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ABSTRACT 

 

This study aims to investigate the methodological differences of wind power project economic 

analysis and to indicate the preferred methodology among the considered cases. The study 

compares the economic appraisals of onshore wind power projects. The economic appraisals of 

wind power projects are for evaluating wind power projects' impact on an economy. Economic 

appraisals of wind power projects include economic justifications of projects in comparison with 

the next best alternative projects, consider negative and positive externalities but exclude transfer 

payments such as taxes and subsidies. Also, in wind power project economic appraisals, the 

valuations of costs and benefits are at shadow prices and discounting of future costs and benefits 

at a social discount rate. There are methodological guidelines from different institutions on how to 

conduct project economic analysis. This study compares methodologies of three onshore wind 

power project economic appraisals conducted by the European Investment Bank, the Asian 

Development Bank, and the Mott MacDonald and discusses methodological differences for each 

case study in comparison with each other. The results of this study are for any investors, institutions 

and government authorities involve in wind power projects and seek not only corporate profits but 

also social benefits. They may consider the methodological differences identified in this study to 

improve the assessment of wind power project economic impacts. The results indicate that the 

identified methodological differences complement each other rather than substitute. The preferred 

methodology for onshore wind power projects economic analysis would be the methodology that 

considers the identified differences for the comprehensive evaluations.  

 

Keywords: wind power, economic analysis, methodological differences, European 

Investment Bank, Asian Development Bank 
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CBA   Cost-Benefit Analysis 

CCGT   Combined Cycle Gas Turbine 

CF Conversion Factor 

CIF Cost, Insurance and Freight 

EIB European Investment Bank 

EIRR Economic Internal Rate of Return 

ENPV Economic Net Present Value 

ERR Economic Rate of Return 

FNPV Financial Net Present Value 

FOB Free on Board 

GHG Greenhouse Gas 

GWh Gigawatt-hour 

kW Kilowatt 

kWh Kilowatt-hour 

LCOE Levelized Cost of Energy 

MW Megawatt 

MWh Megawatt-hour 

O&M          Operation and Maintenance 

SCF Standard Conversion Factor 

SDR Social Discount Rate 

SER Shadow Exchange Rate 

SLRs   Sri Lanka Rupees 

SRTP Social Rate of Time Preference 

WACC Weighted Average Cost of Capital 

WASP   Wien Automated System Planning 

WTP Willingness-To-Pay 

 



vi 
 

 TABLE OF CONTENTS 

ABSTRACT ................................................................................................................................................. iii 

ACKNOWLEDGEMENTS ......................................................................................................................... iv 

NOMENCLATURE ..................................................................................................................................... v 

CHAPTER 1. INTRODUCTION ................................................................................................................. 1 

CHAPTER 2. THEORETICAL BACKGROUND ....................................................................................... 4 

2.1 Project objectives ................................................................................................................................ 5 

2.2 Counterfactual Project ........................................................................................................................ 5 

2.3 Economic prices and valuation ........................................................................................................... 7 

2.4 Social discount rate and economic performance ............................................................................... 14 

2.5 Differences in project economic and financial analysis .................................................................... 17 

CHAPTER 3. LITERATURE REVIEW .................................................................................................... 18 

3.1 Wind power costs .............................................................................................................................. 18 

3.2 Wind power benefits ......................................................................................................................... 23 

CHAPTER 4. METHODOLOGY .............................................................................................................. 27 

4.1 Methodology ..................................................................................................................................... 27 

4.2 Onshore wind power project economic analysis, case study 1 ......................................................... 29 

4.3 Onshore wind power project economic analysis, case study 2 ......................................................... 33 

4.4 Onshore wind power project economic analysis, case study 3 ......................................................... 35 

CHAPTER 5. RESULTS AND DISCUSSION .......................................................................................... 36 

CHAPTER 6. CONCLUSION .................................................................................................................... 41 

REFERENCES ........................................................................................................................................... 43 

 

 

 

 

 

 

 

 

 

 



vii 
 

LIST OF TABLES 

Table 1: Border Prices .................................................................................................................................. 9 

Table 2: Value of carbon in EIB appraisal .................................................................................................. 12 

Table 3: Differences between project economic and financial analysis .................................................... 17 

Table 4: Capacity Credit and EIRR ............................................................................................................ 24 

Table 5: For methodological comparison of wind power project economic appraisals .............................. 29 

Table 6: Economic cost breakdown of power generation by CCGT, EUR per MWh ................................ 31 

Table 7: Economic Assumptions ................................................................................................................ 31 

Table 8: Economic rate of return and LCOE .............................................................................................. 32 

Table 9: Economic Internal Rate of Return calculation .............................................................................. 34 

Table 10: Costs and benefits of the Isle of Man wind power project.......................................................... 35 

Table 11: The results of the comparison of the economic appraisals ......................................................... 37 

Table 12: Methodological differences between the EIB and the ADB projects ......................................... 40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



viii 
 

LIST OF FIGURES 

 

Figure 1: With and Without Project Comparison ......................................................................................... 6 

Figure 2: The role of project economic analysis/CBA in grant funding by the European Commission ..... 16 

Figure 3: Total installed cost of onshore wind power projects and global weighted average costs, 1989-

2017 ............................................................................................................................................................ 19 

Figure 4: Steps of the research process ....................................................................................................... 28 

 

 

 



1 
 

CHAPTER 1. INTRODUCTION  

 

Wind power projects with positive financial performance are not necessarily beneficial from a 

societal perspective for the following reasons:  

I. In wind power project financial appraisals, the economic justifications of projects in 

comparison with the next best alternative projects are usually missing. The next best 

alternative project is what would happen in the absence of a proposed project. Such a 

comparison is aimed to check whether a proposed project is the best alternative from a 

societal perspective.  

II. In wind power project financial appraisals, negative and positive externalities usually are 

not counted. Those externalities are either costs or benefits for society. The examples of 

externalities are negative environmental externalities (negative impact on landscapes, bird 

mortality), balancing costs on power systems (cycling, efficiency loss, additional spinning 

reserves), and the limited capacity contribution of wind power due to the nature of 

renewable energy intermittency. The examples of positive externalities are environmental 

benefits (displaced emissions and fuel from alternative power generation), health benefits 

and security supply benefits (reduction of fossil fuel dependency).  

III. In wind power project financial appraisals, transfer payments such as taxes and subsidies 

are included. Taxes and subsidies are not values created by projects:  'taxes and subsidies 

affect the distribution of financial costs and benefits between the project entity and other 

stakeholders but do not reduce or increase the amount of resources available for the country 

as a whole' (Asian Development Bank 2017a:  p.8).  

IV. In wind power project financial appraisals, project costs and benefits are valuing at market 

prices, and market prices are often distorted and do not reflect the true economic value of 

goods and services. 

V. In wind power project financial appraisals, future costs and benefits are discounting at a 

market rate rather than a social discount rate (SDR). The SDR ‘reflects the social view on 

how future benefits and costs should be valued against present ones’ (European 

Commission 2014: p.55). 
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 A wind power project viability from a societal perspective is possible to estimate by project 

economic analysis methods that consider the differences mentioned above. Based on project 

economic performances it can be decided whether the project is acceptable or not for society. 

There are methodological guidelines for project economic analysis by the European Investment 

Bank, the Asian Development Bank, the European Commission, and the World Bank Group. 

Research questions 

The research questions are: 

• What are the methodological differences in the economic analysis of onshore wind power 

projects? 

• Which is the preferred methodology for wind power project economic analysis among the 

considered cases?   

The results of this study are for any investors, institutions and government authorities involved in 

wind power projects and seek not only corporate profits but also social benefits. They may consider 

methodological differences identified in this study to improve the assessment of wind power 

project economic impacts. 

This Thesis covers the theoretical background of project economic analysis, literature review on 

wind power costs and benefits, methodological comparison of the onshore wind power project 

economic appraisals, results, and discussion. 

 

The Thesis includes the following Chapters: 

 

Chapter 2: Theoretical Background - This Chapter presents project economic analysis steps and 

concepts: such as project counterfactual, shadow price, border price, conversion factor, 

incremental and non-incremental project input and output, willingness-to-pay, project economic 

life, constant price, social discount rate, and economic performance.  

The purpose of this Chapter is to familiarize a reader with concepts and steps of project economic 

analysis.  

Chapter 3: Literature Review -  This Chapter presents the literature review of the costs and benefits 

of wind power projects. The discussed costs of wind power projects are the following: capital, 

operations and maintenance, network upgrade, balancing, negative environmental externality, and 
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voltage control costs. The discussed benefits of wind power projects are the following: capacity, 

fuel saving, environmental and health benefits. 

The purpose of this Chapter is to familiarize a reader with the costs and benefits of wind power 

projects. 

Chapter 4: Methodology - This Chapter presents the methodology of the study and the summary 

of three onshore wind power project economic appraisals. 

