
 

1 
Ayoub Hameedi 

 
 

Contents 
 

By: Ayoub Hameedi 
 
Supervisor: [Monica Hammer] 

Sodertorn University | Institution for Natural Science, Environment & Technology 

Master’s program in Environmental Science 120 hp  

Promotion of Wind Energy Technology in Sweden, Autumn 2017 

 

 

 

 

 

 

 

Promotion of Wind Energy Technology 
in Sweden 



 

2 
Ayoub Hameedi 

Content 

Introduction  

1.1 Research Problem & Aim of the study 5 

1.2 Research Question 5 

 

Theoretical Framework  

2.1 Pros & Cons of Wind Energy and Comparison with other 

 sources of power production 7 

2.2 How to increase financial investment for the promotion of wind  

 energy technology in Sweden 10 

2.3 Financial Pros and Cons 11 

2.4 How other countries in Europe have improved public opinion  

 about wind turbines 11 

 

Research Method – Case Study 

3.1 Installed wind power capacity in Sweden since 1982 13 

3.2 Electricity production capacity in Megawatts (1996 - 2014) 13 

3.3 Sweden as case study 14 

3.4 Promotion of wind energy technology is a must for a sustainable  

Sweden 16 

 

Comparison with Denmark 19 

 

Discussion  

5.1 Analytical findings 26 

5.1.1 Indicators concerning sustainable development 28 

 

  

 

 

 

 

 

 

 

  



 

3 
Ayoub Hameedi 

Abstract: 
 

The main aim of this investigation is to identify barriers against, and opportunities for increase of 

the share of wind energy in the overall energy mix of Sweden. The selected research question 

examines the factors required for Sweden to increase its share of wind energy from todays 12.2% 

to 20% in 2025? The report would present and evaluate different strategies which could enhance 

the installed wind power capacity in Sweden from a current 12.2% to 20% by year 2025.A 

combination of both explanatory and exploratory techniques has been adopted. Innovation system 

and learning theory is selected as a theoretical frame allowing analysis of the concept of 

innovation. 

 

A strategy that might prove to be fruitful to increase the share of wind power in Sweden is for the 

government to introduce tax exemptions to companies and corporations willing to minimize 

greenhouse gas emissions by switching to 100% renewable energy. It will certainly reduce the 

carbon footprint of Sweden. In addition, all of the already installed wind turbines can be 

upgraded one MW each. 38.5% of this increase (i.e. 3000 MWs) will take place via upgrading the 

existing 3000 wind turbines whereas the remaining 61.5% (i.e. 4800 MWs) will be installed in 

the form of 600 new wind turbines. From a critical perspective, the cost of an individual wind 

turbine has decreased 35 – 40 % since 2009 and is expected to drop further. It is important to 

point out that we can recycle 95% of the components of a wind turbine once it completes its life 

cycle whereas, a nuclear power plant takes much more time and finances to be decommissioned 

upon the completion of its life span. Finally, the selected research question is both realistic and 

achievable provided proper time, energy, technical expertise and financial resources are directed 

towards achieving this goal.  

Keywords: Sustainable Development Goals (SDGs), Clean energy technology, Vestas, Wind 

turbines and Vattenfall  
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Introduction  

 

Industrialization turned the 19
th

 century into an era of coal. Economic progress and development 

further transformed the 20
th

 century into an era of oil (Brown 2012). However, with the advent of 

the 21
st
 century, the concept of Sustainable Development and green economy started to flourish. 

It is generally referred to as an era of renewable energy technologies (RET). A report from 

Intergovernmental Panel on Climate Change (IPCC) confirms that the fossil fuel based 

generation of electricity is responsible for a large part of emission of greenhouse gases (GHGs) 

into the earth’s atmosphere. These anthropogenic emissions have given birth to climate change 

(IPCC 2011). A constant supply of energy is believed to be the backbone for all progress and 

development that has taken place so far.  A sustainable reliance on clean energy will help in 

achieving Sustainable Development Goal number 7 (i.e. affordable and clean energy) (United 

Nations 2017). Among all the sources of power generation, renewable sources are the most 

preferred, as they are cost competitive to conventional sources of power generation. In fact, the 

cost of electricity produced through renewable resources is approximately the same in more than 

30 countries, compared to the electricity produced from conventional sources (Griffin 2017). 

Besides cost competitiveness, renewable sources are environment friendly as they produce less 

harmful waste emissions in comparison to their counterparts. 

 

Wind energy can be a sustainable substitute to nuclear power when it comes to electricity 

generation (England 2017). From a financial perspective, the installation of a wind farm requires 

maintenance & functioning cost whereas, a nuclear power plant requires maintenance cost, 

functioning cost, expenses to take extreme safety measures and an additional cost to deal with 

waste (Clark 2012). Since the beginning of the industrial era around 1850, humans have been 

relying extensively on fossil fuels for electricity production. This has added a lot of carbon 

dioxide, and other greenhouse gases emission into our atmosphere (IPCC 2011). This disturbance 

is without doubt responsible for the ongoing climate change (European Commission 2017). As a 

result, the global average temperature has started to rise. At present, it is about 0.85 degree 

Celsius higher than it was before the advent of industrialization (European Commission 2017). 

The concept of Sustainable Development was introduced in 1986 to mitigate climate change.  A 

key strategy adopted to address this challenge was to invest large sum in clean energy sector over 

decades.  
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The government of Sweden can achieve a carbon neutral future by increasing the share of 

renewable energy in the overall energy mix (United Nations 2017). Sustainable Development 

Goal 13 “climate action” is directly related to the promotion of renewable energy. The expansion 

of clean energy technologies at a broader scale is crucial to sustain economic growth in future 

especially for a highly industrialized country like Sweden. In this research project, Sweden is 

selected as case studies to identify factors that are important for developing and increasing 

renewable energy sources focusing on wind energy. The Minister for International Development 

Cooperation and Climate in Sweden recently signed “Swedish Climate Law” which binds all the 

incoming governments to achieve the target of net zero emissions by 2045 (The Government of 

Sweden 2017). This thesis analyzes the possibilities to increase the share of wind energy in the 

overall energy mix of Sweden. In terms of energy policy making, it could then be utilized to 

reduce reliance on nuclear power for electricity generation. Sweden generates around 12.2% of 

its total electricity from wind energy technology. It points out the fact that the wind power as a 

technology is mature and the required skills and knowledge are available to implement the 

research question. A possible hindrance in the promotion of wind power can be the lack of 

awareness among masses concerning the knowledge and need of windpower as a clean source of 

electricity production. It then leads to masses developing resistance against the installation of 

wind turbines in close proximity of residential areas.  

 

1.1. Research Problem & Aim of the Study: 

The main aim of this investigation is to identify barriers against, and opportunities for increase of 

the share of wind energy in the overall energy mix of Sweden. 

              

1.2.  Research Question  

What is required for Sweden to increase its share of wind energy from todays 12.2% to 20% in 2025?  

It can also be referred to as a 20:2025 goal (Kingsley 2013).  
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Theoretical Framework 

 
Innovation system and learning is a theory that focus on effective interaction among all 

stakeholders involved in the process of innovation. Innovation does not happen in isolation. It is 

based on effective interaction between multiple stakeholders that works in harmony with each 

other. This interaction then leads to transfer of knowledge between the involved stakeholders. 

The concept of learning resides at the center of innovation theory.  Another extremely important 

point when it comes to applying innovation theory is to define the boundaries of the system. 

Defining the limits enables the researcher to focus on a selected system and to understand its core 

elements that are involved in the process of innovation. It also helps the researcher in studying 

relationships that exists between the identified elements in a selected system. As a result, 

researcher can then generate more concrete results that would otherwise be missed in case of a 

system with vague boundaries.  In the process of innovation, learning is of two types, first and 

foremost is learning by searching that is a quest to find new knowledge. Second type of learning 

is referred to as learning by doing. It takes place at the manufacturing level and focuses on 

enhancing production skills. The innovation system and learning theory has played a major role 

when it comes to analyzing the development of wind energy technology in the Netherlands and in 

Denmark.  

 

From an investment point of view, it is always feasible to diversify the portfolio when it comes to 

power generation. A project with a combination of wind turbines and solar photovoltaics would 

attract more investors due to diversity than a project based on a single clean source. A possible 

explanation for this behavior could be that some investors like to invest money in technologies at 

an early stage of development whereas others prefer to invest in a clean technology source more 

mature than the rest (Wüstenhagen and Menichetti 2012).  

 

With reference to this report, innovation theory can help in identifying factors that causes friction 

in the promotion of wind energy technology in Sweden. Once identified, the friction creating 

factors would then be eliminated with the help of examples from other countries within Europe 

that have higher installed wind power capacity than Sweden.  
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Another important theoretical concept is NIMBY (Not In My BackYard). The idea of NIMBY is 

quite well-grounded when it comes to highlighting problematic issues especially in case of 

infrastructure projects like construction of nuclear and conventional waste facilities close to a 

residential area, construction of a wind farm close to a residential area, drilling for oil in offshore 

areas and the construction of railroads and roads in forests (Wolsink 2000). It is important to 

understand that innovation system and learning is a process that fosters research and knowledge creation 

and leads to the development of new technologies. On the contrary, NIMBY is a concept that prevents 

issues to occur in present that might become a social problem in future. Thus, there is a high chance that 

both of the already spoken concepts might act in the opposite direction on a same issue.   

 

2.1 Pros & Cons of Wind Energy and comparison with other sources of power 

production: 

 

According to the European Wind Energy Association (EWEA), a key advantage of wind energy 

technology is that a wind turbine does not emit any greenhouse gas during power generation. The 

average break even point for a modern wind turbine, where it has produced the same amount of 

energy that was consumed for its construction and installation, is six months. During the whole 

life span of a wind turbine, which is estimated to be around 20 – 25 years, each turbine produce 

80 times more electricity than it has consumed. Wind turbines also consume less water in 

comparison to nuclear power plants and produce no hazardous waste at the end of the cycle 

(EWEA 2017). After the decommissioning of a wind turbine, most of the components can be 

recycled for example ferrous high alloy, ferrous metal, aluminium and aluminium alloys, copper, 

zinc, magnesium, batteries and blades can be easily recycled up to 95% (Andersern et al. 2014). 

Thus, a positive environmental impact in terms of power production with very low GHGs 

emission, and almost no waste provides wind energy technology with a competitive advantage 

over fossil and nuclear power production. From a financial and operational perspective, the 

installation of wind turbines in large numbers is a fair and square deal as the cost of installation; 

decommissioning and electrical infrastructure of a wind turbine is inversely related to the number 

of installed wind turbines (i.e. if one factor increases the counter factor decreases (Hofmann and 

Spertad 2014). From a critical perspective, wind turbines have a positive environmental impact 

since a turbine neutralizes its carbon footprint, consumes less water than nuclear and fossil based 

power plants and all components of a turbine can be recycled up to 95% upon the completion of 

life span (EWEA 2017).  

http://www.ewea.org/wind-energy-basics/faq/
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Innovation theory through the generation of knowledge helps us to understand that wind farms 

are more reasonable to pursue than either fossil fuel or nuclear based power plants. Conventional 

power plants emit greenhouse gases into atmosphere which stays there for at least 100 years 

(Clark 2012) for example, carbon dioxide which stays in atmosphere for 20 – 200 years, methane 

for 12 years, nitrous oxide 114 years and chlorofloro carbons (CFCs) which can stay from less 

than a year to many thousands of years (Clark 2012). When compared with wind power, nuclear 

technology releases waste which needs to be safely buried for more than100,000 years (Rose 

2011). A typical nuclear power plant roughly consumes 400 gallons of water to produce a 

megawatt of electricity (Henry 2017). To handle the nuclear waste in a safe manner, the 

Government of Sweden has taken an important step by introducing a law which enables the 

nuclear power plant operators to pay a surcharge of 0.04 SEK per Kwh of nuclear power. It is 

collected in a government fund referred to as “Nuclear Waste Fund”. The fund had a financial 

standing of SEK 60 billion by the end of 2016 (SKB 2017). The financial resource from nuclear 

waste fund is directed to decommission nuclear power plants and safely manage the nuclear 

waste in Sweden. As per the standard operating procedures, a nuclear power plant is required to 

be decommissioned once it completes its life span. However, the decommissioning operation 

cannot be initiated before a year due to high levels of radiation. 

