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ABSTRACT 

The success of wind power integration throughout Europe has been largely varied 

with some European countries showing large boosts in capacity compared to some which 

show none at all.  This Thesis looks at those countries that have been successful in order 

to determine which factors have led to this success and what if any lessons can be learned 

in order to assist other countries.  The countries studied make up the top three for total 

wind power capacity and top three for total capacity per capita.  The surrounding elements 

that affect wind power development are assessed and relevant trends are investigated and 

discussed.  Factors such as, support instruments and overall governance are discussed in 

detail with a number of trends being found.  Calculations were conducted developing an 

average mean annual percentage increase for total capacity which showed that countries 

with an undeveloped wind power industry switching to a form of quota system could show 

a boost to total capacity.  No evidence was found that suggested switching to or changing 

an existing feed in tariff system would result in a boost in installed capacity.  In assessing 

governance, a trend was discovered showing obligations and targets helped to drive boosts 

in capacity especially for the countries who implemented a quota system. Brining these 

two trends together it was determined that strong top level governance was required to 

actually kick start boosts in total capacity.  The use of combinations of support schemes 

is assessed and a trend determined that suggests that use a quota system as a primary 

support scheme is better suited to having tax incentives as a secondary with feed in tariff 

systems having financial support as a secondary system.  A plan for developing wind 

power in countries with undeveloped wind power industries is developed based on the 

trends identified within the Thesis.  This suggests that a switch to a quota system combined 

with strong EU and national Governance could help to boost capacity to a point at which 

time a switch to a form of FIT would be beneficial to build on this steady base. 

 

Keywords: Wind Power Development, Renewable Energy, Support Schemes, European 

Union, Renewable Energy Policy, RES-E, Governance. 
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NOMENCLATURE 

 

EWI European Wind Initiative 

EU European Union 

DE Germany 

DK Denmark 

SE Sweden 

ES Spain 

IE Ireland 
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RES-E Renewable Energy Sources for Electricity 

MW/ (h) Megawatt (Hours) 

GW/ (h) Gigawatt (Hours) 

kW / (h) Kilowatt (Hours) 

FIT (P) Feed in Tariff / (Premium) 

FIP Feed in Premium 

CfD Contract for Difference 

QUO Quota System 

TGC Tradable Green Certificates 

TAX Tax Regulations 

LON Low Interest Loans for Investment 

TND Tendering 

INV Investment Subsidies 

ROI Return on Investment 

RO Renewables Obligation 

NFFO Non Fossil Fuel Obligation 

GFC Global Financial Crisis 
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CHAPTER 1. INTRODUCTION  
 

1.1 BACKGROUND TO THE RESEARCH 
 

The European Wind Initiative (EWI) has as one of its many objectives to achieve a 20% 

share of wind energy in European Union (EU) total electricity consumption by 2020.  The 

others being, to maintain Europe’s technology leadership in onshore and offshore wind 

power, make onshore wind the most competitive energy source by 2020, with offshore 

following by 2030 and create 250,000 new skilled jobs in the EU by 2020.  It is known as 

the roadmap to reducing the cost of wind energy, paving the way for large-scale 

deployment of wind energy worldwide and securing Europe’s long-term technological and 

market leadership. Developing wind power from its current level in the EU power mix of 

14.1% in 2014, to the level that it accounts for 20% of the EU’s total electricity 

consumption by 2020 requires careful planning, legislation and investment in the right 

places (Pineda Et al. 2015).  Reaching this landmark will require a multitude of 

investments and technological advancements need to be developed, the more these 

technologies are developed the more they will come down in price and the more efficient 

they will ultimately become.  The wind farms themselves require financial support, which 

can come from any number of vehicles.  The success of one of these parameters will 

ultimately drive the other which will result in pushing the price for each down and the 

efficiency up.  An important aspect of wind power development at this relatively early 

stage is the support schemes that have been put in place to help make wind power 

competitive with other tried and tested electrical energy sources.  There are a number of 

support schemes used throughout Europe and the World all with varying levels of success. 

 

1.2 RESEARCH QUESTION 
 

A number of countries have shown themselves to be global leaders in wind power through 

their total capacity, the environment they have created for renewable energy development 

and the leadership shown in trying to maximise wind power implementation within their 
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own power mix.  Countries such as China, The United States of America and Germany 

have been consistently within the top three worldwide for total capacity.  These countries 

were closely followed at the end of 2014 by Spain, India and The United Kingdom.  As 

shown by Figure 1 of the top ten by capacity worldwide 50% of these were geographically 

located in the European Continent and belonged to the European Union.  Is this a 

coincidence? Are there any external factors or influences that encourage this 

development?   

 

What can we learn for wind power development in Europe by looking for trends in 

European Union (EU) Governance, the implementation of support schemes and historical 

capacity for Europe’s top three countries by total capacity and top three by capacity per 

capita? 

 

  

Figure 1 - Global Top Ten Cumulative Capacity December 2014 (GWEC, 2015) 



3 

 

1.3 JUSTIFICATION FOR THE RESEARCH 
 

In 2007, The EU Energy Action Plan and the Treaty of Lisbon, were agreed upon by the 

European Parliament and signified two important points for both wind energy and 

electricity in general within Europe.  These two legislative agreements were the first step 

in the implementation of a clear path towards major goals for renewable sources of 

electricity within Europe and signified a closer relationship for European Countries on 

matters relating to Electricity and Energy among other topics.  Within the EU there are 28 

countries all with various levels of wind power integration (Europa.eu, 2016). This Thesis 

plans on looking at the more successful countries to determine key trends that can be seen 

based on support schemes, governance and wind power capacity.  In doing so it is hoped 

that factors that led to a boost or reduction in wind power for a particular country can be 

identified, giving the reader an idea of ways in which wind power development can be 

successfully supported, be it financially, through strong governance or other trends 

discovered within the Thesis.  

 

1.4 DELIMITATIONS OF SCOPE AND KEY ASSUMPTIONS 
 

Only the top three countries by total wind power capacity and total capacity per capita 

have been investigated in detail as these are deemed to be successful cases in which we 

are able to study the various factors that led to their success.  It would probably be useful 

to investigate countries on the opposite end of the spectrum, those that have failed to 

promote wind power development resulting in a lack of growth, in order to learn what 

factors might prevent success. However, due to time and space restrictions that approach 

was not taken in this Thesis.   A study period of 1998 – 2014 is used for this Thesis, 1998 

being the first full year of the Kyoto Protocol as well as a good starting point with each of 

the countries at a similar point to at least one of the other study countries.  The countries 

assessed are Germany (DE), Denmark (DK), Sweden (SE), Spain (ES) and The United 

Kingdom (UK), these five make up our core group. In assessing the change in support 

scheme a control group of Belgium (BE) and Ireland (IE) are used.  Belgium and Ireland 
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have seen similar levels of initial capacity and went separate ways when changing their 

support schemes and are therefore good comparisons to our core group.  Countries 

included in this study are the most successful within Europe for wind power development, 

this gives us the opportunity to study the key elements that contributed to successful wind 

power development. 

 

1.5 DOCUMENT STRUCTURE 
 

Following this introduction, Chapter 2 introduces the basis for this Thesis through a review 

of relevant and related literature.  A number of studies are assessed and an overview of 

key concepts and opportunities for further research are identified.  The support schemes 

for wind power are defined and categorised as a reference to use throughout the Thesis.   

 

Chapter 3 then introduces the methodology and data that are going to be used throughout 

the Thesis.  Outlining the methodology and the parameters the reader is able to understand 

the reasons why certain data was used and how that data is then going to be used and 

interpreted in combination with other information gained.  The sources used to obtain 

information and data are defined and the Chapter is then concluded.  

 

In Chapter 4, the methodology is applied.  Data is analysed based on a number of pre-

determined parameters and presented within the Chapter.  This data is then analysed for 

and trends that become visible and these trends are then highlighted and presented 

throughout the Chapter. 

 

These data trends are then further analysed and discussed in Chapter 5.  The results 

obtained and how they can be identified and any external factors for these results.  Each 

of the trends found in Chapter 4 is presented in detail followed by a discussion regarding 

those trends what they mean as well as any limitations of the study.  
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The whole Thesis and its results are concluded on in Chapter 6, along with any areas of 

interest for further research identified.  The results from the application of the 

methodology and data analysis are discussed and potential outcomes from the trends found 

are concluded on. 
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CHAPTER 2. LITERATURE REVIEW 
 

2.1 INTRODUCTION 
 

Overall, there is a large quantity of literature available that evaluates support schemes for 

renewable energies from an econometric standpoint such as Sáenz de Miera et al. (2008) 

and Jenner et al. (2013).  Winkel et al. (2011) and Fürsch et al. (2010), also show the 

effects of the support schemes from the standpoint of a single country.  Additionally, there 

are copious amounts of information available online through the European Commission 

and the European Wind Energy Association’s website (EWEA, 2016).  To the author’s 

knowledge, there have been no definitive studies that focus solely on wind power and the 

effect different RES-E support schemes being implemented alongside differing 

governance have had on its development.   

