C, including the cash flow analysis. 
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4.4 Djibouti 

4.4.1 Summary of results 

General parameters Site 1 Site 2 Site 3 

Name Ghoubet Badawein Gediah Alleh 

Latitude [deg.] 11.5355 11.2380 11.5402 

Longitude [deg] 42.4889 42.6508 42.9522 

Distance to transmission 

grid [km] 
2.48 1.45 0.35 

Nearest load centre [km] 1.28 2.84 2.25 

Nearest protected area [km] 0 10.54 24 

Wind data source In-house data In-house data In-house data 

Wind turbine model 5x Vestas V47-660 

Incoming port Port of Djibouti 

Technical parameters    

Nominal power [MW] 3.3 3.3 3.3 

AEP (MWh) 12,599.8 7,691.5 6,650.6 

Capacity factor 43.4% 26.9% 23.0% 

Mean Wind Speed at Hub 

Height [m/s] 
10.5 7.0 6.5 

Economic parameters    

NPV [t€] 1,365.4 548.4 460.8 

MIRR [%] 17.4 14.5 14.3 

LCOE [c€/kWh] 3.8684 6.2681 6.8831 

Assumed Electricity price 

[c€/kWh] 
5.00 6.5 7 

CAPEX [t€] 1,365.1 1,349.1 1,244.8 

OPEX [t€/year] 215.1 214.1 207.9 

Discount rate [%] 12 12 12 
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4.4.2 Site 1: Ghoubet 

Location on map Wind energy rose Connection to the electric grid 

   

Site layout Protected areas 
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Wind resource and location 

The expanse of terrain around the Ghoubet site is bordered by abrupt hills. These hills 

are aligned with the predominant wind direction (east). Therefore, situating the wind farm 

following the crest of this hills would cause reduced wind farm output, due to the wakes 

created by the wind turbines. The proposed layout takes advantage of the channel effect 

created by the nearby hills and mountains, aligned in the east-west direction. The 

measurement station registered a mean wind speed of approximately 10.5 m/s at 40 m 

a.g.l., which makes this site remarkably attractive for wind farm development. 

Infrastructure 

To simplify transport, and minimize the costs of road building, the wind farm is situated 

close to the main district road.  

The proposed wind farm has a relatively low power capacity, 3.3 MW. This would 

allow direct connection to the medium (20kV) electricity distribution level. The closest 

town is 1.28 km away, and it is expected to have access to the distribution network. 

Djibouti’s government has announced plans to build a high voltage transmission line, part 

of its path will be constructed along Ghoubet. The wind farm is situated 2.4 km away from 

the projected path, represented as a green line in the figure. Delivering energy to the 

transmission line would decrease transmission losses for the wind farm, increasing the 

positive impact of the wind farm in Djibouti’s energy mix. 

Environmental considerations  

This site is on the fringe of the protected area pertaining to the Assal Lake, one of the 

world’s largest salt reserves. The high salt concentration causes the lake to have no aqua 

fauna. This limits considerably the presence of avian fauna. The wind farm is situated 11 

km away from the lake, which further limits any possible ecological impact. In addition, 

an area lacking vegetation has been selected. Nonetheless, a detailed environmental and 

social impact assessment (ESIA) report would be of vital importance for this site. 

Transport to the site  

The port used will be Djibouti´s port. Transport to the site shall be by road, by means 

of the national roads RN1 and RN9. Travel distance is 95.6 km. 
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4.4.3 Site 2: Badawein 

Location on map Wind energy rose Connection to the electric grid 

   

Site layout Protected areas 
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Wind resource and location 

With a mean wind speed of 7 m/s at 40 m a.g.l., this site presents high potential for 

wind power development. The surrounding area is mostly flat, with sparse vegetation. This 

allows for a very open wind farm layout, minimizing the effect of wakes. In addition, the 

inner roads and cable laying is simplified, reducing construction time and therefore 

optimizing construction costs.  

Infrastructure 

The wind farm is sited close to the national road, which facilitates logistics and 

minimizes the need for access road construction. 

As in the previous case, the relatively low capacity of the wind farm (3.3MW) would 

allow connection to the distribution network. The closest load centre, Badawein, is located 

2.84 km away. The current transmission grid, represented as a red line in the figure, is 

1.45 km away. However, direct connection would require a substation (conventional, 

single bus), with an estimated cost between 0.9 and 1.3 million €. In case that further wind 

farm development would be carried out, direct connection to the existing transmission 

infrastructure would be feasible, reducing losses and optimizing the amount of power 

delivered to Djibouti’s grid. 

Environmental considerations 

This site is more than 30 km away from the nearest officially protected area. BirdLife 

International has identified an ecologically important area for avian fauna10.5 km to the 

south-east of the wind farm. This distance is considered to be more than sufficient to avoid 

any potential negative impact. However, an ESIA would be required to further analyse 

other possible impacts in the environment.  

Transport to the site 

The Port of Djibouti will be used as importing port. Transport from the port to the site 

can be achieved by the national road RN1. Travel distance is 82.1 km. 
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4.4.4 Site 3: Gediah Alleh 

Location on map Wind energy rose Connection to the electric grid 

 
  

Site layout Protected areas 
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Wind resource and location 

Gediah Alleh, with an average wind speed of 6.5 m/s at 40m a.g.l., has the lowest 

average wind speed of the sites considered in Djibouti. However, it is 20 km away of the 

main load centre, Djibouti Ville. The area surrounding the site is open, allowing for a wind 

farm layout which minimizes wake losses. 

Infrastructure 

There is an existing 20kV/110kV substation, denominated PK30, situated 5.5 km from 

the site. Access to the existent transmission grid could be arranged through this substation. 

Further information on the substation current use factor and maintenance status would be 

required for a complete assessment. 

Environmental considerations 

The site is far from the closest protected area, which is 24 km away. The impact of the 

wind farm could be considered negligible. A full ESIA study would be required to analyse 

the impact on local fauna and population. However, due to the arid nature of the terrain, 

no significant ecological impacts are foreseen. 

Transport 

The Port of Djibouti is situated in the city, which would greatly reduce transport times 

and costs. The distance to the port is 26.3 km along national road RN1. The proximity to 

the capital and main port should make O&M procedures, such as repairs and replacements, 

simpler than in the other two locations, at the expense of lower wind resource.  
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4.5 Tanzania 

4.5.1 Summary of results 

General parameters Site 4 Site 5 Site 6 

Name Ilula Mtera Sokoni 

Latitude [deg.] -7.685803 -7.151115 -6.436219 

Longitude [deg] 36.050884 35.958740 39.562598 

Distance to grid [km] 1.1 3.8 1.4 

Nearest load centre [km] 1.2 3.4 1.4 

Nearest protected area [km] 
8.4 

0 (Game 

Controlled Area) 
7.16 

Wind data source CENER CENER CFSR2 

Wind turbine model 5x Vestas V47-660 

Incoming port Dar es Salaam Dar es Salaam Port of Zanzibar 

Technical parameters    

Nominal power [MW] 3.3 3.3 3.3 

AEP (MWh) 10,592.6 8534.4 12,107.8 

Capacity factor (%) 36.6 29.5 41.9 

Mean Wind Speed at Hub 

Height [m/s] 
8.9 8.4 8.9 

Economic parameters    

NPV [€] 792,991 286,098 3,126,101 

MIRR [%] 14.2 15.2 21.6 

LCOE [c€/kWh] 7.0542 8.7134 4.4356 

Electricity price [c€/kWh] 7.45 9.0 7.45 

CAPEX [t€] 2,219,148 2,204,336 1,369,986 

OPEX [t€/year] 266,410 265,521 215,460 

Discount rate [%] 12 12 12 
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4.5.2 Site 4: Ilula 

Location on map Wind energy rose Connection to the electric grid 

 
 

 

Site layout Protected areas 
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Wind resource and site considerations 

Ilula is a town of more than 20,000 inhabitants, situated 160 km south-east of Dodoma, 

the capital of Tanzania. The terrain is characterized by small rolling hills. With an average 

wind speed of 8.9 m/s at 40 m a.g.l., it is a very interesting area for wind power 

development. Wind blows predominantly from the south east. The wind farm has been 

sited along a hill aligned in the north east direction, perpendicular to the main wind speed. 

This allows for maximum wind utilization. 

Infrastructure 

The wind farm is projected to be connected to the distribution grid. There is a substation 

in Ilula that allows connection to the national transmission network. The voltage level has 

not been found. Therefore, contact with the electricity utility should be performed. 

Environmental considerations 

The closest protected area, the Kisinga-Rogero forest reserve, is situated 8.4 km from 

the site. 

Transport to the site 

Transport from the port of Dar es Salaam can be accomplished by highway A7. The 

distance to the port is 650 km. 
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4.5.3 Site 5: Mtera 

Location on map Wind energy rose Connection to the electric grid 

  
 

Site layout Protected areas 
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Wind resource 

Mtera is located 113 km to the south east of Dodoma, Tanzania’s capital city. A mean 

wind speed of 8.4 m/s at 40 m a.g.l. makes this site attractive for wind farm development.  

Infrastructure 

This site has also been selected by its proximity to the Mtera dam. It houses the largest 

hydroelectric plant of Tanzania, with a nominal capacity of 80 MW. A wind farm in the 

area would reduce the use of water of the dam. 

Access to the transmission line could be granted through the hydropower plant 

substation. Information on the current load levels, voltage levels and possibility of 

connection should be requested from the electricity utility. 

Environmental considerations 

The wind farm is situated in a Game Controlled Area. This means that hunting is 

allowed in this area. The protection level does not equal that of a national park, allowing 

human settlements and construction. The closest national park is 66 kilometres away. 

Transport to the site 

The site is communicated with the port of Dar es Salaam by the A7 highway. Travel 

distance is 580 km. 
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4.5.4 Site 6: Sokoni 

Location on map Wind energy rose Connection to the electric grid 

 
  

Site layout Protected areas 
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Wind resource and site considerations 

Sokoni is situated in the south-east corner of Zanzibar, an island to the east of Tanzania. 