 

With reference to the concept of NIMBY, wind power also has limitations (i) wind might not 

blow all the time (ii) wind farms have relatively small time span of operation when compared 

with either fossil fuel or nuclear power plants that works for a relatively longer time span (e.g. 40 

years for a nuclear power plant) (SKB 2005) (iii) Another common disadvantage of wind energy 

deployment is noise pollution. Wind turbines normally generate two types of noises (i) 

mechanical noise (ii) aerodynamic noise. Mechanical noise is generated due to the interaction 

between different parts of wind turbines and aerodynamic noise is generated as a result of 

interaction of blades with air. Proper insulation has improved the design of wind turbines over 

period of time and has minimized mechanical noise up to a certain extent for commercial scale 

wind farms. Another commonly known disadvantage of wind turbines is bird and bat mortality. It 

depends a lot on other factors like weather, specific site (depending upon if the wind turbines are 

installed in the migration route of birds and bats), direction and strength of local winds and 

finally, the design characteristics of wind turbines. It is important to mention here that scientific 
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studies have not yet reflected any serious threat to either biodiversity or human health due to the 

installation of large scale wind turbines (Anshelm and Simon  2016).  

 

In Sweden, the main development in the sector of hydropower as a clean source started in 1940 

and the reliance on the construction of hydropower plants lasted till 1970. After that, the reliance 

was shifted from hydropower plants to the construction of nuclear power plants. A key reason of 

the shift was to protect the rivers.  Most of the hydropower plants with large output capacity are 

located in Norrland (i.e. the North of Sweden). Altogether, there are 9 major rivers in Sweden 

that represents a collective installed hydropower capacity of 13,000 MWs (around 80%) of the 

total installed hydropower capacity in the country. It is important to mention here that river lule 

alv in Norrland has 15 hydropower plants with a cumulative installed capacity of 4366 MWs. On 

yearly basis, all of the 15 hydropower plants on river lule alv produce around 14.6 GWh of 

electricity (Flood 2014). Norrland is amongst the most sparsely populated regions in Europe and 

it has a threshold of 12.5 inhabitants per square kilometers (Gloersen et al. 2005). It might 

possibly be true that the presence of large rivers and low population density has enabled the then 

administrations to mitigate NIMBY with reference to the construction of large hydropower plants 

in Norrland, Sweden. 

 

Generally speaking, wind energy minimizes the reliance on fossil fuels for electricity generation, 

thus facilitates in reducing the greenhouse gases emission. An excessive reliance on fossil fuels is 

an immediate cause for climate change which is already costing over a trillion dollars to global 

socio-economic system as a whole. As per an article published in Harvard Business Review, 

current emission scenario is not good for financial system and the value at risk ranges between 

USD 2 trillion to USD 25 trillion on per annum basis (Winston 2016). In this particular case, 

wind energy would serve as a sustainable alternative to nuclear power. Moreover, it would open a 

new window of opportunity in terms of employment generation and establishing new industry / 

sector to replace conventional sources of electricity generation. Finally, wind power generated 

1.1 million jobs in 2015 at global level due to a very strong installation trend. Same trend can 

occur in Sweden too when it comes to job creation however, more fiscal and human resources are 

needed to be channalized in this direction to transform the desired goal into reality (IRENA 

2016).  
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2.2. How to increase financial investment for the promotion of wind energy technology in 

Sweden 

A low scenario with reference to 2030 is 8.8 GWs of installed wind power capacity whereas a 

high case with reference to installed wind power by 2030 is 20 GWs respectively (Ho and Pineda 

2015). A key question which arises at this point is to divert more financial resources to make the 

transition from nuclear to wind power more profitable and sustainable. A key way for the 

Government would be to issue more green bonds which will ensure the channelization of 

financial resources for the promotion of wind energy technology in Sweden. It can prove to be a 

brief and profitable window of opportunity for the Government of Sweden in both short and long 

run. A report published by International Energy Agency (IEA) reflects that implementing 

strategies to mitigate climate change can unlock financial opportunities of worth USD 19 trillion. 

Likewise, implementing Paris Climate Agreement can unlock financial opportunities of worth 

USD 13.5 trillion or more before 2050 (Figueres et al. 2017). Sweden can certainly harvest the 

financial benefits of clean energy technologies by upscaling the installed wind power capacity to 

sustainably replace nuclear power in the country. It will not only provide a safe future for the 

current and future generations but will enable the Government to achieve its 2045 climate goal in 

true letter and spirit (Government offices of Sweden 2017).  

 

By following the footsteps of Denmark, Sweden can certainly harvest similar financial benefits 

too. A key idea when it comes to the promotion of wind energy technology in Sweden is to have 

a fund similar to “Nuclear waste fund” but with a reverse mechanism in place. The proposed fund 

can be named as “Wind Energy Promotion fund”. The national Government of Sweden can pay a 

subsidy 0.04 SEK per kwh of wind energy which can then be collected in the proposed Wind 

Energy promotion fund. An alternate would be to pay 0.02 SEK per kwh and ask the sector of 

wind energy to raise another 0.02 SEK per kwh on matching grant basis. Similarly, another idea 

is to motivate pension funds to invest more finances in the sector of wind energy in Sweden. The 

Government of Sweden can guarantee secure investment and appropriate financial returns in 

order to enhance the confidence of the pension fund investors.  
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2.3 Financial Pro’s & Con’s: 

 

Alecta is just an example in this regard. It is the fifth largest pension fund in Europe and had 

invested SEK 770 billion at the end of 2016. However, out of this invested SEK 770 billion, only 

SEK 7 billion were invested in the form of green bonds. Thus, a mere 0.9% of the total invested 

money was invested in the promotion of clean energy technologies (Alecta 2017, pg. 21). The 

national Government of Sweden can play an active role here by motivating financial advisors at 

Alecta to invest more fiscal resource in sector of wind energy in Sweden. It will certainly give a 

sustainable push to wind energy sector in Sweden. Likewise, Fourth Swedish National Pension 

Fund (i.e. Fjärde AP-Fonden AP4) had a total financial worth of 347 billion kronor on 30
th

 June, 

2017(Fjärde AP Fonden 2017) however, only a mere 4.4 billion kronor (i.e. around 4400 million 

sek or 1.3% of the total financial worth) were issued in the form of green bonds (Sustainability 

and Corporate Governance Report 2015/2016). Again, the Government of Sweden can certainly 

motivate the investors at AP4 too to invest more money in the sector of wind energy technology 

in Sweden. If the national government would successfully motivate the already spoken 

stakeholders to invest large sums in the sector of wind energy technology in Sweden, it can 

certainly open a new window of opportunity for the national Government. The least the national 

government can do in this regard is to ensure a safe investment and an appropriate financial 

return on the invested sum. On the contrary, lack of investment will certainly restrain the growth 

of the sector of wind power in Sweden. It will also decrease the confidence of cleantech 

companies that will negatively impact an overall growth and innovation in Sweden. It is 

important to mention here that Denmark on average earns over 50 billion DKK (i.e. around USD 

9 billion) as revenue on per annum basis through the exports from the sector of wind 

power(Denmark.Dk (website) 2017). With proper investment of financial and physical resources, so 

can be the case for Sweden too. 

 

2.4. How other countries in Europe have improved public opinion about wind turbines: 

 

Policy makers have adopted different creative approaches to resolve the issue of NIMBY in 

creative manner in numerous countries across Europe. In order to minimize public resistance 

against wind turbines, the state of Bavaria in Germany has introduced a rule referred to as “10H 

rule” where wind turbines are not allowed to be installed closer to other buildings than at a 
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distance which is 10 times the height of the wind turbine (Morris 2016). It is important to 

mention here that Germany has an installed wind power capacity of 45 GWs which is the third 

largest in the world (REVE 2016). Germany and Denmark are two neighboring countries of 

Sweden and both have a large wind power capacity. The core factor behind the success of wind 

power in Germany and Denmark is cooperative ownership where the public in general gets the 

opportunity to participate in the process of power generation from wind turbines (Anshelm and 

Simon 2016). In the Netherlands people showed to be least bothered from the noise of a nearby 

wind turbine, if they had a financial stake in the installed wind turbine (Bell 2016). Similarly, 

research in Spain and United Kingdom (UK) show that public opinion about wind turbine 

improves once the turbines go online (Busby 2012).France imposed taxes on wind farms to earn 

revenue so that more social benefits could be offered to communities with wind farms. Likewise, 

in Spain wind farm developers invest money in local economy to create employment and to give 

a financial boom to the local economy which will eventually benefit the masses in general living 

in that particular area with wind farms. In United Kingdom, the wind farm developers offer a 

certain amount of money on per annum basis or per megawatt of installed capacity which is then 

spend on local projects for community development (Cowell et al. 2011).  In recent years, Italy 

has observed an exponential growth in the installed wind power capacity in some of the least 

developed areas of the country. In some cases, the installed turbines have introduced economic 

progress in municipalities suffering from a tight financial situation. This has certainly improved 

public opinion towards the installation of wind turbines in least developed parts of Italy 

(Cavicchioli and Garofalo 2015). Thus, if energy policy makers in Sweden will opt for 

cooperative ownership with community benefits where public will have the opportunity to 

participate in the process of power generation through wind turbines and company responsible to 

operate wind farms would invest in local economy, there are ample chances that this will 

certainly increase the social acceptance factor of wind turbines in both short and long term basis 

in Sweden. 
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Research Method - Case Study 

 

The main aim of this investigation is to identify barriers against, and opportunities for increase of 

the share of wind energy in the overall energy mix of Sweden. In order to increase the validity of 

the case study, multiple sources like governmental reports, academic books, policy briefs, 

newspapers and scientific journals have been considered for data collection and case description. 

The focus of data collection was to identify factors that could then reduce the friction when it 

comes to the expansion of wind power in Sweden. The data was collected through online libraries 

and search engines. A combination of both exploratory and explanatory research techniques has 

been applied to identify factors that would then allow the sector of wind power to facilitate the 

Swedish Government to reduce its reliance on nuclear power. 

 

3.1 Installed Wind Power Capacity in Sweden since 1982: 

  

It is a commonly known fact that the number of installed wind turbines is directly proportional to 

the installed capacity and the production of electricity in Gigawatt hours. For example, in 1982 in 

Sweden, the number of installed wind turbine was 1, so the installed capacity was 3 Megawatts. 

On the other hand, the number of installed wind turbines in year 2000 in Sweden was 527, so the 

installed wind capacity grew to 241 MWs, which resulted in the production of 447 GWs of 

electricity. Following the same trend, the number of installed wind turbines skyrocketed to 1166 

in year 2008, so the installed wind capacity also grew to 1090 MWs. It resulted in an electricity 

production of 2001 GWs in year 2008. Finally, the number of installed wind turbines escalated to 

2961 in year 2014 which represented an installed capacity of 5097 MWs (i.e. 5.097 GW). 

Collectively, it produced 11,234 GWs of electricity. (Swedish Energy Agency 2017).  

 

3.2  Electricity Production Capacity in Megawatts (1996 - 2014): 

 

Sweden has relied upon number of different resources for the sake of electricity production. 