Chapter 5: Results and Discussion - This Chapter presents and discusses the methodological 

differences for each onshore wind power project economic appraisal in comparison with each 

other. 

Chapter 6: Conclusion - This Chapter presents the conclusions based on the results, also, 

limitations of the study and the suggestion for future research. 
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CHAPTER 2. THEORETICAL BACKGROUND 

 

This Chapter presents project economic analysis steps and concepts: such as project counterfactual, 

shadow price, border price, conversion factor, incremental and non-incremental project input and 

output, willingness-to-pay, project economic life, constant price, social discount rate, and 

economic performance.  

Economic analysis of projects or investment operations is for estimating impacts of projects on an 

economy from a societal perspective. The economic analysis of projects is a way to measure the 

impacts of projects on social welfare. Society is the stakeholder of projects in project economic 

appraisals. A project is economically viable if a project generates net social benefits. 

Economic analysis of investment operations applied in practice by the Asian Development Bank 

(ADB), the European Investment Bank (EIB), the World Bank Group, the European Commission, 

government authorities and consultancy companies. The project economic analysis tool is used for 

funding decisions, for example, giving a loan, giving grants or allocating public sources. 

 

General steps of project economic analysis or economic analysis of investment operations: 

 

I. Define projects’ objectives clearly, 

II. Identify counterfactual projects/scenarios which is the case when proposed projects will 

not proceed,  

III. Identify projects’ costs and benefits, 

IV. Value projects’ costs and benefits by economic prices/shadow prices, 

V. Compare projects’ costs and benefits with counterfactual projects’ costs and benefits, 

VI. Discount projects’ future costs and benefits by a social discount rate, 

VII. Estimate projects’ economic performance by Economic Net Present Value (ENPV) and 

Economic Internal Rate of Return (EIRR). 
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2.1 Project objectives 

 

Projects’ objectives should be defined in a clear and measurable way, which can easily be 

quantified. The identified effects of projects should have direct links to projects' objectives 

(European Commission 2014). The relevance of projects should come with reasoning, for example, 

be aligned with development priorities and deliver benefits from a societal perspective.  

Projects' objectives can differ depending upon the case. For example, wind power projects' 

objective may be climate change mitigation by reducing greenhouse gas emissions. Another 

objective can be a power generation capacity expansion to meet new demand or replace 

conventional energy sources. 

The common mistake in defining project objectives is that project objectives are often confused 

with project outputs (European Commission 2014).  For example, building wind farms is a way to 

accomplish such objective as climate change mitigation, but only having a wind farm building 

completed is not an accomplishment of objectives. 

 

 2.2 Counterfactual Project  

 

Economic analysis of projects or investment operations is for estimating economic viability by 

economic costs and benefits assessment. The concept behind project economic analysis is the 

opportunity cost of goods and services, which is defined as ‘the potential gain from the best 

alternative forgone’ (European Commission 2014: p.25).  Alternative projects can be defined by 

answering the following question, what will happen if any proposed project will not proceed? In 

this way, it is possible to find/define alternative project scenarios that would happen in the absence 

of proposed projects. Alternative project scenarios are without project scenarios. Without-project 

scenarios either can be status quo or any case that would happen in the absence of a proposed 

project (Asian Development Bank 2017a). Projects' economic viability is possible to estimate by 

comparison of with-project and without-project scenarios. Without-project scenarios also named 

counterfactual projects. The comparison between projects and counterfactual projects will allow 

estimating net incremental benefits or losses (Belli et al. 2001). With and without project 

illustration is in Figure 1 (Belli et al. 2001: p.18): 
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Figure 1: With and Without Project Comparison (Belli et al. 2001: p.18) 

 

The European Commission’s Guide to Cost-Benefit Analysis of Investment Projects defines the 

counterfactual or the without project scenarios applied by the European Commission (European 

Commission 2014): 

I. No operations -  a counterfactual scenario that assumes no operations will take place in the 

absence of proposed projects, 

II. Business as Usual (BAU) - a counterfactual scenario that assumes an existing facility will 

maintain its operable level with current costs and benefits,  

III. Do minimum - a counterfactual scenario that assumes some small investment will take 

place in the absence of proposed projects.  

Projects' net incremental benefits can significantly vary in case of different counterfactual/ without 

project scenarios; therefore, the choice of counterfactual scenarios is essential. Any choice of 

counterfactual scenarios should be with justification by clear evidence (European Commission 

2014). 

When the European Investment Bank (EIB) invests in a project, then it is a doing something 

scenario or with a project scenario (European Investment Bank 2013). The EIB project directorate 

applies three basic types of counterfactual project scenarios (European Investment Bank 2013): 

I. Do nothing - It assumes that without proposed projects no investment will take place, 
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II. Do minimum - It assumes that without proposed projects already existing facilities will be 

kept at an operational level with some investments, 

III. Do something else – The EIB considers proposed projects as doing something scenario, so 

do something else is the alternative project scenario that would be in the absence of a 

proposed project.  

The EIB for capacity expansion and upgrade projects uses do minimum as without-project 

scenarios and do nothing scenario for rehabilitation projects (European Investment Bank 2013). 

The Asian Development Bank (ADB) applies both Business as Usual (BAU) and alternative steps 

as counterfactual scenarios that would take place in the absence of the project (Asian Development 

Bank 2017a). 

 

2.3 Economic prices and valuation 

 

2.3.1 Market price distortions and economic prices 

 

In project economic analysis, all costs and benefits are identified and valued in monetary terms 

from a societal perspective (Belli et al. 2001). All project effects both positive and negative should 

be identified, quantified and included in project economic appraisals. All type of externalities both 

positive and negative (positive and negative effects) resulted from a project should be considered 

in project economic appraisals. For example, air pollution is a negative externality. Any negative 

externality resulting from projects is a cost. A positive externality example can be knowledge 

spillover from a project, and it is a benefit.  

Economic prices are applied to value project costs and benefits in project economic appraisals. 

Economic prices are also named shadow prices. Shadow prices reflect the social opportunity cost 

of goods and services (European Commission 2014). Difference between market and shadow 

prices arise from price distortions and nonmarket impacts (Asian Development Bank 2017a). 

Price distortions are due to (Asian Development Bank 2017a): 

I. Taxes, 

II. Subsidies, 

III. Price controls by governments, 

IV. Imperfect and unfair competition. 
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Taxes and Subsidies are transfer payments within economies. Prices of goods and services with 

taxes such as a value-added tax and other taxes do not represent the real economic value of goods 

and services. Taxes are transfer payments within an economy, and the one should deduct them 

from the prices of goods and services for project economic analysis. Subsidies also transfer 

payments between households, governments, and other institutions. Subsidies do not reduce or 

increase the resources available for a whole country hence should not be included in the economic 

analysis of projects (Asian Development Bank 2017a). Taxes should not be confused with the 

charges for resource exchanges. For example, charges for the use of water by irrigation authority 

are payments for resources exchange and that charges should be included in project economic 

analysis (Belli et al. 2001). 

When governments control the prices of goods and services by different tools such as taxes, 

subsidies, legal restrictions or other ways, then the market prices do not reflect a real economic 

value of goods and services. Also, when there is imperfect market competition such as a monopoly, 

then the market prices do not reflect a real economic value of goods and services. In those cases, 

corrections are needed to derive economic prices from market prices. Such corrections are by 

subtraction of taxes, subsidies and other transfer payments from market prices of goods and 

services. However, some indirect taxes that set to compensate for some externalities of goods and 

services should be in a shadow price (European Commission 2014). 

Another difference between financial/market and economic/shadow prices arise from nonmarket 

impacts. Nonmarket impacts are positive and negative externalities arise from projects. Example 

of negative externalities is air pollution and negative impacts on the environment. Example of 

positive externalities is a knowledge spillover from innovation projects or projects that lead to 

quality improvement of the environment. All positive and negative externalities of projects should 

be identified and included in project economic appraisals.  
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2.3.2 Border prices and conversion factors 

 

Distorted market prices of goods and services are not reflecting their economic values, so market 

to economic prices conversion is needed. In project economic analysis, a border price is used to 

convert market prices of tradable goods into economic/shadow prices. Goods are tradable if they 

are traded in the international market and can be imported and exported under free trade conditions 

(Belli et al. 2001). Either when there is not a foreign trade of certain goods or certain goods cannot 

be exported/imported, then they will be categorized as non-tradable. Border prices are prices of 

exported and imported items excluded tax duties and subsidies. A subtraction of tax duties and 

subsidies from prices of exported and imported items is to adjust market prices to reflect their 

economic values. Border price for import termed CIF which stands for cost, insurance, and freight. 