At present, the island is powered by conventional thermal plants. Therefore, introducing 

wind power would prevent CO2 emissions and reduce the island’s dependency on 

imported fossil fuels. 

Infrastructure 

Access to the electrical grid can be accomplished through the Sokoni substation, which 

is situated 1.2 km away from the wind farm. Information on voltage levels and utilization 

factor has not been found; contact with the local distribution company should be made. 

Environmental considerations 

The closest protected area is the Menai Bay Conservation Area. It lays 7.2 km away 

from the wind farm. The protected area is limited to water zones, and there are no protected 

zones on land.  

Transport to the site 

Transport to the site can be accomplished through the Karume road. The travel distance 

is 63.2 km. 
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4.6 Sensitivity analysis 

The main parameter that affects the competitiveness of a wind farm is the LCOE. This 

determines the minimum electricity sale price. Therefore, a sensitivity analysis of the 

LCOE will provide valuable information regarding the requirements for competitiveness 

of the proposed wind farms. 

 

4.6.1 Sensitivity analysis for Djibouti 

The LCOE is a function of the initial investment cost, the annual operating expenses, 

the total energy produced through the lifetime of the wind farm, and the discount factor. 

Each of these values are altered between -30% and +30% of the original assumption for 

the site with highest LOCE, Gediah Alleh, and the impact of each is analysed. 

 

Figure 4-1 Sensitivity analysis of the LCOE for Gediah Alleh, Djibouti 

 

It can be appreciated that the discount factor has the smallest impact. The impacts of 

OPEX and CAPEX are of a similar magnitude as the discount factor. The total energy 
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production has the highest direct impact. Therefore, this parameter warrants further 

analysis. 

The annual energy production of the wind farm is a function of the capacity factor and 

the useful life of the wind farm. As refurbished wind turbines have been already in 

operation, it is of special relevance to analyse how the LCOE varies with the useful life of 

the wind farm, while maintaining the capacity factor at 23%, and all other variables 

constant.  

 

Figure 4-2 LCOE as a function of the useful life of the wind farm in Gediah Alleh 

After 10 years of operation, the impact of the useful life decreases considerably, due to 

the effect of the NPV functions. This seems adequate to address the possible survivability 

issues of refurbished turbines. 

 

The effect of the capacity factor will now be presented. The capacity factor is the ratio 

between the produced energy, and the theoretical energy that could be produced if the 

wind farm were operating at full load. Annual capacity factors between 20 and 25% are 

regarded in the wind industry as average for onshore wind farms (Chabot, 2013). 
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Figure 4-3 LCOE as a function of the capacity factor of the wind farm in Gediah Alleh 

It can be perceived that the capacity factor has great influence on the LCOE. The 

relationship between the capacity factor and the LCOE is not linear. As an average onshore 

farm, a capacity factor of 20% yields a LCOE of 8.0 Euro-cent/kWh, while a capacity 

factor of 25% yields a LCOE of 6.4 Euro-cent/kWh. 

Due to the high influence of the capacity factor in the LCOE, a sensitivity analysis is 

carried out for all the sites, varying the capacity factor between + 2% and -2% of the value 

obtained from the simulation. The values are provided in Table 6, and plotted in Figure 

4-4. 

 

Table 6: Sensitivity analysis of the LCOE as function of the Capacity factor for Djibouti 

Ghoubet CF 0.41 0.42 0.43 0.44 0.45 

LCOE 4.0993 4.0017 3.9086 3.8198 3.7349 

Badawein CF 0.24 0.25 0.26 0.27 0.28 

LCOE 7.021 6.7402 6.4809 6.2409 6.018 

Gediah 
Alleh 

CF 0.21 0.22 0.23 0.24 0.25 

LCOE 7.5406 7.1979 6.8849 6.598 6.3999 
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Figure 4-4: LCOE as a function of the Capacity factor for Djibouti's sites 

 

This data indicates that the LCOE is more sensitive to variations in the capacity factor 

for sites in the low range. 
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4.6.2 Sensitivity analysis for Tanzania’s sites 

 

The analysis performed for Djibouti is replicated for the site with highest LCOE in 

Tanzania, Illula. The main parameters are varied between +30% and -30%, and the results 

are plotted in the following graph: 

 

Figure 4-5 Sensitivity analysis of the LCOE for Illula, Tanzania 

 

The parameters have a similar effect as in Djibouti. The discount factor has the least 

impact. The OPEX and CAPEX have a more significant effect. The variation in the annual 

energy production produces the highest variation.  
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Figure 4-6 LCOE as a function of the useful life of the wind farm in Illula, Tanzania 

 

As observed for Djibouti, the impact of the useful life in the LCOE after the 10 th year 

is low. This adds weight to the consideration that the NPV functions are adequate for 

addressing the possible survivability issues of refurbished turbines. 

 

 

Table 7: Sensitivity analysis of the LCOE as function of the Capacity factor for Tanzania 

Illula 
CF 0.34 0.35 0.36 0.37 0.38 

LCOE 7.6032 7.386 7.1808 6.9867 6.8029 

Mtera 
CF 0.27 0.28 0.29 0.3 0.31 

LCOE 9.5275 9.1872 8.8704 8.5747 8.2981 

Sokoni 
CF 0.4 0.41 0.42 0.43 0.44 

LCOE 4.6463 4.533 4.4251 4.3222 4.2239 
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Figure 4-7: LCOE as a function of the Capacity factor for Tanzania’s sites 

 

The LCOE again shows less variation for the high capacity factor values. The high 

difference between Sokoni and the other two sites can be explained by the difference in 

CAPEX between them. 
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5 CHAPTER 5. DISCUSSION AND ANALYSIS  

The main purpose of this chapter is to use the knowledge gathered through the previous 

chapters to answer the research question: Is it feasible to provide competitive electricity 

in emerging markets using refurbished wind turbines? 

In order to be competitive, the price of electricity sold should be equal to or less than 

the average price of the market, or provide some kind of added value. As already 

mentioned in the Methodology chapter, the minimum electricity sale price is determined 

by the Levelized Cost of Energy (LCOE).  

Furthermore, the use of refurbished turbines should provide a CAPEX advantage. Thus, 

the CAPEX of the sites is compared with the standard commercial wind farm references 

from the NREL and IRENA cases. 

 

5.1 Djibouti’s electricity market. 

As introduced in the previous chapter, Djibouti’s cost of electricity can be divided in 

two categories: 

 From local conventional power plants: 26.5c€/kWh 

 From the connection line with Ethiopia: 6.2c€/kWh 

In the following diagram (Figure 5-1), these prices are compared with the LCOE found 

in the sensitivity analysis. The black dots represent the base case for the sites. 
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Figure 5-1 LCOE vs Price of Electricity in Djibouti 

 

Given the high price of the power sold by the thermal power plants in Djibouti, the 

proposed wind farms have a margin of more than 20 Euro cents per kW. Therefore, the 

wind farms are extremely competitive with local generation. 

The Gediah Alleh and Badawein sites would be at the same level as imported 

electricity. The extra cost of less than 2 Euro cent per kW could be assumed to gain more 

electricity independence, using an indigenous resource. As mentioned in the previous 

chapter, imported electricity accounted for more than 40% of the consumption in 2011.  

 The Ghoubet site, due to the excellent wind resource, would outperform imported 

electricity. 

Therefore, the selected sites would be competitive in Djibouti’s market. 
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5.2 Tanzania’s electricity market 

As mentioned in the previous chapter, a FiT scheme for producers with an installed 

capacity below 10MW is in place. Therefore, to be competitive in this market, it would be 

enough to have a LCOE below the FiT level. The FiT for a wholesale provider of 

electricity varies between the wet and dry seasons, as introduced in the previous chapter. 

Table 8 FiT in Tanzania for 2014 

2014 Wet Season FiT (Dec - Jul)  2014 Dry Season FiT (Aug - Nov) 

7.45c€/kWh 9.94 c€/kWh 

 

The LCOE for the different sites is compared with these FiTs, with the black dots 

representing the results from the case studies:  

 

 

Figure 5-2: LCOE vs Dry and Wet seasons FiT in Tanzania 

 

The site of Sokoni, due to the excellent wind resources, would be viable. The site of 

Illula would be viable during the dry season, and has high possibilities of breaking even 
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during the wet season. The viability of the Mtera site would be compromised with the 

current assumptions, as the LCOE is above the wet season FiT. 

Therefore, it can be said that the sites of Sokoni and Illula would be competitive in 

Tanzania’s market. 

The case of Sokoni is very attractive. Analogous to the island of Gotland in Sweden, 

the southernmost cape of Zanzibar island has excellent wind resources. Sokoni is situated 

in the south-eastern part of the cape. As the wind comes mainly from the south-southeast 

direction, it receives the sea breeze in full. Furthermore, the island is currently powered 

by conventional thermal power, subject to the global fluctuations of oil prices. Therefore, 

wind power would not only be competitive, but also help avoid fuel costs. 
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5.3 Cost comparison of refurbished turbines and new turbines. 

A refurbished wind turbine should have an advantage in cost with respect to a new 

turbine. Otherwise, it would make little economic sense to install refurbished turbines.  

The cost per kW installed provides a normalized value to compare the upfront costs of 

both types. Using the CAPEX obtained in the previous chapter, the cost per kW installed 

can be calculated for all sites. In order to provide a comparison with the standard values 

in the onshore wind industry, values provided by IRENA and NREL will be used, as 

introduced in the literature review. The values from the sites and the references are 

compiled in Table 9 and Figure 5-3. 