Hydropower is the largest source to produce electricity in Sweden since 1996, followed by 

nuclear power as the second largest source. However, the installed capacity for nuclear power has 

decreased gradually from 1996 to 2014. This trend is not quite sharp however it is still 

appreciate-able. The share of other thermal power sources (including district heating, CHP 
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industry & gas turbine) has increased during last 19 years and as a result, it was the third most 

utilized source of electricity generation. On the contrary, the share of wind power escalated from 

105 Megawatts in 1996 to over 5 Gigawatts in 2014 followed by solar power that increased from 

16 megawatts in 2011 to 79 megawatts in 2014 (Swedish Energy Agency 2017)  

 

 3.3 Sweden as a Case Study 

 

Assuming that Energy Authority in Sweden decides to install 20 wind turbines, each with an 

output capacity of 8 MWs (i.e. more or less of the same size as of the under-construction offshore 

Horns Reserv III project in Denmark) on the East coast of Sweden, it would enhance the installed 

wind power capacity up to 160 MWs (20 turbines x 8 MWs capacity each) (4C Offshore website 

2018). As a result, the installed wind capacity of 160 MWs would generate 58,400 MWs or 58.4 

GWs (i.e. 160 MWs x 365 Days = 58,400 MWs) on annual basis. The Energy Authority can then 

take the next step to install 580 wind turbines (each with an output capacity of 8 MWs) for the 

sake of green electricity generation. An installation of wind turbines on the East coast will help 

Sweden in improving knowledge and production skills with reference to the deployment of wind 

turbines and power generation in off-shore areas. Collectively, the installation of 600 wind 

turbines would then enhance the installed wind power capacity up to 4800 megawatts (i.e. 4.8 

GWs) on daily basis. As a result of this increase, an additional 1,752,000 megawatts (i.e. 1752 

gigawatts) of wind power would be added to the total energy mix on annual basis (i.e. 600 

turbines x 8 MWs output capacity  x 365 days = 1752 gigawatts / annum). Let’s assume, that 552 

GWs are subjected to line losses, uncertainties and other anomalies generated during the process 

of electricity transfer from wind farm to end user, even then 1200 GWs (i.e. 1.2 TWh) of wind 

power would be there to satisfy the electricity demand of different sectors on annual basis. This 

learning process would certainly promote collaboration and sharing of knowledge between 

different industries in Sweden. It would also help in improving the skills relevant to the 

deployment of wind power in off-shore areas of Sweden. In the long run, the innovation process 

and learning experience of offshore deployment of wind farms might help Sweden in earning 

revenue through the export of this technology.  

 

According to the annual report 2015 of Svenska Kraftnät, the annual domestic electricity 

consumption in Sweden was 140 terawatt hours in year 2014 (Svenska Kraftnät 2014). The 
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installed wind capacity in Sweden for year 2015 was 6000 Megawatts (MWs), whereas, the 

generated electricity through wind turbines was over 15000 gigawatt hours. The wind power 

contributed 12.2% in the total energy mix in year 2015. The development of wind energy in 

Sweden started in year 1991 but the trend remained static till 2001. However, in the following 

years there was an exponential growth when the installed capacity reached its pinnacle of over 6 

GWs in 2015 (International Energy Agency 2015) 

 

In order to increase the current generational capacity of wind energy from 12.2% to 20%, an 

additional generational capacity of 4 - 5 gigawatts should be installed. It is important to mention 

here that a commercial scale wind turbine with 2 MWs generational capacity cost between USD 3 

– 4 million (Wind Industry 2017).   

 

Table 1: The table given below reflects that a commercial scale wind turbine 

with an output capacity of 2 MWs costs around USD 3 – 4 million. Keeping 

the price of a 2 MWs wind turbine as constant, a turbine with an output 

capacity of 8MWs would cost USD 12 – 16 million. 

Wind Turbine Capacity Cost (including installation) 

Commercial Scale 2 MWs USD 3 – 4 million  

Commercial Scale 8 MWs USD 12 – 16 million 

 

Table 2: The price of installation 600 wind turbines each with the 

generational capacity of 8 MWs would roughly cost between USD 7.2 – 9.6 

billion. 

Number of Wind Turbines with 8 MWs 

as output capacity 

Cost (including 

installation) 

1 wind Turbine USD 12 – 16 million 

10 wind turbines USD 120 – 160 million 

100 wind turbines USD 1.2 – 1.6 billion 

300 wind turbines USD 3.6 – 4.8 billion 

600 wind turbines USD 7.2 – 9.6 billion 

 

The price quoted here is just a rough estimation and the price in field (i.e. in business as usual) 

may vary accordingly. The combined installed capacity of 600 wind turbines would be 4.8 GWs. 

Energy policy makers in Sweden can choose to install over 0.533 GWs of wind power on per 

annum basis from year 2017 onwards (roughly around 66 wind turbines each year), so by the end 
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of year 2025, a total of 4.8 GWs of installed capacity would be added to the already installed 

wind power in Sweden. 

 

Again, innovation theory and learning process helps to understand that both land-based and 

offshore wind farms would be feasible for Sweden. Oceans and seas have a high wind speed 

around noon that makes them more desirable for the sake of electricity generation during peak 

hours (Anderson 2013). On the contrary, it is relatively easier to transfer generated electricity via 

an onshore wind farm. An offshore wind farm is also more vulnerable to rough and tough 

conditions of sea or ocean especially when it comes to storms. Therefore, it requires an additional 

maintenance cost to function smoothly which means it puts an extra financial load on the 

company that operates an offshore wind farm. Both offshore and onshore wind farms can better 

satisfy the peak demand of electricity and are a viable alternative to nuclear power. It is 

environment friendly in terms of operations, financially feasible in terms of installation & 

electricity production and finally, the technology has matured significantly over period of time.  

 

3.4 Promotion of Wind Energy Technology is a must for a Sustainable Sweden: 

 

The first and the foremost hindrance is the strong presence of nuclear power with an overall 

capacity of 9.5 GWs. The installed nuclear power capacity has gradually decreased over years 

from 10.05 GWs in 1996 to 9.53 GWs in 2014 (Swedish Energy Agency 2014). As per a 

framework agreement that took place between Swedish Social Democratic Party, the Moderate 

Party, the Swedish Green Party, the Centre Party and the Christian Democrats, four more nuclear 

reactors will be decommissioned by 2020 and Sweden will generate all of its electricity from 

clean energy sources by 2040 (The Government of Sweden 2017). It is important to consider 

wind power as a sustainable alternative to nuclear power and therefore focus of energy policy 

should on the expansion on wind energy technology to decommission the remaining nuclear 

power plants in Sweden. The Government of Denmark prioritized wind power over nuclear 

power and thus imposed a ban on the use of nuclear power to generate electricity (International 

Energy Agency 2014).  

 

From an economical perspective, the cost of a wind turbine has decreased 30 – 40 % during last 8 

years. Prices are further expected to decrease another 35% in case of offshore wind and 26% in 
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case of onshore wind in the coming 8 years. (Reuters 2016). As a result, wind energy technology 

is more financially feasible than nuclear power since its price is expected to decrease sharply plus 

it is environment friendly and requires fewer expenses to function as there is no hazardous waste 

to deal with. It is important to mention here that China has a cumulative installed wind power 

capacity of over 145 GWs. Likewise, Germany has a total installed wind power capacity of 44.9 

GWs, Spain has over 23 GWs of installed wind power capacity and India has installed over 25 

GWs of wind power by the end of year 2016 (Global Wind Energy Council 2016). In 

comparison, Sweden has a total installed wind power capacity of 6.5 GWs and it is still a very 

large  per capita capacity as the total population is slightly over 10 million (SCB 2018) . 

 

From an environmental perspective, Sweden plans to achieve net zero emissions by 2045 and to 

achieve this ambitious goal, it plans to reduce its greenhouse gases emission 63% by 2030 and 

75% by 2040. These percentages are compared against the emission levels of 1990 and are only 

for the sectors that follows the regulations of European Union (EU) (The Government of Sweden 

2017). A key strategy to reduce the greenhouse gases emission from these sectors is to satisfy 

their electricity demand through clean energy resources. To do so, the Government of Sweden 

can choose to increase the number of installed wind turbines to enhance the share of wind energy 

in the overall energy mix from a current 12.2% to 20% by 2025.  

 

As already spoken, the construction of hydropower plants was the most popular mean to produce 

clean electricity during 1940 – 70 in Sweden. With an increased knowledge about the impacts of 

large hydropower plants on rivers, came in the movement to protect rivers. Thus from 1970 

onwards, construction of nuclear power plants were prioritized over hydropower plants. Today, it 

is a known fact that it is extremely expensive and risky to safely manage and store nuclear waste. 

Due to this strong reason, no one wants a nuclear waste storage facility near a residential area. 

Likewise today, wind power is a sustainable alternative to nuclear source of power production. 

As discussed earlier, wind power produces no hazardous waste, it’s extremely price competitive, 

consume less to no water in its operations, create jobs and up to 95% of its components can be 

recycled once a wind turbine completes its life cycle. If this information is communicated to 

masses that wind power is good for the environment, safe for society and fosters economic 

growth simultaneously and energy policy makers would also prioritize wind power over other 

conventional sources of power production, there is a high possibility that public behavior towards 
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wind turbines would change positively. It is important to mention here that oil was once 

considered a useless resource as it would reduce the worth of land for agricultural practices 

(Robbins 1986). However, with the passage of time and the development of technology and 

infrastructure, oil is now one of the most important commodities to sustain economic growth. It is 

quite clear that masses behavior towards oil changed with the passage of time and the 

development of technology. It is the same for wind power too as before 1973 offshore and 

onshore wind farms were a dream for Denmark now it is a reality that generates a lion’s share of 

electricity for the country. Similarly, as already discussed that masses behavior towards wind 

turbines improved in United Kingdom and Spain once wind turbines started producing power.      

   

It is also a known fact that when it comes to values and initiating a project, the governing body 

briefly prioritizes economic growth and job creation over all other values. Thus, a clean power 

generation project with an ability to create jobs and giving a boost to economic growth in a 

particular area will have a higher chance of implementation than a project with a moderate or low 

positive impact. Moreover, project planners and those responsible for the execution can perform 

the implementation in a manner as to minimize its likely impact on surrounding environment 

(Newell and Matti 2017). 
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Comparison with Denmark 

Denmark has reduced greenhouse gases emissions up to 30% since 1990 and aims to a reduction 

with 40% by 2020. In 2013, the export of wind energy technology contributed 6.5 billion Euros 

to Danish economy. By 2030, the country aims to phase out coal based power plants and by 

2050, all of the sectors including electricity, heat, industry and transport would be powered by 

renewable resources. In 2015, the installed wind capacity in Denmark was 5.072 GWs and the 

figure was 4.9 GWs a year before (Annual Report 2015). By calculating the difference, it can be 

concluded that a total of 175 MWs of wind power was installed in 2015.  

 

Again in 2015, the Government of Denmark provided a subsidy of DKK 8 billion to renewable 

energy sector and it was DKK 1.1 billion more than the subsidy offered during last year. The total 

installed capacity for solar photovoltaic stood at 783 Megawatts (MWs) in year 2015. The 

installed solar photovoltaic capacity in year 2014 was 609 Megawatts (MWs), respectively 

(Annual Report 2015). It can be concluded, that a total of 174 MWs was added to the already 

installed solar photovoltaic capacity in year 2015. 