 

Relevant and current literature has been reviewed in Subchapter 2.2 with a determination 

of what has been studied, an overview of the key concepts with each developing 

relationship or pattern between content.  Any gaps in research have been identified either 

through the author or through assessment of each piece of literature.  In Subchapter 2.2.1 

the support schemes available are listed and a brief description these is provided.  The 

Chapter is then concluded in Subchapter 2.3. 

 

2.2 REVIEW OF LITERATURE 
 

With the latest data available, we can see that as of end-of-year 2014, there is currently 

128.8 GW of installed wind power capacity both onshore and offshore in Europe.  This 

capacity is shared between all European Union countries with the largest share coming 

from Germany at 39,165.00 MW followed by Spain at 22,986.50 MW and the United 

Kingdom in third with 12,440.30 MW (Pineda et al, 2015).  Germany, Spain and the 

United Kingdom have been selected as the three with the largest wind power capacity 

(DE, ES and UK).  Additionally, the three largest European countries by wind power 
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capacity per capita are also studied.  These countries are Denmark (0.85 kW per capita), 

Sweden (0.56 kW per capita) and Spain (0.50 kW per capita).  As a result of these 

parameters, Spain has made it into both lists.  Using these five countries gives the reader 

a broad mixture of support schemes, capacity sizes and differing governance.  

 

Each of the countries use a mixture of support schemes as noted in the Renewable Energy 

Policy Database and Support (Res-legal.eu. 2015), making comparison and analysis more 

comprehensive.  The support schemes and the countries that are included are listed in 

Subchapter 2.2.1 and in Table 1. 

 

2.2.1 Support Schemes 
 

Support Schemes can be broken down further into a number of categories, Primary, 

Secondary, Price, Quantity, Investment and Generation.  Primary and Secondary support 

schemes are reviewed and defined in Del Rio et al. (2014), where the primary schemes are 

those that have been traditionally used for RES-E generation promotion and where the 

cost of which was generally borne by consumers.  Those being Feed in Laws (Feed in 

Tariffs and Premiums) Tradable Green Certificates (Quotas), Tendering and Net Metering.   

Secondary support schemes or instruments as they are often referred to as are generally 

used in combination with primary instruments and include, investment subsidies, soft 

loans and other fiscal incentives.  Additionally, secondary support schemes vary from 

primary as they are generally limited in the technologies and size of project they cover 

whereas primary instruments are often applied at a national level.  Price and Quantity or 

Investment and Generation are defined in Jenner et al. (2013), as two categories.  The 

policies may either regulate the price of electricity produced or regulate the quantity.  On 

the other hand policies may either support investment in RES-E projects or directly 

subsidise generation.  Table 1, shows the category each of the following support schemes 

falls into as well as the country’s that have deployed each scheme. 
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Table 1 - Renewable Electricity Support Policies and Countries. Modified from Jenner et al. (2013), to show which 

countries use which scheme as their primary support, as of end 2014. 

 

 

FIT – Feed in Tariff. 

 

A feed in tariff (FIT) is a commonly used support scheme and was the preferred support 

system for experts in the energy field when surveyed for the ‘Support Schemes for 

Renewable Energy’ (Wizelius, 2007).  A FIT works by paying the generator for electricity 

produced by the wind turbine that is fed into the grid.  The amount paid can either be fixed 

to a specified value, a predetermined time period or the life of the wind turbine (Everett et 

al. 2012), (Wizelius, 2007).   

 

FIP – Feed in Premium Tariff. 

 

Feed in premiums are paid on top of existing electricity market prices and other 

promotional strategies.  They pay a premium rate for electricity fed into the grid from 

renewable sources.  As such the rate is based on an electricity basis and as with FIT’s are 

generally fixed for a pre-determined contract period based on either time or capacity.  

FIP’s are in use in, Germany and Spain.  Each country has specific parameters with which 

the FIP is payable and to what extent (Batlle et al. 2012).  

 

CfD – Contract for Difference. 

 

Contracts for Difference (CfD) work in a similar way to a FIT and it is possible for the 

two to coexist in some form or another. CfD can also be known as a target price feed in 

tariff.  CfD was designed to help build confidence in the renewable energy sector and 
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works by stabilising prices received for electricity generated by these sources thus 

reducing uncertainty from a financial standpoint.  A guaranteed pre-determined price 

based on the wholesale rates for electricity is determined and known as the strike price.  If 

the price for electricity supplied from a renewable source is the same as this strike price 

then no further action is needed.  If the price falls below this strike price then a top-up 

payment will need to be made by suppliers.  In the case of the price received for generation 

being higher than the strike price, the generators will pay back the difference.  As with the 

FIT and FIP the CfD is a price based mechanism (TheGreenAge, 2015), (Department of 

Energy and Climate Change (DECC), 2013).   

 

QUO – Quota System. 

 

A Quota System (QUO) also known as a Tradable Green Certificate System (CER) or 

Renewables Obligation (RO) is in use in a number of countries such as Sweden and the 

United Kingdom.  The QUO is a quantity based mechanism where producers get a 

Tradable Green Certificate (TGC) based on their annual power production.  These 

certificates are then traded on the open market with the price being set by supply and 

demand.  Energy suppliers have an obligation to have a certain pre-determined portion of 

renewable energy in their overall energy mix and need to purchase these certificates to 

fulfil their quota (Wizelius, 2012), (Battle et al, 2012).  

 

TAX – Tax Regulations. 

 

Tax Regulations can come in many forms.  In Sweden for example, electricity generated 

by wind is eligible to a reduction in real estate tax and energy tax, reducing the taxes that 

need to be paid by wind power generators.  In the case of Sweden, the wind power plants’ 

land-owners are eligible for a reduced tax payment based on the value of the power plant, 

(RES-Legal.eu, 2015).   
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LON – Low Interest Loans for Investment. 

 

Low interest loans are currently used in the German system as a way to boost investment 

in wind power and other RES-E.  The system works with the government loaning money 

for the investments in eligible RES-E.  The loans are long term and can include a 

repayment free start up period of up to 3 years.  This particular case is specific to new and 

re-powering onshore wind power development.  There are similar systems in place for 

offshore with varying terms and conditions. Another similar system is in place for wind 

power development near the German border or for German companies developing outside 

of Germany (Wizelius, 2012), (Battle et al, 2012). 

 

TND – Tendering. 

 

A number of countries use tendering as a way of developing wind power and it is currently 

a popular choice for offshore wind power.  Governments will set out either a set capacity, 

geographical location or a certain budget for a project and invite developers to submit 

plans for a development based on one of the factors set out.  The tender that best fits the 

required plan is then chosen and awarded the project (Wizelius, 2012), (Battle et al, 2012).  

Tendering may not be widely considered by some as a support scheme in the traditional 

sense of financially supporting a technology through increased measures that promote the 

technologies uptake.  It is however, included in the reviewed literature as a support 

scheme.  

 

INV – Investment Subsidies. 

 

Investment subsidies are used at an early stage of wind power development in a number 

of countries.  Subsidies can occur at many stages of development and are country specific.  

For example, low interest loans may be offered at the feasibility study stage with payback 

only required upon a successful study and handover to a developer.  This was the case in 

Denmark and has proven successful (Wizelius, 2012).   
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A review of combinations of support instruments for renewable electricity in Europe Del 

Rio et al. (2014) has shown that combinations of support schemes are a prominent feature 

in European electricity policy.  The paper has identified a lack of analyses of the 

combination of support instruments in the EU and begins by defining the support schemes 

into primary and secondary instruments.  They continue to analyse the countries and 

identify the combinations of these support schemes per European country for all renewable 

energy sources for electricity (RES – E).  It was found that as expected there have been 

changes in the policy mix over the last decade and the researchers have identified a 

predicted move towards more market based schemes in the short to medium term.  These 

market based schemes will, however, still need to be combined with other primary and 

secondary instruments as a result of their limitations in promoting less mature 

technologies.  They conclude by stating that, instruments need to be combined in a 

coordinated manner to develop a robust and coherent policy mix that is effective in 

deploying RES-E without financially overburdening consumers.  What is not covered by 

the report, as it is outside the report’s scope, is the relationship between a country’s 

rationale, their governance goals mixed with political economy factors such as a lobby 

group’s effect on the combination of support schemes or the country’s international 

obligations towards renewable energies and emissions reductions, a gap that this Thesis 

will research. 

 

The support schemes for renewable energy have been identified in Fagiani et al. (2013), 

Del Rio et al. (2014) and Wizelius (2007) and then defined further again into primary and 

secondary instruments.  Investment Subsidies, Feed in Tariffs, Fixed Premiums, Tenders 

and Certificates were examined and identified through a 2005 report on support schemes 

for renewable energy based on investor confidence and effectiveness where over 500 

respondents were surveyed who indicated that of these 5 variants of support schemes, 

FIT’s were the most preferable with Green Certificates and Tendering coming in at the 

bottom (Wizelius, 2012).  This information touches the surface of preferential support 

schemes from the statistical and preferable point of view of the respondents.  What is not 
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taken into consideration is the effect of governance on the support schemes as well as a 

combination of support schemes or the level of each of these in a combination situation.  