 

Table 9: Cost comparison between refurbished and new turbines 

 € per kW installed 

Site 1: Ghoubet 413.68 

Site 2: Badawein 408.81 

Site 3: Gediah Alleh 377.2 

Site 4: Illula 672.47 

Site 5: Mtera 667.98 

Site 6: Sokoni 415.15 

Average cost of all sites 492.55 

Average cost of all references 1700.00 

NREL Cost of Wind Energy 2011 1963.32 

IRENA (2012) Installed cost: China 1220.83 

IRENA (2012) Installed cost: Europe 1737.66 

IRENA (2012) Installed cost: North America 1878.2 
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Figure 5-3: Cost comparison between refurbished and new turbines 

 

It can be appreciated that the installation costs of refurbished turbines are remarkably 

lower than those of new wind farms. In order to quantify this difference, the costs per kW 

of the sites are shown as a percentage of the costs in China, Europe, and North America 

from the IRENA study in Table 10 and Figure 5-4. 

 

Table 10: Site cost as a percentage of installation costs in different areas 

% 
Chin

a 
Europ

e 
North 

America 

Site 1: Ghoubet 33.9 23.8 22.0 

Site 2: Badawein 33.5 23.5 21.8 

Site 3: Gediah Alleh 30.9 21.7 20.1 

Site 4: Illula 55.1 38.7 35.8 

Site 5: Mtera 54.7 38.4 35.6 

Site 6: Sokoni 34.0 23.9 22.1 

Average of all sites: 40.3 28.3 26.2 

Average of all sites as percentage of the average of all 
regions 

30.55% 
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Figure 5-4: Cost of the proposed sites as percentage of the local installation costs of new wind 

farms in different regions 

 

It can be appreciated that, even for a cost effective market such as China, refurbished 

turbines’ installation costs range between 30.9 and 55.1% of a new wind farm cost. In 

Europe, this range drops between 21.7 and 38.7%. And, in North America, the range is 

between 20.1 and 35.8%. Refurbished turbines can provide wind power for a global 

average of one third (30.55%) of commercial installations costs per kW. 

 

Regarding the cost per kWh produced, the LCOE obtained from the sites are compared 

with the references, in Table 11. 

 

Table 11: LCOE comparison between the proposed wind farms and commercial wind farms 

 LCOE, c€/kWh 

Site 1: Ghoubet 3.8684 

Site 2: Badawein 6.2681 

Site 3: Gediah Alleh 6.8831 
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Site 4: Illula 7.0542 

Site 5: Mtera 8.734 

Site 6: Sokoni 4.4356 

IRENA (2012) LCOE: China 5.63 to 10.31 

IRENA (2012) LCOE: Europe 7.5 to 13.13 

IRENA (2012) LCOE: North America 6.56 to 10.31 

 

The LCOE of all sites falls below the top value of the range of all references. In order 

to illustrate this, in Figure 5-5 the LCOE of the different sites is plotted as a percentage of 

the low and high values of the reference range. 

 

Figure 5-5 LCOE of the proposed sites compared with the reference values in different regions 

 

The best sites, Ghoubet and Sokoni, lie below the low range of all regions. The rest of 

the sites are in the range of all regions. Therefore, refurbished turbines can be expected to 

provide electricity at a similar or lower cost that those found in mature markets. 
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6 CHAPTER 6. CONCLUSIONS 

6.1 Overview of the work performed and main results 

The main objective of this work was to study the feasibility of using refurbished 

turbines to provide competitive electricity in emerging and developing markets in Africa. 

First, the situation of wind farm repowering was studied for Germany, Denmark, and other 

European countries, to assess the availability of refurbished turbines. To provide a 

comparison point with standard commercial wind farms, the average CAPEX and LCOE 

of existing wind farms was researched. Then, several feasibility studies were analysed to 

provide a research framework. After a thorough screening of African countries, four 

countries were selected to be studied in depth: Djibouti, Madagascar, Mozambique, and 

Tanzania. The following topics were studied for each market: 

 Political background 

 Wind resource availability 

 Electricity infrastructure 

 Transport infrastructure 

 Energy demand 

 Key actors in the electric power field 

 Regulation of the power sector 

 Solvency of the power purchasing institutions 

 Investment rules 

 Imports regulation 

 Permits 

 Protected areas 

Following this study, two countries were selected to perform three wind farm sites in 

each. Djibouti´s market was considered attractive by its high electricity prices, good wind 

resource, geographical proximity, and availability of wind measurement data. Tanzania´s 

market was selected due to its good wind resource, and the existence of a regulated Feed 

in Tariff for Small Power Producers (under 10MW). 
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A total of 6 wind farm sittings were performed. The wind farms were composed by 5 

Vestas V47-660. WindPro was used to obtain the estimated annual energy production. 

Areas with an average wind speed of more than 6.6 m/s at 80 m a.g.l. were selected; then, 

micro-sitting was performed taken into account several parameters. 

A financial model was built, taking as a reference the NREL Cost of Wind Energy 

Report. This model was feed data from several projects and sources, including the wind 

farm simulations from WindPro. From this model, the most relevant variables obtained 

were the levelized cost of energy (LCOE), which allows for competitiveness evaluation 

in the different markets, and the CAPEX, which allows for comparison with standard 

commercial wind farms. A sensitivity analysis was carried out to analyse the extent of the 

impact of several parameters on the levelized cost of energy. 

The levelized cost of energy was compared with the electricity prices on the markets 

of Djibouti and Tanzania. All three sites in Djibouti were competitive with the current 

generation options. Two of the sites in Tanzania achieved low enough LCOE to be 

competitive in the market. 

The main conclusion of this thesis is that wind power development in emerging and 

developing countries, using refurbished turbines, is economically feasible. A levelized 

cost of energy below 7c€/kWh can be achieved, while obtaining significant returns. 

Furthermore, CAPEX expenditures per kW are reduced to one third (30.55%) of a 

standard wind farm. This increased affordability enables refurbished turbines to be used 

for commercial electricity production in capital strained markets. Other possibilities open 

from these reduced costs. For example, refurbished turbines could be used as cost effective 

pilot projects in new markets, installation of wind farms for capacity building measures, 

and electrification of isolated areas. 
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6.2 Shortcomings of this work and future venues of study 

Two major shortcomings of this thesis have been identified: 

- Use of the average wind speed as the main indicator of wind resource of a site 

- Not using exceedance P50-P75-P90 values for the LCOE analysis. 

 

One new venue of study has been identified: 

- Optimization of wind turbine components transport costs. 

 

6.2.1 Use of the average wind speed as the main indicator of wind resource of a site 

When selecting the three sites in Tanzania, the annual average wind speed played a 

major part in the decision. However, while the three sites have a similar mean annual wind 

speed, they provided very different capacity factors to the wind farm: 

 

Table 12 Capacity factor vs Mean wind speed 

 Illula Mtera Sokoni 

Capacity factor (%) 36.6 29.5 41.9 

Mean Wind Speed at Hub 

Height [m/s] 
8.9 8.4 8.9 

 

The reason behind these discrepancies was found in the Weibull distributions of the 

wind resource. These are included in the WindPro reports, which can be found in full in 

Appendix D. To illustrate this concept, the Weibull distributions are included in the 

following table: 
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Table 13: Weibull distributions of the Tanzania sites 

Illula Mtera Sokoni 

   

A = 9.03 A = 8.99 A = 9.86 

k = 1.869 k = 1.154 k = 3.814 

 

Mtera, the site with the lowest capacity factor, has a very high frequency of low wind 

speeds. Illulla presents a more typical profile, with the most frequent wind speeds between 

4 and 9 m/s. And Sokoni presents a wind profile concentrated in the high speed spectrum, 

between 7 and 11 m/s. 

All these different distributions give as a result similar mean wind speed values. 

However, the production of a wind turbine for different wind speeds is a non-linear 

function. The power curve of the Vestas V47-660, the turbine used for the case studies 

(which can be found in the WindPro reports in Appendix D) is presented below: 
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Figure 6-1: Power Curve of the Vestas V47-660 

Therefore, when comparing this power curve with the Mtera wind distribution, it can 

be found that the low wind speeds (below 4 m/s) do not produce any energy. However, 

for the Sokoni case, the most common wind speeds are around 9 m/s. In this area, the 

turbine is able to produce energy, resulting in a very high capacity factor. 

Therefore, when performing site screening, the average wind speed at a site should be 

complemented by the Weibull distribution data. If a model wind turbine has been selected 

beforehand, the fit between the wind distribution and the power curve should be analysed. 

6.2.2 Use of exceedance values 

The exceedance P90-P75-P50 values are standard practice when performing a bankable 

wind energy study. In order to perform a more professional analysis, these values should 

have been used for the LCOE instead of the sensitivity analysis. However, this 

shortcoming was identified close to the deadline of the thesis work, with no time to correct 

the document. However, the CAPEX comparisons are not affected by this shortcoming.  

 

6.2.3 Optimization of wind turbine transport costs  

When the costs of acquisition of wind turbines are reduced, transport costs become the 

major component of capital expenditures.  
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Figure 6-2 Wind farm cost distribution, Mtera case, far inland in Tanzania 

 

Therefore, choosing sites close to the destination ports becomes essential. 

 

Figure 6-3 Wind farm cost distribution, Sokoni case, close to the destination port 
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As a future field of research, measures to reduce the transport cost should be 

investigated, such as frames, container configurations, and efficient cargo bundling. Road 

and sea transport optimization would allow higher competitiveness on overseas markets. 
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APPENDIX A: Republic of Djibouti  

A Republic of Djibouti analysis 

A.1 Introduction 

 

Figure A-1 Map of Djibouti (In red outline) and surrounding area. Source: Google Maps, 

2015 

 

 

 Djibouti is located in the strait between the Red Sea and the Gulf of Adam. This 

position makes Djibouti  an important portuary enclave. As consequence of the Ethiopian-

Erithrean war, Ethiopia (one of Africa’s leading coffee exporters) depends exclusively on 
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Djibouti´s portuary facilities for sea trade. As it is located along one of the world’s bussiest 

trade routes, Djibouti’s port also serves as a refuelling center and transshipment hub. 

 

Djibouti was artificially created by France in 1896. Today, the governmental language 

is French. In 1977, the country attained independence, following a series of referendums. 

For the last two decades, the country has enjoyed relative political stability. There are three 

foreign military detachments in Djibouti:  

 French army base: Around 1.900 French effectives, the most numerous French 

detachment if Africa. 