 

The development of wind energy in Sweden is relatively slow than in comparison to Denmark, 

Germany and Spain (Nilsson et al. 2004). In 2013, the total installed wind power capacity was 

4.47 GWs and it reached to an install capacity of 5.42 GWs with an addition of 0.95 GWs in 

2014 (The Royal Swedish Academy of Engineering Sciences 2016). In 2014, the major share of 

electricity was produced from hydro power (i.e. 42%) and the least share was generated from 

solar power (i.e. 0.06%). Likewise, nuclear power contributed 41% and wind power contributed 

8% during the same year. There is a direct need to reverse this energy policy trend as focus 

should be more on generation of electricity through wind farms. Wind energy technology has 

matured over the period of time and if proper resources are applied, it can minimize the reliance 

on nuclear power.  

 

 The installed wind power capacity of Sweden is higher than Denmark but its geographical area 

and population size is much larger. As a result, the final share of wind power in the overall 

energy mix of Sweden is fairly less than in comparison to Denmark. Another prominent 

difference that exits between the two is that Denmark aims to install wind turbines with higher 

output capacities. So, more electricity could be generated from the existing infrastructure. 
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Similarly, Denmark provides large subsidies to green energy sector and therefore it’s natural that 

a greater availability of funds would definitely promote innovation and efficiency in the field of 

wind energy technology. The cost of an individual wind turbine has dropped 35 – 40 % since 

2009 thus, from a critical perspective it is financially reasonable to prefer wind energy over 

nuclear power, as it is environment friendly and produces no hazardous waste to deal with in a 

later phase (Chestney 2016). It is important to mention here that Sweden has geographical space 

that could be channalized to install wind turbines and the sector of wind energy technology is 

mature too. A key problem in the promotion of wind power is the public resistance towards the 

installation of wind turbines and it can be mitigated through the implementation of 10H rule, 

provision of jobs to people in communities with wind farms, upgrading the already installed wind 

turbines, increasing subsidies to clean energy sector and the reinvestment of revenue from wind 

farms in municipal social programs. All of these factors will certainly create a soft public opinion 

towards wind farms in municipalities across Sweden. 

 

Besides wind power, the percentage of solar power in the overall energy mix should be increased 

too. For example in year 2014, only 0.06% of total electricity was produced through solar power 

whereas none was produced a year before. Energy policy makers can plan to enhance the share of 

solar energy in the overall energy mix for example, a strategy to generate up to 3% of electricity 

through solar photovoltaic cells. It is equally important to mention here that the geographical 

location of Sweden might not be ideal for the installation of solar photovoltaic (PV) panels due to 

low sunlight, but even a minor share of 3% electricity from solar PV might create a significant 

difference.  

 

During 2006 – 2016, the installed capacity of wind power in Sweden has increased from 571 

Megawatts (MWs) in 2006 to 6520 Megawatts (MWs) in year 2016. This shows an 11.4 times 

increase in the overall installed capacity of wind power during last 11 years. The total production 

capacity of wind power in Sweden was 6.52 GWs (i.e. 6,520 MWs) at the end of year 2016.  On 

the other hand, the installed wind power capacity in Denmark increased from 3136 MWs in 2006 

to 5290 MWs in 2016. An increase of 2154 MWs took place over the span of 11 years in the total 

installed capacity in Denmark (Windpower website 2017). During the last decade (i.e. 2005 – 

2016), wind energy reflected an exponential growth in terms of electricity consumption at 

national level in Denmark.  
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Table 3: The percentage of electricity consumed in Denmark 

generated through wind turbines has increased from 19% in 

2005 to 38% in 2016. 

Year Share in terms of electricity 

consumption 

2005 19% 

2006 17% 

2007 20% 

2008 19% 

2009 19% 

2010 22% 

2011 28% 

2012 30% 

2013 33% 

2014 39% 

2015 42% 

2016 38% 

 

 

A key Danish strategy that Sweden can replicate is to opt for wind turbines which have higher 

output capacities and thus can generate more electricity in terms of gigawatts. As mentioned 

earlier, one such example is a turbine with output capacity of 8 MWs and a rotor diameter of 164 

meters respectively. The turbine has been produced by Vestas. A single wind turbine with output 

capacity of 8 MWs per day can generate 2920 MWs (i.e 2.92 GWs) on per annum basis. Let’s say 

that if 0.92 GWs is lost in terms of line losses, even then a single turbine would generate 2 GWs 

on per annum basis. Thus, it can be concluded that a single wind turbine with an output capacity 

of 8 MWs would facilitate the energy authority to generate 2 GWs on per annum basis. With 

basic mathematical calculation, it can be projected that the installation of 100 such turbines 

would produce 292 GWs on per annum basis. Assuming the line losses to be 92 GWs, the final 

output would be 200 GWs on annual basis. Installation of 300 wind turbines with an individual 

output capacity of 8 MWs would produce 2400 MWs on daily basis and 876 GWs on annual 

basis. Assuming the line losses to be 276 GWs, the final output would be 600 GWs. Finally, 

installation of 600 wind turbines each with an output capacity of 8 MWs would generate 4800 

MWs on daily basis and 1752 GWS on annual basis. Again after subjecting the line losses, the 

final output would be 1200 GWs, respectively. Thus, an installation of 600 wind turbines, each 

with an output of 8 MWs would produce 1.2 terawatt hours of clean electricity on annual basis.  
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Discussion  

 

The primary goal of this research is to identify factors which would increase the share of wind 

energy in Sweden from the present percentage of 12.2% to 20% by 2025. Therefore, different 

factors like upgradation of already installed wind turbines, installation of turbines with larger 

output capacities, more subsidies to wind energy sector, a strong political will to reduce reliance 

on nuclear power and expenses on handling of nuclear waste and Government’s right to allow the 

installation of wind turbines rather than municipalities will be discussed.  

 

A constant supply of electricity plays an important role in the development of any country. 

However, once a country attains a certain socioeconomic status, it has to sort out ways to make 

its progress more eco-friendly. Sweden is a highly industrialized country where more than 40% 

of electricity is generated through water resource, another 40% is generated through nuclear 

power plants, 12 % is generated through wind turbines and finally 8 % is generated through solar 

and other thermal energy sources. It is important for the energy authority in Sweden to prioritize 

wind power over nuclear technology. The most crucial issue with nuclear power plants is that 

nuclear waste is complex and expensive to handle and is also dangerous from social and 

environmental perspective. Wind farms on the other hand provides an eco-friendly alternative 

where the electricity is generated at a price competitive level and the disadvantages / issues are 

minor to tackle in comparison to nuclear based power plants. 

 

It was equally interesting to know that lack of interaction between the involved stakeholders and 

reluctance to share the generated knowledge were the key reasons why wind energy sector did 

not establish much in Netherlands. Another crucial factor was the lack of investment subsidies 

from the then Dutch government to companies involved in the purchase of wind turbines. On the 

contrary, there existed a close relationship between the research institutes, turbine producers and 

turbine owners in Denmark that lead to the massive success of wind energy sector in Denmark. 

Moreover, the Danish government played an extremely important role from the very beginning as 

it introduced investment subsidies in 1979 that made the purchase of Danish wind turbines far 

attractive than others. As a result, Denmark exported around 2000 wind turbines to the state of 

California in 1985 that helped the country to gain knowledge by constructing wind turbines. 
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From 1988, wind energy technology made a gradual shift from learning by doing approach to a 

more research oriented sector in Denmark (Kamp et al. 2004). 

 

Opponents to wind power are generally in favor of wind power however, are against the 

installation of wind turbines in areas close to their residence. Thus, in order to increase the 

installed wind power capacity of any place it is important to promote open and honest 

collaboration between utilities, wind power developers, public bodies and masses in general. It is 

also true that the support of wind power is normally high in countries that already have high 

installed wind power capacity. So another way to increase installed wind power capacity in any 

particular area is to install one turbine at a time and simultaneously keep on improving the public 

opinion and attitude through mutual collaboration and learning (Wolsink 2000).  

 

As mentioned earlier, Sweden has generated 12.2% of its electricity through wind farms in the 

previous year. However, energy authorities can achieve more electrical output through the 

installation of windmills with higher output capacity or by upgrading the already installed ones. 

The geographical location of Sweden enables it to have different wind speeds at different levels. 

In the northern Sweden, at the height of 49 meters over the Bothnian sea, the average offshore 

wind speed is 7 - 7.5 meters per second whereas, the average offshore wind speed over the Baltic 

sea at the elevation of 49 meters is 8 - 8.5 meters per second. An average wind speed over the 

southern Sweden is 5.5 - 6.5 meters per second whereas, the average wind speed over the 

northern Sweden is 4.5 - 5.5 meters per second (Söderberg and Bergström 2008). It is projected 

in this report that with proper policy making and financial input, the installed wind power 

capacity can be increased up to 20% by year 2025.   

 

The already installed wind capacity in Sweden at the end of 2016 was 6,520 MWs which 

represented 12.2% of the electrical output in the total energy mix. The total installed capacity 

including all sources of power generation in Sweden was 39,549 MWs at the end of year 2014. 

With simple mathematical calculations, it can be concluded that, if 6520 MWs makes 12.2% of 

already installed wind capacity in 2016, then the total installed capacity for Sweden at the end of 

2016 would be 53,443 MWs ((6520/12.2)*100 = 53,443 MWs). This figure includes all sources 

of electricity generation in Sweden. It is important to note here that it is just estimation and actual 

figure for total installed capacity might vary.  
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The 20% of 53,443 MWs would be 10,687 MWs (i.e. (20/100)*53443=10,687). As per the 

expected outcome of this project report, the installed wind capacity would be raised up to 4800 

MWs through the installation of 600 wind turbines each with an output capacity of 8 MWs. So 

the total installed wind capacity would be 11,320 MWs (i.e. 6,520 + 4800 = 11320 MWs). The 

figure is 633 MWs more than the targeted 20%, however, line losses and power loss during 

transmission is a common factor, so even if 633 MWs would be lost due to line losses and other 

anomalies during transmission, even then the energy authority would be able to raise the bar for 

wind power from 12.2% to 20% by year 2025.  

 

From a social perspective and to mitigate the effects of NIMBY, it would be convenient for the 

Government of Sweden to install wind turbines in areas which are not so densely populated. A 

possible location for the expansion of wind energy is the northern part of Sweden. The 

government might have to construct roads, if it hasn’t already, to facilitate the establishment and 

the maintainence of wind farms. It will facilitate the administration to address public concerns 

regarding wind turbines in a sustainable manner. As spoken earlier, the installation of wind farms 

in the northern region of Sweden will certainly offer cooperative ownership with community 

benefits to local masses which will certainly create employment and give boom to local economy. 

It will create a favorable public opinion plus will generate revenue for the local government as 

well. It is important to understand here that the presence of a wind turbine which can be recycled 

once it completes its life cycle is much safer than the presence of a nuclear power with nuclear 

waste meant to stay for the coming 100,000 years. Moreover, rural areas across the Sweden can 

easily be utilized to install wind turbines with higher output capacities in comparison to ones 

installed in close proximity of urban areas. A turbine with a higher output capacity will lead to 

more production of electricity and thus a larger share of clean energy in the overall energy mix of 

Sweden. The development of physical infrastructure plus the production and the installation of 

wind turbines will promote economic progress and create jobs for masses in Sweden  

 

From a political perspective, the municipalities have the authority to veto and nullify the 

installation of wind turbines in their respective areas. As a result, several municipalities have 

vetoed the installation of 350 wind turbines during last 3 years (Sverige Radio 2017). Let’s 

assume that each turbine had an output capacity of 3 MWs, it means that the current Government 

of Sweden missed the opportunity to install over a Gigawatt of wind energy in its tenure. The 
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price of a certificate to operate a power plant in Sweden has also sharply decreased since 2003 

(Sverige Radio 2017). This reduction in price plus the government’s ambition to install 1000 

wind turbines by 2020 will certainly expand the share of wind energy in the overall energy mix in 

coming years (Nohrstedt 2017). 