CIF is a price paid at the border excluded tax duties and subsidies plus transport, distribution and 

handling cost to move the imported item to the project site or consumption point.  Border price for 

export termed FOB which stands for free on board.  FOB is a price received for export at the border 

excluded tax duties and subsidies less transport, distribution, and handling costs to move the 

exported item to the border from production point (Asian Development Bank 2017a). Table 1 

shows the ADB’s guidelines of border prices for projects' inputs and outputs. For example, if a 

project input imported, then the CIF is price applied. 

Table 1: Border Prices (ADB Economic Research and Regional Cooperation Department, cited in  

Asian Development Bank 2017a: p.23) 

 Project Impact Border Price 

Outputs Exports FOB price 

Substituting imports CIF price 

Inputs Imports CIF price 

Reducing exports FOB price 

CIF = cost, insurance, and freight. FOB = free on board. 

In some cases, border prices of individual project items either may not be available or include 

some difficulties in computation, then a conversion factor is applied. 

The economic prices of project outputs and inputs can also be derived from market prices by 

conversion factors (CF) (Asian Development Bank 2017a). A conversion factor is a ratio of 

economic to market prices. Conversion factors can be calculated both for a specific item and for 

an economy (Asian Development Bank 2017a). Standard Conversion Factor (SCF) is a 

measurement of the average difference between the world and domestic prices of an economy 
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(European Commission 2014).  An economic price of a commodity can be derived by multiplying 

the market price of the commodity by a conversion factor (Belli et al. 2001).  Below presented the 

simplified formula for estimation of the Standard Conversion Factor for any country (European 

Commission 2014: p.57). 

𝑆𝐶𝐹 =
(M + X)

(M + X + TM)
 

Where: M is the total value of import at CIF prices; X is the total value of export at FOB prices; 

TM is the total value of duties on import. 

 

2.3.3 Economic price of currency and wage 

 

Project tradable items are valued by border prices, and border prices are in foreign currency. 

Project non-tradable items are valued by domestic prices and domestic prices are in national 

currency. Therefore, foreign currency conversion into local currency needs or vice versa. Trade 

protections and other trade policies result in distortions of official foreign currency exchange rates. 

To bring economic prices to the same currency the shadow exchange rate (SER) is used in project 

economic analysis, which is the economic price of foreign currency (Asian Development Bank 

2017a). The ADB’s ‘Guideline for The Economic Analysis of Projects’ (2017) defines the shadow 

exchange rate as ‘the ratio of the value of all traded goods and services in an economy at domestic 

prices in local currency to the value of all traded goods and services in an economy at world prices 

in foreign currency’(p.28). 

In project economic analysis, a market price of labor or actual wages also need to be adjusted. The 

economic price of labor is the opportunity cost of the hired labor by a project. Actual wages may 

not reflect the opportunity cost of labor due to unemployment or government interventions by 

minimum wage or legal restrictions of labor mobility (Belli et al. 2001). Therefore, a shadow wage 

rate is applied, which is the opportunity cost of labor. The shadow wage can be defined by 

output/wage forgone due to labor employment on a project. For simplification, labor can be 

categorized based on skills for valuing economic prices. Different skilled labor will have different 

opportunity costs. (Asian Development Bank 2017a).  At a high unemployment level, there should 

be some reservation wage below which people prefer unemployment to employment. Otherwise, 
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a shadow (also named economic) price of labor at high unemployment level can be zero, which is 

not realistic because people will not work for free (Belli et al. 2001).  

 

2.3.4 Willingness-To-Pay valuation approach for environmental externalities 

 

Willingness-To-Pay (WTP) or marginal Willingness-To-Pay approach is used to estimate project 

direct benefits and externalities in project economic appraisals. Willingness-To-Pay (WTP) or 

marginal Willingness-To-Pay measures the maximum amount that people willing to pay for one 

unit product (European Commission 2014).  Willingness-To-Pay (WTP) is useful to value goods 

and services that do not have markets such as environmental externalities. Environmental 

externalities or other externalities either positive or negative are side effects of projects. For 

example, power plants that pollute the air and reduce the air quality and increase the maintenance 

cost of nearby buildings. However, such environmental externalities are not included in the cost 

of power production even though those are costs to society. The example of positive environmental 

externalities is a forest that reduces a carbon dioxide level in the atmosphere (Belli et al. 2001). 

The willingness-to-pay approach is used to estimate the economic value of such environmental 

externalities. 

Three main methodological categories of the willingness-to-pay approach are (European 

Commission 2014): 

I. Revealed preference methods - These methods apply for actual behavior observation to 

estimate economic value. For example, the economic valuation of noise pollution can be 

by price differences of houses in a noisy area versus a quiet area with other conditions 

constant. Alternatively, the economic valuation of noise pollution can be by the cost of 

additional windows installation for protection due to traffic noise. The economic valuation 

of recreational resources can be by travel, administrative and insurance costs of 

tourists/visitors. 

II. Stated preference methods - These methods conduct surveys and ask people how much 

they are willing to pay for certain things. These methods apply surveys to value the 

economic value of environmental externalities. 
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III. Benefit transfer method - This method applies already existed economic estimations of 

environmental externalities after some adjustments based on specific project 

characteristics.  

All of these methods have advantages and disadvantages. It is difficult or impossible to value 

environmental externalities in monetary terms precisely. 

 

2.3.5 Economic value of greenhouse gas (GHG) emissions 

 

The avoided greenhouse gas emissions resulted from wind power projects are environmental 

benefits. The economic valuation of greenhouse gas emissions is shown here with the methodology 

of the European Investment bank and the European Commission. Carbon dioxide CO2 values 

applied by the European Investment Bank (EIB) have high, central and, low price levels. Also, 

considering the marginal impact of increased emissions, the annual adders are applied. The central 

value for 1-tonne carbon dioxide applied by the EIB is 25 EUR  and from  2011 to 2030 period 1 

EUR adding for each year (European Investment Bank 2013). 

The valuation of other greenhouse gases than carbon dioxide CO2 is by converting them into 

carbon dioxide emissions equivalent (CO2e) with a factor. The factor reflects the impact of specific 

greenhouse gas emission on climate change/global warming. For, example if carbon dioxide CO2 

unit is equal to 1 and methane CH4 unit is 25, then the climate impact of 1 unit methane is 25 times 

larger. Moreover, the economic price of 1 unit methane will be 25 times 1 CO2 unit and times  CO2 

price for one unit (European Commission 2014). The factors to convert other greenhouse gas 

emissions to carbon dioxide emissions equivalent CO2e established by the International Panel on 

Climate Change (European Investment Bank 2013). In Table 2 illustrated the values of carbon 

dioxide emissions equivalent CO2e (European Investment Bank 2013: p.25). 

Table 2: Value of carbon in EIB appraisal (EUR/t CO2e), (European Investment Bank 2013: p.25) 

 Value 2010 emission Annual adders 2011 to 2030 

High 40 2 

Central 25 1 

Low 10 0.5 
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2.3.6 Incremental and non-incremental project inputs and outputs 

 

In project economic analysis, an incremental and non-incremental distinction between project 

inputs and outputs are needed. 

Incremental and non-incremental project inputs and outputs (Asian Development Bank 2017a): 

• Non-incremental outputs are project outputs that substitute existing production, 

•  Incremental outputs are project outputs that expand supply to meet additional demand, 

• Incremental inputs are project inputs that expand the supply to meet project demand, 

• Non-incremental inputs are project inputs that have fixed supply in the short term, and 

project demand draws the input away from other users. 

Incremental and non-incremental project inputs and outputs valuations are different depending on 

a guideline and methodology. For example, project inputs that lead to increases in production 

supply then the estimation of such project inputs is by a marginal cost of producing one additional 

unit of that input. Moreover, the estimation of project inputs that will not result in production 

supply increases and will reduce consumption from alternative users is by a willingness-to-pay 

method (European Commission 2014). 

 

2.3.7 Economic life, residual value and land use  

 

The economic life of an asset is the period over which the asset is usable or operable for its 

designed purpose with repairs and maintenances (European Investment Bank 2013). The shadow 

price of the project's residual value should be estimated and included in project economic 

appraisals. The residual value of projects’ assets is the remaining value over the project life. For 

example, projects' assets may have a longer economic life than projects' operating period, then the 

residual value of those assets should be estimated and included in project economic appraisals. 

The residual value of projects' assets is the discounted remaining economic future net benefits of 

the assets (European Commission 2014). 

The economic value of land use in projects is its opportunity cost. The opportunity cost of land is 

the alternative use of it without the project (Asian Development Bank 2017a).  The opportunity 

cost of land use is the alternative use value of the land. If there is a land market and it sufficiently 

represents the alternative land use-value, then any land purchased for projects is valued by market 
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prices after adjusted for price distortions. If the economic value of land for the specific project 

derive by its market price after price adjustments, then its residual value should be included in the 

economic analysis. If rent or lease charges used to estimate the opportunity cost of the land, then 

no residual value should be included (Belli et al. 2001). 