 

In looking directly at FIT’s Jenner et al. (2013), have assessed the effectiveness of FIT’s 

in promoting renewable electricity capacity within the EU.  While FIT’s are thought to be 

the most preferable support scheme for the surveyed experts in the field (Wizelius, 2007) 

they have not actually led to a boost in the uptake of wind power, with no robust evidence 

being found to indicate that FIT polices have driven wind power development (Jenner et 

al. 2013). What was found in this econometric analysis was that the interaction of policy 

design, electricity price and production cost have a far greater influence in determining 

onshore wind power development than policy alone.  The report goes on to break down 

support policies again into investment and generation policies, and then into price and 

quantity variants of these, as shown in Table 1.  They also found that in the case of wind 

power the market return on investment (ROI) may be the primary driver of growth rather 

than the additional ROI provided by FIT policy; however, it was found that a FIT 

combined with a tendering scheme would help to drive growth.  This analysis, as with the 

expert survey did not take into account governmental affects or economic factors. 

Indications are that country specific characteristics such as geological, economic and 

political factors have a large influence on energy policy making and RES-E growth.   

 

The pros and cons of each of the support policies available are researched and reported in 

Battle et al. (2012).  A review of existing policy support mechanisms from power systems 

around the world and their regulatory implications on the overall energy market structure 

and its performance is completed.  It goes into more detail describing the support structures 

available breaking them down again into, price and quantity based mechanisms. The report 

builds on the details of the supports schemes and calls for an evolution of support 

mechanisms, moving gradually from priced based mechanisms such as the feed in tariff 

and feed in premium to auctions where it is suggested long term contracts would be 

suitable for onshore wind power once the market has gained sufficient expertise and a 
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healthy level of competition amongst generators. In using long term contracts it is hoped 

that investor confidence will be boosted.  The report further identified a lack of 

technologies and their relatively high cost as the main barriers to success, reducing these 

is only going to be done through investment and deployment. 

 

The timing and amount of investment has a real dependence on the support schemes that 

are available and chosen as well as any other corresponding uncertainty surrounding 

financial situations and governmental decisions. This is further investigated in Boomsma 

et al. (2012), where a real options framework to value, investment timing and capacity 

choice for renewable energy projects under different support schemes has been presented.  

The authors concentrated on the two most extensively implemented schemes, feed in 

tariffs and renewable energy certificate trading systems.  The report found that in the 

Nordic case, feed in tariffs encouraged earlier investment, while renewable electrical 

certificates encouraged larger projects to be developed.  They found a direct correlation 

showing that the revenue required to trigger investment under a quota system was 61% 

higher than that with FIT’s.  At the same time the investment capacity was also seen to be 

61% higher when triggered.  

 

Bringing this information together Kitzing et al. (2012), researches the development of 

renewable energy support policies in EU countries from 2000 – 2011.  Though it is an 

older study, it is relevant for this Thesis through the opportunity to assess the trends 

identified with what has actually happened in the years following the study.  The 

movement from no support strategies into early implementation and on to the development 

of a combination of support strategies over time is reported.   

 

2.3 CONCLUSIONS 
 

The literature review has highlighted the large extent to which literature is available on 

the subject of this Thesis.  However, at the same time, the review highlights where the 

literature does not exist or is not studied in depth for particular parts of the subject such as 
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the overall effect of governance and timing of support scheme implementation on capacity 

and wind power development throughout the EU and on a country basis specifically.  

 

In studying the literature, the author was able to identify the categories of support scheme, 

and further develop Table 1 by including the current support schemes by country to 

observe the difference between countries visually. Jenner et al. (2013), concluded that the 

use of a FIT within Europe has not directly led to a boost in the uptake of wind power 

capacity while a number of other studies have highlighted a FIT or FIP as the most 

attractive scheme.  This theory will be tested and discussed in more detail within this 

Thesis.   
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CHAPTER 3. METHODOLOGY AND DATA 
 

3.1 INTRODUCTION 
 

Assessing the already available extensive literature in depth as well as readily available 

statistics for our core and control group of countries to identify and understand underlying 

reasons for a country’s choice of systems and their motivations for this.  Taking this 

information and comparing it to statistical data such as the country’s current capacity, 

governance and how these have changed over time as well as any predicted trends, for the 

future it is hoped that a clear picture for the current position of wind power will be formed 

for these countries.  This will be followed with a discussion based upon the statistical and 

historical data as well as any discovered trends.  The whole Thesis will then be wrapped 

up in the conclusion.  In this Chapter a more in depth description of the methodology and 

a methodological flow chart is given in Chapter 3.2.  How the data will be processed and 

used to answer the questions posed by this Thesis is outlined in this section.  The 

parameters used for the study are described in Chapter 3.3.  Chapter 3.4, details how the 

data has been managed, how it has developed and how the data will be used is described.  

Chapter 3.5 gives the reader an overview of the data sources used.  Following this, the 

Chapter is wrapped up in the conclusion Chapter 3.6. 

 

3.2 DESCRIPTION OF THE METHODOLOGY 
 

The purpose of this Thesis is to examine the differing conditions for both the top three 

countries by total wind power capacity and by total capacity per capita, for any trends that 

resulted in a boost to wind power capacity.  The data is assessed, as is shown in the 

Methodological flow chart shown in Figure 2, looking for any direct correlation between 

governance, the use of support schemes as well as identifying and discussing any 

interesting trends observed.  Combining the literature available will be key in assessing 

the specific countries’ current positions and offer us the opportunity to develop a timeline 

of change to assess the effect particular factors have had on the countries studied hopefully 

highlighting some key factors that led to an increase in development. 
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Figure 2 - Methodological Flowchart with the Main Steps of Methodology 
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The Thesis uses a predominantly qualitative approach in assessing the chosen countries’ 

history, present and future for wind power and RES-E support schemes. Statistical data 

based on the parameters described in Table 2 obtained from the various sources described 

in Chapter 3.5 are brought together in Microsoft Excel and presented various forms of line 

chart’s and tables giving the reader a visible set of data that clearly shows the various 

external factors and the wind power capacity within the country at a particular point in 

time.  This data is then used to identify any major trends that assist in answering our Thesis 

question which then becomes the basis for the discussion and analysis in Chapter 5. It is 

hoped that in presenting the information in this manner, a clear correlation will be visible 

in the uptake of wind power and the support system in place for the country in question.   

 

Table 2 – Parameters used for data collection. 

PARAMETERS DESCRIPTION 

Capacity (MW) Total wind power capacity. 

Capacity Per Capita (c) 

(KW/c) 
Total wind power capacity per capita. 

Net Capacity 
The total new capacity installed that 

year. 

Population Total population for the year. 

Governance The political party in power. 

 

The development of support schemes has moved on a long way from the beginning for 

our core group, where investment grants were used back in 1979 in Denmark.  Often a 

country can be using a particular scheme and for one or another reason switch.  Examples 

of this are The United Kingdom, who in 2002 switched from a system of tendering through 

the Non Fossil Fuel Obligation (NFFO) to the Renewables Obligation (RO).  Each of the 

countries studied have had either an adaption to their current support scheme or major 

complete change to the support scheme.  In calculating the success in boosting wind power 

capacity total wind power capacity at a time of a change in the support scheme system and 

11 years in to the future will be used to determine the average percentage increase.  The 

average percentage increase over this period can then be used to determine the 
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successfulness of said change.  As a control group, Ireland and Belgium are also used for 

this calculation.  Ireland moved from a Tender System as did the UK but unlike the UK, 

Ireland moved to a FIT, Belgium moved from a FIT and on to a TGC system.  The addition 

of these two countries gives a good comparison group due to their differences and 

similarities to our core group. 

 

An overview of the changes to support schemes over time is assessed, in looking at the 

implementation of a scheme or multiple schemes and this evolution, trends may be 

found.  This new work can then potentially be compared with the conclusions of Kitzing 

et al. (2012), to assess the amount of convergence or divergence within these EU 

countries.   

 

3.3 DESCRIPTION OF PARAMETERS 
 

The top three countries for capacity and capacity per capita are included in the core group 

for this Thesis.  This gives up a total of five countries that data is taken from, Germany 

(DE), The United Kingdom (UK), Denmark (DK), Sweden (SE) and Spain (ES).  Spain is 

within the top three for both capacity and capacity per capita and therefore takes two 

positions, giving us a total of five countries to be assessed as shown in Table 3 and Table 

4.  Additionally, a control group was necessary to compare the results obtained from the 

core group in order to assess and identify any trends that presented themselves.  Belgium 

(BE) and Ireland (IE) were chosen for this role as their history for support schemes show 

similarities with the core group.  Belgium and Ireland had both seen changes in their 

support schemes around a similar time to the core group countries.  These changes are 

explained in more detail in section 4.5.  The geographically location of the countries 

included in the two groups is shown in Figure 3. 
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  The United Kingdom (UK) 

  Sweden (SE) 

  Germany (DE) 

  Denmark (DK) 

  Spain (ES) 

  Ireland (IE) 

  Belgium (BG) 

 

 

 

 

 

 

 

Figure 3– Geographical location of countries included. 