 

There exist a big contrast between Sweden and Denmark. Sweden is a fairly large country 

regarding its area, and the population size is almost twice as large as in Denmark (Heleniak T et 

al. 2016). The per capita energy consumption for both countries is roughly equal, but the total 

energy consumption for Sweden is twice as large as Denmark’s, due to the doubled population 

size (The World Bank 2015). In Denmark, the sources of power generation are quite diversified. 

Wind power is certainly the largest, and has an installed capacity of 5.25 Gigawatts (GWs). It is 

followed by natural gas with 2.15 GWs, coal with 1.6 GWs, biomass with 1.5 GWs, solar 

photovoltaics with 851 megawatts (MWs), oil with 685 MWs, waste with 351 MWs, biogas with 

112 MWs, hydropower with 7 MWs and other sources with an overall install capacity of 26 MWs 

respectively (Energi net 2017). In Sweden, hydropower with an installed capacity of 16 GWs is 

the largest source of power production. It is followed by nuclear power with an installed capacity 

of 9.5 GWs, other thermal energy with 8.3 GWs, Wind power with over 5.4 GWs and finally 

solar photovoltaic with an overall installed capacity of 79 MWs respectively (Byman 2016).   

 

According to SKB, the financial worth of nuclear power programme in Sweden is SEK 141 

billion. Till date, SEK 43 billion has already been utilized for the promotion of nuclear power and 

the safe management of nuclear waste while the remaining funds of worth SEK 98 billion will be 

utilized from 2018 onwards (SKB 2017). The financial figure of SEK 98 billion (i.e. around 9.8 

billion euros) is too big of an amount which if channelized for the promotion of wind power can 

easily help Sweden to be nuclear power free country. In comparison, the neighboring country of 

Denmark has a more active sector of wind power production due to a more responsive 

subsidization program for renewable energy sector on annual basis. It also has turbines with 

higher output capacities than in comparison to Sweden. For this thesis project, a total of 11 years 

(i.e. 2006 – 2016) is considered as a time frame for data collection  

 

From the perspective of Sustainable Development, the expansion of wind power from 12.2% to 

20% will yield social, economic and environmental benefits for Sweden. First and foremost is 

that the installation of 600 wind turbines would give a boost to wind industry. It would create 
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more jobs, promote research and development and would enhance technical ability when it comes 

to the power generation and deployment of wind turbines in off-shore areas. From the perspective 

of aesthetics, installation of wind turbines would increase the attractiveness of natural landscapes. 

In certain cases, population might think the opposite too. From the point of view of environment, 

it would provide a sustainable alternative to nuclear power which is good for Sweden in both 

short and long term. The installed nuclear power at the end of year 2014 was 9,528 MWs. Thus, 

if the wind power capacity is increased up to 4800 MWs as projected in this report, it would 

neutralize the reliance on nuclear power somewhere between 40% to 50% (i.e. 9528 – 4800 = 

4,728 MWs). From an energy policy maker’s point of view, it would be a complete win – win 

situation. From a social perspective, it would create more awareness among people on the issue 

of green electricity generation through wind turbines. All these steps would create a sustainable 

present and future for Sweden and its inhabitants.    

 

5.1 Analytical Findings: 

 

It is commonly known that innovation always takes place within systems formed by different 

actors and organizations (Kamp et al. 2004). All of the involved stakeholders does a lot of 

communication and thus each then contribute to innovation and learning. Normally, a technology 

is developed in a laboratory and is then tested in field. During the test phase, data is collected 

which is then communicated to laboratory to improve the designed technology further. The 

process is repeated quite often to a point where it becomes rational with respect to social, 

environmental and financial aspects to prefer the developed technology over the existing one. A 

primary reason for the success of wind power sector in Denmark was the close collaboration 

between all of the involved stakeholders where government provided enough subsidies from the 

very beginning, laboratories worked as a team with manufacturers of turbines and operating team 

provided correct feedback to remove the identified hindrances. The received feedback was then 

used to improve the designed wind power technology in laboratory. A transparent and honest 

communication right from the start certainly removed all the frictions which then lead to the 

sustainable growth of wind power sector in Denmark. Unfortunately, the same factors that 

triggered growth in the sector of wind power in Denmark were ignored by Netherlands. 

Consequently today, wind power plays a limited role when it comes to total energy mix in 

Netherlands.  
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With reference to innovation theory and its application to enhance the installed capacity of wind 

power in Sweden, it is important for the wind turbine manufacturers to develop effective 

communication channels with authorities in municipalities, laboratories to improve the existing 

technology, receiving sustainable feedback from the operational base and to certainly invest in 

municipal social programs in the areas selected for the installation of wind turbines. This will 

facilitate the turbine owners in the transfer of knowledge that would then help them in 

overcoming the existing obstacles in the promotion of wind power in Sweden. A commonly 

known obstacle is a fear among masses in residential areas that choose to see an installed wind 

turbine in close proximity as a potential threat and a source of noise pollution. This phenomenon 

is commonly referred to as “not in my backyard (NIMBY)”. It is important to mention here that 

several countries across Europe with certainly higher installed wind power capacity than Sweden 

have resolved NIMBY issue with various innovative solutions producing sustainable benefits for 

people, local economy and environment.  

 

As spoken earlier, policy makers in countries like Germany and Denmark have resolved NIMBY 

problem by giving people the opportunity to participate in the process of power generation from 

wind turbines. An introduction of 10H rule in Bavaria, Germany is certainly a right step in the 

right direction to mitigate NIMBY issue and to increase the installed wind power capacity. 

Similarly, as already discussed, research has revealed that people would be least bothered by the 

installation of a wind turbine, if they would have a financial stake in the installed wind turbine. 

Denmark has mitigated NIMBY issue by upgrading its already installed wind turbines. As a 

result, Denmark today has 20% less installed wind turbines than it had in 2001 however, it’s wind 

power generational ability has soared two-fold during the same time span (State of green 2018). 

Other researches have shown in UK and Spain that opinion of masses gradually improves once a 

wind farm goes online.  

 

In the case of Sweden, a close relationship between the authorities of municipalities and wind 

turbine manufacturers would facilitate the transfer of knowledge that can certainly introduce a 

sustainable change and reduce ambiguities as the former currently has the right to reject the 

installation of a wind turbine in its proximity. As a consequence, municipalities across Sweden 

have rejected the installation of 354 wind turbines during last three years (Springborg 2017). In 

addition to developing better communications with the authorities of municipalities, the turbine 
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manufacturers can also work closely with residents as well. An important and effective way to 

accomplish this task is to opt for learning by interacting strategy. In this case, the turbine owners 

would interact frequently with users of electricity (i.e. masses). It will allow them to know their 

reservations concerning wind turbines and thus to effectively resolve them on priority basis with 

the help of innovation system and learning. This public preference along with investment in 

municipal social programs will act as a bottom-to-top approach to develop soft corner at 

municipal level when it comes to the installation of wind turbines in municipalities. Wind turbine 

manufacturers are already implementing the aforementioned strategies in Spain and UK, where 

the turbine developers prioritize locals for employment and also invest money in local social 

benefit programs. This increases the benefits of installed wind turbines two-fold, first it is an 

environment friendly source to generate electricity and up to 95% of the components of a turbine 

can be recycled at the end of life span. Secondly, the installed turbines then lead to an improved 

quality of life due to an increase in financial investment in social programs and employment 

creation for locals. As a result, overall installed wind power capacity increases and the designed 

project then satisfies social, economic and environmental aspects of sustainable development.  

 

Summing it all, a wind farm proposal with an aim to invest returns in municipal social programs, 

ensuring employment for local masses, an implementation of 10H rule and an effective 

communication between all stakeholders might be observed more positively and appreciated by 

both authorities and residents. Finally, the identified points are both realistic and achievable in 

terms of implementation provided proper time, energy, technical expertise and financial resources 

are directed towards achieving this goal.  

 

 5.1.1 Indicators concerning Sustainable Development: 

 

The indicators considered by the European Union when it comes to sustainable development, 

climate change and energy are greenhouse gas emissions, primary energy consumption, global 

surface average temperature, GHG intensity of energy consumption, energy dependence, 

consumption of renewables, electricity generation from renewables and share of renewable 

energy in transport respectively (European Commission 2017). These indicators can further 

guide the energy policy makers in Sweden to focus on factors which could promote Sustainable 

Development in the country. It is important to mention here that there exist an inverse 
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relationship between the renewable energy promotion and climate change. Climate change is a 

result of an increase in GHGs concentration in our atmosphere, majority of which has been 

emitted due to the generation of electricity from fossil fuel resources. Thus, when renewable 

resources are used on a large scale for the sake of power generation, the emission of GHGs is 

minimized significantly. This reduction makes renewable resources eco-friendly and more 

suitable for the sustainable management of power sector in both present and future.  

 

Another important factor is to produce energy efficient electrical appliances to reduce electricity 

consumption. As the consumption would be minimized, the requirement to produce electricity 

would naturally decrease too. It would also be environment friendly and financially efficient from 

a policy maker’s point of view. First, the production of energy efficient electrical appliances 

would lead to research and development in electrical appliances sector which would stimulate 

economic growth in that particular field. Secondly, when the energy efficient electrical 

appliances would be purchased and used by consumers, it would lead to a decrease in an overall 

energy consumption which is good for the environment. As mentioned earlier, there exist an 

inverse relationship between energy efficiency and power generation. 

 

 

 

 

 

 

 

 

 

 

 



 

30 
Ayoub Hameedi 

Acknowledgement: 

I am extremely thankful to my supervisor Monica Hammer for her constant support, guidance 

and prompt replies to my queries. I feel blessed to have her as my supervisor as she provided me 

the room to work in my own way. Without her backing, this research work would not have been 

possible for me and I am sure one cannot desire for a better or amicable supervisor. 

I am also thankful to Patrik Dinnetz for his positive feedback, patience and guidance during the 

research work. 

I am highly indebted to Sweden; it’s government, Tornado AB and Swedes for giving me the 

opportunity to study in Södertörns Högskola. 

Finally, I would like to dedicate this thesis to my family for the support, affection and love I have 

received throughout my life.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

31 
Ayoub Hameedi 

References:  

Anderson, Spenser. 2013. Comparing offshore and onshore wind. The Economics of Oil and Energy. 

Available at: http://pages.hmc.edu/evans/andersonwind.pdf [Accessed on 25-03-2017]. 

Alecta. 2016. Annual Report 2016 including Sustainability report. Page 21. Available at: 

https://www.alecta.se/globalassets/dokument/finansiella-rapporter/in-english/annual-

reports/alecta_annual_report2016.pdf [Accessed on: 27-12-2017] 

Andersen et al. 2014. Recycling of wind turbines. In H. Hvidtfeldt Larsen, & L. Sønderberg Petersen 

(Eds.), DTU International Energy Report 2014: Wind energy — drivers and barriers for higher shares of 

wind in the global power generation mix (pp. 91-97). Technical University of Denmark (DTU).  

Abraham, J. 2017. Fossil fuel subsidizes are a staggering USD 5 trillion per year. The Guardian. Available 

at: https://www.theguardian.com/environment/climate-consensus-97-per-cent/2017/aug/07/fossil-fuel-

subsidies-are-a-staggering-5-tn-per-year [Accessed on: 13-12-2017] 

Anshelm, J & Simon, H.  2016. Power production and Environmental opinions – Environmentally 

motivated resistance to wind power in Sweden. Renewable and Sustainable Energy Reviews 57. Pg 1545 

– 1555. 

Brown, Lester. R. 2012. The Great Transition, Part I: From Fossil Fuels to Renewable Energy. Available 

at: http://www.earth-policy.org/plan_b_updates/2012/update107 [Accessed on 05-06-2017]. 