 USA army base: Camp Lemonier, with around 2.500 effectives, the base of 

operations for USA’s forces in the Horn of Africa. 

 Japanese army base: The only Japanese military base outside their borders.  

The electricity market is mainly operated by a state-owned enterprise, Electricité de 

Djibouti (EDD). It has the monopoly on generation, distribution and marketing of 

electricity in the departments of Ali-Sabieh, Arta, Dikhil, Djibouti, Obock and Tadjourah, 

while the rest of the country is covered by private companies (REEGLE, 2015). 

 

A.2 Wind resource  

Large swaths of territory in Djibouti are expected to have high average wind speeds, 

exceeding 7 m/s at 80 meters above ground level. Wind databases available in Djibouti, 

through the WindPro 2.9 software, are: 

 NCAR Basic 

 QSCAT 

 METAR 

 SYNOP 

 CFSR-E 

 CFSR 

 CFSv2 

 Blended Coastal Winds 

 EMD-Global Wind Data 

 MERRA 
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Figure A-2 Average annual wind speed at 80m a.g.l. in Djibouti. Source: (IRENA, 2015b) 

In addition, AGUT-EAS has access to wind data from measurement campaigns. This 

data will be the primary source for this thesis. 

 

A.3 Topography 

Djibouti has a diverse geography, with much of the land covered by mountainous 

regions. The area surrounding the capital is reasonably flat, with small rolling hills. In the 

northern half, a mountain range dominates the terrain, sculpted by small rivers. This 

complex landscape is, however, generally smooth, allowing easy access to the mountain 

crests. 
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Figure A-3 Topographical map of Djibouti 

 

 

A.4 Infrastructure: Electricity 

The electrification rate in urban areas is estimated to be 57%. The transmission network 

has remained largely unaltered since the colonial era. Power interconnection lines have 

been developed with Ethiopia. In Figure A-4, the red line represents the path of the current 

230kV interconnection line with Ethiopia. 
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Figure A-4 Power interconnection lines with Ethiopia. In red: Existing line. In green, 

projected line. Source: (EUEI PDF, 2014) 

 

The electrical system in Djibouti has a peak production capacity of 126MW. However, 

due to the old generators unreliability, effective generation capacity is limited to 57 MW 

(IRENA, 2015a).  In Figure A-5, a schematic view of the transmission network of Djibouti 

can be found. The frequency of the network is 50 Hz. 
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Figure A-5 Transmission network in Djibouti. In red, projected expansion of the lines. In 

black, existing installations.  Source: (EUEI PDF, 2014) 
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A.5 Infrastructure: Transport 

 

Figure A-6 Djibouti's road map. Source: www.mapsofworld.com 

 

The port of Djibouti has a cargo pier depth of 6.4 meters at low tide, and an oil terminal 

depth of 9.4 meters. A dedicated steel cargo area is available, with more than 150.000 

tonnes storage capacity. Four cranes, with a lifting capacity of 50 tonnes and an outreach 

of 40m, are available (“Port de Djibouti,” 2015).  

The railway is limited to a 1 m gauge connection with Addis Ababa in Ethiopia, of 

which 106 km are in Djibouti. It is jointly owned by the Ethiopian and Djiboutian 

governments. As of 2008, the railway was largely inoperable (CIA, 2015a). However, it 

still connects the cities of Dire Dawa and Djibouti. A new project is being constructed by 

the China Railway Group and the China Civil Engineering Construction Corporation, 

financed by the Exim Bank of China, the China Development Bank, and the Industrial and 

Commercial Bank of China (Reuters, 2011). This railway is expected to be operational by 

2016 (New China, 2015).  

http://www.mapsofworld.com/
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The road network comprises a total of 3.065 km, of which 1.226 km were paved in 

2010 (CIA, 2015a). Road transport is predominantly carried out by Ethiopian enterprises  

(Adene, 2011). 

A.6 Energy demand 

The energy demand has been consistently increasing during the last decade. According 

to EDD webpage, 29.623 low voltage clients were connected in the year 2000, which rose 

to 41.888 in 2010. This yields a 141% increase in connections in 10 years. 95% of the 

power demand is concentrated in Djibouti city. According to the IRENA (IRENA, 2015a) 

report, the state utility has problems balancing the network, and power outages are 

common. Wind farm developers should take this into consideration to install adequate grid 

disconnection protection measures. 

Djibouti faces a serious power dependence with Ethiopia. Quoting from the IRENA 

report: 

“The electricity supply from Ethiopia is not provided under a guaranteed capacity 

agreement, so that power may not necessarily be available when Djibouti needs it most. An 

agreement that gives a higher degree of guarantee to Djibouti over a longer term would 

create better energy security conditions. It would reduce the sense of vulnerability felt by 

development planners in Djibouti. Indeed, Djibouti would need to invest in its own 

generation capacity in order to minimise its exposure to potential future price increases or 

disruptions of power from Ethiopia, for whatever reason.” (IRENA, 2015a) 

In Figure A-7Figure A-7 Energy produced by EDD per year in Djibouti, the energy 

produced by the national utility is presented. The last point represents 2011, when 

electricity imports from Ethiopia began (EUEI PDF, 2014). The graph shows that the 

energy consumption is rapidly increasing, with an average annual increase of 6% during 

the past 20 years. 
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Figure A-7 Energy produced by EDD per year in Djibouti in GWh. Source (EUEI PDF, 2014) 

 

 

Figure A-8 Total electricity demand in Djibouti. Source: (EUEI PDF, 2014) 
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A.7 Key actors 

There is no independent regulatory body for the power sector. This creates political and 

regulatory risk for investors. The following list of key actors has been compiled from a 

report by the EU Energy Initiative Partnership Dialogue Facility (EUEI PDF), which is 

currently collaborating with the government of Djibouti to establish a legal framework for 

the energy sector (EUEI PDF, 2014). 

- The Ministry of Energy and Natural Resources (MERN), is responsible for all 

matters regarding electricity, through the Directorate of Energy. Its 

competences including the following: 

 Promotion and development of renewable energies 

 Award and withdrawal of licenses for market activities 

 Setting the tariffs 

- The national utility, Electricité de Djibouti (EDD), is a vertically integrated 

power utility owned by the state (REEGLE, 2015). In case of establishing a 

wind farm in Djibouti, they would be in charge of purchasing the power 

production. 

- The Société Internationale des Hydrocarbures (SIHD), under supervision of 

the MERN, has competence over the fossil fuel sector. 

- The Centre d’Études et de Recherches Scientifiques de Djibouti (CERD), plays 

an important role in the research in the field of energy, particularly in the 

renewable energy sector. 

- The Agence Djiboutienne pour la Maîtrise de l’Énergie (ADME) is a public 

institution, of administrative character, in charge of promoting renewable 

energy and energy efficiency in all economic sectors in the country. 

- The Agence Djiboutienne de Développement Social (ADDS) is an institution in 

charge of rural electrification measures. 
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A.8 Regulation of the power sector 

At the present date, Djibouti lacks a comprehensive energy policy. Decree 83-

0171/PREDD of 2 February 1983 established the specifications for the national electricity 

utility, concerning production of electricity, transport of electricity, distribution of 

electricity, and operation. This was further reinforced by decree 77-079/PR/PM1 of 20 

December 1997. An electricity law was under preparation in 2015, which may set the 

foundations of a more solid electricity sector (IRENA, 2015a). There is not a feed in tariff 

in place, or any legal incentives for renewable energies (Ibid.). Therefore, a power 

purchase agreement contract should be negotiated with the electricity utility and the 

Directorate of Energy. 

 

A.9 Solvency of the power purchasing institutions 

EDD´s solvency can’t be fully assessed without access to the annual accounts. 

Therefore, alternate sources of information must be consulted.  

Freely available is an agreement between the International Monetary Fund and the 

Government of Djibouti, which deals with financial assistance to the country, in exchange 

for reforms. (IMF, 2013). The financial situation of EDD is revealed to be dire, due to 

expensive generation fuelled by oil, ageing infrastructure, and low efficiency power 

plants. Interconnection with the Ethiopian energy grid has reduced generation costs, in 

exchange for the lack of power generation independence. The World Bank (WB, 2013) 

and a Qatari fund (AB, 2013) are studying different options to build domestic generation 

capacity, exploiting the local geothermal and wind resources. The Japanese government 

is funding a solar power plant (IMF, 2013). All these imply that the high generation costs 

from conventional thermal power are causing financial difficulties.  

 

A.10 Investment rules 

The investment rules are presented in “LOI N ° 58/AN/94/3-rd L” [in French]. It states 

that foreign parties can invest in Djibouti without the need of a local partner. The activity 

of electricity production is explicitly allowed. A tax exemption on land lease and 
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infrastructure can be solicited, and will be in place for 10 years at minimum. Land can be 

bought or leased with no restrictions. National and international investors are subjected to 

the same regulation (“Ambassade Djiboutienne,” 2015). There is an agency that assists 

investors, “NIPA”. 

A Free Zone is available for international companies, where is possible to rent 

warehouses, plots of land, and offices to operate locally. To operate in this Free Zone, a 

company is required to register in Djibouti. (DFZ, 2015) 

Djibouti has signed a Bilateral Investment Treaty with France. 

 

A.11 Imports regulation 

Djibouti offers a tax benefit for foreign industries in an array of sectors. Under the 

investment code (“LOI N ° 58/AN/94/3-rd L”), the “Research, exploitation or storage of 

any source of energy as well as refining of hydrocarbons” falls into category “A”. If a 

minimum investment of five million Djibouti Francs (~ 26.000 €) is made in this field, the 

following benefits are granted:  

 Exemption from the “Taxation of the license”, during the year which 

commercial activity begins and the next five years. 

 Exemption from the “Home Tax of Consumption”, and “Import Taxes”, for the 

materials necessary for the realization of the investment programme. 

A.12 Permits 

The standard permits for a wind farm are: 

- Land lease agreement 

- Company registration, business license, tax registration. 

- Building permit 

- Environmental and social clearance 

- Power Purchase Agreement 

- Electricity production licence 

No information has been found specifically for wind power development in Djibouti. 