 

2.3.8 Constant prices 

 

In the project economic analysis, constant prices of a base year are used to measure benefits and 

costs. Constant prices are measured by deducting general inflation effects from current prices. 

Constant prices also termed real prices (Asian Development Bank 2017a). The factors that result 

in price level changes in goods and services are inflation and supply/demand changes (Belli et al. 

2001).  Constant prices may include the effects of supply and demand changes over the project 

life, but inflation effects will not include. Constant prices make costs and benefits comparable for 

a different point of time in project economic analysis. 

 

2.4 Social discount rate and economic performance 

 

After project costs and benefits valuations, discounting of future net benefits needed to bring all 

benefits in the same base and estimate the economic performance of a project. The social discount 

rate (SDR) also termed the economic discount rate is for discounting project future net benefits in 

project economic analysis. The social discount rate reflects the value of future benefits and costs 

against present ones from a societal perspective. There are different approaches to estimate the 

social discount rate. One of the widely used approaches is the social rate of time preference (SRTP) 

(European Commission 2014).  There are different methods to measure the social rate of time 

preference (SRTP): one way is looking at returns on governments bond. Another method assumes 

that society prefers consumption today over tomorrow, consumption possibilities grow over time 

and additional social benefits from more consumption decline (European Investment Bank 2013). 

The ADB's revised new default social discount rate is 9% for project economic analysis (Asian 

Development Bank 2017a). The European Commission's recommended social discount rate for 

member countries is 3% or 5% depending on the state for the 2014-2020 period (European 

Commission 2014). The EIB for projects in the European Union applies social discount rate 
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ranging from 3.5% to 5.5% depending on characteristics of the national economy (European 

Investment Bank 2013). 

Projects Economic performances are measured by the Economic Net Present Value (ENPV) and 

the Economic Internal Rate of Return (EIRR). The Economic Net Present Value (ENPV) is the 

difference between the discounted total social benefits and costs; a project is economically viable 

and adds social value when the ENPV is positive. The Economic Internal Rate of Return (EIRR) 

is the rate at which the ENPV has zero value (European Commission 2014). A project is producing 

positive social benefits if a project's EIRR is higher than the social discount rate. Lending 

institutions such as the EIB and the ADB require that projects have positive ENPV and at the same 

time be financially profitable to get funding/loans. As illustrated in Figure 2, the European 

Commission provides grants to projects with positive ENPV and negative FNPV (European 

Commission 2014: p.20). 
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CBA – Cost-Benefit Analysis, project economic analysis also termed cost-benefit analysis. 

FNPV – Financial Net Present Value. 

 

Figure 2: The role of project economic analysis/CBA in grant funding by the European 

Commission (European Commission 2014: p.20). 
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Figure 2 shows how the European Commission applies a project economic appraisal results as a 

decision-making tool for funding. The funding instrument used by the European Commission is a 

project grant. A project with positive financial results (FNPV > 0) is not eligible for a grant as it 

can be in the interest of private investors. A project with negative financial results (FNPV < 0) is 

eligible for a grant by the European Commission when the project at the same time has positive 

economic results (ENPV > 0). So, the European Commission gives grants for projects that are 

beneficial for society but not profitable from a business perspective. That is an example of how a 

project economic analysis result used in practice to make a funding decision.  

 

2.5 Differences in project economic and financial analysis 

 

There are some differences in project economic and financial analysis, which summarized in Table 

3. 

Table 3: Differences between project economic and financial analysis 
 Project financial analysis Project economic analysis 

Perspective  Project entity  Economy and society 

Project costs and benefits  Occurring actual project costs and 

benefits for a project entity 

Project costs and benefits occurring 

for an economy in comparison with 

the next best alternative project, 

including non-market impacts 

(externalities) 

Project costs and benefits 

valuation 

Market prices Economic prices also named 

shadow prices 

Future project costs and benefits 

discounting 

Weighted Average Cost of Capital 

(WACC) 

Social Discount Rate also named 

economic discount rate  

 

Table 3 shows the differences in project economic and financial analysis. The differences are in 

costs and benefits counting, valuation methods, and discount rates.  
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 CHAPTER 3. LITERATURE REVIEW 

 

This Chapter presents the literature review of the costs and benefits of wind power projects. The 

discussed costs of wind power projects are the following: capital, operations and maintenance, 

network upgrade, balancing, negative environmental externality, and voltage control costs. The 

discussed benefits of wind power projects are the following: capacity, fuel saving, environmental 

and health benefits. 

The purpose of this Chapter is to familiarize a reader with the costs and benefits of wind power 

projects. 

 

3.1 Wind power costs  
 

The number of identified cost items in wind power projects varies depending on many factors. 

Such factors are locations, energy mix, energy system interconnections, and project capacity. The 

economic appraisals of wind power projects consider all occurring costs of wind power projects 

from a societal perspective.  

Denny (2007) discussed the following costs of wind power in her doctoral dissertation on 'A Cost-

Benefit Analysis of Wind Power': capital, operations and maintenance, network upgrade, 

additional reserve, and cycling costs. Additional reserve and cycling costs are the results of active 

power control in power system balancing. Wind power projects also have negative environmental 

externality costs from a societal perspective and voltage/reactive power control costs due to grid 

code requirements. This study discusses the following costs of wind power projects: capital, 

operations and maintenance, network upgrade, balancing, negative environmental externality, and 

voltage control. 

I. Capital, operations, and maintenance costs are counted the large proportion of wind power 

projects (Denny 2007). The total installation costs of wind power projects include turbine, 

construction, grid connection, planning, and land use costs (IRENA 2018). Williams et al. 

(2017) forecasted the cost of wind power with the assumption that the trends of wind 

power cost reduction in the next two decades will follow the previous pattern. The results 

indicate that the cost of wind power will decline in 2030 compared to 2015 (Williams et 

al. 2017).  Innovations in wind turbines' design and a wide range of wind turbine designs 

offered by manufacturers are current trends that reduce wind power costs. A wide range 
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of wind turbines offered by manufacturers allows wind power developers to choose the 

most suitable wind turbine for any cite. As shown in Figure 3, the weighted average costs 

for wind power installations have declined globally by 70 % between 1983 and 2017  from 

USD 4880/kW to USD 1477/kW (IRENA Renewable Cost Database, cited in IRENA 

2018: p.94). 

 

Figure 3: Total installed cost of onshore wind power projects and global weighted average 

costs, 1989-2017  (IRENA Renewable Cost Database, cited in IRENA 2018: p.94). 

II. Network upgrade costs - arise when the transmission and distribution networks require 

update due to wind power installations. For example, network upgrade costs arise when 

installed wind power capacity is large, or wind farms are locating in a remote area and 

needs a network upgrade for power distribution. In the case of China, available wind 

resources centralized in Northwestern China where electricity consumption is low and 

wind power development in China characterized by long-distance transmissions (Xia & 

Song 2017).  In such cases, network upgrade costs may occur. 

III. Balancing costs -  A power system load and production must be equal or within allowed 

deviation for security reason. Power systems operate at some frequency (50Hz/60Hz). The 
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violation of balance between power consumption/load and production/generation in the 

power system will alter the frequency and threaten the stability of the power system (Basit 

et al. 2012). European Transmission System Operators must maintain a real-time balance 

between generated and consumed electrical energy (Mott MacDonald 2013). Balancing 

responsibility for a power producer is to match the output of forecasted electricity in real-

time (The European Wind Energy Association 2015). The balancing cost of wind power 

is an additional cost caused by wind power projects for a power system balancing. Chen 

et al. (2014) estimated the wind power balancing cost in case of China by the difference 

between total power system cost with wind power and without wind power. The result 

indicates that balancing costs of the power system are increasing with the increase in wind 

power capacity (Chen et al. 2014). Frequently forecasts and observations of wind 

resources and power demands will minimize uncertainties associated with wind power 

generation. More often observations allow to capture more uncertainty of wind and reduce 

costs of balancing (Tuohy et al. 2009). 

✓ Additional reserve costs - Wind power is a variable renewable energy source, and 

production forecasts are not 100% reliable, for the system security reasons 

additional reserves capacity is needed to meet possible net load changes (Sader 

1993). There are two types of reserve services spinning reserve and supplementary 

reserve. The spinning reserve of the power plant is the difference between the 

available power generation capacity and actual power output. Reserve power 

plants in a power system are supplementary reserves (Basit et al. 2012). Thermal 

and hydropower plants can serve as an additional reserves capacity for wind power 

variations. Thermal and hydropower plants' ability to absorb variation from wind 

power projects depend on economic, technical and environmental factors. The 

output rate in a power system which allowed for change is ramping rate (World 

Bank 2015b). Wind power generators also can be used to provide capacity for a 

power system balancing. Wind power generators can ramp down/downward when 

they produce electricity and ramp up/upward when they operate below their 

potential. Technically it is possible that wind power generators provide both 

positive and negative reserve (Hirth & Ziegenhagen 2015). The variable costs of 

wind power generation are low (Henriot 2015).  It is costly to operate wind power 
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generators below their potential output. For economic reasons, wind power is 

better suited to provide downward balancing (Hirth & Ziegenhagen 2015). Wind 

power generators in most cases only partly allowed to participate in power system 

balancing because of legal requirements and other market arrangements. Wind 

power generators participation in balancing markets will provide significant 

flexibility to the system (The European Wind Energy Association 2015). A power 

system flexibility is a key to achieve high wind power share (Hirth 2015).  