Byman, K. 2016. Electricity Production in Sweden: IVA’s Electricity Crossroads Project. Royal Swedish 

Academy of Engineering Sciences (IVA). Page 8.  Available at: https://www.iva.se/globalassets/201604-

iva-vagvalel-elproduktion-english-c.pdf  [Accessed on: 25 February 2017]. 

Bergström, H and Söderberg, S. 2008. Wind Mapping of Sweden: Summary of results and methods used. 

Elforsk Report. Available at: 

http://www.elforsk.se/Global/Vindforsk/Rapporter%20fran%20Vindforsk%20II/09_04_rapport.pdf 

[Accessed on 11-04-2017] 

Bell, A. 20
th
 October 2016. The UK public love wind power and they don’t even know it. The Guardian 

Newspaper. Available at: https://www.theguardian.com/science/political-science/2016/oct/20/the-uk-

public-love-wind-power-and-they-dont-even-know-it [Accessed on: 23-12-2017] 

Busby, R. L. 2012. Wind Power: The industry Grows up. PennWell books. Page 332. Available at: 

https://books.google.se/books?id=-

tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbin

es&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi

-

w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how%20spain%20has%20increased%20p

ublic%20favor%20for%20wind%20turbines&f=false [Accessed on: 23-12-2017] 

Cowell, R et al. 2011. Acceptance, acceptability and environmental justice: the role of community benefits 

in wind energy development. Journal of Environmental planning and management. Vol. 54 No. 4 May 

2011 pg. 539 - 557 

Cavicchioli. C and Garofalo, E. 2015: IEA Wind Task 28 Social Acceptance Social acceptance of wind 

energy projects “Winning Hearts and Minds” State of the art report. Country report Italy. The 

International Energy Agency (IEA). Available at: http://www.socialacceptance.ch/images/State-of-the-

Art_countryreport_Italy.pdf [Accessed on: 23-12-2017]  

Clark, D. 2012. How much do we spend on nuclear waste. The Guardian. Available at: 

https://www.theguardian.com/environment/2012/nov/16/nuclear-waste-sellafield [Accessed on 10 August 

2017]. 

Cresswell, J. W. 2013. Qualitative Inquiry and Research Design. Third Edition. Sage Publications Inc. 

2455 Teller Road, Thousand Oaks, California 91320. [Accessed on 07-05-2017]. 

Chestney, N.  2016. Solar, wind cost could fall up to 59 percent by 2025, study says. Reuters. Available 

at: http://www.reuters.com/article/us-renewables-cost-idUSKCN0Z10QD [Accessed on: 12-08-

2017]Clark, D. 16
th
 January 2012. How long do greenhouse gases stay in the air. The Guardian 

Newspaper. Available at: https://www.theguardian.com/environment/2012/jan/16/greenhouse-gases-

remain-air [Accessed on: 23-12-2017] 

http://pages.hmc.edu/evans/andersonwind.pdf
https://www.theguardian.com/environment/climate-consensus-97-per-cent/2017/aug/07/fossil-fuel-subsidies-are-a-staggering-5-tn-per-year
https://www.theguardian.com/environment/climate-consensus-97-per-cent/2017/aug/07/fossil-fuel-subsidies-are-a-staggering-5-tn-per-year
http://www.earth-policy.org/plan_b_updates/2012/update107
https://www.iva.se/globalassets/201604-iva-vagvalel-elproduktion-english-c.pdf
https://www.iva.se/globalassets/201604-iva-vagvalel-elproduktion-english-c.pdf
http://www.elforsk.se/Global/Vindforsk/Rapporter%20fran%20Vindforsk%20II/09_04_rapport.pdf
https://www.theguardian.com/science/political-science/2016/oct/20/the-uk-public-love-wind-power-and-they-dont-even-know-it
https://www.theguardian.com/science/political-science/2016/oct/20/the-uk-public-love-wind-power-and-they-dont-even-know-it
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
https://books.google.se/books?id=-tzo7QXuHfMC&pg=PA332&lpg=PA332&dq=how+spain+has+increased+public+favor+for+wind+turbines&source=bl&ots=bCE6SFLfcl&sig=v8q5BjbzxK82fwu_Zo5jbKVDft4&hl=sv&sa=X&ved=0ahUKEwi-w57O6aPYAhUhP5oKHdbHBoUQ6AEIPzAC#v=onepage&q=how spain has increased public favor for wind turbines&f=false
http://www.socialacceptance.ch/images/State-of-the-Art_countryreport_Italy.pdf
http://www.socialacceptance.ch/images/State-of-the-Art_countryreport_Italy.pdf
https://www.theguardian.com/environment/2012/nov/16/nuclear-waste-sellafield
http://www.reuters.com/article/us-renewables-cost-idUSKCN0Z10QD
https://www.theguardian.com/environment/2012/jan/16/greenhouse-gases-remain-air
https://www.theguardian.com/environment/2012/jan/16/greenhouse-gases-remain-air


 

32 
Ayoub Hameedi 

Danish Energy Regulatory Authority (DERA). 2016. National Report Denmark. Page 5. Available at: 

http://energitilsynet.dk/fileadmin/Filer/Information/Diverse_publikationer_og_artikler/National_Report_2

016__Denmark.pdf  [Accessed on: 24 Febraury 2017]. 

Denmark.Dk (website). 2017. A world leader in wind energy. Available at: http://denmark.dk/en/green-

living/wind-energy/ [Accessed on: 14-03-2017]. 

4COffshore Website. 2018. Vindeby Offshore Wind Farm. Available at: 

http://www.4coffshore.com/windfarms/windfarms.aspx?windfarmId=DK06 [Accessed on: 19-03-2018] 

Danish Energy Agency. 2015. The Danish Energy Model: Innovative, Efficient and Sustainable. Page 2 - 

5. Available at: https://stateofgreen.com/files/download/1401 [Accessed on: 06 March 2017]. 

Danish Energy Agency. 2013. New Offshore Wind Tenders In Denmark. Available at: 

http://www.windpower.org/download/1811/energistyrelsen_udbud_af_havmoelleparkerpdf [Accessed on: 

06-03-2017]. 

European Commission (EC). 2017. Causes of Climate Change. Available at: 

https://ec.europa.eu/clima/change/causes_en [Accessed on 13 May 2017]. 

EnergiNet.Dk (website). 2015. Annual Report. Available at: 

http://energinet.dk/SiteCollectionDocuments/Engelske%20dokumenter/Om%20os/Annual%20report%202

015.pdf [Accessed on: 07-03-2017]. 

England, C. 2017. Germany breaks renewables record with coal and nuclear power responsible for only 

15% of country's total energy. Independent Newspaper. Available at: 

http://www.independent.co.uk/news/world/europe/germany-renewable-energy-record-coal-nuclear-power-

energiewende-low-carbon-goals-a7719006.html [Accessed on 10 August 2017] 

Energi net (website). 2017. Environmental Report. Available at: https://en.energinet.dk/-

/media/Energinet/El-RGD/Miljrapport-2017_EN.pdf [Accessed on 03-09-2017] 

Figueres, C et. al. 28 June 2017. Three years to safeguard our climate. Nature Vol. 546 Issue 7660. 

Available at: http://www.nature.com/news/three-years-to-safeguard-our-climate-1.22201 [Accessed on: 

23-12-2017] 

Flood, Cecilia. 2014. Hydropower in Sweden – An investigation of the implications of adding detail to the 

modelling of hydropower in OseMOSYS. KTH Industrial Engineering and Management. Available at 

https://www.diva-portal.org/smash/get/diva2:800244/FULLTEXT01.pdf  [Accessed on 25-11-2018] 

Griffin, A,. 4 January 2017. Solar and Wind Power Cheaper than fossil fuels for the first time. Available 

at: http://www.independent.co.uk/environment/solar-and-wind-power-cheaper-than-fossil-fuels-for-the-

first-time-a7509251.html [Accessed on: 08 June 2017]. 

Gavard, C. 2016. Carbon Price and Wind Power Support in Denmark. Energy Policy Journal. Volume 92. 

May 2016. Page 455 - 467. Available at: 

http://www.sciencedirect.com.till.biblextern.sh.se/science/article/pii/S0301421516300313 [Accessed on 

18-03-2017]. 

Global Wind Energy Council (GWEC). 2017. Global Wind Report 2016. Available at: 

http://gwec.net/global-figures/graphs/ [Accessed on 09-09-2017] 

Gloersen et al. 2005. Northern peripheral, Sparsely populated regions in European Union. 

Available at https://www.diva-portal.org/smash/get/diva2:700435/FULLTEXT01.pdf [Accessed 

on 25-11-2018] 

Government Offices of Sweden. 2017. The climate policy framework. Available at: 

http://www.government.se/articles/2017/06/the-climate-policy-framework/ [Accessed on: 27-12-2017] 

Gencsu, I and Zerzawy, F. 2017. Monitoring Europe’s fossil fuel subsidies: Sweden. Brief paper. Shaping 

policy for development. Available at: https://www.odi.org/publications/10932-monitoring-europes-fossil-

fuel-subsidies-sweden [Accessed on: 13-12-2017]. 

Heleniak, T et al. 2016. Migration: An important source of population increase. Nordregio. Available at: 

http://www.nordregio.se/Global/Publications/Publications%202016/State%20of%20the%20Nordic%20Re

gion%202016/Chapter3.pdf [Accessed on 02-09-2017]. 

Ho, A and Pineda, I. August 2015. Wind Energy Scenarios for 2030: A report by European Wind Energy 

Association. Available at: https://www.ewea.org/fileadmin/files/library/publications/reports/EWEA-

Wind-energy-scenarios-2030.pdf [Accessed on: 23-12-2017] 

http://energitilsynet.dk/fileadmin/Filer/Information/Diverse_publikationer_og_artikler/National_Report_2016__Denmark.pdf
http://energitilsynet.dk/fileadmin/Filer/Information/Diverse_publikationer_og_artikler/National_Report_2016__Denmark.pdf
http://denmark.dk/en/green-living/wind-energy/
http://denmark.dk/en/green-living/wind-energy/
http://www.4coffshore.com/windfarms/windfarms.aspx?windfarmId=DK06
https://stateofgreen.com/files/download/1401
http://www.windpower.org/download/1811/energistyrelsen_udbud_af_havmoelleparkerpdf
https://ec.europa.eu/clima/change/causes_en
http://energinet.dk/SiteCollectionDocuments/Engelske%20dokumenter/Om%20os/Annual%20report%202015.pdf
http://energinet.dk/SiteCollectionDocuments/Engelske%20dokumenter/Om%20os/Annual%20report%202015.pdf
http://www.independent.co.uk/news/world/europe/germany-renewable-energy-record-coal-nuclear-power-energiewende-low-carbon-goals-a7719006.html
http://www.independent.co.uk/news/world/europe/germany-renewable-energy-record-coal-nuclear-power-energiewende-low-carbon-goals-a7719006.html
https://en.energinet.dk/-/media/Energinet/El-RGD/Miljrapport-2017_EN.pdf
https://en.energinet.dk/-/media/Energinet/El-RGD/Miljrapport-2017_EN.pdf
http://www.nature.com/news/three-years-to-safeguard-our-climate-1.22201
https://www.diva-portal.org/smash/get/diva2:800244/FULLTEXT01.pdf
http://www.independent.co.uk/environment/solar-and-wind-power-cheaper-than-fossil-fuels-for-the-first-time-a7509251.html
http://www.independent.co.uk/environment/solar-and-wind-power-cheaper-than-fossil-fuels-for-the-first-time-a7509251.html
http://www.sciencedirect.com.till.biblextern.sh.se/science/article/pii/S0301421516300313
http://gwec.net/global-figures/graphs/
https://www.diva-portal.org/smash/get/diva2:700435/FULLTEXT01.pdf
http://www.government.se/articles/2017/06/the-climate-policy-framework/
https://www.odi.org/publications/10932-monitoring-europes-fossil-fuel-subsidies-sweden
https://www.odi.org/publications/10932-monitoring-europes-fossil-fuel-subsidies-sweden
http://www.nordregio.se/Global/Publications/Publications%202016/State%20of%20the%20Nordic%20Region%202016/Chapter3.pdf
http://www.nordregio.se/Global/Publications/Publications%202016/State%20of%20the%20Nordic%20Region%202016/Chapter3.pdf
https://www.ewea.org/fileadmin/files/library/publications/reports/EWEA-Wind-energy-scenarios-2030.pdf
https://www.ewea.org/fileadmin/files/library/publications/reports/EWEA-Wind-energy-scenarios-2030.pdf


 

33 
Ayoub Hameedi 

Hofmann, M and Spertad, I.B. 2014. Will 10 MW wind turbines bring down bring down the operation and 

management cost of offshore wind farms. Science Direct. Energy Procedia 53 (2014) page 231 – 238. 