 

Table 3 – Top five European countries by wind power capacity (Pineda et al. 2015) 

Place Country 2014 (MW) 

1 Germany 39,165.00 

2 Spain 22,986.50 

3 UK 12,440.30 

4 Sweden 5424.80 

5 Denmark 4807.00 

 

Table 4 – Top five European countries by wind power capacity (Pineda et al. 2015), (Theworldbank.org, 2016) 

Place Country 2014 (kW - Per Capita) 

1 Denmark 0.85 

2 Sweden 0.56 

3 Spain 0.50 

4 Germany 0.48 

5 UK 0.19 
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To obtain a balance between current events and a country’s current position and its history, 

historical data is being limited to 1998.  Data will be used from the start of 1998 up to the 

end of 2014, to give us whole years’ worth of information to use.  Future trends and a 

prediction for the future will be made in the discussion and analysis, however, for the 

integrity of the data only whole years will be included.  In dealing with a change in 

governance often the incumbent political party is brought in at differing times during the 

year.  To simplify this situation, a percentage of the year will be calculated and the political 

party in power for the majority 51% or more of the year will be assumed as in power for 

the whole year.   

 

To assess the effect of a change in the countries support scheme the mean percentage 

increase in installed capacity (Tinc) is used as demonstrated by the Calculation (1). 

 

Tinc = Total Percentage Increase 

CAP1 = First Capacity Total 

CAP2 = Last Capacity Total 

Y = Years between CAP1 and CAP2 

Tinc = (CAP2 – CAP1) / CAP1 * 100 / Y (1) 

 

Two total wind power capacities are taken, the first is for the year ending the change in 

support system and the second for the year ending 11 years succeeding the change.  Eleven 

years are used as a sample size to reduce the effect of economic and governmental 

extremes and is the maximum available for some of the countries in the core group.  Of 

the control group, Ireland has most recently changed in 2005; as a result, data is incomplete 

for 2015 and therefore 10 years will be used.  The effect of this shortening in years is 

explained along with the results, but it is minimal. 
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3.4 DATA MANAGMENT 
 

The data that has been sourced is to be presented in the form of a line chart and tables.  

The charts used will be universal for each set of data with the years 1998 – 2014 on the X 

axis.  The Y axis will be variable depending on the unit of the data in question.  The data 

that has been gathered is placed into Microsoft Excel at which point a number of line 

charts can be developed along with the tables.  As a tool in assessing the effectiveness of 

a change in systems a simple percentage increase in total capacity for two set years is used.  

This is then taken and divided by the years giving us a mean average for the period.  EU 

governance is then assessed and built into a timeline of change, highlighting the main 

years for activity will give the reader a reference point when looking at the total capacity 

and net annual capacity charts hopefully highlighting some factors that may have 

influenced a change in capacity, be it positive or negative.  

 

3.5 DESCRIPTION OF DATA SOURCES 
 

Data for the study, as mentioned previously, comes from a number of sources that have 

readily available information on their website.  The European Wind Energy Association 

(EWEA) publishes an annual report on wind power within the EU.  The report includes a 

snapshot of how countries have fared with respect to wind power and includes statistics 

based on the previous years.  They also host historical data publicly available as far back 

as 1998 showing EU member countries historical data for wind power capacity.   

 

The World Bank compile data from officially recognised sources and host a large range 

of searchable information over various time series that has been useful for this Thesis.  A 

number of world development indicators were used from this source such as population.    

 

Changes in governance for each country and policy changes for the European Union were 

taken from a number of differing sources for each country, this information is then cross-
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referenced with data available from the countries themselves or the European Union where 

applicable, helping to build a timeline of change and important policy. 

 

The support schemes presented in Subchapter 2.2.1 and their descriptions were discussed 

in Everett et al. (2012), and Wizelius (2007) and their descriptions were built from the 

works reviewed within the literature review Chapter 2. 

 

3.6 CONCLUSIONS 
 

Chapter 3 has outlined the specific parameters needed by this Thesis to study a country’s 

wind power history and governance as well as the reasons why they were chosen and their 

meaning.  Some key markers have also been identified that will help the reader understand 

how a specific piece of information will be used further on in the Thesis.  The sources of 

data are also described, showing where information was obtained and its use for this 

Thesis. 
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CHAPTER 4.  APPLICATION OF THE METHODOLOGY AND 

RESULTS  
 

 

4.1 INTRODUCTION 
 

Chapter 4 contains the results of our application of the methodology starting in Chapter 

4.2 with an overview of the key data sets in Subchapter 4.2.1 to 4.2.3.  The data trends are 

then analysed in Chapter 4.3 with country specific information coming in Subchapter 4.3.1 

to 4.3.5.  Identified trends are then discussed in Chapters 4.4 to 4.7 and are then concluded 

in Chapter 4.8. 

 

4.2 RESULTS FROM DATA COLLECTION 
 

4.2.1 Capacity (MW) 
 

Each of the chosen countries wind power capacity per year from 1998 up until the end of 

2014 is shown in Figure 4.  Most notable has been the dominance of the German wind 

power market, being clear leaders throughout the period in question.  Spain has shown a 

large improvement in total capacity from around 2001 onwards with 2006 and 2008 also 

showing growth for Spain’s total capacity.  However, in 2012 Spain’s total capacity has 

plateaued.  This plateau is worth keeping in mind as the other factors are presented and 

investigated further on in this Chapter.  The United Kingdom, in third place in 2014 for 

total wind power capacity has not always been as strong capacity wise.  Up until around 

2008 it lagged behind a number of other countries until a boost in capacity from around 

2008 onwards.  Denmark has been a steady force for wind power capacity with small, year 

on year gains.  As of 2014 Denmark had not exceeded 5000 MW in total installed capacity 

and in 2014 actually recorded a reduction in total capacity. This could be down to a number 

of factors including availability, population or governance, which will be explored further 

in this Chapter.  Finally, Sweden comes in at the second lowest installed capacity at the 

end of 2014.  A position, moved up to from last among the examined group at the end of 

2013.  Sweden’s total capacity was pretty stagnate up until around 2007, which was the 



24 

 

point year on year increases started to be over 500 MW.  This figure has been rising year 

on year and from 2013 to 2014, the increase was over 1000 MW.   

 

 

Figure 4 – Wind Power Capacity per Year, 1998 - 2014 (Pineda et al. 2015) 

 

4.2.2 Per Capita (KW per Person) 
 

A different story is seen when it comes to wind power installed per capita with Denmark 

in a clear lead throughout the study period as shown in Figure 5.  Most noticeable for 

Denmark is the increase from 2008 onwards as well as the decrease from 2013 to 2014.  

Sweden has snuck into second place due to the boosts in total wind power capacity 

discussed earlier, as with Denmark in 2008 this boost has continued year on year.  Spain 

sits in third for capacity per capita in 2014 at a similar level to Germany with a difference 

of just over 0.01 kW.  That is where the similarities end. As expected with Spain’s total 

capacity plateau at around 2012, the total capacity per capita also plateaued.  Germany has 

been making steady progress year on year with no extreme up or down trends seen.  

Finally, the United Kingdom comes in last for wind power per capita in this study group.  
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The UK has seen a boost in capacity from 2008 onwards and as expected this correlates 

with a boost in kW per capita for the Kingdom. 

 

 

Figure 5 – Wind Power Capacity Per Capita per Year, 1998 - 2014 (Pineda et al. 2015) (Theworldbank.org, 2016) 

  

4.2.3 Population 
 

Population data was used to determine the total capacity per capita.  The population gives 

us the ability to assess the effect of rising and falling populations on the uptake or 

reduction in total wind power capacity.   The population for each country studied is shown 

in Figure 6.  
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Figure 6 – Population. 1998 - 2014 (Theworldbank.org, 2016) 

 

4.3 ANALYSIS OF DATA TRENDS 

4.3.1 Denmark 
 

4.3.1.1 Wind Power Capacity History 
 

Of the countries studied, Denmark is the leader for wind power capacity per capita with 

0.85 kW installed per person at the end of 2014.  Since 1998, Denmark has seen an overall 

increase in total capacity from 1443 MW at the end of 1998 to 4807 MW at the end of 

2014.  This increase in total capacity has come slowly but steadily over the study period.  

Most noticeable for increases are the years ending, 2000, 2002 and 2013 which saw an 

annual increase in capacity of 646 MW in 2000, 400 MW in 2002 and 683 MW in 2013.  

Interestingly, Denmark has seen a decrease in installed capacity during the years ending 

2014 and 2007 with a net installed capacity of -38 MW in 2014 and -11MW in 2007.  In 

the year end 2001 Denmark saw a total installed capacity increase of 72 MW compared 

with 646 MW the previous year 2000.  
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4.3.1.2 Governance 
 

Denmark went through two changes in government during the study period.  These two 

changes do not seem to have directly adversely affected wind power development in the 

country.  There was some positive benefits seen after a change in policy in 2001 discussed 

in the support scheme history below.  The lack of effect on wind power during periods of 

governmental transition can be attributed to similar long term strategies supported by the 

majority of politicians and political parties in Denmark (Winkel et al. 2011). 

 

4.3.1.3 Support Scheme History 
 

During this period Denmark has supported renewable energies through the use of a 

premium feed in tariff and a mixture of financial support loans.  Governance in Denmark 

seems to have been the driving force behind such a large uptake in wind power.  The 

government set out at an early stage that wind power had an important role in Denmark’s 

energy mix from 1990 – 1995 with a target being set that by 2005 the total wind power 

installed capacity was to be 1500 MW, a figure that was reached in 1999.  The success has 

been attributed to a stable legal framework with favourable feed in support schemes 

supported by the electricity policies of the majority in changing governments over time. 