The cost of having additional reserve capacity in a power system is a cost for 

society regardless of who bears it. In project economic analysis, should be included 

all costs for having an additional reserve capacity due to a wind power project.  

✓ Cycling costs - In power systems, some power units are available steadily most of 

the time. Those units are baseload units (Denny 2007). The conventional power 

units that serve as a baseload usually designed for continuous operation but not 

variable operations (Denny & O’Malley 2009). When the power units designed for 

continuous operations but start to operate at variable mode to meet the power 

demand, then those power units are subject to stresses and strains due to switching 

on and off. That variable operation of power units by switching on and off called 

cycling effect (Denny 2007). Wind power installations may result in increased 

variability in a power system hence induce cycling effect when conventional power 

plants used to balance wind power variations. Cycling effects in the power system 

result in additional operations and maintenance costs, lower efficiency, less output, 

and shorter operational life (Denny & O’Malley 2009).  The power unit's cycling 

costs also include extra fuel, auxiliary power, chemicals, and workforce costs for 

each startup (Lefton et al. 2002). Cycling costs induced by variable energy sources 

may significantly offset the benefits of greenhouse gas savings in some cases 

(Denny & O’Malley 2009). Cycling costs due to wind power projects should be 

included in project economic analysis regardless of who bears the cost. 

IV. Voltage/reactive power control costs - Equipment of power system utilities and consumers 

are designed to operate at a specific voltage level so the voltage level in a power system 

must be either constant or within a very narrow range (Sourkounis & Tourou 2013). In 

transmission lines, the reactive power transfer controlled by the difference in the voltage 
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magnitudes at the sending and receiving point and a mismatch in reactive power demand 

and supply will alter the voltage at that point (Basit et al. 2012).  Wind farms can support 

the voltage level by injecting or absorbing reactive power (by generator and shunt). Wind 

farms also required to contribute to voltage regulations in the system by adaptations to 

national grid codes (Sourkounis & Tourou 2013). Sáiz-Marín et al. (2015) estimated the 

economic impact of providing different types of voltage control by wind farms in the case 

of Spain. The results indicate that the voltage control by wind farms increase in active 

power losses in the networks of those farms and reduce sub-transmission grid losses and 

full network optimization will better off in terms of loss reduction (Sáiz-Marín et al. 2015). 

Qin et al. (2018) proposed a decision-making algorithm for Danish automatic voltage 

control system, which is to minimize the grid losses while maintaining voltage magnitude 

at an acceptable level. The results show that wind farms' contribution to the automatic 

voltage control system has reduced the system losses (Qin et al. 2018). In project economic 

analysis, total power system loss reductions are benefits for an economy. 

V. Environmental externality costs - The negative impact of wind farms on biodiversity, 

landscape, and marine ecosystem are negative environmental externalities. Wind farms' 

visual and noise effects, and impact on birds are more often discussed. The estimation of 

environmental negative externality costs of wind farms can be by the willingness-to-pay 

approach/non-market valuation methods. Brennan & Van Rensburg (2016) estimated 

communities' willingness to accept wind farms' negative externalities in Ireland. The study 

indicates that the majority of survey respondents are willing to accept negative 

externalities associated wind farms for monetary compensation (Brennan & Van Rensburg 

2016). In that case, the compensation can be used as a proxy to value wind farms negative 

externalities. Mattmann et al. (2016) presented quantitative non-market valuation meta-

analysis of wind power externalities based on a data set of 60 observations drawn from 32 

studies. The analysis state the importance of visual effects for wind power acceptance. 

Also, the negative impacts of wind power projects on biodiversity (bird life) are not 

significant in welfare measures (Mattmann et al. 2015). Birds mortality due to wind 

turbines in the US is estimated 0.003 percent of total annual bird mortality from 

anthropogenic sources (Erickson et al. 2005).  Bergmann et al. (2006) evaluated the 

external costs and benefits of different renewable energy technologies in Scotland for 
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drawing the net social benefits of different renewables investment strategies. The external 

impacts of wind farms (the large offshore, large onshore and small onshore wind farms) 

on landscape quality, wildlife, and air quality are estimated. The results show that the large 

offshore and the small onshore wind farms have positive welfare effects, and the large 

onshore wind farm has a negative welfare effect due to a higher impact on the landscape 

(Bergmann et al. 2006).  

Offshore wind farms have negative externalities on a marine ecosystem. Considering 

marine ecosystem characteristics for each offshore wind farm site selection can minimize 

negative externalities (Snyder & Kaiser 2009). 

Wind farms have relatively lower negative environmental externalities in comparison with 

conventional energy sources. A low negative impact on the environment is still not zero 

impact, and it is a cost from a societal perspective (Giberson 2013). 

The economic cost of wind power can be higher than the cost borne on wind farm owners. 

Simmons et al. (2015) in the report on ‘The True Cost of Energy: Wind Power’ investigated the 

cost of producing electricity from wind power in the USA by considering capital costs, operation 

and maintenance costs, transmission costs, baseload cycling, social and environmental costs, and 

the cost of government subsidies. The results state that wind power costs are higher than actual 

market estimates (Simmons et al. 2015). 

 

3.2 Wind power benefits  

 

The number of identified benefits of wind power projects vary depending on locations, energy 

mix, energy system interconnections, project capacity, and other factors. The economic appraisals 

of wind power projects consider all occurring benefits of wind power projects from a societal 

perspective. Wind power projects have a capacity, fuel saving, environmental, and health benefits. 

I. Capacity benefits -  A capacity benefit of wind power is measured by the amount of 

conventional energy generation that could be replaced by additional MW wind power. The 

wind power capacity benefit is an avoided/saved cost for building and maintaining 

additional conventional power generation (Denny 2007). Capacity benefits/credit of wind 

power projects can range from zero to some fraction: zero capacity credit when wind power 

generations have no impact on a power capacity expansion and some capacity credit when 
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wind power generations expand a power capacity (World Bank 2015b). A wind power 

generation cannot be directly compared with conventional power plants as an intermittent 

renewable source: wind power generation output varies during a year. Another factor to 

consider is whether a wind power generation replaces peak or off-peak generation in a 

power system (European Investment Bank 2013). A capacity credit of a wind power project 

displacing a conventional power plant is a case-specific: roughly a wind power capacity 

credit for replacing thermal power is the same as its capacity factor (World Bank 2015b). 

For example, 1000MW of wind power generation with 34% capacity credit will save the 

costs of building and maintaining a 378MW conventional plant with 90% availability 

(378MW times 0.9 = 340MW), (Denny 2007). Table 2 illustrates the Economic Internal 

Rate of Returns (EIRR) with and without emissions benefits for different capacity credit 

scenarios in case of the 100MW wind power project with CCGT alternative. Giving 100% 

capacity credit benefits for wind power projects will result in overestimation of the EIRRs. 

Counting 100% capacity credit benefits for wind power projects is not reasonable as 

already discussed above wind farms cannot be directly compared with convention power 

plants. Alternatively, giving a 0% capacity credit benefit for wind power projects can result 

in underestimation of the EIRRs and make the projects economically not viable (World 

Bank 2015b). The capacity credit to each wind power project case should be assigned 

carefully and correctly, because it may impact significantly on projects’ economic viability. 

Table 4: Capacity Credit and EIRR (World Bank 2015b: p.74)* 

Avoided cost = benefits Capacity Credit  EIRR EIRR included benefits 

from avoided emissions  

Capital Cost of CCGT 100% 11.2% 12.8% 

Capital Cost of CCGT 0% 8.2% 9.6% 

Capital Cost of CCGT 65% 10% 11.5% 

* The table is based on the wind power project case illustrated in the World Bank’s Guidelines for Economic Analysis 

of Power Sector Projects, Technical Note 

EIRR - Economic Internal Rate of Return 

CCGT - Combined cycle gas turbine 

II. Fuel saving benefits - When wind power projects replace conventional fossil fuel-based 

power generators, then the costs of fuel used by the conventional power plants will be 

avoided. These avoided fuel costs are benefits for wind power projects. In the European 

continent, a combined cycle gas turbine (CCGT) is a common alternative for renewable 
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energy projects. The fuel cost usually is the largest in the alternative fossil-fuel based power 

generation costs (European Investment Bank 2013). The avoided cost of fossil fuel due to 

wind power is a principal economic benefit (World Bank 2015a). The value of fuel-saving 

benefits depends on the quantity and price of fuel saved (Denny 2007).  