As mentioned in the Regulation section, the country does not have in force an electricity 
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law. The field of wind power is therefore still not regulated. The Ministry of Energy and 

Natural Resources should be contacted to obtain more information on necessary permits 

and procedures.  

For establishing a company in Djibouti, the National Investment Promotion Agency 

(NIPA) is a governmental body in charge of attracting and providing support for 

international investors. In the NIPA webpage, the procedure to set up a company is clearly 

defined. (NIPA, 2015). For warehouses and general purpose buildings, the procedure to 

obtain construction permits, electricity permits, and other permits, can be found in the 

World Bank group webpage. (WB, 2015) 

A.13 Environmental considerations and restricted areas 

There are terrestrial protected areas surrounding the remaining forests and lakes.  Also, 

there are several marine protected areas. The vast majority of the land is not officially 

protected for environmental reasons. 

 

Figure A-9 Protected areas in Djibouti. (MHUE, 2014) 
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In Figure A-10, the sensitive areas for avian fauna are shown, as provided by BirdLife 

international. 

 

Figure A-10 Important sites for biodiversity. Source:(BirdLife, 2009) 

 

USA and other nations have established military camps in Djibouti. However, only 

information about the location of USA’s Camp Lemonnier is available in open sources. 
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Figure A-11 Restricted military areas in Djibouti. Source: (Open Street Maps, 2015) 
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APPENDIX B: United Republic of Tanzania 

B United Republic of Tanzania analysis 

B.1 Introduction 

 

 

Figure B-1 Location of Tanzania 

As described by the African Development Bank: 

“Tanzania is a large country with diverse ecosystems and climatic zones. It is 

endowed with abundant natural resources but is already showing vulnerabilities to 

climate change and extreme weather events, including droughts and floods. The 

mean temperature is projected to rise, and rainfall is expected to change its 

traditional patterns. The current population is at 44 million and rising at 2.9% per 

year. Urbanisation is increasing, and the majority of the population lives in rural 

areas. Tanzania has experienced sustained economic growth since 2000. Its economy 

is largely service-oriented, with tourism accounting for half of GDP, while 
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agriculture employs around two-thirds of the work force and generates around one-

quarter of GDP.” (AfDB, 2015) 

 

B.2 Wind resource 

 

Figure B-2 Predicted average wind speed at 80 m a.g.l. in Tanzania. Source: (IRENA, 2015b) 

The predicted wind resource is high along the mountainous areas in the centre of the 

country, over 6.6 m/s at 80m a.g.l. The coast, and specially the Zanzibar Islands, are 

predicted to also have good wind resource. 

Wind resource studies have been conducted. In Kititima (Singida) and Makambako 

(Iringa) average wind speeds have been found to be 9.9 m/s and 8.9 m/s at 30 m a.g.l., 
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respectively (AfDB, 2015). Wind resource assessments are being conducted by the 

Ministry of Energy and Mines and the state owned grid utility, TANESCO (Ibid.). 

 

B.3 Topography 

 

Figure B-3 Topographic map of Tanzania. Source: Wikimedia Commons, 2007 

The majority of the country is situated in a plateau, averaging 900 to 1800 m in altitude. 

In the north of the country lies the Kilimanjaro, the highest mountain of Africa. The coastal 

strip is characterized by low altitude. In the central plateau, rivers are highly seasonal, 

presenting cycles of flooding and dryness. 
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The island of Zanzibar is divided between low lying coral country in the east, and fertile 

grounds on the west. The west side of the island is densely populated. 

B.4 Infrastructure: Electricity 

 

Figure B-4 Electricity grid of Tanzania. Source: (AfDB, 2013a) 

The electricity grid is, reportedly, deteriorated (AfDB, 2013a). Aging distribution 

systems, high level of network losses, decreasing hydropower output, low network 

voltages, electricity tariff below the cost recovery level, and inadequate investment, have 

negatively impacted utility revenues. A continued drought has decreases hydropower 

output. In 2003, hydro was able to supply 98% of the power demand; while in 2013, only 
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35% was covered by hydropower (AfDB, 2013a). Expensive emergency generation units, 

powered by diesel generators, have further increased the cost of generation (Ibid.). 

Multilateral Development Banks and other development partners are collaborating with 

the government, in an effort to increase the functionality and financial sustainability of the 

power utility (Ibid.). 
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B.5 Infrastructure: Transport 

 

Figure B-5 Transport infrastructure scheme of Zanzibar. Source: (AfDB, 2013b) 

As a result of heavy investment by the government, the main (trunk) roads have been 

upgraded to bitumen standard, and are in good condition (AfDB, 2013b). The state of 

regional roads, however, differs substantially, with very few in good condition (Ibid.). 

Regarding the railways, there are two railway systems, of different gauges. The main 

system is the Tanzania Railway Limited (TRL), which links the port of Daar es Salaam 
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with the inner plateau. The system is recovering of an unsuccessful concession with 

RITES of India; investment was belated, and the concession was brought to an end in 2011 

(Ibid.). The second systems is the Tanzania-Zambia Railway, constructed during 1970-

1975 and financed by the Chinese government; this line has required continuous technical 

support from China to remain operative (Ibid.). 

Regarding the port infrastructure, Dar es Salaam is the country’s largest port, currently 

handling 9 million tons of cargo a year, 96% of the total country’s import and export 

volumes by sea (Ibid.). The port is able to accept vessels up to 9.4 m depth and 200 m at 

low tide. Lift capacity over 100 tonnes is available (NGIA, 2015). 

B.6 Energy demand 

The electricity demand has been projected to rise rapidly in the following years by the 

Ministry of Energy and Minerals, in the Power System Master Plan. This prediction 

forecasts an inter-annual increase of 20% for the 2013-2015 period. 

 

Figure B-6 Peak demand in TANESCO grid forecast. Source: (MEM, 2013) 

According to the financial statements of TANESCO, the total number of customers has 

increased from 1.020.854 (2012) to 1.163.967 (2013), which represents a 14% annual 

increase. 

The decreased output from hydro, due to the long draught, has brought into attention 

the need to diversify energy production. This, combined with the steady economic growth 

and increased demand of electricity, can create a business opportunity for wind farm 

entrepreneurs. 
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The total generation capacity was 1.564 MW as of March 2013 (AfDB, 2013a). In 

Figure B-7, the contribution from all different providers is shown. The fact that 13% of 

the capacity was met by Emergency Power Producers, shows that the system is in need of 

generation capacity. 

 

Figure B-7 Electricity generation capacity in Tanzania by different providers (2013). 

Source: (AfDB, 2013a) 

 

B.7 Key actors 

The key actors with influence over the energy sector (AfDB, 2015) are listed below: 

 Ministry of Energy and Minerals (MEM). It is responsible for the elaboration 

of policies. Promoting renewable energy is part of its mandate.  

 Rural Energy Agency (REA): It is an autonomous body, under direction of the 

MEM. It has competences over all electricity in rural areas. 

 Energy and Water Utilities Regulatory Authority (EWURA): An autonomous 

regulatory authority. It is responsible for the technical and economic regulation 

of Tanzania’s electricity, petroleum, natural gas and water. 

 Tanzania Electric Supply Company (TANESCO): Vertically integrated state 

electricity utility. Is responsible for generation, transmission and distribution, 
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Electricity generation capacity in Tanzania (2013)

TANESCO Independent Power Producers
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on the main grid and in 20 isolated grids. It provides almost 60% of the effective 

generating capacity. The government has a plan to divide it into smaller 

companies, which would be responsible for generation or distribution, keeping 

the transmission business unit as is. 

 National Environmental Management Council (NMEC): Has advisory 

capacities over environmental issues, including power plant EIAs. 

 Minister of Environment: Maximum authority in environmental matters. Is 

responsible for granting EIA studies approval. 

 

Figure B-8 Institutional Framework Diagram. Source: (AfDB, 2013a) 
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B.8 Regulation of the power sector 

 Energy and Water Utilities Authority Act 2001 and 2006: Establishment of the 

regulatory authority: Energy and Water Utilities Regulatory Authority 

(EWURA). 

 National Energy Policy 2003: Specifies the objectives of the energy sector, and 

among those the development of renewable energy is found. 

 Electricity Act 2008: General framework for the powers of the Ministry of 

Energy and Minerals, and EWURA. 

 Public Private Partnership Act No. 18 of 2010: Provides a framework for PPPs, 

including coordination units within the Tanzania Investment Centre and 

Ministry of Finance. 

 Medium Term Strategic Plan (2012-16): Sets the strategic objectives of the 

Ministry of Energy and Minerals. Installed power production capacity is 

forecasted to reach 2.780 MW by 2016. 

 Power Sector Master Plan: The power sector master plan takes into account the 

inclusion of two 50 MW wind farms into the grid. 

A Small Power Producer framework is in place. Installations of renewable energy, 

under 10MW, receive a fixed price for electricity. This price is reviewed annually by the 

utility. There are two prices per year, one for the wet season (December to July), and 

another for the dry season (August to November). In 2014, the tariffs were 7.45c€/kWh 

and 9.94  c€ /kWh respectively (EWURA, 2014). 

B.9 Solvency of the power purchasing institution 

  Unit 
Current 

Status 

Target 

Value 
Source 

Allocative Efficiency 

(OPK) 
      

Financial cost recovery ratio 

% - 453% > 80% 

TANESCO, 

annual report 

2013 
Interest coverage ratio 

(EBIT/interests paid) 
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Productive Efficiency 

(OPK) 
      

Transmission and 

distribution losses % 19 < 20% 

TANESCO, 

annual report 
2013 (system) 

Electricity Supply 

Indicators 
      

Per-capita electricity 
consumption 

kWh/year 104.79   (AfDB, 2015) 

Share of population with 

access to electricity 
% 15.3   

(World Bank, 

2015) Figure for 

2012 

Performance Indicators       

Electricity sales per 

employee 
MWh/year 797.33   

TANESCO, 

annual report 

2013 

 

Despite the negative overall figures, support from the government is expected to keep 

the utility solvent. In 2013, capacity charges and fuel charges for IPPs [Songas Ltd., IPtL, 

Aggreko and Symbion] were met by a Contribution of the Government, amounting 

225,301 TZS million (92.7 million €) (NAO, 2014). 