This result was a very stable investment platform throughout the 90s that did not change 

until 2001 when the liberal – conservative government changed the rules on wind farm 

investment and opened ownership up to everyone including people and companies from 

outside Denmark.  Previous to 2001, most wind turbine installations were owned by either 

co-operatives or farmers.  The co-operatives could benefit from tax exemption for 

shareholders, a guaranteed minimum price system and preferential treatment for the 

neighbourhood. The farmers could write the investment off against the farming business.  

This change had an obvious effect on development with only 72 MW being installed in 

2001 after two consecutive years of growth followed by large increases in 2002 of 400 

MW and 2003 with 226 MW.  This opening up of the market, while it gave a large short 

term boost, plateaued in 2004 until 2009 with a maximum of 38 MW net capacity being 
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installed in 2008.  In 2004 the Danish Parliament reached an agreement to boost wind 

power by another 350 MW through re-powering and through tendering for two 200 MW 

offshore wind farms. This work was expected to show from 2008 onwards, following 2008 

the majority of works would have to be completed offshore or via re-powering onshore 

wind farms as viable sites were becoming scarce.  This may be reflected and could explain 

the fact that Denmark has come in lowest of the studied countries for percentage increase 

with total wind power of 233.13% at an annual average of 13%.   

 

4.3.2 Germany 
 

4.3.2.1 Wind Power Capacity History 
 

Germany has shown itself to be a leader in wind power capacity throughout Europe, 

having the largest amount of wind power out of all the European countries during the study 

period.  Starting in 1998 Germany had a total installed capacity of 2,875 MW and in the 

final year of this study 2014 Germany’s total capacity was 39,165MW.  This is an increase 

of 1,262.26% over 17 years, an average of 74.25% year on year.  Compared with the other 

study countries Germany is actually ranked 4th for percentage increase from 1998 – 2014.   

As far as net capacity goes, Germany has been fairly consistent year on year with between 

1,500 MW and 2,500 MW installed each year on average.  There are three noticeable 

exceptions to this in 2002 (3,240 MW), 2013 (3,261 MW) and 2014 (4,915 MW).   

 

4.3.2.2 Governance 
 

Germany has gone through two political changes during our study period with a mixture 

of majority and coalition governance.  These changes do not seem to have adversely 

affected the development of wind power in Germany and suggest a unified stance on RES-

E that has been held from government to government.  Germany’s model for RES-E is 

held in high esteem throughout the world as one of the success stories for renewable 

electricity.  
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4.3.2.3 Support Scheme History 
 

In early 1991 Germany introduced the Electricity Feed in Act, which was a fixed feed in 

tariff for electricity generated from renewable sources.  This act was updated in 2000 to 

the Renewable Energy Act that incorporated a set target of a 12.5% share of RES in 

electricity generation by 2010.  Additionally, the tariff level was uncoupled from the retail 

electricity price, as a result tariffs were set based on actual generation costs.  This resulted 

in an obvious boost with 2001 showing positive signs and a boost in net capacity of 970 

MW compared with the year 2000, this continued to peak in 2002 with another boost of 

599 MW compared with 2001.  After the initial boost this slowed down in 2004 and 

remained steady until 2012.  The new act also included a tariff digression aimed at new 

installations to boost learning and the technology’s development which resulted in a 

reduction in the FIT for onshore sites and those in bad wind areas which were excluded 

from the scheme.  The Renewable Energy Act was again amended in 2004 and a 20% 

target was set for renewable sources in the electricity mix. 

 

4.3.3 Spain 
 

4.3.3.1 Wind Power Capacity History 
 

Spain is an interesting case to study as it has seen the extremes of high total capacity, high 

per capita capacity and a dramatic drop off in annual installed net capacity.  In 2014 Spain 

was the second largest of our study group for total installed wind power capacity at 

22,986.50 MW and third for total capacity per capita at 0.50 kW per person.  What may 

seem like a very promising position to be in is actually the result of very favourable 

support schemes for wind power developers throughout the 90s.  This resulted in large 

profits for developers and was an obvious attraction to developing in Spain during this 

period.  Spain saw annual increase in the net capacity year on year from 2001 onwards of 

over 1,000 MW reaching as high as over 3,500.00 MW in 2007 at which point the dramatic 

fall in new installed capacity began.  From 3,508.00 MW installed in 2007 only 1,557.79 

MW was installed in 2008.  There was a small comeback in 2009 with 2,460.00 MW 
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installed, however, this figure dropped off by around 100.00 MW the following year and 

500.00 MW the next.  In 2014, there was only 27.40 MW net installed capacity.   

 

4.3.3.2 Governance 
 

Governance in Spain could been seen as one of the key successes for RES-E and wind 

power with a strong majority support for renewable energies throughout the parliament 

and parties which resulted in a transition without any adverse effect on support schemes 

and the uptake of wind power.  However, looking at the data available, in 2011 the Spanish 

Peoples Party were elected, and this coincided with the suspension of all support schemes 

for renewable electricity in Spain.  As a result, annual increases continued on the 

downward scale resulting in a low at the end of 2014 of 27.40 MW.  As of the end of the 

first half of 2015 new wind power development had all but ceased in Spain with no new 

installations. (GWEC, 2015)  Excluding 2015’s data Spain still has very respectable total 

capacity figures and from 1998 to 2014 had an annual mean average increase of 156.25%.  

It is clear however that this figure along with the others will drop over time if the current 

situation stays the same.   

 

4.3.3.3 Support Scheme History 
 

From 1994 and up until 1998 Spain had a FIT in place which was replaced in 1998 to 

giving operators a choice of support systems between a fixed tariff scheme or a premium 

tariff which was paid on top of the market price for electricity and guaranteed the purchase 

of green electricity.  The operator is then fixed into the choice for one year at which point 

the support scheme can be changed.  This remained in place until 2004 when the schemes 

were revised and ensured the payment of feed in tariffs for the lifetime of the plant. The 

premium option was converted into a free market with no obligation for the purchase of 

green electricity but with additional incentive for participation. This resulted in an increase 

of the electricity market price of almost double from 2004 to 2005 from €36/MWh to 

€65/MWh.   
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4.3.4 Sweden 
 

4.3.4.1 Wind Power Capacity History 
 

 

Sweden can be seen as the late bloomer in the wind power sector with a relatively late 

increase in capacity coming from 2007 onwards.  From 1998 up until and including 2006 

Sweden’s net increase in capacity did not reach over 70.00 MW.  In 2007, this figure 

boosted to 217.23 MW and kept rising up until 2014, except for 2012 which saw a small 

decrease on the 2011 figures.  As a result, at the end of 2014, Sweden sat second in the 

Table for total capacity per capita with 0.55 kW per capita behind Denmark and above 

Spain in third.  In total Sweden is second of all countries studied for percentage increase 

at 177.51% for the years 1998 – 2014.   

 

4.3.4.2 Governance 
 

Interestingly, looking at the data available, 2007s increase coincided with a change in 

government from the social democrats to the Moderate Party who formed the Alliance for 

Sweden Coalition.  In 2003 Sweden implemented a TGC support scheme system for all 

RES-E technologies, at the same time tax incentives for wind power development were 

also available, however, based on the figures available it seems uptake was slow and only 

seemed to increase some four years later in 2007.  Perhaps unrelated, in 2007 the 

responsibility to demonstrate compliance for the scheme was switched to the suppliers 

from the end users.    

 

4.3.4.3 Support Scheme History 
 

In January 2012 Sweden and Norway combined their TGC markets into a single market.  

While future data is required to analyse the results of this, initial data suggest this has not 

had an adversely negative effect on the uptake as 2013 (799.60 MW) and 2014 (1043.20 

MW) were the largest two years for new capacity.  An interesting area for future research 
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that is outside the scope of this Thesis would be comparing the growth of wind power 

capacity with the TGC quota level over time, doing so may reveal some more interesting 

trends. 

 

4.3.5 The United Kingdom 
 

 

4.3.5.1 Wind Power Capacity History 
 

 

The UK, has followed a similar path to that of Sweden as seen in Figure 7 below, albeit 

on a larger scale.  At the end of 2014 The UK had a total capacity of 14,440.30 MW up 

from 333.00 MW in 1998 with an average annual percentage increase from 1998 – 2014 

of 213.87%, which is the largest of the countries studied in this Thesis.  Capacity really 

started to increase from 2003 where for the first time annual increase in net capacity was 

over 100.00 MW.  It kept on peaking until 2006, while 2007 saw a slight reduction on 

2006, however, still an annual increase on the same scale as 2005.  From 2009 onwards 

the increase in total capacity has been over 1000.00 MW and rising year on year until 2013 

where a downward trend has been witnessed for 2013 and 2014.  

 

 

Figure 7 – UK v Sweden. 1998 - 2014 (Pineda et al. 2015) 
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4.3.5.2 Governance 
 

The labour government has been in power from the beginning of our study in 1998 to 2011 

at which point a coalition of the conservative party and liberal democrats came into power.   