III. Environmental benefits - Wind power generation can reduce greenhouse gas emissions by 

replacing conventional fossil-fuel based power plants, which creates emissions by fuel 

burnings (Denny 2007). The amount of carbon dioxide emissions depend on the quantity 

of fuel burnt and the amount of carbon in the fuel (Denny & O’Malley 2006). The estimated 

carbon dioxide emission saving is 0.28 tCO2/MWh in the case of Ireland, and the low 

amount of carbon emission savings are due to the variability of wind power generation 

(Wheatley 2013). The variability of wind power negatively impacts on a power system by 

resulting cyclic effects, which increase the emissions (Denny & O’Malley 2006). The 

quantity of carbon dioxide savings due to wind power generation varies case by case 

depending on power system characteristics.  Other environmental benefits of wind power 

can be avoided damage on crops and forests by local air pollution and, also, avoided water 

pollution from conventional power plants (World Bank 2015b). The valuation of economic 

benefits in such cases is difficult. Munksgaard & Larsen (1998) estimated the socio-

economic impact of wind power in the case of Denmark by considering emission savings, 

noise, and visual effects. The results indicate that the environmental benefits of wind power 

are significant, and wind power generation is more advantageous than coal-fired power 

generation (Munksgaard & Larsen 1998). 

IV. Health benefits - Air pollution negatively impacts on human health. Wind power projects 

may result in avoided damage costs associated with air pollution on human health by 

replacing conventional fossil fuel-based power plants (World Bank 2015b). The avoided 

damage cost associated with air pollution on human health is a benefit for wind power 

projects. The health benefits of wind power vary by installation locations, the 

characteristics of electrical grids, type of displaced power plants and population patterns 

(Buonocore et al. 2016). There are many literature documents on the methodology of 

valuing impacts of ambient pollution levels on human health (World Bank 2015b). As 

stated in the World Bank's Guidelines (2015) for Economic Analysis of Power Sector 

Projects ‘including such damage costs in the context of a project cost-benefit analysis 
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requires the additional step of estimating the incremental change in ambient exposure 

attributable to the incremental emissions of a power project’ (p.106). McCubbin & 

Sovacool (2013) quantified the health and environmental benefits of wind power in 

comparison with power generation from natural gas in the case of the Altamont Pass 580 

MW and the Sawtooth 22 MW wind farms locating in the USA. The result is that the 

Altamont wind farm will avoid 1.8–11.8 cents/kWh and the Sawtooth wind farm will avoid 

1.5–8.2 cents/kWh costs related to human health and climate externalities (McCubbin & 

Sovacool 2013). 

The net economic benefit of wind power is the difference between the total economic benefits and 

costs of wind power. Discounting future net benefits of wind power projects at a social discount 

rate will allow estimating the welfare impact (lose/gain) of wind power projects.  

For example, Moran & Sherrington (2007) estimated the economic feasibility of a wind power 

project in Scotland by cost-benefit analysis that includes positive and negative externalities. The 

result indicates a net welfare gain to society generated by the wind farm (Moran & Sherrington 

2007).  
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CHAPTER 4. METHODOLOGY 

 

This Chapter presents the methodology of the study and the summary of three onshore wind power 

project economic appraisals. 

 

4.1 Methodology   

 

There are methodological guidelines for power projects’ economic analyses including renewable 

energy projects by the European Investment Bank, the Asian Development Bank, the European 

Commission, the World Bank Group and other institutions. The economic analysis of renewable 

energy projects is for evaluating the economic impact of projects from a societal perspective. The 

project economic impact assessment is a decision-making tool for funding. The study emphasizes 

on economic analysis of onshore wind power projects. This Thesis aims to investigate the 

methodological differences of wind power project economic analysis and to indicate the preferred 

methodology among the considered cases.  

Identifying methodological differences in the economic analysis of onshore wind power projects 

will help to consider those differences and have improved methodology. The results of this study 

are for any investors of wind power projects that seek not only corporate profits but also social 

benefits. If wind power project investors have the objective of contributing to societal 

development, then they will use wind power project economic analysis as a decision-making tool. 

Such investors may consider the methodological differences identified in this study to improve the 

assessment of wind power project economic impacts. 

Applied methodology for this study is the comparison of wind power projects’ economic appraisals 

conducted by different institutions.  

The steps of how this study is conducted are presented in Figure 4.  
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Figure 4: Steps of the research process 

 

Methodological differences can be identified by the detailed comparison of the wind power 

projects' economic appraisals. For example, the comparison of identified project costs and benefits 

and valuation methods in the case studies. 

The case studies: 

1. Wind power project locating in Northern Europe -  the EIB case study.  

2. The Ceylon Electricity Board wind power project is in Mannar Island, Sri Lanka - the ADB 

case study. 

3. The wind power project is in the Isle of Man - the Mott MacDonald case study. 

The study compares the applied economic analysis methods in onshore wind power projects by 

Table 5. 

 

 



29 
 

Table 5: For methodological comparison of wind power project economic appraisals  
 Case Study 1 Case Study 2 Case Study 3 

Conducted Institution    

Project Type    

Economic life, years    

Capacity, MW    

Alternative Power 

Generation 

   

Costs    

   

   

   

Benefits    

   

   

   

Economic Discount Rate 

(Social Discount Rate) % 

   

Economic Performance 

Net benefits    

ENPV    

EIRR (also termed ERR) %    

Other Indicators     

 

4.2 Onshore wind power project economic analysis, case study 1 

 

The onshore wind power project case is from ‘The Economic Appraisal of Investment Projects at 

the EIB’ by the European Investment Bank. The onshore wind farm is in Northern Europe and has 

the 120 MW capacity. The summary of the wind power project economic appraisal (European 

Investment Bank 2013): 

o The wind farm capacity is 120 MW. 

o The wind resource assessment conducted with three years of onsite measurements at hub 

height. 

o The estimated economic life of the onshore wind power plant is fifteen years. 

o The expected annual output on average is 315 GWh. 
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o There is a well-interconnected power system at the location of the wind power project. 

o Power demand growth in the region is less than 1% annually. 

o Some output curtailment is estimated. 

o There is a correlation between the system demand and the wind farm’s output, roughly 

50% of output produced during peak periods. 

o The alternative for wind power generation is a CCGT power plant in the system. 

o Capital investment, operations & maintenance, balancing, and capacity penalty costs 

included in the economic analysis of the wind power project. The EIB includes balancing 

penalty and capacity penalty as costs in renewable energy projects: a capacity penalty for 

limited contributions and balancing penalty for additional system costs. Also, the EIB 

considers a benefit or a cost in renewable energy projects for replacing peak or off-peak 

power generations respectively (European Investment Bank 2013).  

o The project benefits are estimated by the economic cost of power generation by the CCGT 

power plant. The estimated economic cost for the CCGT power plant output is 

EUR90/MWh including environmental externalities and value of security supply 

(EUR10/MWh). Wind power projects generate security of supply benefits by replacing 

fossil fuel power generation hence reducing dependency on fossil fuel (European 

Investment Bank 2013). 

Table 6 illustrates the economic cost estimation example of power generation by CCGT in the EIB 

projects. This table is aimed to show an example of the economic cost calculation for power 

generation by CCGT, which is the best alternative source for the EIB wind power project 

considered in this Thesis. For example, the capital cost of any CCGT power plant will be included 

in the economic cost of CCGT power generation when without a proposed wind power project, a 

new CCGT power plant needs to be built (Full Cost Basis column in Table 6). When a wind power 

project replaces an actual operable CCGT plant, then only marginal economic costs of power 

generation by CCGT needs to be considered (Marginal Cost column in Table 6). 
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Table 6: Economic cost breakdown of power generation by CCGT, EUR per MWh 
CCGT Cost Breakdown Full Cost Basis Marginal Cost 

Capital 15 - 

All O&M 5 2 

Fuel Cost 55 55 

Environmental Externalities (CO2) 25 25 

Environmental Externalities 

(Others) 

2 2 

Security of Supply Penalty 10 10 

Total (EUR/MWh) 112 94 

 

The hypothetical example illustrated in Table 6 is based on the EIB's methodology for wind power 

project economic analysis. 

  

The Economic Internal Rate of Return, which also named Economic Rate of Return of the project 

is 12% at the 5% social discount rate. The calculations are illustrated in Table 7 and Table 8 

(European Investment Bank 2013: p.114). 