 

B.10 Investment rules 

Foreign direct investment is allowed, with no restrictions on company ownership (UN, 

2005). 

Wind power is not specifically exempted from corporate income tax (CIT). However, 

no clear taxation has been found for power production. As an approximation, the effective 

taxation rate of 15% for the manufacturing sector will be used, as provided by the World 

Bank (FIAS, WB, 2006).  

The reference institution for investment is Tanzania Investment Centre. According to 

this institution, investments in Tanzania are guaranteed protection against nationalisation 

and expropriation (TIC, 2015). 
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Land acquisition is regulated by the Land Act, Cap. 113. It is stated that all land in 

Tanzania belongs to the state. Land can be owned in three ways (TIC, 2014): 

 Government Granted Rights of Occupancy 

 TIC Derivative Rights 

 Subleases created out of Granted Rights of Occupancy by the private sector 

The Tanzania Investment Centre undertakes all land application procedures on behalf 

of investors, free of charge (Ibid.). 

 

B.11 Imports regulation 

Wind generators are exempted from VAT (TIC, 2014). Import duties are set at 0% for 

wind energy equipment (DC, 2015). 

 

B.12 Permits 

According to the Small Power Producer investment guidelines (EWURA, 2009), the 

permits required to set up a wind farm below 20 MW in Tanzania are the following: 

 Land Title Deed or Lease 

 Not applicable at the moment: Document demonstrating rights to resource 

o There is no Tanzanian agency that allocates rights to sun or wind 

resources 

 Letter of intent 

o A developer submits a Request for Letter of Intent to Interconnect an 

Embedded Generator to the DNO. LOIs are transferable to project-

specific companies. Letter of intent must include: 

 Name and address of the developer 

 Location on a map, including latitude and longitude. 

 Fuel type 

 Power capacity (MW), planned  power export (MW), and 

expected annual energy generation (GWh) 

 A copy of the land title 
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o Fee of 50.000 TZS (21 €) 

o The key points that decide if the LOI is granted are the ability of the 

local electrical network to accept power from the power plant, and 

whether the proposed project conflicts with other on-going projects. 

 Company registration, business licence, tax registration 

o Application for clearance of the proposed company name at the 

Registrar of Companies; 

o Application for a certificate of incorporation and of commencement to 

Registrar of Companies; 

o Application for a taxpayer identification number (TIN) with the 

Tanzania Revenue Authority; 

o Inspection by Income Tax of the office site of the new company; 

o Application for business licence from the regional trade officer 

(depending on the nature of the business. 

o Obtain an inspection certificate from the land or town-planning 

officer;  

o Obtain Health Safety and Environment (HSE) certificate from the 

Occupational Safety and Health Authority (OSHA); 

o Application for VAT certificate with the Tanzania Revenue Authority  

o Receive VAT/stamp duty inspection;  

o Register for the workmen’s compensation insurance at the National 

Insurance Corporation; and 

o Obtain registration number at the National Social Security Fund 

(NSSF). 

 Building permit 

o Granted by the local government 

 Environmental and social clearance 

o Extent of EIA depends on potential project impact. The issuing authority 

is the Minister of Environment, acting upon recommendation of the 

National Environmental Management Council (NMEC) 

 Power Purchase Agreement:  

o Must be negotiated with the local DNO, or, for large scale projects, 

TSO. 
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 EWURA licence. To obtain the operation licence, the following documents are 

required: 

o Feasibility Study 

o Business Plan 

o Site maps 

o Land use plan 

o Design and as built drawings if some or all are not part of the Feasibility 

studies 

o Power purchase agreements 

o Fuel supply agreements [Not applicable for wind farms] 

o Any other agreement or arrangement which the applicant is a party. 

o Project implementation time schedule, if it has not been included in the 

previous documents. 

o Copies of all the consents and approvals issued by relevant authorities. 

o Environmental Impact Assessment Study Report and Minister approval 
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B.13 Environmental considerations and restricted areas 

 

Figure B-9 Protected areas of Zanzibar. Source: Tanzania Conservation Resource Centre 

Tanzania has a plethora of national parks, the most famous being the Serengeti. Large 

swaths of inner land are protected. The areas close to the cities of Daar es Salam and 

Zanzibar, both important load centres, are available for wind farm developing. 
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APPENDIX C: Financial models 

C Financial models 

C.1 Djibouti 1: Ghoubet     

     

Main indicators     

Name Symbol Value Unit  

Initial investment cost, CAPEX Co 

-
1,365,1

42  €  

Annual operating expenses, OPEX AOE 
£215,09

5 €  

Net present value NPV 
1,365,4

07  €  

Modified internal rate of return MIRR 17.4% %  

Levelised cost of energy LCOE 3.8684  c€/kWh  

Assumed Electricity Sale Price EP 5.00  c€/kWh  

     

     

Economic model parameters     

Name Symbol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital WACC % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of Return, IRR) d % 12.00% In-house 
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Effective tax rate T % 
Exempted for 10 years, can 

be extended LOI N ° 58/AN/94/3-rd L 

Present Value of Depreciation, as a percentage of 
the original cost PVDep % 45.00% 

Straight line calculation for 
15 years 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 3.00% CIA analysis 

     

Operating expenses     

Name Symbol  Unit Value Source 

Insurance  € 21140 In-house 

Preventive maintenance  € 52851 In-house 

Repairs and replacement  € 42281 In-house 

Commercial management  € 6342 In-house 

Land lease cost LLC € 
Exempted for 10 years, can 

be extended LOI N ° 58/AN/94/3-rd L 

Technical management  € 10570 In-house 

Financial interests (6% of CAPEX)  € 81908 NREL report 

Total   215094  
 

 

 

 

 

     

Capital Costs       

Name Symbol Unit Value Source 

Wind turbine generators WTC € 698,121.60    
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Wind turbine purchase cost  € 330,000.00  In house 

Wind turbine transport cost     368,121.60   

Sea transport     235,620.00    

Days at sea   days 21.00  
http://www.sea-
distances.org/ 

Unitary price per day and MW   
€/day/
MW 3,400.00  In house 

Total capacity   MW 3.30  Wind farm design 

Land transport     132,501.60    

Transport distance   km 95.60  Wind farm design 

Unitary price per km and MW   
€/km/
MW 420.00  In house 

Total capacity   MW 3.30  Wind farm design 

Electrical installations and works costs ELC € 110,264.00   

Transformer   € 56,164.00    

Purchase and installation cost  € 54,664.00  In house 

Transport  € 1,500.00  In-house 

Underground cables   € 28,500.00    

Unitary costs  €/km 30,000.00  In house 

Length  km 0.95  Wind farm design 

Connection lines   € 25,600.00    

Unitary costs  €/km 20,000.00  In house 

Length  km 1.28  Wind farm design 

Construction and Erections costs C&EC € 491,750.00   

Crane      110,000.00    

Crane transport   € 55,000.00  In house 

Crane rental   € 55,000.00  In house 

Foundations   € 181,250.00  In house 
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Internal and access roads   € 75,500.00    

Unitary price   €/km 50,000.00  In house 

Total length   km 1.51  Wind farm design 

Engineering   € 125,000.00  In house 

Contingency costs (+5% of projected expenses)   € 65,006.78   

Total capital costs     1,365,142.38  € 
 

Cash flow analysis         

Name Symbol Unit Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Cash flow Ct € 412895.3 415579.8 418203.58 420762.85 423253.5 425671.62 

Annual operating expenses (OPEX) AOE € 215,094 221547.4 228193.8 235039.6 242090.8 249353.6 

Annual Energy Production AEP kWh 12559800 12371403 12185832 12003044.5 11822998.8 11645653.8 

Electricity sale price EP €/kWh 0.05  0.0515 0.053045 0.05463635 0.05627544 0.0579637 

 

Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

428012.635 430272.13 432445.459 434527.795 436514.137 438399.299 440177.907 441844.39 443392.978 

256834.21 264539.236 272475.413 280649.676 289069.166 297741.241 306673.478 315873.682 325349.893 

11470969 11298904.5 11129420.9 10962479.6 10798042.4 10636071.8 10476530.7 10319382.7 10164592 

0.05970261 0.06149369 0.0633385 0.06523866 0.06719582 0.06921169 0.07128804 0.07342669 0.07562949 
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C.2 Djibouti 2: Badawein     

     

Main indicators     

Name Symbol Value Unit  

CAPEX  
- 

1,349,066  €  

OPEX  £214,130 €  

Net present value NPV 548,448  €  

Modified internal rate of return MIRR 14.5% %  

Levelised cost of energy LCOE   6.2681  c€/kWh  

Assumed Electricity Sale Price EP  6.50  c€/kWh  

     

Economic model parameters     

Name Symbol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital WACC % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of Return, IRR) d % 12.00% In-house 

Effective tax rate T % 
Exempted for 10 years, 

can be extended LOI N ° 58/AN/94/3-rd L 

Present Value of Depreciation, as a percentage of 
the original cost PVDep % 45.00% 

Straight line calculation for 
15 years 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 3.00% CIA analysis 

     

Operating expenses     



 

 

 

110 

Name Symbol  Unit Value Source 

Insurance  € 21,140.65  In-house 

Preventive maintenance  € 52,851.61  In-house 

Repairs and replacement  € 42,281.29  In-house 

Commercial management  €   6,342.19  In-house 

Land lease cost LLC € 
 Exempted for 10 years, 

can be extended  LOI N ° 58/AN/94/3-rd L 

Technical management  € 10,570.32  In-house 

Financial interests (6% of CAPEX)  € 80,943.95  NREL report 

Ergebnis   214,130.01   

     