 

4.3.5.3 Support Scheme History 
 

From before the beginning of the study period the UK had a combination of support 

schemes in place such as the Non Fossil Fuel Obligation (NFFO) also known as the 

Scottish Renewables Order (SRO) and Northern Ireland - NFFO (NI-NFFO) used as a 

promotion strategy for renewables and especially wind power in the UK up until a change 

in the system in 2002 where the NFFO’s were replaced with the Renewables Obligation 

(RO).  The reason for this was a combination of a failure for winning bidders to meet their 

won contracts as well as the price paid per kWh falling as low as 2 pence in Scotland 

making wind power cheaper than a number of fossil fuels.  As seen from Figure 7 above 

the uptake of wind power during the NFFO period was relatively small.  Once RO has 

been introduced in 2002 we start to see some upwards movement, however, this has not 

come without its issues.  After its introduction in 2002 the RO was supposed to cover 3.4% 

of electricity for the 2003/2004 period, however, the actual level was at 2.2%.  The major 

issue was the relatively high prices for certificates coupled with the low penalty for not 

fulfilling your RO, this resulted in an increased risk for producers that their certificates 

would not be purchased or that the price would decline to a level that does not make them 

valuable. Despite this, 2003 saw the largest jump in wind capacity for the UK, which 

indicates that it did have some positive effect on total capacity that continues to be felt and 

is visible in the increase in capacity year on year.  The Author has noted that 2013 and 

2014 saw two consecutive periods with a reduction in the net installed capacity; a factor 

that may have caused this is the planned introduction of a Contract for Difference Scheme 

(CfD) in 2015.  RES-E producers will get a choice of continuing with the RO scheme or 

moving over to the CfD support scheme.  
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4.4 KEY TRENDS  
 

4.5 TGC v FIT 
 

There are a number of key trends witnessed in the country data available to us and 

examined in the previous Subchapter 4.3.1 – 4.3.5.  Key of which seems to be a distinction 

between the countries that have employed a form of TGC support scheme and those that 

have implemented a form of FIT.  The countries can be broken down into two groups, 

Sweden and The United Kingdom in one and Denmark, Germany and Spain in the other.  

Sweden and The UK both use the TGC support scheme and have had relatively similar 

levels of success after the implementation of the support scheme with year on year gains 

in net capacity.  Those who had implemented a FIT or premium tariff also showed similar 

signs of progression with Spain, Denmark and Germany all posting fairly similar levels to 

previous years uptake year on year.  Interestingly, a key feature of the net yearly increases 

has been their inconsistency with some large gains as well as large falls in new net wind 

power capacity.  Spain being the exemption to the rule as their extremes are based on a 

system that could be argued was unsustainable and resulted in the suspension of the 

support scheme system nationally. 

 

This statistic can be represented in a case study form by taking the five core countries we 

are studying and looking at the success of uptake for the 11 years after a change to the 

support scheme had been made.  Eleven years were chosen as an indicator because, of the 

five core countries studied, Spain made a change in the system the latest and statistics are 

only available up to 2014.  A control group of Ireland and Belgium were included to 

examine the trend in further detail.  Belgium moved from a FIT to TGC and Ireland moved 

from a Tendering System to a FIT and are both therefore fitting to compare with what has 

happened in our core group of countries.  Employing the formula Tinc = (CAP2 – CAP1) 

/ CAP1 * 100 / Y we are able to determine the net percentage increase over the years from 

a change in support scheme to measure to an extent their success. The calculations results 

are shown in Table 5 below.
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Table 5 – Average annual percentage increase after change. 

 

  

CORE GROUP CONTROL GROUP 

UK SE DE ES DK BE IE 

CHANGE 

MADE 

TND ---> TGC 

(RO) 

TAX ---> 

TGC 

FIT 

(ADAPTION) 

FIT ---> FIT OR 

FIP 

FIT 

(ADAPTION) FIT ---> TGC TND ---> FIT 

YEAR OF 

CHANGE 2002 2003 2000 2004 2001 2002 2005 

CAP1 (MW) 552.00 339.00 6113.00 8263.80 2489.00 35.00 496.00 

CAP2 (MW) 8649.00 4381.60 27191.00 22986.50 3956.00 1375.00 2271.71 

Y 11 11 11 11 11 11 10 

Tinc 133.35% 108.41% 31.35% 16.01% 5.36% 348.05% 35.00% 
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Employing this method of study, we are able to obtain a ‘snapshot of success’ looking at 

25% of European Countries, each at different positions according to capacity and wind 

power development.  This method of study does however have some flaws, it is much 

easier to add 100% to a small number than a to a larger one as is seen in Germany having 

a larger overall addition to its wind power capacity than all the countries involved but still 

scoring the third lowest percentage increase.  An additional consideration is that the 11 

year study span does not cover the same years for each country. This could have an 

influence on the comparison results due to global economic conditions, availability of 

different technology types and the price of wind energy (or competing) technologies.  

 

What this comparison does highlight is a trend in countries with a smaller capacity who 

switch support schemes, in identifying these trends we are looking for is a change to the 

normal trend of capacity increases.  The UK, Sweden and Ireland were at similar levels of 

capacity when they switched support schemes.  The UK and Sweden who switched to a 

TGC scheme saw much larger increases in total capacity compared to Ireland who went 

the other way and implemented a FIT; Ireland only saw a 35% annual mean percentage 

increase as opposed to the UK and Sweden’s increases of over 100%.  Countries who have 

an already established and strong support scheme, such as Germany and Denmark in this 

case backed up by strong governmental support on a national level saw consistent gains 

building on the strong foundation of support and infrastructure that was pre-existing in 

these countries, a trend that could be argued as normal for these countries. The results of 

this study are discussed further in Chapter 5.   

 

4.6 GOVERNANCE & SUPPORT SCHEMES 
 

Governance can be broken down into multiple categories that vary for each country.  Top 

level governance in this Thesis refers to any political unions that the country belongs to.  

In this Thesis, each country belongs to the European Union and the EU is therefore their 

top level of governance.  National governance sits below this and refers to the countries 
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ruling party, below this sits any regional or local governments depending on the country 

and its governmental structure. 

 

Governing parties come and go, by their very nature each has their own ideologies and 

aspirations, a combination of these as well as the will of the people mould the stand that 

the party exhibits towards topics such as energy and the environment.  For this Thesis, 

each country is a member of the European Union (EU) and as a result is bound to any 

European regulations passed through the European Parliament.  These regulations are then 

dealt with on a national level with various degrees of vigour depending on the ruling 

party’s ideologies.  Politics is therefore central to the success or lack thereof of the support 

schemes put into place as demonstrated by Figure 8.  

 

 

Figure 8 – Renewable Energy Development’s influence factors (Reiche et al, 2004). 

 

The EU has made a number of decisions on targets and implemented or signed up to 

international and EU wide obligations and programs.  The key years that these factors 

were implemented are presented in order from 1 to 8 below and then presented in Figure 
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9, showing us a timeline of important policy implementation and change within the EU 

and giving us a reference for total capacity over the same period. 

 

Key Top Level Governance Policy and Agreement Changes 

 

1 KYOTO PROTOCOL AGREED 

2 EU ENERGY ACTION PLAN 

3 TREATY OF LISBON 

4 SET PLAN (EWI) 

5 KYOTO PROTOCOL 1ST COMMITMENT PERIOD START 

6 EU ADOPTED 2020 CLIMATE CHANGE AND ENERGY PACKAGE 

7 KYOTO PROTOCOL 1ST COMMITMENT PERIOD END 

8 EU PARTICIPATION IN EXTENDED KYOTO PROTOCOL START 

 

 

Figure 9 - Total Capacity (MW) Per Annum with important dates highlighted. 

 

At the end of 1997, the Kyoto Protocol was agreed and then brought into force from the 

16th of December 2005 with the EU being one of those who signed up and had binding 

targets on the first period. The Kyoto Protocol is an international agreement committing 

state parties to reductions in greenhouse gas emissions and had two commitment periods 

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

C
A

P
A

C
IT

Y
 (

M
W

)

YEARS

Wind Power Capacity by Year

Denmark

Germany

Spain

Sweden

UK

1 2,3 4,5 6 7,8 



39 

 

starting 2008 to 2012 and a second agreement known as the Doha Amendment, which was 

set to run to 2020.  The Doha Amendment was however not widely accepted and a number 

of countries pulled out of the second agreement period. The EU however voted to extend 

the Kyoto protocol to 2020 with the possibility of a new agreement in 2015. (BBC, 2015).  

Agreements like the Kyoto Protocol are an example of the top level in EU governance, 

international agreements with set targets, definitions and obligations.  Internally then, the 

EU has had some key dates for policy and adoption of energy related agreements.  The 

European Union has a history of energy policy with the beginning coming in 1951 when 

the treaty establishing the European Coal and Steel Community (ECSC) was signed 

marking the integration of Europe. (Langsdorf, 2011) While there has been a history of 

energy policy there was no mandatory or comprehensive energy plan in force until the 

Treaty of Lisbon was signed in March 2007 and came into force on the 1st of December 

2009.  The Treaty of Lisbon reformed the EU’s governance in a number of areas such as 

majority voting as well as solidarity in matters of energy supply and policy within the EU.  