Table 7: Economic Assumptions (European Investment Bank 2013: p.114) 

Economic Assumption Units  

(1) Installed capacity MW 120 

(2) No. of turbines - 40 

(3) Unit capacity MW 3 

(4) Project cost MEUR 180 

(5) Construction start year - 2011 

(6) Net power production GWh/year 315.4 

(7) Load factor % 30% 

(8) Turbine availability % 97% 

(9) Economic value of power  EUR/MWh 90 

(10) Curtailment  Low 

(11) O&M  2% 

The project operation and maintenance (O&M) costs per annum on average estimated 2% of the 

project capital investment (180 X 2% =3.6). 
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Table 8: Economic rate of return and LCOE (European Investment Bank 2013: p.114) 

  Units PV* Year 

    -1 0 1 5 10 15 

 Capital 

Expenditures 

        

(12) Investment 

cost 

  50.4 129.6 180    

 Physical 

Output 

        

(13)=(6) Production GWh 3403.4 0.0 315.4 315.4 315.4 315.4 283.8 

(14) Curtailment GWh 62.0 0.0 0.0 3.2 9.5 9.5 5.7 

(15)=(13)-(14) Net Sales GWh 3341.3 0.0 315.4 312.2 305.9 305.9 278.1 

 Expenditures         

(16)=(12) Capex M EUR 173.8 50.4 129.6 0.0 0.0 0.0 0.0 

(17)=(16)*(11) O&M M EUR 38.9 0.0 3.6 3.6 3.6 3.6 3.2 

(18)=(16)+(17) Total cost M EUR 212.7 50.4 133.2 3.6 3.6 3.6 3.2 

 Revenues         

(19)=(9)*(15) Economic 

value of 

electricity 

M EUR 300.7 0.0 28.4 28.1 27.5 27.5 25.0 

(20)=(19) Total revenues M EUR 300.7 0.0 28.4 28.1 27.5 27.5 25.0 

(21)=(20)-(18) Economic 

cash flow 

M EUR 88.0 -50.4 -104.8 24.5 23.9 23.9 21.8 

(22) Economic 

Rate of 

Return,  

%  12% 

 LCOE (5%, 

15Y) 

EUR/MWh  64 

 Unit cost EUR/kW  1500 

PV* is the present value at year 0 discounted at 5% 

LCOE - Levelized cost of energy 

The economic justification of wind power projects in the EIB is by comparison between a wind 

power LCOE for per MWh and a benefit of power generation for per MWh. The project is 

economically viable when the LCOE per MWh is lower than the economic benefit of power 

generation per MWh. 

The costs of the EIB project are: capital investment, operations & maintenance, balancing, and 

capacity penalty costs. Balancing and capacity penalty costs either can be included in LCOE or 

deducted from the economic value of power generation. However, the result will be the same. The 

benefit of the project is the economic cost for the same amount of power generation from the 

alternative CCGT power plant, which includes environmental externalities and value of security 

supply. The LCOE and the economic value of power generation are estimated 64 EUR/MWh and 

90 EUR/MWh respectively (European Investment Bank 2013). 
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4.3 Onshore wind power project economic analysis, case study 2 

 

The Ceylon Electricity Board (CEB) onshore wind power project economic analysis conducted by 

the Asian Development Bank's guidelines. The Ceylon Electricity Board (CEB) wind power 

project is in Mannar Island, Sri Lanka. The summary of the Ceylon Electricity Board wind power 

project economic appraisal (Asian Development Bank 2017b): 

o The installation of 100-megawatt (MW) wind farm and 150 megavolt-ampere reactive 

power compensation equipment for voltage stability. 

o The estimated project construction period is three years. 

o The wind farm will start to operate at the beginning of 2021. 

o The operational life of the project in the economic analysis is 20 years. 

o The estimated long-term average annual output is 345.7 gigawatt-hours (GWh). 

o The project’s costs and benefits are estimated at constant prices of 2017 for 23 years. 

o Financial charges and taxes are excluded. 

o The foreign currency is converted into local currency (Sri Lanka Rupee) at the shadow 

exchange rate. 

o The shadow prices are estimated by conversion factors. 

o The unskilled labor costs are estimated by the shadow wage rate. 

o The opportunity cost of the land use in the project assumed to be minimal due to the 

location and environmental conditions. 

o The wind power project partially will displace thermal power generation. The alternative 

for the wind power project is a thermal power generation. 

o With and without the project scenarios are compared to estimate the project benefits. 

o The avoided fuel costs and emissions are the benefits of the project. The displaced fuel for 

each year of the project economic life was estimated by Wien Automated System Planning 

(WASP) model and valued at CIF prices (Asian Development Bank 2017b). The avoided 

emissions were estimated for each year by the grid emission factor of Sri Lanka and valued 

at prices provided by the International Panel on Climate Change (Asian Development Bank 

2017b). 

o Project costs are capital, operations and maintenance costs. 
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The estimated Economic Internal Rate of Return (EIRR) is 16.6% at the 9% economic discount 

rate (also termed social discount rate), and the estimated Net Present Value is 16,487 million Sri 

Lanka Rupees (SLRs). The EIRR calculation is in Table 9 (Asian Development Bank 2017b: p.4). 

Table 9: Economic Internal Rate of Return calculation (Asian Development Bank estimates, cited 

in Asian Development Bank 2017b: p.4) 

(SLRs million), Note: All costs and benefits at 2017 constant prices 

Year Benefits Costs Net Economic 

Benefits  Non-

Incremental 

Benefit 

(Fuel Saving) 

Environmental 

Benefits 

(Reduction of 

CO2 emission) 

Capital Incremental 

O&M 

2018 - - 4,681 - (4,681) 

2019 - - 12,620 - (12,620) 

2020 - - 8,983 - (8,983) 

2021 4,179 1,608 3,385 494 1,908 

2022 4,280 1,640 - 494 5,426 

2023 3,716 1,673 - 494 4,894 

2024 4,127 1,707 - 494 5,339 

2025 3,965 1,741 - 494 5,212 

2026 3,744 1,776 - 494 5,025 

2027 5,030 1,811 - 494 6,347 

2028 4,914 1,847 - 494 6,267 

2029 5,235 1,884 - 494 6,624 

2030 4,647 1,922 - 494 6,075 

2031 4,344 1,960 - 494 5,810 

2032 5,385 2,000 - 494 6,891 

2033 5,489 2,040 - 494 7,034 

2034 5,097 2,080 - 494 6,683 

2035 5,015 2,122 - 494 6,642 

2036 4,937 2,164 - 494 6,607 

2037 6,307 2,208 - 494 8,020 

2038 6,307 2,252 - 494 8,064 

2039 6,307 2,297 - 494 8,110 

2040 6,307 2,343 - 494 8,155 

EIRR 16.6% 
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4.4 Onshore wind power project economic analysis, case study 3 

 

Project economic appraisal of the Isle of Man onshore wind power generation. The Isle of Man is 

an island in the Irish Sea. The onshore wind power project economic appraisal conducted by the 

Mott MacDonald consulting company. The economic appraisal presented to the Government of 

the Isle of Man. The description of the onshore wind power project in the Isle of Man (Mott 

MacDonald 2009): 

o The onshore wind power project of the Isle of Man has the 20 MW capacity. 

o Spinning reserve is required for the power system balancing. 

o The economic benefit of the wind farm comes from displaced fuel costs from thermal 

generation. The estimated annual benefit of displaced fuel cost is £3.2million pounds.  

o The estimated costs are: 

✓ The annual maintenance and overhaul costs due to cycling CCGT power plant are 

£200,000. 

✓ The estimated required reserve CCGT power generation for the power system 

balancing is 6MW. CCGT power generators are designed to operate at full 

capacity, and their operations below at full-capacity will cause efficiency loss. The 

estimated average annual efficiency loss is £817,920 due to having the 6MW 

spinning reserve. 

✓ The estimated revenue loss due to holding back the 6MW generation in reserve is 

£525,600 per annum. 

The annual net benefit of the wind power project is estimated £1.66million (illustrated in Table 

10). 

Table 10:  Costs and benefits of the Isle of Man wind power project (Mott MacDonald 2009: p.25) 

Benefit Pounds per annum   

Fuel cost saving £ 3 200,000 

Cost   

Cost of Efficiency losses £ 817,920 

Maintenance and overhaul costs  £ 200,000 

Revenue loss £ 525,600 

Total Cost £ 1,543,520 

Net Benefit £ 1,656,480 
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CHAPTER 5. RESULTS AND DISCUSSION 

 

This Chapter presents and discusses the methodological differences for each onshore wind power 

project economic appraisal in comparison with each other. 

 

The comparison of the applied methodologies for the economic analysis of the onshore wind power 

projects is illustrated in Table 11. 
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Table 11: The results of the comparison of the economic appraisals 
 Case Study 1 - EIB Project Case Study 2 - ADB 

Project 

Case Study 3 - Mott 

MacDonald Project 

Conducted Institution European Investment Bank Asian Development 

Bank 

Mott MacDonald 

Project Type Onshore wind power project Onshore wind power 

project 

Onshore wind power 

project 

Economic life, years 15 years 20 years n. a. 