Capital Costs       

Name Symbol Unit Value Source 

Wind turbine generators WTC € 679,410.60    

Wind turbine purchase cost  € 330,000.00  In house 

Wind turbine transport cost     349,410.60   

Sea transport     235,620.00    

Days at sea   days   21.00  
http://www.sea-
distances.org/ 

Unitary price per day and MW   
€/day/M
W   3,400.00  In house 

Total capacity   MW  3.30  Wind farm design 

Land transport     113,790.60    

Transport distance   km   82.10  Wind farm design 

Unitary price per km and MW   
€/km/M
W 420.00  In house 

Total capacity   MW  3.30  Wind farm design 
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Electrical installations and works costs ELC € 113,664.00   

Transformer   € 56,164.00    

Purchase and installation cost  € 54,664.00  In house 

Transport  €   1,500.00  In-house 

Underground cables   € 28,500.00    

Unitary costs  €/km 30,000.00  In house 

Length  km  0.95  Wind farm design 

Connection lines   € 29,000.00    

Unitary costs  €/km 20,000.00  In house 

Length  km  1.45  Wind farm design 

Construction and Erections costs C&EC € 491,750.00   

Crane      110,000.00    

Crane transport   € 55,000.00  In house 

Crane rental   € 55,000.00  In house 

Foundations   € 181,250.00  In house 

Internal and access roads   € 75,500.00    

Unitary price   €/km 50,000.00  In house 

Total length   km  1.51  Wind farm design 

Engineering   € 125,000.00  In house 

Contingency costs (+5% of projected expenses)   € 64,241.23  
NREL Cost of Wind Energy 
report 

Total capital costs       1,349,065.83  € 

 

 

Cash flow analysis     

Name Symbol Unit Year 1 Year 2 
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Cash flow Ct € 285817.48 286667.8214 

Annual operating expenses (OPEX) AOE € £214,130.01 220553.9147 

Annual Energy Production AEP kWh 7691500 7576127.5 

Electricity sale price EP €/kWh 0.065  0.06695 

 

Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 

287431.28 288103.621 288680.45 289157.22 289529.221 289791.578 289939.243 289966.992 289869.419 

227170.532 233985.648 241005.218 248235.374 255682.435 263352.908 271253.496 279391.101 287772.834 

7462485.59 7350548.3 7240290.08 7131685.73 7024710.44 6919339.79 6815549.69 6713316.44 6612616.7 

0.0689585 0.07102726 0.07315807 0.07535281 0.0776134 0.0799418 0.08234006 0.08481026 0.08735456 

 

Year 12 Year 13 Year 14 Year 15 

289640.929 289275.732 288767.836 288111.045 

296406.019 305298.199 314457.145 323890.859 

6513427.45 6415726.03 6319490.14 6224697.79 

0.0899752 0.09267446 0.09545469 0.09831833 
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C.3 Djibouti 3: Gediah Alleh  0.7 0.8 0.9 

Main indicators     

Name Symbol Value Unit  

CAPEX  1,244,760  €  

OPEX  £207,872 €  

Net present value NPV 460,777  €  

Modified internal rate of return MIRR 14.3% %  

Levelised cost of energy LCOE 6.8831  c€/kWh  

Assumed Electricity Sale Price EP 7.00  c€/kWh  

     

 

 

  

 

  

Economic model parameters     

Name Symbol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital WACC % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of 
Return, IRR) d 

% 
12.00% In-house 

Effective tax rate T 

% Exempted for 10 years, can be 
extended LOI N ° 58/AN/94/3-rd L 

Present Value of Depreciation, as a 
percentage of the original cost PVDep 

% 
45.00% 

Straight line calculation for 15 
years 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 3.00% CIA analysis 

     



 

 

 

114 

Operating expenses     

Name Symbol  Unit Value Source 

Insurance  € 21,140.65  In-house 

Preventive maintenance  € 52,851.61  In-house 

Repairs and replacement  € 42,281.29  In-house 

Commercial management  €   6,342.19  In-house 

Land lease cost LLC 
€ 

Exempted for 10 years, can be 
extended LOI N ° 58/AN/94/3-rd L 

Technical management  € 10,570.32  In-house 

Financial interests (6% of CAPEX)  € 74,685.61  NREL report 

Total    207,871.67   

     

Capital Costs       

Name Symbol Unit Value Source 

Wind turbine generators WTC € 602,071.80    

Wind turbine purchase cost  € 330,000.00  In house 

Wind turbine transport cost     272,071.80   

Sea transport     235,620.00    

Days at sea   days 21.00  http://www.sea-distances.org/ 

Unitary price per day and MW   €/day/MW 3,400.00  In house 

Total capacity   MW 3.30  Wind farm design 

Land transport     36,451.80    

Transport distance   km 26.30  Wind farm design 

Unitary price per km and MW   €/km/MW 420.00  In house 

Total capacity   MW 3.30  Wind farm design 

Electrical installations and works costs ELC € 91,664.00   
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Transformer   € 56,164.00    

Purchase and installation cost  € 54,664.00  In house 

Transport  €   1,500.00  In-house 

Underground cables   € 28,500.00    

Unitary costs  €/km 30,000.00  In house 

Length  km   0.95  Wind farm design 

Connection lines   €   7,000.00    

Unitary costs  €/km 20,000.00  In house 

Length  km   0.35  Wind farm design 

Construction and Erections costs C&EC €  491,750.00   

Crane       110,000.00    

Crane transport   € 55,000.00  In house 

Crane rental   € 55,000.00  In house 

Foundations   €  181,250.00  In house 

Internal and access roads   € 75,500.00    

Unitary price   €/km 50,000.00  In house 

Total length   km   1.51  Wind farm design 

Engineering   €  125,000.00  In house 

Contingency costs (+5% of projected 
expenses)   

€ 
59,274.29  

NREL Cost of Wind Energy 
report 

Total capital costs       1,244,760.09  € 
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Cash flow analysis         

Name Symbol Unit Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Cash flow Ct € 257670.3 258207 258656.7 259013.0 259272.2 259429.9 

Annual operating expenses (OPEX) AOE € £207,87 214107 220531 227146.9 233961.3 240980.2 

Annual Energy Production AEP kWh 6650600 6550841 6452578 6355789. 6260452 6166546 

Electricity sale price EP €/kWh 0.070  0.0721 0.074263 0.07649089 0.07878562 0.08114919 

 

Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

259481.513 259422.13 259246.837 258950.498 258527.796 257973.23 257281.111 256445.553 255460.467 

248209.645 255655.934 263325.612 271225.381 279362.142 287743.006 296375.296 305266.555 314424.552 

6074047.88 5982937.16 5893193.1 5804795.21 5717723.28 5631957.43 5547478.07 5464265.9 5382301.91 

0.08358366 0.08609117 0.08867391 0.09133412 0.09407415 0.09689637 0.09980326 0.10279736 0.10588128 
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C.4 Tanzania 1: Ilula     

     

Main indicators     

Name Symbol Value Unit  

CAPEX  -2,219,148  €  

OPEX    266,409.93  €  

Net present value NPV  1,266,964  €  

Modified internal rate of return MIRR 15.5% %  

Levelised cost of energy LCOE  7.0542  c€/kWh  

Assumed Electricity Sale Price EP 7.45  c€/kWh  

     

Economic model parameters     

Name Symbol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital WACC % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of Return, 
IRR) d % 12.00% In-house 

Effective tax rate T % 15% 

World Bank report on Taxation in 
Tanzania, assuming manufacturing 
rates 

Present Value of Depreciation, as a 
percentage of the original cost PVDep % 45.00% Straight line calculation for 15 years 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 6.10% CIA analysis 
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Operating expenses     

Name Symbol  Unit Value Source 

Insurance  €  21,140.65  In-house 

Preventive maintenance  €  52,851.61  In-house 

Repairs and replacement  €  42,281.29  In-house 

Commercial management  € 6,342.19  In-house 

Land lease cost LLC € 75.00  
Assumming timber exploitation 
prices, According to Oakland Institute 

Technical management  €  10,570.32  In-house 

Financial interests (6% of CAPEX)  €  133,148.86  NREL Cost of Wind Energy report 

Total    266,409.93   

     

Capital Costs       

Name Symbol Unit Value Source 

Wind turbine generators WTC €  1,545,060.00    

Wind turbine purchase cost  €  330,000.00  In house 

Wind turbine transport cost      1,215,060.00   

Sea transport      314,160.00    

Days at sea   days 28.00  http://www.sea-distances.org/ 

Unitary price per day and MW   €/day/MW 3,400.00  In house 

Total capacity   MW   3.30  Wind farm design 

Land transport      900,900.00    

Transport distance   km  650.00  Wind farm design 

Unitary price per km and MW   €/km/MW  420.00  In house 

Total capacity   MW   3.30  Wind farm design 
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Electrical installations and works costs ELC €  106,664.00   

Transformer   €  56,164.00    

Purchase and installation cost  €  54,664.00  In house 

Transport  € 1,500.00  In-house 

Underground cables   €  28,500.00    

Unitary costs  €/km  30,000.00  In house 

Length  km   0.95  Wind farm design 

Connection lines   €  22,000.00    

Unitary costs  €/km  20,000.00  In house 

Length  km   1.10  Wind farm design 

Construction and Erections costs C&EC €  461,750.00   

Crane       110,000.00    

Crane transport   €  55,000.00  In house 

Crane rental   €  55,000.00  In house 

Foundations   €  181,250.00  In house 

Internal and access roads   €  45,500.00    

Unitary price   €/km  50,000.00  In house 

Total length   km   0.91  Wind farm design 

Engineering   €  125,000.00  In house 

Contingency costs (+5% of projected 
expenses)   €  105,673.70  NREL Cost of Wind Energy report 

Total capital costs       2,219,147.70  € 
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Cash flow analysis      

Name Symbol Unit Year 1 Year 2 Year 3 Year 4 Year 5 

Cash flow Ct € 442,822.84  459,196.30  476,088.90  493,510.67  511,471.30  

Annual operating 
expenses (OPEX) AOE € 266,409.93 282660.932 299903.2489 318197.3471 337607.3852 