Available at: https://ac.els-cdn.com/S1876610214011096/1-s2.0-S1876610214011096-

main.pdf?_tid=3ea5fc86-e18c-11e7-ae46-

00000aab0f27&acdnat=1513337992_d49642f5ee65ee8cb9a6b2335098be94 [Accessed at: 15-12-2017] 

Henry, J. 2017. Nuclear Power plant water usage and consumption. Stanford University, Winter 2017. 

Available at: http://large.stanford.edu/courses/2017/ph241/styles2/ [Accessed on: 15-12-2017] 

Intergovernmental Panel on Climate Change (IPCC). 2011. Renewable Energy Resources and Climate 

Change Mitigation. Available at: https://www.ipcc.ch/pdf/special-

reports/srren/SRREN_FD_SPM_final.pdf [Accessed on 05-06-2017] 

International Energy Agency (IEA). 2015. Annual Report: Sweden. Available at: 

https://www.ieawind.org/annual_reports_PDF/2015/Sweden.pdf [Accessed on: 11 Febraury 2017] 

International Energy Agency (IEA). 2014. Energy Strategy 2050. Available at: 

https://www.iea.org/policiesandmeasures/pams/denmark/name-25113-en.php [Accessed on 09 September 

2017] 

International Renewable Energy Agency (IRENA). 2016. Renewable Energy and Jobs: Annual Review. 

Available at: http://www.se4all.org/sites/default/files/IRENA_RE_Jobs_Annual_Review_2016.pdf 

[Accessed on: 15-12-2017] 

Jahanarai, T. 2010. Wind power planning in Sweden: Public participation and local people’s opposition. 

Lund University Center For Sustainability Studies (LUCSUS) [Accessed on: 21-12-2017] 

Klaassen, G and Miketa, A et el. March 2005. The impact of R&D on innovation for wind energy in 

Denmark, Germany and United Kingdom. The International Institute of Applied Systems Analyses 

(IIASA). Science Direct. Ecological Economics 54 (2005) 227 - 240.  [Accessed on 16-03-2017] 

Lund, P and Ratinen, Mari. 2015. Policy inclusiveness and niche development: Examples from wind 

energy and photovoltaic in Denmark, Germany, Finland and Spain. Energy Research and Social Science 

Journal. Volume 6. March 2015. Pages 136 - 145.   

L. M. Kamp et al. 2004. Notions on learning applied to wind turbine development in the Netherlands and 

Denmark. Energy Policy 32 (2004) 1625 – 1637. [Accessed on 18-05-2018] 

Moghalu, Kingsley. 2013. Emerging Africa. Penguin Publisher. Published on 24 July 2014. Available at: 

https://www.penguin.co.uk/books/271355/emerging-africa/ [Accessed on: 08-04-2017]  

Map of Denmark. 2017. Shutterstock website. Available at: https://image.shutterstock.com/z/stock-vector-

abstract-vector-color-map-of-denmark-country-coloured-by-national-flag-18330601.jpg [Accessed on : 

14-03-2017] 

Madres, B. 2011. Storage and Disposal of Nuclear Waste. Stanford University. Available at: 

http://large.stanford.edu/courses/2011/ph241/madres1/ [Accessed on: 14-08-2017] 

Morris, C. 23
rd

 May 2016. Pushback against onshore wind power in Germany gets real. Energy Transition 

website. Available at: https://energytransition.org/2016/05/pushback-against-onshore-wind-power-in-

germany-gets-real/ [Accessed on: 23-12-2017] 

Nilsson et al. March 2004. Seeing the wood for the trees: 25 years of renewable energy policy in Sweden. 

Energy for Sustainable Development. Volume VIII No. 1. Available at: http://ac.els-

cdn.com.till.biblextern.sh.se/S0973082608603920/1-s2.0-S0973082608603920-main.pdf?_tid=fdd655aa-

03ee-11e7-93c9-00000aacb35f&acdnat=1488971245_64ed8445b30e056ea393afa20befed19 [Accessed 

on: 08-03-2017]. 

Nohrstedt, L. 2017. Tio av tolv förbjuds sälja kraftverk. Ny teknik. Available at: 

https://www.nyteknik.se/energi/tio-av-tolv-forbjuds-salja-kraftverk-6868532 [Accessed on: 12-09-2017]. 

Newell, D and Matti, S. 2017. Values, beliefs and elite decision-making: The case of the Markbygden 

wind power development. Environmental Policy and Governance.  Available at: http://www.diva-

portal.org/smash/record.jsf?pid=diva2%3A1143956&dswid=1612 [Accessed on: 12-11-2018]. 

Robbins, T. 1986. Unlimited Power – The New Science of Personal Achievement. Simon and Schuster 

Inc. 1230 Avenue of the Americas, New York, NY 10020. Pg 293 [Accessed on 27-11-2018] 

Ropenus, S et al. 2015. A snapshot of Danish Energy Transition. Agora Energiewende. Available at: 

https://www.agora-energiewende.de/fileadmin/Projekte/2015/integration-variabler-erneuerbarer-energien-

daenemark/Agora_Snapshot_of_the_Danish_Energy_Transition_WEB.pdf [Accessed on: 02-09-2017]. 

https://ac.els-cdn.com/S1876610214011096/1-s2.0-S1876610214011096-main.pdf?_tid=3ea5fc86-e18c-11e7-ae46-00000aab0f27&acdnat=1513337992_d49642f5ee65ee8cb9a6b2335098be94
https://ac.els-cdn.com/S1876610214011096/1-s2.0-S1876610214011096-main.pdf?_tid=3ea5fc86-e18c-11e7-ae46-00000aab0f27&acdnat=1513337992_d49642f5ee65ee8cb9a6b2335098be94
https://ac.els-cdn.com/S1876610214011096/1-s2.0-S1876610214011096-main.pdf?_tid=3ea5fc86-e18c-11e7-ae46-00000aab0f27&acdnat=1513337992_d49642f5ee65ee8cb9a6b2335098be94
http://large.stanford.edu/courses/2017/ph241/styles2/
https://www.ipcc.ch/pdf/special-reports/srren/SRREN_FD_SPM_final.pdf
https://www.ipcc.ch/pdf/special-reports/srren/SRREN_FD_SPM_final.pdf
https://www.ieawind.org/annual_reports_PDF/2015/Sweden.pdf
https://www.iea.org/policiesandmeasures/pams/denmark/name-25113-en.php
http://www.se4all.org/sites/default/files/IRENA_RE_Jobs_Annual_Review_2016.pdf
https://www.penguin.co.uk/books/271355/emerging-africa/
https://image.shutterstock.com/z/stock-vector-abstract-vector-color-map-of-denmark-country-coloured-by-national-flag-18330601.jpg
https://image.shutterstock.com/z/stock-vector-abstract-vector-color-map-of-denmark-country-coloured-by-national-flag-18330601.jpg
http://large.stanford.edu/courses/2011/ph241/madres1/
https://energytransition.org/2016/05/pushback-against-onshore-wind-power-in-germany-gets-real/
https://energytransition.org/2016/05/pushback-against-onshore-wind-power-in-germany-gets-real/
http://ac.els-cdn.com.till.biblextern.sh.se/S0973082608603920/1-s2.0-S0973082608603920-main.pdf?_tid=fdd655aa-03ee-11e7-93c9-00000aacb35f&acdnat=1488971245_64ed8445b30e056ea393afa20befed19
http://ac.els-cdn.com.till.biblextern.sh.se/S0973082608603920/1-s2.0-S0973082608603920-main.pdf?_tid=fdd655aa-03ee-11e7-93c9-00000aacb35f&acdnat=1488971245_64ed8445b30e056ea393afa20befed19
http://ac.els-cdn.com.till.biblextern.sh.se/S0973082608603920/1-s2.0-S0973082608603920-main.pdf?_tid=fdd655aa-03ee-11e7-93c9-00000aacb35f&acdnat=1488971245_64ed8445b30e056ea393afa20befed19
https://www.nyteknik.se/energi/tio-av-tolv-forbjuds-salja-kraftverk-6868532
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1143956&dswid=1612
http://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1143956&dswid=1612
https://www.agora-energiewende.de/fileadmin/Projekte/2015/integration-variabler-erneuerbarer-energien-daenemark/Agora_Snapshot_of_the_Danish_Energy_Transition_WEB.pdf
https://www.agora-energiewende.de/fileadmin/Projekte/2015/integration-variabler-erneuerbarer-energien-daenemark/Agora_Snapshot_of_the_Danish_Energy_Transition_WEB.pdf


 

34 
Ayoub Hameedi 

Rio, P. D and Burguillo, M,. 2008. An Empirical Analysis of the Impact of Renewable Energy 

Deployment on Local Sustainability. Renewable and Sustainable Energy Reviews. Volume 13 (2009). 

Pages 1314 - 1325. 

Reuters. 2016. Solar, Wind costs could fall up to 59 percent by 2025, study says. Available at: 

http://www.reuters.com/article/us-renewables-cost/solar-wind-costs-could-fall-up-to-59-percent-by-2025-

study-says-idUSKCN0Z10QD [Accessed on 09-09-2017] 

Rudberg, P & Weitz, N et. Al. 2013. Governing Growing Wind Power: Policy Coherence of Wind Power 

Expansion and Environmental Considerations in Sweden , with Comparative Analysis from Norway. 

Stockholm Environment Institute (SEI). Project Report 2013 – 14. Available at: https://www.sei-

international.org/mediamanager/documents/Publications/SEI-ProjectReport-Rudberg-

GoverningGrowingWindPower-2013.pdf [Accessed on: 20-12-2017]. 

Rose, S. 2011. Nuclear waste – Keep out for 100,000 years. The Guardian Newspaper. Available at: 

https://www.theguardian.com/artanddesign/2011/apr/24/nuclear-waste-storage [Accessed on: 11-12-2017] 

State of Green (website). 2018. Denmark set new wind record in 2017. Available at: 

https://stateofgreen.com/en/profiles/state-of-green/news/denmark-set-new-wind-record-in-2017 [Accessed 

on: 19-03-2018]. 

Swedish Wind Energy Association (SWEA). 2017. Statistics and Forecasts. Available at: 

http://svenskvindenergi.org/wp-content/uploads/2017/06/Statistics-and-forecast-Svensk-Vindenergi-

20170626.pdf [Accessed on: 19-03-2018] 

SKB. 2017. Our owners finance our expenditure. Available at: http://www.skb.com/about-skb/funding/. 

[Accessed on: 07-12-2017] 

Swedish Fourth National Pension Fund (AP4). 2017. Tillgångar och fondkapital. Available at: 

http://www.ap4.se/om-ap4/vanliga-fragor--svar/tillgangar-och-kapital/[Accessed on: 27-12-2017]. 