This ultimately resulted in the Strategic Energy Technologies Plan (SET Plan) which set 

up the European Wind Initiative (EWI) and covers the period 2010 – 2020 with set 

priorities for 2010 – 2013 and further wind power goals from 2013 – 2020. Prior to the 

Treaty of Lisbon, the EU Energy Action Plan was enacted and described as ambitious 

energy and climate change objectives for 2020 commonly known as “20/20/20”.  This 

plan included a 20% reduction in greenhouse gas emissions, eventually rising up to 30% 

over time, as well as an increase in the share of renewables to 20% and to improve energy 

efficiency by 20%, while also giving long term commitment to decarbonisation with a 

target of 80 – 95% cuts by 2050.  Progress on this has been good, between 1990 and 2012 

the EU has cut greenhouse gas emissions by 18% and was reported to be on track to reach 

its 20% target by 2020. At the end of 2012 the share of renewables was at 14.1% and 

energy efficiency was predicted to increase to 19% by 2020 with policy in place that if 

implemented would see this increase to 20%.   
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Examining Figure 9, we can see that the EU has concentrated most of its major energy 

reform and new policy around the years 2007 – 2009, showing clear ambition in its energy 

policy making.  If we compare this to the total wind power capacity per country we can 

see a distinct upward trend in total capacity that coincides with these years.  With the UK 

and Sweden the trend is very clear with only small gains being made up until around 2007, 

followed by larger gains in 2008 and an upwards trend from then on.  Germany, which 

had already experienced growth prior to 2007 saw continued growth through this period.  

Spain saw a large boost in 2007 and continued consistent growth up until 2011.  In the 

years succeeding the Kyoto Protocol agreement, from 1997 up until its first commitment 

period starting 2008, all countries made one or more amendments to their main support 

schemes as seen below in Table 6, with the UK and Sweden completely changing their 

schemes and the schemes of Denmark, Germany and Spain evolving internally.  The 

Author notes that the period from feasibility study to realisation can take many years for 

wind power development, and the boost in capacity was not instantly based on these 

decisions.  Anticipation of these new policy and as a result increased stability in investing 

may have resulted in increased investing which could explain why there is an earlier than 

expected boost in capacity.
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Table 6 - Governmental and Primary Support Scheme Changes per country per year. 

 

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

DK 

GOV       *                   *       

DK SS FIT FIT FIT FIT FIP FIP FIP FIP FIP FIP FIP FIP* FIP FIP FIP FIP FIP 

DK SS               TND TND TND TND TND TND TND TND TND TND 

DE 

GOV   *             *     *       *   

DE SS FIT FIT FIT* FIT FIT FIT FIT* FIT FIT FIT FIT FIT* FIT* FIT FIT FIT FIT 

ES 

GOV             *             *       

ES SS FIT FIT FIT FIT FIT FIT FIT* 

FIT / 

(P) 

FIT / 

(P) 

FIT / 

(P)* 

FIT / 

(P)* 

FIT / 

(P) 

FIT / 

(P)* 

FIT / 

(P) - - - 

SE 

GOV                   *               

SE SS TAX TAX TAX TAX TAX* TGC TGC TGC TGC TGC TGC TGC TGC TGC* TGC TGC TGC 

UK 

GOV                           *       

UK SS NFFO NFFO - NFFO* TGC TGC TGC TGC TGC TGC TGC TGC* TGC TGC TGC TGC TGC 

* Change in Government                             

  Offshore                 

* Change in Support Scheme               
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Looking at the timelines of governance and net capacity growth shows another trend.  As 

an example, from 2006 to 2007 the UK saw a decrease in the net installed capacity for that 

year, however, as soon as the Kyoto Protocol first commitment period started and the EU 

20/20/20 was implemented the increase was almost instant.  This suggests that changes in 

policy are anticipated by developers and so when planning begins in the government, wind 

power planners and developers are also planning for eventual policy outcomes.   This is 

also visible as a similar trend with Sweden.  Additionally, as was the case with the UK 

simply changing the support scheme in these countries was not enough to boost capacity 

instantly.  Set targets and international obligations on an EU (20/20/20) and international 

level (Kyoto Protocol) seem to be the elements that kick started the UK’s and to an extent 

Sweden’s boost in capacity and change to the normal year on year gains.  There were no 

direct trends found when looking at changes to second level governance on wind power 

development.   

 

4.7 RES-E POLICY COMBINATIONS 
 

Support schemes for RES-E can both work independently or in combination with other 

forms of primary or secondary support.  Kitzing et al. (2012), found an increasing amount 

of countries who were choosing to combine a differing amount of support schemes into 

their countries’ mix.  Generally, one primary and two to three secondary schemes were 

implemented.  While that study included all European Countries, looking at our control 

group we can see some interesting results. Spain does not currently have any RES-E 

support schemes in place. The UK and Sweden both are currently using a combination of 

quota system along with various tax incentives aimed at wind power development.  

Germany and Denmark both use a system of FIT along with various financial support in 

the form of technology dependant loans.  While this is a very small sample group there is 

a trend forming from our core group of countries that suggests some secondary support 

schemes are better suited to working in combination with certain primary support 

schemes.  The combinations seen are Quota systems with tax incentives and subsidies and 

FIT systems with Loans.  To back up this assessment, the two countries from the control 
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group were also assessed and came back with similar results.  Belgium which uses a form 

of quota, accompanies this with financial support in the form of subsidies and grants 

depending on the technology and location.  Ireland bucks the trend, as they currently use 

a FIT along with tax subsidies.  Perhaps, the tax subsidies scheme as it is with the UK has 

evolved from the years previous where a tendering system has been used.  This can be 

explained by the special relationship between the UK and Ireland with Northern Ireland 

and the Republic of Ireland operating a single electricity market.  As a result keeping 

secondary support schemes uniform may help in both understanding the system and cross 

border cooperation.  

 

4.8 CONCLUSIONS 
 

The research so far has identified a few trends in the data that have been outlined and 

briefly discussed.  It seems that moving or changing the system to a form of quota scheme 

led to a boost from the normal trend for these countries and this was backed up with 

calculations showing the mean annual percentage increase.  This was the case for each of 

the core and control groups studied.  Interestingly, Ireland who went to a form of FIT 

around the same time as other countries went to the quota system did not see the same 

levels of success.  Other factors leading to this success were also discussed and identified.  

Governance, being central to a country's success was analysed from the top level of the 

European Union.  Key changes were identified and placed on a timeline showing the 

periods where change was made in the field of energy and the environment.  Boosts in 

capacity were seen during periods of increased policy activity which may have directly 

led to capacity increases in a number of the studied countries.  
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CHAPTER 5. DISCUSSION AND ANALYSIS 
 

5.1 INTRODUCTION 
 

This Chapter includes the discussion and analysis (5.2) of the trends and results obtained 

by using the methodology and analytical findings from Chapter 4 and its Subchapter’s in 

more detail.  The discussion also analyses any uncertainties and identifies a few areas that 

require further research. 

 

5.2 DISCUSSION AND ANALYSIS 
 

5.2.1 RES-E Change or Amendment? 
 

The data collected and calculations of wind power percentage increase (Tinc) formulated 

in Chapter 4 are starting to show a correlation between the implementation of new 

schemes, the type of scheme and level of support offered.  Of the countries sampled, the 

clear winner in boosting wind power capacity quickly seems to be the use of a TGC 

support scheme system.  Both The United Kingdom and Sweden have introduced a form 

of TGC and each saw over 100% total average percentage increase in wind power capacity 

year on year for the 11 years succeeding the change to a TGC support scheme.  This result 

was compared to the control test subject Belgium who moved from a FIT to TGC scheme.  

The result of the calculations shown in Table 2, has shown that even a country that had a 

form of FIT in place benefited from a move to the TGC scheme over the following 11 

years.  Denmark, Germany and Spain posted average percentage increases of between 

5.36% and 31.35%.  This was compared with Ireland who like The United Kingdom 

moved from a tendering system, however, unlike the UK, chose a FIT rather than TGC.  

The result was an annual average percentage increase over 10 years of 35%. As mentioned 

in Chapter 4, this study highlights boosts seen in capacity for countries with a fairly 

immature wind power market in switching to a form of quota system and highlights 

extreme changes that were out of the ordinary for these countries. One of the limitations 
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of this study has been the treatment of the country’s wind power and support scheme 

history.  Germany and Denmark have each had successful FIT support schemes long 

before the study into changes was conducted.  Each country has been successful in 

developing great levels of wind power integration into the local grid and both countries 

could be seen as long term success stories.  This study doesn’t take into account the actual 

boost in capacity over these years, giving a clear handicap to countries with high pre-

existing capacity such as Germany, Denmark and Spain.  Germany and Denmark have 

been leaders in wind power development for a number of years and a long time before this 

Thesis’s study period, as a result, they have developed strong support schemes that were 

backed up by strong governance.  The combination of those two factors has led to 

continual growth in each of the countries that looks almost unaffected by changes in EU 

governance or policy.  This could be attributed to the result of this strong base, which saw 

business as usual growth in wind power year on year. Each of the countries has its own 

unique set of characteristics and has implemented support schemes in their own way with 

differing levels of support.  Spain, for instance, saw an almost boom-bust scenario, where 

the profits available from developing and running wind power plants were very attractive 

for a time.  As a result, Spain saw a large increase in total capacity over a short time period.  

The result of this was an unsustainable system, which led to the suspension of all RES-E 

subsidies and support schemes.  On the one hand, this has stunted development for the 

mean time, but on the other hand, the infrastructure is already installed and operational.  