Annual Energy 
Production AEP kWh 10,593,600.00  10434696 10278175.56 10124002.93 9972142.883 

Electricity sale price EP €/kWh 0.075  0.0790445 0.083866215 0.088982054 0.094409959 

 

Year 6 Year 7 Year 8 Year 9 Year 10 

529,980.03  549,045.62  568,676.24  588,879.40  609,661.85  

358201.4357 380051.7233 403234.8784 427832.206 453929.9706 

9822560.739 9675222.328 9530093.993 9387142.584 9246335.445 

0.100168966 0.106279273 0.112762309 0.11964081 0.126938899 

 

Year 11 Year 12 Year 13 Year 14 Year 15 

631,029.48  652,987.21  675,538.87  698,687.10  722,433.14  

481619.6988 510998.5004 542169.409 575241.7429 610331.4892 

9107640.413 8971025.807 8836460.42 8703913.514 8573354.811 

0.134682172 0.142897785 0.151614549 0.160863037 0.170675682 
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C.5 Tanzania 2: Mtera     

     

Main indicators     

Name 
Symb
ol Value Unit  

CAPEX  -2,204,336  €  

OPEX    265,521.25  €  

Net present value NPV  1,148,745  €  

Modified internal rate of return MIRR 15.2% %  

Levelised cost of energy LCOE  8.7134  c€/kWh  

Assumed Electricity Sale Price EP 7.45  c€/kWh  

     

     

Economic model 
parameters     

Name 
Symb
ol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital 
WAC
C % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of 
Return, IRR) d % 12.00% In-house 

Effective tax rate T % 15% 
World Bank report on Taxation in Tanzania, 
assuming manufacturing rates 

Present Value of Depreciation, as a 
percentage of the original cost PVDep % 45.00% Straight line calculation for 15 years 



 

 

 

122 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 6.10% CIA analysis 

     

Operating expenses     

Name 
Symb
ol  Unit Value Source 

Insurance  € 21,140.65  In-house 

Preventive maintenance  € 52,851.61  In-house 

Repairs and replacement  € 42,281.29  In-house 

Commercial management  € 6,342.19  In-house 

Land lease cost LLC € 75.00  
Assumming timber exploitation prices, According 
to Oakland Institute 

Technical management  € 10,570.32  In-house 

Financial interests (6% of CAPEX)  € 132,260.18  NREL report 

Ergebnis   265,521.25   

     

Capital Costs       

Name 
Symb
ol Unit Value Source 

Wind turbine generators WTC € 1,446,654.00    

Wind turbine purchase cost  € 330,000.00  In house 

Wind turbine transport cost     1,116,654.00   

Sea transport     314,160.00    

Days at sea   days 28.00  http://www.sea-distances.org/ 

Unitary price per day and MW   €/day/MW 3,400.00  In house 

Total capacity   MW 3.30  Wind farm design 

Land transport     802,494.00    
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Transport distance   km 579.00  Wind farm design 

Unitary price per km and MW   €/km/MW 420.00  In house 

Total capacity   MW 3.30  Wind farm design 

Electrical installations and works 
costs ELC € 160,464.00   

Transformer   € 56,164.00    

Purchase and installation cost  € 54,664.00  In house 

Transport  € 1,500.00  In-house 

Underground cables   € 28,500.00    

Unitary costs  €/km 30,000.00  In house 

Length  km 0.95  Wind farm design 

Connection lines   € 75,800.00    

Unitary costs  €/km 20,000.00  In house 

Length  km 3.79  Wind farm design 

Construction and Erections costs C&EC € 492,250.00   

Crane      110,000.00    

Crane transport   € 55,000.00  In house 

Crane rental   € 55,000.00  In house 

Foundations   € 181,250.00  In house 

Internal and access roads   € 76,000.00    

Unitary price   €/km 50,000.00  In house 

Total length   km 1.52  Wind farm design 

Engineering   € 125,000.00  In house 

Contingency costs (+5% of projected 
expenses)   € 104,968.40  NREL Cost of Wind Energy report 

Total capital costs     2,204,336.40  € 
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Cash flow analysis     

Name Symbol Unit Year 1 Year 2 

Cash flow Ct € 443,575.55  459,994.93  

Annual operating expenses (OPEX) AOE € £265,521.25 281718.0447 

Annual Energy Production AEP kWh 8,534,400.00  8406384 

Electricity sale price EP €/kWh 0.075  0.0790445 

 

Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 

  476,936.24    494,409.70    512,425.17    530,992.09    550,119.41    569,815.54    590,088.20  

298902.8454 317135.919 336481.21 357006.5638 378783.9642 401889.7861 426405.063 

8280288.24 8156083.916 8033742.658 7913236.518 7794537.97 7677619.9 7562455.602 

0.083866215 0.088982054 0.094409959 0.100168966 0.106279273 0.112762309 0.11964081 

 

Year 10 Year 11 Year 12 Year 13 Year 14 Year 15 

  610,944.38    632,390.24    654,430.97    677,070.71    700,312.38    724,157.56  

452415.7718 480013.1339 509293.9351 540360.8651 573322.8779 608295.5735 

7449018.768 7337283.486 7227224.234 7118815.871 7012033.633 6906853.128 

0.126938899 0.134682172 0.142897785 0.151614549 0.160863037 0.170675682 
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C.6 Tanzania 3: Sokoni     

     

Main indicators     

Name Symbol Value Unit  

CAPEX  -1,369,986  €  

OPEX  215,460.20  €  

Net present value NPV 3,126,101 €  

Modified internal rate of return MIRR 21.6% %  

Levelised cost of energy LCOE 4.4356  c€/kWh  

Assumed Electricity Sale Price EP 7.45  c€/kWh  

     

     

Economic model parameters     

Name Symbol  Unit Value Source 

Operational life of investment N years 15 In-house 

Weighted Average Cost of Capital WACC % 11.50% In-house 

Discount rate (a.k.a. Internal Rate of Return, 
IRR) d % 12.00% In-house 

Effective tax rate T % 15% 
World Bank report on Taxation in Tanzania, 
assuming manufacturing rates 

Present Value of Depreciation, as a 
percentage of the original cost PVDep % 45.00% Straight line calculation for 15 years 

System Degradation Rate SDR % 1.50% Staffell and Green, 2014 

Inflation rate Inf % 6.10% CIA analysis 
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Operating expenses     

Name Symbol  Unit Value Source 

Insurance  € 21,140.65  In-house 

Preventive maintenance  € 52,851.61  In-house 

Repairs and replacement  € 42,281.29  In-house 

Commercial management  € 6,342.19  In-house 

Land lease cost LLC € 75.00  
Assuming timber exploitation prices, 
According to Oakland Institute 

Technical management  € 10,570.32  In-house 

Financial interests (6% of CAPEX)  € 82,199.14  NREL report 

Total   215,460.20   

     

Capital Costs       

Name Symbol Unit Value Source 

Wind turbine generators WTC € 733,834.20    

Wind turbine purchase cost  € 330,000.00  In house 

Wind turbine transport cost     403,834.20   

Sea transport     314,160.00    

Days at sea   days 28.00  http://www.sea-distances.org/ 

Unitary price per day and MW   €/day/MW 3,400.00  In house 

Total capacity   MW 3.30  Wind farm design 

Land transport     89,674.20    

Transport distance   km 64.70  Wind farm design 

Unitary price per km and MW   €/km/MW 420.00  In house 

Total capacity   MW 3.30  Wind farm design 

Electrical installations and works costs ELC € 112,664.00   
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Transformer   € 56,164.00    

Purchase and installation cost  € 54,664.00  In house 

Transport  € 1,500.00  In-house 

Underground cables   € 28,500.00    

Unitary costs  €/km 30,000.00  In house 

Length  km 0.95  Wind farm design 

Connection lines   € 28,000.00    

Unitary costs  €/km 20,000.00  In house 

Length  km 1.40  Wind farm design 

Construction and Erections costs C&EC € 458,250.00   

Crane      110,000.00    

Crane transport   € 55,000.00  In house 

Crane rental   € 55,000.00  In house 

Foundations   € 181,250.00  In house 

Internal and access roads   € 42,000.00    

Unitary price   €/km 50,000.00  In house 

Total length   km 0.84  Wind farm design 

Engineering   € 125,000.00  In house 

Contingency costs (+5% of projected 
expenses)   € 65,237.41  NREL Cost of Wind Energy report 

Total capital costs     1,369,985.61  € 
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Cash flow analysis       

Name Symbol Unit Year 1 Year 2 Year 3 Year 4 

Cash flow Ct € 724,797.51  754,570.60  785,508.84  817,653.96  

Annual operating expenses (OPEX) AOE € 215,460.20 228603.2734 242548.0731 257343.5055 

Annual Energy Production AEP kWh  12,112,452.00  11930765.22 11751803.74 11575526.69 

Electricity sale price EP €/kWh 0.075  0.0790445 0.083866215 0.088982054 

 

Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

  851,048.89    885,737.83    921,766.21    959,180.71    998,029.30  1,038,361.22  

273041.4594 289696.9884 307368.5047 326117.9834 346011.1804 367117.8624 

11401893.79 11230865.38 11062402.4 10896466.36 10733019.37 10572024.08 

0.094409959 0.100168966 0.106279273 0.112762309 0.11964081 0.126938899 

 

Year 11 Year 12 Year 13 Year 14 Year 15 

1,080,226.98  1,123,678.39  1,168,768.52  1,215,551.71  1,264,083.56  

389512.0521 413272.2872 438481.8968 465229.2925 493608.2793 

10413443.71 10257242.06 10103383.43 9951832.677 9802555.187 

0.134682172 0.142897785 0.151614549 0.160863037 0.170675682 
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Appendix D: WindPro Reports 

To avoid an excessive quantity of pages, the reports are included as pdf objects. Double 

click on the icons to open them. 

 

Site 1: Ghoubet

 

Site 2: Badawein

 

Site 3: Gediah Alleh

 

Site 4: Illula

 

Site 5: Mtera

 

Site 6: Sokoni
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