Capacity, MW 120 MW 100 MW 20 MW 

Alternative Power 

Generation 

CCGT CCGT CCGT 

Costs Capital Investment Capital Investment Maintenance and overhaul 

costs 

Operations & Maintenance Operations & 

Maintenance 

Cost of efficiency losses 

Balancing  Revenue loss 

Capacity Penalty   

Benefits Fuel Savings Fuel Savings Fuel Savings 

Environmental Benefits Environmental 

Benefits 

 

Security supply value   

Economic Discount Rate 

(Social Discount Rate) 

% 

5% 9% n. a. 

Economic Performance 

ENPV Estimated Estimated Not Estimated 

EIRR (also termed 

ERR) % 

Estimated Estimated Not Estimated 

Other Indicators LCOE is compared with the 

economic benefits of power 

generation. 

n. a. n. a. 

Note n. a. -  not applied 
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The first case study is the EIB project: the wind power project economic appraisal is according to 

the EIB methodology. Below is the EIB project summary: 

✓ The identified costs are; capital investment, operations, and maintenance (O&M), 

balancing, and capacity penalty costs. The capital investment and O&M costs are valued 

at market prices with the assumption that market prices of goods and services reflect their 

economic values in open markets. 

✓ The estimated project benefits are the economic costs of the same amount of power 

generation from alternative (CCGT) source. The cost of the alternative (CCGT) power 

generation includes environmental externalities, security supply value, and avoided fuel 

economic cost. 

✓ The ERR is estimated at the 5% rate for fifteen years of project economic life. 

✓ The LCOE per MW is compared with the economic cost of the power generation (MW) 

from the alternative (CCGT) source for economic justification. 

The fifteen years of project economic life for any wind power project is short and cannot reflect 

benefits and costs after that period. The cost estimation at market prices with the assumption that 

market prices of goods and services reflect their economic values in open markets may not be 

accurate, and adjustments may be needed on market prices to reflect the economic value of goods 

and services. 

Compared with the EIB project, the costs of the ADB project are estimated by shadow (economic) 

prices and the estimated economic life of the ADB project is twenty years. 

Another difference between the EIB and the ADB projects is: in the EIB project are included 

balancing and capacity penalty costs and value of security supply as a benefit. 

The second case study is the ADB project: the wind power project economic appraisal is according 

to the ADB methodology. Below is the ADB project summary:  

✓ The project costs are a capital investment and O&M. The capital investment and O&M 

costs are valued by a shadow price. The economic cost of the equipment for voltage 

stability also included. 

✓ The estimated benefits are fuel cost savings and environmental benefits. The fuel cost 

savings and environmental benefits are estimated for each year of the project economic 

life. 

✓ Project benefits are identified by comparing with and without project scenarios. 
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✓ The EIRR and ENPV are estimated at the 9% rate for twenty years of project economic 

life. 

In comparison with the EIB project, in the ADB project balancing costs and security supply 

benefits are not considered. 

Other differences between the ADB and the EIB projects are: in the ADB project, all cost 

estimations are at shadow (economic) prices, and fuel savings and environmental externalities are 

estimated for each year of the project economic life by the WASP model and the grid emission 

factor of Sri Lanka respectively. 

The third case study is the Mott MacDonald wind power project economic appraisal. Below is the 

Mott MacDonald project summary:  

✓ The identified cost items are; maintenance and overhaul costs, efficiency losses, and 

revenue losses costs. 

✓ The project benefit is the avoided fuel cost. 

✓ The annual net benefit is estimated only for the first year. 

Compared with the other two projects, the estimation of net benefits for the whole project life 

period and environmental externalities are missing in in the Mott MacDonald project. The project 

costs and benefits evaluation should be for the project entire economic life period as the other 

discussed projects: otherwise, it is a misleading indicator. 

Another difference between the Mott MacDonald and the other projects is: in the Mott MacDonald 

project, the balancing cost estimations include all aspects and details. 

The EIB and the ADB projects are more comparable from the methodological perspective than the 

Mott MacDonald project. The Mott MacDonald project’s net benefits are only estimated for the 

first year of the project economic life. 

The summary of methodological differences between the EIB and the ADB projects is shown in 

Table 12. 
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Table 12: Methodological differences between the EIB and the ADB projects 
 Methodological differences between the EIB and the ADB projects 

EIB project ADB project 

Costs  Included 

Capital investment and O&M costs. 

Balancing and capacity penalty 

costs. 

Included 

Capital investment and O&M costs. 

The cost of reactive power 

compensation equipment. 

 

Not included 

Balancing and capacity penalty 

costs. 

Benefits  The estimated benefits are: fuel 

savings, avoided negative 

environmental externalities, and 

security supply value.  

The estimated benefits are: fuel 

savings and avoided negative 

environmental externalities. The 

benefit of security supply value is 

not considered even though there is 

a dependency reduction from fossil 

fuel. 

Valuation of costs and benefits Capital investment and O&M costs 

are valued at market prices with the 

assumption that market prices of 

goods and services reflect their 

economic values in open markets. 

Benefits are valued at 

shadow/economic prices. 

Costs and benefits are valued at 

shadow/economic prices. 

Project economic life  15 years 20 years 

Economic performance 

measurement  

Estimated 

EIRR and Economic Cash Flow. 

 

LCOE is compared with the 

economic benefits of power 

generation. 

Estimated 

 EIRR and ENPV. 
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CHAPTER 6. CONCLUSION  

 

 This Chapter presents the conclusion based on the results, also, limitations of the study and the 

suggestion for future research. 

This study compares the economic appraisals of three onshore wind power projects conducted by 

different institutions to identify the methodological differences. Shareholders and stakeholder of 

wind power projects may consider the methodological differences identified in this study to 

improve the assessment of wind power project economic impacts. 

 

Financial appraisals of wind power projects neither include economic justifications of projects in 

comparison with the next best alternative projects nor negative and positive externalities but 

include transfer payments such as taxes and subsidies. Also, in wind power project financial 

appraisals, the valuations of costs and benefits are at market prices and discounting of future costs 

and benefits at a market rate. Project financial appraisals are from projects' entity perspective and 

do not reflect impacts on society. The economic appraisals of wind power projects are for 

evaluating wind power projects' impact on an economy. Economic appraisals of wind power 

projects include economic justifications of projects in comparison with the next best alternative 

projects, consider negative and positive externalities but exclude transfer payments such as taxes 

and subsidies. Also, in wind power project economic appraisals, the valuations of costs and 

benefits are at shadow prices and discounting of future costs and benefits at a social discount rate.  

There are methodological guidelines from different institutions on how to conduct project 

economic analysis. 

This study aims to investigate the methodological differences of wind power project economic 

analysis and to indicate the preferred methodology among the considered cases.  

The results of this study are for any investors, institutions and government authorities involved in 

wind power projects and seek not only corporate profits but also social benefits. They may consider 

the methodological differences identified in this study to improve the assessment of wind power 

project economic impacts. 

This study compares the onshore wind power project economic appraisals: the wind power project 

economic appraisal by the EIB methodology, the wind power project economic appraisal by the 
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ADB methodology, the wind power project economic appraisal by the Mott MacDonald consulting 

company. 

The methodological differences between the EIB and the ADB projects are:  

➢ The estimated project economic life for the EIB project is fifteen years, and for the ADB 

project is twenty years. 

➢ In the EIB project are included balancing and capacity penalty costs and value of security 

supply as a benefit, while in the ADB project balancing and capacity penalty costs, and 

security supply benefits are missing. 

➢ The EIB project's capital and O&M costs are estimated by market prices and project 

benefits at shadow prices, while the ADB project's all costs and benefits are estimated at 

shadow prices. 

➢ In the ADB project, fuel savings and environmental externalities are estimated for each 

year of the project economic life, while in the EIB project is missing such detailed 

estimations of fuel savings and environmental externalities. 

The methodological differences between the Mott MacDonald project and the other projects are: 

➢ In the Mott MacDonald project, the estimation of net benefits for the whole project life 

period and environmental externalities are missing. 

➢ In the Mott MacDonald project, the balancing cost estimations include all aspects and 

details. 

The identified methodological differences complement each other rather than substitute: therefore, 

considering the identified methodological differences in further wind power project economic 

analysis will allow having improved and comprehensive evaluations. 

The conclusion is that the preferred methodology for onshore wind power projects economic 

analysis would be the methodology that considers the identified differences to improve the 

assessment of wind power project economic impacts. 

The limitation of this study is the small number of case studies. The objective reason for it is the 

difficulty to find publicly available wind power projects’ economic appraisals.  

The suggested topic for future research is how to improve current methodologies for wind power 

project economic appraisals. 
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