Swedish Fourth National Pension Fund (AP4). 2017. Sustainability and Corporate Governance Report. 

Available at: http://www.ap4.se/globalassets/dokument/rapportarkiv/2016/har-1516/eng/sustainability-

and-corporate-governance-report-2015_2016.pdf [Accessed on: 27-12-2017] 

Svenska Kraftnät. 2015. Annual Report 2014. Available at: http://www.svk.se/siteassets/om-

oss/organisation/finansiell-information/annual_report_-2014.pdf [Accessed on 27-03-2017]. 

Swedish Energy Agency (SEA). 2017. Energy in Sweden - Facts and Figures 2016 Available now. 

Available at: http://www.energimyndigheten.se/en/news/2016/energy-in-sweden---facts-and-figures-2016-

available-now/ [Accessed on 16-04-2017]. 

Saurabh. 2017. Record 6 Gigawatts Wind Energy Capacity Likely To Be Added In India In 2017-18. 

Cleantechies Website. Available at: http://cleantechies.com/2017/04/14/record-6-gigawatts-wind-energy-

capacity-likely-to-be-added-in-india-in-2017-18/ [Accessed on 15-04-2017] 

Swedish Institute. 2017. Energy Use in Sweden. Available at: https://sweden.se/society/energy-use-in-

sweden/ [Accessed on 13-04-2017] 

Sverige Radio. 2017. Kommunalt veto om vindkraft ifrågasätts. Available at: 

http://sverigesradio.se/sida/artikel.aspx?programid=1650&artikel=6766450 [Accessed on 12-09-2017]. 

Sverige Radio. 2017. Prisfall på elcertifikat pressar vindkraften. Available at: 

http://sverigesradio.se/sida/artikel.aspx?programid=83&artikel=6634485 [Accessed on 13-09-2017] 

Swedish Nuclear Fuel and Waste Management Co (SKB). 2005. Decommissioning of nuclear power 

plants. Available at: http://www.skb.se/publikation/1043658/RIVNING_ENG.pdf [Accessed on: 15-12-

2017] 

Statistics Sweden (SCB). 2018. Population Statistics. Available at: http://www.scb.se/en/finding-

statistics/statistics-by-subject-area/population/population-composition/population-statistics/ [Accessed on 

08-03-2018] 

State of Green (website). 2018. Denmark set new wind record in 2018. Available at: 

https://stateofgreen.com/en/profiles/state-of-green/news/denmark-set-new-wind-record-in-2017 [Accessed 

on 16-05-2018] 

Springborg, S. 2017. Opposition against onshore wind grown in Sweden. Energy Watch. Available at: 

https://energywatch.eu/secure/EnergyNews/Renewables/article9481990.ece [Accessed on 16-05-2018]  

http://www.reuters.com/article/us-renewables-cost/solar-wind-costs-could-fall-up-to-59-percent-by-2025-study-says-idUSKCN0Z10QD
http://www.reuters.com/article/us-renewables-cost/solar-wind-costs-could-fall-up-to-59-percent-by-2025-study-says-idUSKCN0Z10QD
https://www.sei-international.org/mediamanager/documents/Publications/SEI-ProjectReport-Rudberg-GoverningGrowingWindPower-2013.pdf
https://www.sei-international.org/mediamanager/documents/Publications/SEI-ProjectReport-Rudberg-GoverningGrowingWindPower-2013.pdf
https://www.sei-international.org/mediamanager/documents/Publications/SEI-ProjectReport-Rudberg-GoverningGrowingWindPower-2013.pdf
https://www.theguardian.com/artanddesign/2011/apr/24/nuclear-waste-storage
https://stateofgreen.com/en/profiles/state-of-green/news/denmark-set-new-wind-record-in-2017
http://svenskvindenergi.org/wp-content/uploads/2017/06/Statistics-and-forecast-Svensk-Vindenergi-20170626.pdf
http://svenskvindenergi.org/wp-content/uploads/2017/06/Statistics-and-forecast-Svensk-Vindenergi-20170626.pdf
http://www.skb.com/about-skb/funding/
http://www.ap4.se/om-ap4/vanliga-fragor--svar/tillgangar-och-kapital/%5BAccessed
http://www.ap4.se/globalassets/dokument/rapportarkiv/2016/har-1516/eng/sustainability-and-corporate-governance-report-2015_2016.pdf
http://www.ap4.se/globalassets/dokument/rapportarkiv/2016/har-1516/eng/sustainability-and-corporate-governance-report-2015_2016.pdf
http://www.svk.se/siteassets/om-oss/organisation/finansiell-information/annual_report_-2014.pdf
http://www.svk.se/siteassets/om-oss/organisation/finansiell-information/annual_report_-2014.pdf
http://www.energimyndigheten.se/en/news/2016/energy-in-sweden---facts-and-figures-2016-available-now/
http://www.energimyndigheten.se/en/news/2016/energy-in-sweden---facts-and-figures-2016-available-now/
http://cleantechies.com/2017/04/14/record-6-gigawatts-wind-energy-capacity-likely-to-be-added-in-india-in-2017-18/
http://cleantechies.com/2017/04/14/record-6-gigawatts-wind-energy-capacity-likely-to-be-added-in-india-in-2017-18/
https://sweden.se/society/energy-use-in-sweden/
https://sweden.se/society/energy-use-in-sweden/
http://sverigesradio.se/sida/artikel.aspx?programid=1650&artikel=6766450
http://sverigesradio.se/sida/artikel.aspx?programid=83&artikel=6634485%20%5BAccessed
http://www.skb.se/publikation/1043658/RIVNING_ENG.pdf
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/
https://stateofgreen.com/en/profiles/state-of-green/news/denmark-set-new-wind-record-in-2017
https://energywatch.eu/secure/EnergyNews/Renewables/article9481990.ece


 

35 
Ayoub Hameedi 

The Government of Sweden. 2017. Government proposes historic climate reform for Sweden. Available 

at: http://www.government.se/press-releases/2017/02/government-proposes-historic-climate-reform-for-

sweden/ [Accessed on 05-06-2017]. 

The Government of Sweden. 2017. Agreement on Swedish Energy Policy. Available at: 

http://www.government.se/articles/2016/06/agreement-on-swedish-energy-policy/ [Accessed on 09-09-

2017].  

The Government of Sweden . 2017. The Climate Policy framework. Available at: 

http://www.government.se/articles/2017/06/the-climate-policy-framework/ [Accessed on: 10-09-2017]. 

The Windpower Website. 2017. Production Capacities. Available at: 

http://www.thewindpower.net/country_en_17_sweden.php [Accessed on: 09-03-2017] 

The World Bank Group. 2015. Energy use (kg of oil equivalent per capita). Available at: 

https://data.worldbank.org/indicator/EG.USE.PCAP.KG.OE [Accessed on 02-09-2017] 

The European Wind Energy Association (EWEA). 2017. Wind Energy’s Frequently Askes Questions 

(FAQs). Available at: http://www.ewea.org/wind-energy-basics/faq/ [Accessed on: 11-12-2017] 

United Nations (UN). 2017. Sustainable Development Knowledge Platform: Sustainable Development 

Goals. Available at: https://sustainabledevelopment.un.org/?menu=1300 [Accessed on 05-06-2017] 

United Nations (UN). 2017. Sustainable Development Goals: 17 Goals to transform our world. Available 

at: http://www.un.org/sustainabledevelopment/sustainable-development-goals/ [Accessed on: 13-05-2017] 

US Energy Information Administration (USEIA). 2017. FAQs: How much carbon dioxide is produced 

when different fuels are burned. Available at: https://www.eia.gov/tools/faqs/faq.php?id=73&t=11 

[Accessed on: 13-12-2017] 

Vattenfall website. 2017. The presence of Vattenfall all across Denmark. Available at: 

http://powerplants.vattenfall.com/#/types=Wind/view=map/sort=name [Accessed on 16-03-2017] 

Vattenfall website. 2017. Horns Rev 3 Offshore Wind Farm. Available at: 

https://corporate.vattenfall.com/about-energy/renewable-energy-sources/wind-power/wind-power-at-

vattenfall/horns-rev-3-offshore-wind-farm/ [Accessed on 16-03-2017]. 

Winston, A. 2016. The Data Says Climate Change Could Cost Investors Trillions. Harvard Business 

Review. Available at: https://hbr.org/2016/04/the-data-says-climate-change-could-cost-investors-trillions 

[Accessed on: 20-03-2017] 

Wind Energy and Electric Vehicle Review (REVE). 23
rd

 June 2016. 8 countries that produce the most 

wind energy in the world. Available at: https://www.evwind.es/2016/06/23/8-countries-that-produce-the-

most-wind-energy-in-the-world/56665 [Accessed on: 23-12-2017] 

Wang, S and Wang, S. 2015. Impact of Wind Energy on Environment: A Review. Renewable and 

Sustainable Energy Reviews. Volume 49. Pages 437 - 443. Available at: 

http://www.sciencedirect.com.till.biblextern.sh.se/science/article/pii/S1364032115004074 [Accessed on : 

22-03-2017]. 

WorldOmeter.info (website). 2017. Denmark Population. Available at: 

http://www.worldometers.info/world-population/denmark-population/ [Accessed on 14-03-2017]. 

Wind Industry. 2017. How much do wind turbines cost. Available at: 

http://www.windustry.org/how_much_do_wind_turbines_cost [Accessed on 29-03-2017]. 

Wiser, R et al. 2016. Reducing wind energy cost through increased turbine size: Is the sky the limit: 

Berkeley Lab studies show significant potential for further turbine scaling. Available at: 

https://emp.lbl.gov/sites/all/files/scaling_turbines.pdf [Accessed on 14-08-2017] 

Wolsink M. 2000. Wind power and the NIMBY-myth: institutional capacity and the limited significance 

of public support. Renewable energy. Sep 1;21(1):49-64 

Wüstenhagen R and Menichetti E. 2012. Strategic choices for renewable energy investment: 

Conceptual framework and opportunities for further research. Energy Policy.  Jan 1;40:1-0 

http://www.government.se/press-releases/2017/02/government-proposes-historic-climate-reform-for-sweden/
http://www.government.se/press-releases/2017/02/government-proposes-historic-climate-reform-for-sweden/
http://www.government.se/articles/2016/06/agreement-on-swedish-energy-policy/
http://www.government.se/articles/2017/06/the-climate-policy-framework/
http://www.thewindpower.net/country_en_17_sweden.php
https://data.worldbank.org/indicator/EG.USE.PCAP.KG.OE
http://www.ewea.org/wind-energy-basics/faq/
https://sustainabledevelopment.un.org/?menu=1300
http://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.eia.gov/tools/faqs/faq.php?id=73&t=11
http://powerplants.vattenfall.com/#/types=Wind/view=map/sort=name
https://corporate.vattenfall.com/about-energy/renewable-energy-sources/wind-power/wind-power-at-vattenfall/horns-rev-3-offshore-wind-farm/
https://corporate.vattenfall.com/about-energy/renewable-energy-sources/wind-power/wind-power-at-vattenfall/horns-rev-3-offshore-wind-farm/
https://hbr.org/2016/04/the-data-says-climate-change-could-cost-investors-trillions
https://www.evwind.es/2016/06/23/8-countries-that-produce-the-most-wind-energy-in-the-world/56665
https://www.evwind.es/2016/06/23/8-countries-that-produce-the-most-wind-energy-in-the-world/56665
http://www.sciencedirect.com.till.biblextern.sh.se/science/article/pii/S1364032115004074
http://www.worldometers.info/world-population/denmark-population/
http://www.windustry.org/how_much_do_wind_turbines_cost
https://emp.lbl.gov/sites/all/files/scaling_turbines.pdf