If the goal was to increase the share of wind power and reach a certain capacity they 

succeeded in achieving this.  How investors react when they next want to boost their 

capacity will be interesting to assess in the future.  

 

5.2.2 Changing Support Schemes and Governance 
 

Single support schemes or a combination of support schemes have proven successful and 

could be implemented Europe wide, this study suggests that the countries individual goals 

and legal obligations to the EU’s Renewable Energy Directive would determine this.  The 

statistics presented in this Thesis, suggest that for immature and low installed wind power 
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capacity industries a quota system could provide a solid boost for the first 10+ years at 

during which a review of the system should be conducted with a view to move to a similar 

form of FIT that has proven successful in wind power mature countries such as in Denmark 

and Germany, once a set level had been achieved, would be suggested.  However, lessons 

of the past and identified in this Thesis have suggested that this implementation needs to 

be backed up by strong governance from all sides and long-term contracts or financial 

guarantees would help investor confidence.  The UK can be seen as an example of this 

system with a strong boost in wind power capacity in the years following the 

implementation of the quota system with boosts seen in the years following top level 

governmental policy changes and obligation’s introduced.  The UK has since set up the 

path to a change in system towards a form of FIT with their CfD scheme.  Producers of 

electricity from renewable sources can choose either the quota system or CfD from the 

beginning of 2015 up to the end of March 2017 at which point all new connections, if 

eligible, can only use the CfD scheme.  This provides some more flexibility to the market 

and as investment prices come down the spot price can be reviewed and moved 

accordingly by technology.  It will be interesting to review the UK’s data in 2020 to assess 

what if any impact this change has had on boosting capacity for wind power.  The FIT 

system has been very successful and has helped boost and continues to boost wind power 

in both Germany and Denmark, as it did in Spain.  The lesson to be learnt from Spain is 

that, strong policy making and a sensible economically viable system that plans for future 

changes to technology and consumption is needed. 

 

5.2.3 The Role of Governance 
 

Tied in with all of these discussions is the external factor of EU governance.  Our timeline 

in Table 6 and Figure 9 highlighted the years of major policy change within the EU.  This 

timeline highlighted the period starting in 2007 and ending in 2010 as a major period for 

energy reform within the EU as well as internationally.  This coincided with the boosts in 

capacity for both Sweden and the UK, who had in the years previous switched to a form 

of quota system. The UK was the first to switch to this quota system in 2002 and from 
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2002 gains were made, however, from around 2006 onwards these gains exceeded 500.00 

MW and were over 1,000 MW from 2009 onwards.  This suggests that a change in system 

was not solely enough to boost capacity.  Yes, the infrastructure was there and yes, gains 

were being made, however, the stability of strong policy from the EU seemed to kick-start 

UK capacity by developing a positive ecosystem for investors backed by international 

obligations and a strong system and governance.  Sweden changed their system in 2003 

and again saw large boosts in capacity around 2007 and onwards in a trend similar to that 

of the UK. Denmark also saw a small increase during this period starting in 2008 and 

continuing on until 2013 with a drop off in 2014.  As mentioned previously, Germany saw 

very much business as usual for capacity gains during this period, suggesting the more 

mature systems in place are less affected by international or EU change.  Spain’s past 

support system and lack of such a system at the moment and lack of new growth has been 

discussed previously, interestingly, Spain also saw large increases around 2007 with the 

peak increase in net capacity coming in this year followed by the collapse of net new 

capacity installations and their support schemes. 

 

5.2.4 Support Scheme Combinations 
 

Interestingly, this study, while only using 25% of EU subjects, agrees with Jenner et al. 

(2013).  No evidence has been found of a boost to a country’s capacity after the 

implementation of, or changes to a system of FIT.  Alternatively, evidence was found that 

indicated a boost to capacity of wind power after the implementation of a system of TGC 

which confirms the conclusions of Jenner et al. (2013), that there was no evidence that the 

use of a FIT system directly drove wind power development.  Additionally, Del Rio et al. 

(2014) and Kitzing et al. (2012), indicated a move towards combination set-ups in EU 

countries’ support scheme mixes.  This was assessed using our control and core groups 

and an indication was found that certain secondary support schemes are a popular and 

common choice in supplementing primary support.  This was the case in six out of the 

seven countries studied.  The author feels that the study size, however, is too small to come 

to a conclusive answer on this.  Looking at only 25% of the European Countries is not 
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enough to get a good overall view of support schemes and their combinations.  To properly 

assess the trend identified and confirmed by this Thesis all EU countries should be 

included.  That being said, from the 25% that this study has analysed, a clear trend does 

seem to present itself that can only be confirmed by an up-to-date study of all European 

Countries and perhaps also comparing them to other countries worldwide. 
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CHAPTER 6. CONCLUSIONS 
 

 

The question that this Thesis is investigating is “What can we learn for wind power 

development in Europe by looking for trends in EU Governance, the implementation of 

support schemes and historical capacity for Europe’s top three countries by capacity and 

top three by capacity per capita?”  The countries included in the Thesis based on these 

parameters were, Germany, Denmark, The United Kingdom, Sweden and Spain. 

Collection of wind power capacity data, capacity history, national and international 

governance and the support scheme history for each of the countries was completed and 

analysed for any trends that presented themselves.  Total wind power capacity and 

capacity per capita data for each of the countries was collected and presented to begin 

with.  This was followed by country specific analysis of data trends following our structure 

of Capacity History, Support Schemes and Governance.  Following this some key trends 

were identified.   

 

Immediately, some trends presented themselves.  There was a distinct difference in the 

countries with the likes of Denmark, Germany and Spain using or with a history of using 

a form of FIT scheme.  Sweden and The United Kingdom, on the other hand had a form 

of quota system in operation.  It was found that each country has had some form of change 

to their support scheme over the study period with the latest one happening in 2004 for 

Spain.  The success of these changes or adaptions to support schemes was assessed looking 

for the average annual percentage increase following the change or adaption.  The results 

suggested that a change of wind power support scheme to a form of tradable green 

certificate or quota system would be the most successful in developing wind power 

capacity.  With the countries that did this, Sweden and the UK each showing total mean 

percentage increase of over 100%.  Countries that amended or changed to a form of FIT 

Denmark, Germany and Spain only had total mean percentage increase of under 35%.  

This result was then confirmed to a degree by the inclusion of Ireland and Belgium into 

the study.  Ireland and Belgium had similar levels of wind power capacity with Belgium 
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moving to a quota system and Ireland moving to a form of FIT.  Belgium showed over 

300% increase in annual wind power capacity and Ireland sat at 35%.  This study did have 

its limitations, however, it suggested that a country looking to boost capacity from a 

relatively small level could benefit from a move to a form of quota system as each of our 

countries that saw annual gains of over 100% did.   

 

This was followed by a study into governance, looking at national and international top 

level governance.  Interestingly, excluding Spain, there was no clear evidence that national 

governance has had an adverse effect on wind power development for any of the countries.  

What was highlighted by investigation was that each of the countries governments had 

similar ambitions on renewable energy development. Spain on the other hand have seen a 

stagnation in development that can be attributed to the suspension of support schemes for 

wind power.  The reason for this suspension is documented in 4.3.3 but this governmental 

decision resulted in the stunting of development for the time being.  In looking at the 

timeline for EU governance new policy, there was a flurry of activity around the years 

2007 to 2009.  Over this three years a number of policy, quotas and obligations were 

adopted and brought into force.  This period of time coincided with boosts in capacity for 

Sweden and The UK, who had both changed support schemes in the years previous.  This 

trend in capacity boosting around the same time that clear obligations and policy were 

introduced indicated that, while changing support schemes helped boost wind power 

capacity initially it was these overlying commitments that really led to a boost of capacity 

and added stability tot eh wind power ecosystem. The stable wind power economies of 

Germany and Denmark have shown that a strong base of support scheme, governmental 

and public support have harboured strong build-up of wind power capacity that almost 

seems unaffected by external EU political factors; if-unaffected, we can conclude that for 

these countries the EU political factors such as the Treaty of Lisbon and the EU Energy 

Action Plan have provided an additional level of strength to these countries’ wind power 

ecosystem.   
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The capacity boosts or lack thereof in wind power capacity are intertwined with each 

countries individual and complex parameters such as its international obligations, the level 

of manufacturing for wind power parts and public support among others.  Excluding these 

factors, the results of the Thesis point towards the implementation of a form of Quota 

system for countries with a relatively small wind power capacity.  This however, needs to 

be backed up with strong and stable governance on an international and national level.  

The success of Germany and Denmark in continual and steady wind power capacity has 

shown us what a mature successful system can look like.  It offers a model for other 

countries to base their systems on, once a certain capacity or maturity has been reached.  

The UK, has announced a change to a FIP system from its CfD support scheme that will 

happen in 2017.  An opportunity for further research would be the impact this change has 

on wind power capacity and uptake.  This may become an example of  a successful overall 

energy policy, with the implementation of a quota system to boost capacity to a point as 

suggested by this Thesis, and then moving to a system such as Denmark and Germany 

have that has proven successful to continue long term development. 
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APPENDIX A. NET CAPACITY PER ANNUM 
 

 
Figure 10 - Net Capacity (MW) 1998 - 2014 
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